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ABSTRACT 

Exploiting natural by-products and developing therapeutic application from existing plant 

resources has gradually attracted worldwide attention for considerable healthy, economic, and 

environmental benefits. Punica granatum L., commonly known as pomegranate belonging to the 

Punicaceae family, has become to be an essential medicinal and fruit crop which is broadly 

consumed throughout the world. Not only the consumption of pomegranate fruit juice, but also the 

use of its non-edible anatomical compartments has a long ethnomedical history and accepts a 

numerous preclinical and/or clinical studies nowadays. Amongst, pomegranate leaves (PGL), as 

agricultural and industrial wastes have got increasingly scientific interest recently, being a 

reservoir of beneficial nutrients and bioactive phytochemicals. Particularly, the complex 

(poly)phenolic composition and their synergistic interaction, including ellagic acid, ellagitannins, 

flavonoids, phenolic acids, among others, endows PGL with various health-promoting effects, 

such as antioxidant, anti-inflammatory, anti-hyperlipidemic, anti-hyperglycemic, anti-microbial, 

anti-cancer, and anti-parasitic properties, as well as protective impacts on the brain, lung, liver, 

and kidneys. However, the degree of these activities depends on the structural diversity of 

polyphenolic constituents which have highly bioactivity due to the number and location of 

hydroxyl and galloyl groups, thus possibly causing degradation, oxidation, epimerization and 

polymerization of active compounds during food processing. To our best knowledge, there are few 

researches on the stronger antioxidant capacity of PGL as compared to other renowned medicinal 

and food plants. The current literature has scarce information on the stability of PGL extracts. 

More biological and pharmacological profiles of PGL need to be explored and illustrated by 

preclinical and clinic assays. Besides, the superiority of PGL has not yet emphasized and reviewed 

thoroughly, though many researchers have outlined the importance of pomegranate fruit. 

Therefore, the present work aimed to characterize the phenolic components and antioxidant 

properties of leaves collected from seven medicinal and food plants, including sage, rosemary, rue, 

peppermint, parsley, olive, and pomegranate, all grown in the northern Portugal. The variation of 

polyphenolic composition and antioxidant capacity of freshly prepared PGL infusions was 

evaluated during one-day storage at room temperature to demonstrate the high stability of the 

infusion. In addition, the anti-neoplastic and chemo-therapeutic, as well as toxicological properties
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of PGL infusion was conducted in the transgenic mice carrying human papillomavirus (HPV) type 

16 oncogenes to expand the future pharmacological application of PGL. 

For these purposes, leaves of these seven plants referred above were harvested in their full-

bloom stage to obtain highest content of phenolics. The total phenolic content (TPC), total ortho-

diphenol content (TOC), total flavonoid content (TFC), and total tannin content (TTC), as well as 

the antioxidant capacities (AOC) measured by the diammonium cation (ABTS) radical and 2,2-

diphenyl-1-picrylhidrazyl (DPPH) radical scavenging assay and ferric reducing antioxidant power 

(FRAP) approach were performed based on the spectrophotometric principles. Phenolic profiles 

were identified by the authentic standards resorting to Reverse Phase - High Performance Liquid 

Chromatography - Diode Array Detector (RP-HPLC-DAD)  analysis and with comparison to the 

literature by the retention time, UV/Visible λmax, and spectra. Pearson correlation coefficient (PCC) 

and principal component analysis (PCA) were carried out to correlate phenolic composition and 

antioxidant capacity, and to explain the effective variables that affect the sample similarities and 

differences. Moreover, male transgenic (carrying HPV 16) mice with FVB/n background were 

exposed to low-dose (0.5%) and high-dose (1.0%) PGL infusions during 4 consecutive weeks. 

Animals´ body weight, drink, and food consumption were recorded. Internal organs, skin samples, 

and intracardiac blood were collected to evaluate toxicological parameters, neoplastic lesions, and 

oxidative stress. 

In the hydro-methanolic extracts of seven medicinal and food plants, PGL extracts displayed 

the highest TPC (199.26 mg gallic acid per gram of plant dry weight), TOC (391.76 mg gallic acid 

per gram of plant dry weight), and TTC (99.20 mg epicatechin per gram of plant dry weight), 

besides a higher TFC (24 mg catechin per gram of plant dry weight). The highest AOC measured 

by ABTS, DPPH, and FRAP methods (2.14, 2.27, and 2.33 mmol Trolox per gram of plant dry 

weight, respectively) was also obtained in PGL extracts, being 4–200 times higher than the other 

species. Such potent antioxidant capacity of PGL can be ascribed to the presence of different types 

of phenolic compounds and the high content in tannins, whilst phenolic acids and flavonoids were 

found to be the dominant phenolic classes of the other six plants. Consequently, despite the well-

known antioxidant properties of these plant species, our study suggests that pomegranate leaves 

can stand out as a relatively more valuable plant source of natural bioactive molecules for 

developing novel functional food-pharma ingredients, with potential for, not only promoting 

human health, but also improving bio-valorization and environment.  
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Study on the PGL infusion revealed that no significant changes were found in TPC (131.40–

133.47 mg gallic acid per gram) and TOC (239.91–244.25 mg gallic acid per gram). The infusion 

also maintained high stability (over 98% and 82%, respectively) for TFC (53.30–55.84 mg rutin 

per gram) and TTC (102.15–124.20 mg epicatechin per gram), with stable (> 90%) potent AOC 

(1.5–2.2 mmol Trolox per gram) throughout 0–24 h storage. The main decrease was observed 

during 0–2 h storage of TFC, 8–24 h storage of TTC, and 0–4 h storage of AOC. Chromatographic 

analysis further revealed that 7 decreased and 11 increased compounds were found within 0–24 h 

storage. The good stability of the total polyphenolics and antioxidant properties might be related 

to the complex conversion and activity compensation among these compounds. The findings 

suggest that pomegranate leaf infusion could be of great interest in the valorization of high added-

value by-products and in the application of green and functional alternatives in the food-pharma 

and nutraceutical industries. 

Results of animal experiments indicated that PGL infusion was safe for no mortality, no 

behavioural disorders and no significant differences in the levels of microhematocrit, serum 

biochemistry, histology, and oxidative stress among wild-type groups. Histological analysis 

revealed the transgenic animals that consumed infusion reduced hepatic, renal, and cutaneous 

lesions than the transgenic control group (drinking water), amongst, low-dose infusion 

significantly diminished renal hydronephrosis lesions and relieved dysplasia and carcinoma 

lesions in the chest skin. Oxidative stress analysis showed low-dose infusion may have more 

benefits than high dosage. These results suggested that oral administration of PGL infusion, 

particularly with lower dosages, has antitumoral and chemotherapeutic potential against HPV16-

induced neoplastic lesions. 

In conclusion, this work provided a cumulative in-depth information on the abundant phenolic 

composition, and high levels of phenolic concentration and antioxidant capacities of pomegranate 

leaves. Furthermore, the highly stability of PGL infusion as well as its non-toxic nature and anti-

tumoral properties against HPV16-induced neoplastic kidneys and chest skins in mice allowed to 

enrich the health beneficial profile of PGL and to suggest it towards future clinic trials and 

utilization in relevant industries. 

 

Keywords: Punica granatum L. leaves; polyphenolic composition; antioxidant capacity; anti-

cancer property; human papillomavirus; stability.
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RESUMO 

A exploração de subprodutos naturais e o desenvolvimento de aplicações terapêuticas a partir 

de recursos vegetais existentes atraiu gradualmente a atenção mundial por consideráveis benefícios 

saudáveis, económicos e ambientais. Punica granatum L., comumente conhecida como romã 

pertencente à família Punicaceae, tornou-se uma cultura medicinal e frutífera essencial, 

amplamente consumida em todo o mundo. Não só o consumo de sumo de romã, mas também o 

uso das suas partes anatómicas não comestíveis tem uma longa história etnomédica e aceita 

inúmeros estudos pré-clínicos e/ou clínicos atualmente. Dentre elas, as folhas de romã (PGL), 

como resíduos agrícolas e industriais, têm ganhado cada vez mais interesse científico recentemente, 

sendo um reservatório de nutrientes benéficos e fitoquímicos bioativos, particularmente pela sua 

composição (poli)fenólica complexa e interação sinérgica, incluindo ácido elágico, elagitaninos, 

flavonóides, ácidos fenólicos, entre outros, e pelas propriedades biológicas que esta matriz 

apresenta, nomeadamente atividade hiperglicémica, antimicrobiana, anticancerígena e 

antiparasitária, bem como impactos protetores no cérebro, pulmão, fígado e rins. No entanto, o 

grau dessas atividades depende da diversidade estrutural dos constituintes polifenólicos que 

possuem alta bioatividade devido ao número e localização dos grupos hidroxilo e galoil, podendo 

causar degradação, oxidação, epimerização e polimerização de compostos ativos durante o 

processamento de alimentos. Da informação obtida na literatura, sabe-se que existem poucas 

pesquisas sobre a capacidade antioxidante de PGL em comparação com outras plantas medicinais 

e alimentares de renome. A literatura atual possui igualmente poucas informações sobre a 

estabilidade dos extratos de PGL. Mais perfis biológicos e farmacológicos de PGL precisam de 

ser explorados e ilustrados por ensaios pré-clínicos e clínicos. Além disso, a superioridade do PGL 

ainda não foi enfatizada e revisada completamente, embora muitos investigadores tenham 

destacado a importância da romã. 

Assim, o presente trabalho teve como objetivo caracterizar os compostos fenólicos e 

propriedades antioxidantes de folhas colhidas de sete plantas medicinais e alimentares, incluindo 

sálvia, alecrim, arruda, hortelã-pimenta, salsa, azeitona e romã, todas cultivadas no norte de 

Portugal. A variação da composição polifenólica e capacidade antioxidante de infusões de PGL 

recém-preparadas foi avaliada durante um dia de armazenamento à temperatura ambiente para 
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demonstrar a alta estabilidade da infusão. Além disso, as propriedades antineoplásicas e quimio- 

terapêuticas, bem como as propriedades toxicológicas da infusão de PGL foram realizadas em 

camundongos transgénicos portadores de oncogenes do papilomavírus humano (HPV) tipo 16 

para expandir a futura aplicação farmacológica de PGL. 

Para isso, as folhas das sete plantas acima referidas foram colhidas em plena floração para 

obter o maior teor de compostos fenólicos. O conteúdo fenólico total (TPC), os orto-difenóis 

(TOC), o conteúdo total de flavonoides (TFC) e o conteúdo total de taninos (TTC), bem como as 

capacidades antioxidantes (AOC) medidas pelo catião radical diamónio (ABTS) e o ensaio de 

sequestro do radical 2,2-difenil-1-picrilhidrazil (DPPH) e a abordagem do poder antioxidante 

redutor férrico (FRAP) foram realizados com base nos princípios espectrofotométricos e 

colorimétricos. Os perfis fenólicos foram identificados pelos padrões autênticos recorrendo à 

análise de Fase Reversa - Cromatográfica Líquida de Alto Desempenho - Detector de Matriz de 

Diodos (RP-HPLC-DAD) e em comparação com a literatura pelo tempo de retenção, UV/Visível 

λmax e espetros. O coeficiente de correlação de Pearson (PCC) e a análise em componentes 

principais (PCA) foram realizados para correlacionar a composição fenólica e antioxidante e 

explicar as variáveis efetivas que afetam as semelhanças e diferenças da amostra. Além disso, 

camundongos transgênicos machos (portadores de HPV 16) com fundo FVB/n foram expostos a 

infusões de PGL de baixa (0,5%) e alta (1,0%) concentração durante 4 semanas consecutivas. O 

peso corporal dos animais, o consumo de bebidas e alimentos foram registados. Os órgãos internos, 

amostras de pele e sangue intracardíaco foram colhidos para avaliação de parâmetros toxicológicos, 

lesões neoplásicas e estresse oxidativo. 

Nos extratos hidrometanólicos das sete plantas medicinais e alimentares, os extratos de PGL 

apresentaram o maior TPC (199,26 mg de ácido gálico por grama de peso seco da planta), TOC 

(391,76 mg de ácido gálico por grama de peso seco da planta) e TTC (99,20 mg de epicatequina 

por grama de peso seco da planta), além do maior TFC (24 mg de catequina por grama de peso 

seco da planta). O maior AOC medido pelos métodos ABTS, DPPH e FRAP (2,14, 2,27 e 2,33 

mmol Trolox por grama de peso seco da planta, respetivamente) também foi obtido em extratos 

de PGL, sendo 4-200 vezes maior que as outras espécies. Essa potente atividade antioxidante das 

amostras de PGL pode ser atribuída à presença de diferentes tipos de compostos fenólicos e ao alto 

teor de taninos, enquanto os ácidos fenólicos e flavonoides são as classes fenólicas dominantes das  
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outras seis plantas. Consequentemente, apesar das propriedades antioxidantes bem conhecidas  

dessas espécies de plantas, este estudo sugere que a folha de romã pode-se destacar como uma 

fonte vegetal relativamente mais valiosa de moléculas bioativas naturais para o desenvolvimento 

de novos ingredientes alimentares e farmacêuticos funcionais com potencial, não apenas para 

promover a saúde humana, mas também melhorar a biovalorização e o meio ambiente. 

O estudo sobre a infusão de PGL revelou que não houve alterações significativas no TPC 

(131,40–133,47 mg de ácido gálico por grama) e TOC (239,91–244,25 mg de ácido gálico por 

grama). A infusão também manteve alta estabilidade (acima de 98% e 82%, respetivamente) para 

TFC (53,30–55,84 mg rutina por grama ) e TTC (102,15–124,20 mg epicatequina por grama ), 

com AOC estável (> 90%) potente (1,5 –2,2 mmol Trolox por grama ) durante 0–24 h de 

armazenamento. A principal diminuição foi observada durante 0–2 h de armazenamento de TFC, 

8–24 h de armazenamento de TTC e 0–4 h de armazenamento de AOC. A análise cromatográfica 

revelou ainda que 7 compostos diminuram e 11 compostos aumentaram ao longo de 0-24 h de 

armazenamento. A boa estabilidade dos polifenóis totais e propriedades antioxidantes podem estar 

relacionadas à conversão complexa e compensação de atividade entre esses compostos. Estes 

resultados sugerem que a infusão de folhas de romã pode ser de grande interesse na valorização 

de subprodutos de alto valor acrescentado e na aplicação de alternativas verdes e funcionais nas 

indústrias alimentares,farmacêutica e nutracêutica. 

Os resultados da experiência com animais indicaram que a infusão de PGL foi segura uma 

vez que não foi observada qualquer mortalidade entre os ratos, distúrbios comportamentais e 

diferenças significativas nos níveis de microhematócrito, bioquímica sérica, histologia e estresse 

oxidativo entre os grupos do tipo selvagem. A análise histológica revelou que os animais 

transgénicos que consumiram infusão reduziram as lesões hepáticas, renais e cutâneas 

comparativamente ao grupo controle transgénico (água potável), cuja infusão de baixa 

concnetração diminuiu significativamente as lesões de hidronefrose renal e aliviou as lesões de 

displasia e carcinoma na pele do tórax. A análise do estresse oxidativo mostrou que a infusão de 

baixa dose pode ter mais benefícios do que a alta dosagem. Esses resultados sugerem que a 

administração oral de infusão de PGL, particularmente com concentrações mais baixas, tem 

potencial antitumoral e quimioterápico contra lesões neoplásicas induzidas pelo HPV16. 
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Em conclusão, este trabalho forneceu uma informação cumulativa aprofundada sobre a 

composição fenólica abundante e os altos níveis de concentração fenólica e capacidade 

antioxidante das folhas de romã. Além disso, a alta estabilidade da infusão de PGL, bem como sua  

natureza não tóxica e propriedades antitumorais contra rins e pulmões neoplásicos induzidos por  

HPV16 em camundongos, permitiram enriquecer o perfil benéfico para a saúde do PGL,  sugerindo 

para futuros ensaios clínicos e utilização em indústrias relevantes. 

 

Palavras-chave: Folhas de Punica granatum L.; composição polifenólica; capacidade 

antioxidante; propriedade anticancerígena; papilomavírus humano; estabilidade.
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CHAPTER 1 INTRODUCTION & AIMS 

General Background, Thematic Framework, Main Objectives and Tasks of 

The Present PhD Work 

 

1.1 General Background and Thematic Framework  

Nowadays, increasing problems in the food system, such as large emission of global 

greenhouse gases (GHG), depletion of natural resources, loss of biodiversity, and impairment of 

health conditions, are leading industries to new directions for the development of raw materials 

and products (Ferraz, et al., 2022). Growing health concerns have produced a dramatic shift in the 

market demand from synthetic antioxidants to natural products (Khan, et al., 2020). The recent 

development of functional foods and pharmaceutical products based on medicinal and food plants 

(such as herbs, fruits, vegetables) has brought improvements to many aspects of life, including the 

alleviation of physical disorders, the reduction in the use of synthetic antibiotics, and the increase 

in life expectancy (Li, et al., 2017; Nollet, et al., 2018). Indeed, these plants have long been used 

as safe, effective and sustainable sources of natural antioxidants or free radical scavengers, 

particularly phenolic compounds, such as phenolic acids, flavonoids, tannins, stilbenes, and 

anthocyanins (Nollet, et al., 2018). Those phenolics are mostly regarded to confer upon the 

antioxidant activity of medicinal and food plants, making a marked contribution in the fight against 

many pathological conditions such as cancer, diabetes, aging, cardiovascular, and other 

degenerative diseases (Etkin, 2019; Nollet, et al., 2018; Uritu, et al., 2018; Watson, et al., 2016). 

On the other hand, exploiting natural by-products and developing therapeutic application from 

existing plant resources has gradually attracted worldwide attention for considerable healthy, 

economic, and environmental benefits.  

Punica granatum L., commonly known as pomegranate belongs to the Punicaceae family. It 

originates from Iran in Middle East to Himalaya in northern India millennia ago, being native to 

several regions including Afghanistan, Iran, North Caucasus, Pakistan, Tajik istan, Transcaucasia, 

Turkey, and Turkmenistan. Ancient sources of pomegranate have been under cultivation as a fruit 

or ornamental tree for thousands of years (Bapodara, et al., 2011; Chandra, et al., 2010; Eddebbagh, 
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et al., 2016; Gaikwad, et al., 2018; Mohamed, et al., 2018; Shaygannia, et al., 2016). It has been 

introduced broadly and become to be an essential medicinal and fruit crop which is consumed 

throughout the world. Currently, the most important regions of pomegranate cultivation are Iran, 

Spain, Italy, Afghanistan, America, India, China, Russia, Pakistan, Bangladesh, Egypt, Turkey, 

Syria, Morocco, Myanmar, Greece, and Saudi Arabia (Figure I.1). According to an estimate, more 

than 0.119 million tonne pomegranate fruit was exported from Iran, India, America, Spain, Tunisia 

etc. to different countries throughout the world (Chandra, et al., 2010). In Portugal, wild 

pomegranate grows largely in the southern regions such as Algarve as a wild shrub, usually in the 

border of other orchards. The commercial cultivar of Portuguese pomegranate is ‘Assaria’ which 

is used as edible fruit in season (Galego, et al., 2012; Melgarejo, et al., 2011). Therefore, it can be 

expected that large amounts of wastes generated during pomegranate cultivation and consumption, 

namely the non-edible parts, are of great importance and value. In fact, not only the consumption 

of pomegranate fruit juice, but also the use of its non-edible anatomical compartments has a long 

ethnomedical history and accepts a numerous preclinical and/or clinical studies nowadays. In this 

regard, pomegranate leaf (PGL), as agricultural and industrial wastes, have got increasingly 

scientific interest recently, being a reservoir of beneficial nutrients and bioactive phytochemicals. 

Particularly, the complex (poly)phenolic composition and their synergistic interaction, including 

ellagic acid, ellagitannins, flavonoids, phenolic acids, among others, endows PGL with various 

health-promoting effects, such as antioxidant, anti-inflammatory, anti-hyperlipidemic, anti-

hyperglycemic, anti-microbial, anti-cancer, and anti-parasitic properties, as well as protective 

impacts on the brain, lung, liver, and kidneys. However, the degree of these activities depends on 

the structural diversity of polyphenolic constituents which have highly bioactivity due to the 

number and location of hydroxyl and galloyl groups, thus possibly causing degradation, oxidation, 

epimerization and polymerization of active compounds during food processing. To our best 

knowledge, there are few researches on the stronger antioxidant capacity of PGL as compared to 

other renowned medicinal and food plants. The current literature has scarce information on the 

stability of PGL extracts. More biological and pharmacological profiles of PGL need to be 

explored and illustrated by preclinical and clinic assays. Besides, the superiority of PGL has not 

yet emphasized and reviewed thoroughly, though many researchers have outlined the importance 

of pomegranate fruit. 
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Figure I.1 Current distribution of Punica granatum L. (pomegranate) around the world 

 (From: https://www.discoverlife.org) 

 

1.2 Objectives and Tasks of PhD Work 

The overall objectives of my PhD thesis research are: 

To explore the application prospects of pomegranate leaves in food, pharmaceutical, and 

nutraceutical industries, by thoroughly studying the literature references on its chemical 

characterization and in vitro or in vivo biological properties over the last two decades.  

To highlight the significant importance of pomegranate leaves being not only essential for 

the growth of pomegranate fruit but also potential for the valorisation of high added-value by-

products, via comparing its phenolic components and antioxidant capacities with other popular 

medicinal plants or other pomegranate organs according to in vitro experiments and literature 

reports. 

To bring new insight on the good stability of pomegranate leaf infusion in the levels of total 

phenolics and antioxidant capacity, through illustrating the variation and conversion of 
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polyphenolic profiles and their concentration, in order to enlarge the service time of the infusion 

or serve it as functional ingredients in food matrix. 

To understand the anti-tumoral, chemotherapeutical, and toxicological effects of 

pomegranate leaf infusion in the internal organs and external skins of animals, trying to 

complement its pharmacological information and lay a foundation for future clinical studies. 

In line with these aims, the following research tasks have been carried out: 

Pre-work. Screening from one-hundred common medicinal plants and selection of seven 

candidate plants for preparing infusions, because of their availability in the Botanical Garden of 

northern Portugal, abundant phenolic compounds, higher antioxidant ability and potential health 

benefits, reportedly.  

Task 1. Comparison of hydro-methanolic extracts of seven medicinal and food plants 

(including the leaves of Salvia officinalis L., Rosmarinus officinalis L., Olea europaea L., Punica 

granatum L., Ruta graveolens L., Mentha piperita L., and Petroselinum crispum, Mill.) using 

chromatographic analysis to identify their phenolic profiles and spectrophotometric methods to 

evaluate the phenolic classes and antioxidant capacities (Chapter 3). 

Task 2. Assessment of polyphenolic composition and antioxidant capacity (including free 

radical scavenging ability and ferric reducing power) of freshly prepared pomegranate leaf 

infusion over one-day storage (0, 2, 4, 6, 8, 24 h) (Chapter 4). 

Task 3. Analysis of hypothesized transformation action of the determined polyphenolic 

composition and the putative compounds, as well as their correlation with antioxidant capacity 

(Chapter 4). 

Task 4. Administration of different dosages of pomegranate leaf infusion to the transgenic 

mice carrying human papillomavirus type 16 oncogenes and investigation of animals´ body weight, 

body temperature, food and drink consumption, and humane end point during the experiments 

(Chapter 5). 

Task 5. Evaluation of pharmacological effects of pomegranate leaf infusion after the 

necropsy, including renal and hepatic histopathology, cutaneous lesions, blood biochemical 

parameters, and oxidative stress parameters (Chapter 5). 

Task 6. Estimation of health-promoting effects of pomegranate leaf infusion through oral 

administration to patients who have specific health problems and study of their physical response 
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during the trial and blood test by period of intake (Future Outlook. This task has been postponed 

due to the impact of pandemic viral crisis, COVID-19, although we have established cooperation 

with the local hospital that has authorized protocols with patients). 

The present PhD thesis is organized in 6 chapters. A diagram overview is provided below in 

Figure I.2. 

 

Figure I.2 Structural overview of the present PhD thesis. 
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Adapted from: 

Manyou Yu, Irene Gouvinhas, Paula Oliveira, Ana Barros. 

Pomegranate (Punica granatum L.) leaf: A comprehensive review 

of bioactive components, health benefits and safety. Submitted to 

the journal of Industrial Foods and Products. 

Abstract 

Exploration of new uses for by-products of fruit crop industry is of great value due to its 

economic, environmental and health benefits. Pomegranate (Punica granatum L.) leaf (PGL), 

as an industrial and agricultural waste, has considerable amounts of bioactive 

phytoconstituents, especially polyphenolic compounds, such as phenolic acids, flavonoids, and 

tannins, which are accountable for its illustrious biological properties. This review aims, for the 

first time, to present updates on the progress of research concerning the abundant composition 

and thorough advantage of PGL, which has wide variations according to various solvents, 

extraction methods, quantification techniques, as well as cultivars, or accessions of 

pomegranate that grown at different geographical conditions. This review summarizes the 

potential antioxidant, anti-inflammatory, anti-diabetic, anti-microbial, anti-hyperlipidemic, 

anti-parasitic, hepato-, nephron-, cerebro-, and neuro-protective, as well as anti-cancer (lung, 

breast, colon, cervical, prostate) activities, etc. It also highlights the bioavailability, 

pharmacokinetics, toxicity, and safety of PGL, indicating that human clinical trials of PGL are 

lacking and need to be accelerated, although numerous in vitro and preclinical studies with 

animals have been conducted. It is believed that these findings could validate an important role 

and provide a scientific basis of PGL for its application in food, pharmaceutical, nutraceutical, 

and cosmetic industries.  

Keyword: pomegranate leaf; phytochemicals; bioactivity; health benefits; toxicity. 

CHAPTER 2 STATE OF THE ART 

Highlighting Pomegranate Leaves as Important Roles of Natural Bioactive 

Recourse and Health-Promoting Section 
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2.1 Introduction 

Punica granatum L. (pomegranate), belonging to the Punicaceae family, is one of the most 

ancient plants dating back in the fourth century (Kumari, et al., 2021). It is firstly cultivated in 

India and then widely introduced around the world due to its good adaptability to a variety of agro-

climatic conditions (Ge, et al., 2021; Singh, et al., 2018). Nowadays, India, Iran, China, the USA, 

and Turkey are the five largest producers of this plant (Ranjha, et al., 2021). The genus name 

“punica” is derived from Roman word called “carthage”, whereas the species name “granutum” 

denotes the seeded (granatus) apple (pomum) known in French and Spanish, respectively (Kumari, 

et al., 2021). Pomegranate, consisting of it different anatomical compartments (aril, peel, seed, 

flower, leaf, bark and root) is regarded as a medicinal plant with superior therapeutic properties 

(Ranjha, et al., 2021; Singh, et al., 2018). Its fruit, as power food, has surprised scholars worldwide 

for its numerous bioactive components and health benefits (Singh, et al., 2018). The cultivation 

and production of pomegranate is generally classified as ornamental and edible pomegranate (Ge, 

et al., 2021). The former has white flowers, small fruit, and hard seeds, while the latter is 

characterized by red flowers, large fruit containing red juice, soft seeds, and medicinal values.  

Various health-promoting effects of the edible pomegranate are not only associated with the 

consumption of fruit juice, but also with the utilization of the non-edible compartments (Akkawi, 

et al., 2019; Kiraz, et al., 2016; Pararin, et al., 2016; Sanna, et al., 2021). Moreover, some negative 

trends in the food system, such as large emission of global greenhouse gases (GHG), depletion of 

natural resources, loss of biodiversity, and impairment of health conditions, are leading industries 

to new directions for the development of raw materials and products (Ferraz, et al., 2022). Along 

this line, revisiting traditional uses and developing therapeutic applications of pomegranate non-

edible parts have gradually attracted abroad attention for considerable healthy, economic, and 

environmental bonus. For instance, pomegranate peel, amounted to 30%–50% of the fruit weight 

has been intensively reported to possess beneficial effects against inflammation, allergies, diabetes, 

cancer, hepatic and gastrointestinal disorders, because of its flavanoids, anthocyanins, and 

hydrolysable tannins (Singh, et al., 2018). Pomegranate seed comprising nearly 10% of the fruit 

weight contains high levels of tannins, anthocyanins, and fatty acids. Some authors have indicated 

the preventive effect of seed oil against breast cancer (Moga, et al., 2021). Celik, et al. (2009) 
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suggested the hepatoprotective role and antioxidant capacity of pomegranate flower infusion 

against trichloroacetic acid in the experimental animals. Bark extracts of pomegranate have been 

utilized to cure asthma, intestinal worms, chronic diarrheal and dysentery in Mauritia folklore 

(Khwairakpam, et al., 2018). Pomegranate root has been revealed to prevent gynaecological and 

infertility complications (Zehra, et al., 2019). Leaves of pomegranate are the main by-products of 

pruning during pomegranate cultivation, which is an essential factor that affects the yield and 

quality of the pomegranate fruit (Saffarzadeh-Matin, et al., 2017). In the last decade, investigation 

of pomegranate leaf, as a renewable agro-industrial waste appears to be increasingly important 

(Figure II.1). Since an array of studies have indicated the pomegranate leaf to be a new source of 

bioactive compounds that imparted itself with different biological potentials, thus promising for 

developing functional foods or ingredients in pharmaceutical, nutraceutical, and cosmetic sections 

(Yu, et al., 2021a).  

 

Figure II.1 Numbers of published articles related to the investigation of phytochemical and 

biochemical properties of pomegranate leaves. 
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2.2 Pomegranate Leaf (PGL)  

The leaves of pomegranate tree are bright green and glabrous, with a glossy appearance on 

the upper part. They are present in opposite or sub-opposite manner on the lateral shoots. The 

petiole of leaf is short. The shape of leaves can be ovate or oblong with a 2.5–7.5 cm of length and 

1–2 cm of width. The traditional uses of pomegranate leaves have been documented in several 

international pharmacopoeia and traditional medicine index, such as the Ayurveda pharmacopoeia 

of India and the index of Traditional Chinese Medicine (TCM). In Asian nation, such as China, 

dried entire plant is used externally for burns and to promote eschar formation in burn treatment 

(Siang, 1983). In Malaysia, hot water extract of leaves is taken orally for irregular menstruation 

(Burkill, 1966). The Garo tribal people of Bangladesh use the leaf paste of the plant to treat fungal 

infection of the nail called onycomycosis (Rahmatullah, et al., 2009).  In African country, like 

Ethiopia, leaves crushed in water are taken orally to expel tapeworms (Wilson, et al., 1979). In 

Agadir Ida Ou Tanane Province (Southwest Morocco), the infusion, powder and decoction of 

pomegranate leaf, fruit, seed, bark is used orally or externally to enhance digestion (Ouhaddou, et 

al., 2014). In Belize, hot water extract of dried leaves is used outwardly for women´s problems 

(ladies issues), by boiling the leaves and using the liquid for washing (Arnason, et al., 1980). 

Stewing of tender leaves is used as gargle for buccal affliction (Haque, et al., 2015).  

At present, pomegranate leaves are considered to comprise a rich variety of phenolic 

components, such as phenolic acids, flavonoids, and tannins, which have drawn great interest from 

researchers, physicians and healthcare professionals (Yu, et al., 2021b). These constituents have 

exerted its benefits to human health against diabetes, obesity, infection, cancer, inflammation, 

hepatic and renal disorders (Acquadro, et al., 2020; Deng, et al., 2018b; Kumar, et al., 2018; 

Mestry, et al., 2020; Morosetti, et al., 2017; Pottathil, et al., 2020a; Saratale, et al., 2018; Swilam, 

et al., 2020; Toda, et al., 2020). Besides, proteins, steroids, carbohydrates, phytosterols, saponins, 

alkaloids, glycosides and organic acids are widely present in pomegranate leaf (Ali, et al., 2018; 

Bhinge, et al., 2021; Farag, et al., 2014b; Mestry, et al., 2017a; Pottathil, et al., 2020a). Minerals 

including N, K, Ca, and Fe are also found in it (Rodríguez-González, et al., 2020). For now, 

pomegranate leaf is mainly used for functional food ingredients and dietary supplements in the 

forms of powdered capsules, tablets, or beverages, which have been included in nutritional 

supplements in the USA and developed into a series of commercial products such as teas in China 
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(Al-Muammar, et al., 2012; Zarfeshany, et al., 2014). Additionally, the extracts of pomegranate 

leaves have shown the dose-dependent protection against adverse chemotherapy (namely 

cyclophosphamide)-induced side effects (mainly oxidative DNA damage) with absence of 

mutagenic effects (Valadares, et al., 2010). The superiority of pomegranate leaf has not yet 

reviewed thoroughly, although many researchers have outlined the importance of pomegranate 

fruit. Therefore, throughout this review, the cumulative in-depth information on the bioactive 

ingredients, antioxidant capacity, health benefits, and toxicological effects of pomegranate leaf 

were summarized, with a comprehensive review of reports in the last two decades, expecting to 

provide a reference for dietary supplementation, medicinal development and clinical application 

of pomegranate leaf as a valuable by-product in the future.  

 

2.3 Phytochemicals Present in PGL 

The contents of various phytochemicals and the identified or isolated individual compounds 

in different extracts of PGL from varied cultivars or regions are presented in Table II.1.  

 

Table II.1 Phytochemical contents and identified or isolated compounds reported in various 

extracts of pomegranate leaves from different cultivars and regions. 

Source  
Extraction Solvents; 

Identification Method  
Phytochemical Content Identified or Isolated Compounds Reference 

Tamilnadu, 

India;   

CH, ET; HPLC --- Ursolic acid: 20.34% w/w in CH extract, 

0.1503%w/w in ET extract 

Ramasamy, et al. 

(2021) 

Karnataka, 

India; Kesar 

cultivar 

AQ, ME, ET, AC  TPC: 375, 425, 423, 258 mg TAE/g DW in 

each extract, respectively 

TFC: 3.33, 4.08, 3.58, 2.02 mg RE/g DW in 

each extract, respectively 

--- Kolar, et al. 

(2021) 

Karnataka, 

India; Ganesh 

cultivar 

AQ, ME, ET, AC TPC: 433, 442, 468, 402 mg TAE/g DW in 

each extract, respectively 

TFC: 4.45, 6.43, 7.69, 2.08 mg RE/g DW in 

each extract, respectively 

--- Kolar, et al. 

(2021) 

Sardinia, Italy 100% ET; HPLC-

DAD-ESI-MS 

--- Ellagic acid, flavones, triterpenoids (oleanolic 

acid, ursolic acid, and betulinic acid) 

Sanna, et al. 

(2021) 

Jharkhand, 

India 

AQ fresh tender leaves, 

AgNPs 

alkaloids (5 mg/mL), flavonoids (60 mg/mL), 

phenols (10 mg/mL), saponins (24 mg/mL) 

and tannins (40 mg/mL) 

--- Kumar, et al. 

(2021) 
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Pernambuco, 

Brazil  

70% AC; HPLC, TLC --- Ellagic acid, four flavonoid derivatives Lima, et al. 

(2021) 

Bhingewadi, 

India 

 

AQ, ET;  

Qualitative tests; 

GC-MS analysis 

ET extract: alkaloids, anthraquinone 

glycosides, cardiac glycosides, saponin 

glycosides, flavonoids, carbohydrates, tannins. 

AQ extract: alkaloids, cardiac glycosides, 

saponin glycosides, flavonoids and tannins. 

Fourteen bioactive volatile and semi-volatile 

compounds, with maltol being the most 

abundant component (36.23%) 

Bhinge, et al. 

(2021) 

Tamilnadu, 

India 

ME alkaloids, terpenoids, steroids, phenols, 

flavonoids, tannins, glycosides, carbohydrate, 

and saponins. 

--- Balamurugan, et 

al. (2020) 

Tamilnadu,  

India 

HE, EA, CH, ME, GC-

MS, NMR 

--- Phenol, 2-methyl-5-(1-methyleyl) (21.90%), 

14-octacenoic acid, methyl ester 

Jebanesan, et al. 

(2021) 

Tamilnadu,  

India 

HE, EA, CH, ET; GC-

MS 

--- Seven compounds of ET extracts were 

identified, with methyl 4-piperidineacetate 

being the main, followed by cardanolide, n-

Boc-4-piperidineacetaldehyde, 4-

Cyclopropylbenzaldehyde, 3,5-

Dimethylcyclohexanone, Digoxigenin, 2’,6’-

Dihydroxyacetophenone 

Baranitharan, et 

al. (2019) 

 

Yamunanagar, 

India 

ME, HPLC alkaloids, tannins, carbohydrates, glycosides, 

saponins, steroids, flavonoids, phytosterols 

Gallic acid, ellagic acid, apigenin Pottathil, et al. 

(2020b) 

Hebron, 

Palestine 

AQ; RP-HPLC-PDA-

ESi-MS 

--- Quinic acid, gallic acid, ellagic acid, brevifolin 

carboxylic acid, 3,4,3'-tri-O-methylellagic 

acid, galloyl-hexoside, corilagin, galloyl-

HHDP-hexoside, granatin B, cyanidin-3,5-

diglucoside, eschweilenol C, 

secoisolariciresinol hexoside, kaempferol 3-O-

b-D-Xyloside 

Akkawi, et al. 

(2019) 

Chennai, India AQ, ET, 50% ET; in 

silico docking study 

--- Apigenin, isoquercetin, luteolin, granatin A, 

strictinin, corilagin 

Angamuthu, et al. 

(2019) 

Kanpur, India AQ, ET alkaloids, phenols, flavonoids, carbohydrate, 

reducing sugar, proteins, coumarins, steroids, 

tannins, terpenoids 

--- Wal, et al. (2019) 

Egypt  

(Nana cultivar) 

ET extract, EA 

fraction; HPLC 

flavonoids, saponins, tannins, sterols, 

alkaloids, carbohydrates, glycosides, cardiac 

glycosides, anthraquinones, and volatiles 

Phenolic acids: gallic acid, protocatechuic 

acid, p-hydroxybenzoic acid, syringic acid, 

vanillic acid, ellagic acid,  

Flavonoids: rutin, apigenin 7-O-glucoside, 

apigenin, quercetin, kaempferol, chrysin 

Elfiky (2018) 

Tiruchirappalli, 

India 

ET, HA;  

RP-HPLC-UV 

Alkaloids: 6.18 mg/g; Tannins: 1.82mg/g; 

Phenols: 7.76 mg/g; Flavonoids: 5.15 mg/g; 

Others: carbohydrate, reducing sugar, 

flavanoid, protein, amino acid, coumarin, 

steroid, terpenoid 

Ruin (1.12 mg/g), quercetin (1.19 mg/g) 

Major flavonoids: kaempferol 

Durgadevi, et al. 

(2018b); 

Ramamurthy, et 

al. (2018b) 

Mahdia of 

Tunisia (Tounsi 

variety) 

ME TPC: 250 mg GAE/g DW; TFC: 55 mg CE/g 

DW; TTC: 17 mg TAE/g DW; TAC: 90.04 

mg/g DW 

--- Amri, et al. 

(2017) 
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Moknine of 

Tunisia (Nana 

variety) 

ME TPC: 310 mg GAE/g DW; TFC: 60 mg CE/g 

DW; TTC: 13 mg TAE/g DW; TAC: 120 

mg/g DW 

--- Amri, et al. 

(2017) 

Zaozhuang of 

China 

(Daqingpi cv.) 

Mixture of 50% ME 

and 1.2 M HCl 

TPC: 210–240 mg GAE/g DW 

TFC: 50–67 mg RE/g DW 

--- Zhang, et al. 

(2010) 

Tamil Nadu of 

India 

(Tiruchirapalli 

region) 

AQ TPC: 70.00 mg GAE/g 

TFC: 50.43 mg QE/g DW 

--- Dassprakash, et 

al. (2012) 

Barisal of 

Bangladesh 

80% ET TPC: 378.37 mg GAE/g DW 

Others: alkaloids, reducing sugar, tannins, 

flavonoids, steroids 

--- Hossain, et al. 

(2012a) 

Gabès, Tunisia 

(Gabsi variety) 

ME TPC: 14.78 mg GAE/g DW; TFC: 26.08 mg 

RE/g DW; TTC(HTs): 128.02 mg TAE/g DW; 

TAC: 89.81 mg CGE/g DW 

--- Elfalleh, et al. 

(2012) 

Gabès, Tunisia 

(Gabsi variety) 

AQ TPC: 14.78 mg GAE/g DW; TFC: 26.08 mg 

RE/g DW; TTC: 128.02 mg TAE/g DW 

(HTs); TAC: 89.81 mg CGE/g DW 

--- Elfalleh, et al. 

(2012) 

Gabès, Tunisia 

(Gabsi variety) 

HE TPC: 8.8 mg GAE/g DW; TFC: ND 

TTC: 260.8 mg CE/kg DW 

TAC: 3.73 mg CGE/g DW 

--- Bekir, et al. 

(2013) 

Gabès, Tunisia 

(Gabsi variety) 

DI TPC: 9.9 mg GAE/g DW; TFC: ND 

TTC: 63.7 mg CE/kg DW 

TAC: 1.04 mg CGE/g DW 

--- Bekir, et al. 

(2013) 

Gabès, Tunisia 

(Gabsi variety) 

EA TPC: 127.3 mg GAE/g DW 

TFC: 1.2 mg QE/g DW 

TTC: 82.7 mg CE/kg DW; TAC: ND 

--- Bekir, et al. 

(2013) 

Gabès, Tunisia 

(Gabsi variety) 

ET TPC: 82.6 mg GAR/g DW 

TFC: 76.9 mg QE/g DW 

TTC: ND; TAC: 0.41 mg CGE/g DW 

--- Bekir, et al. 

(2013) 

Gabès, Tunisia 

(Gabsi variety) 

ME TPC: 852 mg GAE/g DW; TTC: ND; 

TFC: 4.5 mg QE/g DW; TAC: ND 

--- Bekir, et al. 

(2013) 

Gujarat, India 

(Navsari region) 

70% ET, EA fraction TPC: 240 mg QE/g of fraction; 219 mg 

GAE/g; TTC: 22% (w/w); 

TFC: 102.02 mg QE/g fraction 

--- Patel, et al. 

(2014); Ankita, et 

al. (2015) 

Berrechid, 

Morocco  

80% ME TPC: 96.65 mg GAE/g DW 

TFC: 180.2 mg QE/g DW 

--- Eddebbagh, et al. 

(2016) 

Ghurdauri of 

India 

EA TPC: 104 mg GAE/g --- Bisht, et al. 

(2016) 

Maharashtra, 

India 

ME TPC: 328.75 mg GAE/g extract 

TFC: 126.667 mg RE/g extract 

--- Mestry, et al. 

(2017b) 

Pekin, China. DMSO; HPLC --- Ellagic acid (8.3%), gallic acid (1.49%), 

pyrogallic acid (0.79%), and tannic acid 

(18.27%) 

Yu, et al. (2017) 
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India  AQ TPC: 40 mg/mL; TFC: 81.16 mg/mL; 

TTC: 28 mg/mL; Alkaloids: 3.075 mg/mL 

--- Kumar, et al. 

(2018) 

Tunisia (Nabli 

cultivar) 

80% ME; UHPLC-

ESI/QTOF-MS 

TPC: 79.7 mg GAE/100 g DW 

TFC: 5.5 mg RE/100 g DW 

207 flavonoids, 91 phenolic acids, 59 other 

polyphenols and 29 lignans 

Fellah, et al. 

(2018) 

Tunisia (Gabsi 

cultivar) 

80% ME; UHPLC-

ESI/QTOF-MS 

Anthocyanins: 323.6 mg/kg 

Flavones: 105.1 mg/kg; Lignans: 14.1 mg/kg; 

Flavanols: 425.1 mg/kg; Stilbenes: 6.3 mg/kg; 

Alkylphenols: 33.8 mg/kg 

Tyrosols: 1228.0 mg/kg 

Phenolic acids: 721.9 mg/kg 

PGL were characterized by greater levels of 

three compounds when compared to the other 

pomegranate parts (peel and flower), namely 

solasodine 3-O-beta;-D glucopyranoside, 18-

oxo-oleate, and 12-hydroperoxyicosatetraenoic 

acid 

Fellah, et al. 

(2020) 

Konya, Turkey ME; HPTLC-

bioautographic assay 

TPC: 17.63 g GAE/100 g DW Apigenin 4′-O-β-glucoside as main active 

constituent in the active fraction at Rf = 0.7 of 

extract. 

Nostro, et al. 

(2016) 

Mediterranean 

region of 

Turkey 

ME; RP-HPLC TPC: 219.18 mg GAE/g 

TFC: 29.60 mg RE/g 

Gallic acid (0.73 mg/g), apigenin (0.63 mg/g), 

p-hydroxybenzoic acid (2.26 mg/g), 

chlorogenic acid (3.32 mg/g), p-coumaric acid 

(4.98 mg/g), benzoic acid (7.46 mg/g) 

Uysal, et al. 

(2016) 

Mediterranean 

region of 

Turkey 

AQ; RP-HPLC TPC: 274.50 mg GAE/g 

TFC: 26.54 mg RE/g 

Gallic acid (6.92 mg/g), chlorogenic acid 

(22.25 mg/g), p-coumaric acid (2 mg/g), 

ferulic acid (1.43 mg/g), rutin (0.05 mg/g) 

Uysal, et al. 

(2016) 

Tunisia soft-

seed variety 

66.7% ET; HPLC --- Ellagic acid (32 mg/g extract), punicalagin 

(39.6 mg/g extract) 

Li, et al. (2016) 

Gujarat, India 70% ET, EA fraction; 

HPTLC 

TPC: 219 mg GAE/g; TTC: 22% 

TFC: 102.02 mg QE/g fraction 

Quercetin, gallic acid Ankita, et al. 

(2015) 

India  AQ TPC: 40 mg/mL; TFC: 81.16 mg/mL 

TTC: 25 mg/mL; Alkaloids: 3.07 mg/mL 

--- Kumar, et al. 

(2015)  

Egypt  Juice; Qualitative 

phytochemical 

screening, HPLC 

Carbohydrates, reducing sugars, glycosides, 

proteins, amino acids, phenols, tannins, 

alkaloids, flavonoids, saponins, sterols, fixed 

oils 

Gallic acid, 3-hydroxytyrosol, catechin, 

chlorogenic acid, caffeic acid, coumarin 

Farag, et al. 

(2014a) 

Chiang Mai, 

Thailand 

EA TPC: 1.11 mg GAE/g 

TFC: 33.2 µg QE/g 

--- Kaewnarin, et al. 

(2014) 

Chiang Mai, 

Thailand 

80% ET TPC: 3.13 mg GAE/g 

TFC: 237 µg QE/g 

--- Kaewnarin, et al. 

(2014) 

Turkey AQ, ME Total sugar content: 390.49 mg GE/g AQ 

extract, 376.23 mg GE/g ME extract; 

Unsaturated fatty acids (UFA): 65.38% 

--- Uysal, et al. 

(2015) 

Israel, 

Wonderful 

accession  

AQ --- Punicalagin, gallagic acid, ellagic acid and 

gallic acid 

Orgil, et al. 

(2014) 

Gujarat, India TO, EA, AC, AQ TPC: 15, 150, 220, 115 mg/g in TO, EA, AC, 

AQ extracts, respectively; TFC: 35, 55, 75 

mg/g in EA, AC, AQ extracts, respectively.  

--- Kaneria, et al. 

(2013) 

New Delhi, 

India;  

50% ET --- 2-Methyl-pyran-4-one-3-O-b-D-

glucopyranoside (MPG) 

Balwani, et al. 

(2011) 
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Iran (shishe kab 

cultivar) 

ME, AQ TPC: 133.3 mg/g in ME extract; 98.6 mg/g in 

AQ extract 

--- Tehranifar, et al. 

(2011) 

Maharashtra, 

India 

ME TPC: 328.75 mg GAE/g extract 

TFC: 126.67 mg RE/g extract 

Others: steroids, glycosides, saponins, 

flavonoids, tannins and carbohydrates 

--- Mestry, et al. 

(2017a) 

Cairo, Egypt AQ, AgNPs; EA 

fraction; UPLC–PDA–

ESI–MS 

--- Galloyl-HHDP-hexoside, granatin B, gallic 

acid, castalagin derivative, bis-HHDP-

hexoside, digalloyl-HHDP-hexoside, cyanidin 

pentoside, ellagic acid, dimethyl ellagic acid 

glucuronide, procyanidin dimer, ellagic acid 

derivatives, feruloyl coniferin, galloyl-HHDP-

gluconate, coumaroyl hexose, caffeoyl quinic 

acid, dicaffeoyl quinic acid, pelargonidin, 

delphindin dihexoside, phloretin-hexoside 

(phlorizin)  

Swilam, et al. 

(2020) 

Chlef, Algeria AQ, HA TPC: 12.66 and 4.43 GAE mg/g in HA and 

AQ extracts; TFC: 24.78 and 8.76 QE mg/g in 

HA and AQ extracts; Flavonols: 7.68 and 9.20 

QE mg/g in HA and AQ extracts 

--- Mohammed, et al. 

(2020) 

Italy and 

Greece 

ET; 

HPLC‑PDA‑MS/MS, 

GC-MS 

--- 20 Compounds: gallic acid, coumaric acid 

hexoside, brevifolin carboxyl acid, ellagic 

derivative, ellagitannin, ellagic acid glucoside, 

granatin B, luteolin 7-O-glucoside, ellagic 

acid, rutin, quercetin 3-O-glucoside, apigenin 

7-O-glucoside, apigenin glycoside, luteolin 4′-

O glucoside, luteolin glycoside 1 and 2, 

luteolin, apigenin, oleanolic acid  

Acquadro, et al. 

(2020) 

Maharashtra, 

India 

Successive PE and ME --- Dulcitol, loganin, bergenin, quercitrin, 

cosmosiin, folic acid and khayanthone 

Mestry, et al. 

(2020) 

Brazil HA --- 3 flavan-3-ols, 2 flavonols, 3 gallic acid 

derivatives, ellagic acid 

Oliveira, et al. 

(2013) 

Brazil HA; HPLC coumarins, flavonoids (such as xanthones, 

flavone, flavonol, and flavanone), and 

phenolic acids 

3,3′-di-O-methylellagic acid, kaempferol, 

kaempferol 3-O-glycoside. 

Marques, et al. 

(2016) 

Brazil HT; EA fraction; 

HPLC-DAD-ESI-

IT/MS 

--- Punicalin, ellagic acid derivative, galloyl-

HHDP-glucose, two castalagin derivatives, 

granatin B, ellagic acid rhamnoside, 

kaempferol-3-O-glucoside, kaempferol 

derivative, and kaempferol-arabinoside 

Pinheiro, et al. 

(2018) 

Brazil HT; EA fraction; 

HPLC-DAD-ESI-

IT/MS 

--- Galloyl-HHDP-glucose Pinheiro, et al. 

(2019) 

Japan AC --- Granatin A, granatin B Toda, et al. (2020) 

Tunisia (Gabsi 

cultivar) 

HE, CH, EA, ET, AQ, 

TOF; HPLC 

TPC: 49.24, 122.98, 238.63, 262.98, and 

382.27 mg GAE/g DW in CH, EA, ET, AQ, 

and TOF extract, respectively; TFC: 55.11, 

231.77, 287.33, and 492.88 mg QE/g DW in 

EA, ET, AQ, and TOF extract, respectively; 

TTC: 30.68, 56.13, 96.81, 125.92, and 86.46 

In TOFs extract: gallic acid, rutin, ellagic acid, 

luteolin 

Trabelsi, et al. 

(2020) 
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mg TAE/g DW in CH, EA, ET, AQ, and TOF 

extract, respectively 

Egypt Natural pigment 

extract, lipoidal extract; 

HPLC, GC-MS 

Carotenoids: 6.7 mg/g 

Chlorophylls: 4.9 mg/g 

Unsaponifiable matter 

Saponifiable matter 

Unsaponifiable matter: phenanthrene, 

1(Indanyl) adamantane, pregnan-3,20-dione, 

ergosterol, β-sitosterol, rhodoxanthin, 

cantaxanthin, 3,4-didehydro-1,2,7′, 8′-

tetrahydro-1-methoxy-2-oxo carotene, 1-

methoxy1′-hydroxy-1,1′, 2,2′-tetrahydro-3,4-

didehydro lycopene 

Saponifiable matter: hexadecanoic acid methyl 

ester, 11,14-octadecadienoic acid methyl ester, 

9-octadecenoic acid methyl ester, octadecanoic 

acid methyl ester, cyclopropaneoctanoic acid 

(2-octylmethylester), heptadecanedioic acid (9 

oxodimethyl ester) 

Chlorophyll a and b (2.33 and 1.51 mg/g), 

lutein (3.65 mg/g), β-carotene (1.92 mg/g)  

Elbatanony, et al. 

(2019) 

Karnataka, 

India 

70% ME; LC-MS/MS TPC: 95.67 mg GAE/g extract Pentagalloyl glucose (11653.09 ng/mg), gallic 

acid (685.26 ng/mg), apigenin (462.41 ng/mg), 

rutin (294.23 ng/mg), quercetin (38.03 ng/mg), 

gossypin (21.13 ng/mg), acteoside (7.96 

ng/mg) 

Viswanatha, et al. 

(2019b) 

7 regions of 

Burkina Faso  

AQ, ET; TLC tannins, sterols, triterpenes, saponosides and 

flavonoids 

--- Ouédraogo, et al. 

(2021b) 

Malaysia AQ; Qualitative 

analysis 

alkaloids, flavonoids, tannins, triterpenes and 

steroids 

--- Fikri, et al. 

(2018a) 

Pisa, Italy Fresh coated with 

PDMS; GC-FID; GC-

MS 

Aroma profile: 95.2% of total identified 

volatiles, mainly sesquiterpenes hydrocarbons 

(77.5%) and non-terpenes (17.7%) 

--- Bandeira Reidel, 

et al. (2018) 

Pakistan ME, ET, AC, AQ ME extract: phenols, tannins, flavonoids, 

proteins, saponins, and glycosides 

--- Ali, et al. (2018) 

Indonesia ET alkaloids, flavonoids, saponins, tannins, 

quinones, steroids, and triterpenoids 

--- Yuniarto, et al. 

(2018b) 

Chennai, India AQ; AgNPs phenolic compounds, flavonoids --- Sarkar, et al. 

(2018) 

Zaria, Nigeria CH carbohydrates, glycosides --- Fathuddin, et al. 

(2017) 

Egypt 50% ME Tannins (pyrogallol or catechol tannins, 

phlobatannins, gallic acid), flavonoids 

--- Gheith, et al. 

(2017a) 

Telagana, India ET alkaloids, terpenoids, flavonoids, phytosterols, 

diterpenes, saponins 

--- Battineni, et al. 

(2017b) 

USA.Wonderful 

cultivar 

95% ME terpenoids, saponins, tannins, reducing sugars, 

glycosides, flavonoids, chlorophyll a and b 

--- Mohajer, et al. 

(2016) 

Karnataka, 

India 

95% ET tannins, alkaloids, glycosides, phenols, 

saponins, coumarins, flavones and resins 

Ellagic acid, gallotanic acid Halekunche, et al. 

(2016a) 

Colombo, Sri 

Lanka 

ME alkaloids, terpenoids, saponins, tannins, 

phenols, reducing sugars, steroids 

--- WMANK, et al. 

(2016) 
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TPC: total phenolics content; OPC: ortho-diphenols content; TFC: total flavonoids content; TTC: 

total tannins content; CC: carotenoids content; TAC: total anthocyanins content; AC: acetone; AQ: 

aqueous; CH: Chloroform; EA: ethyl acetate; ET: ethanol; HA: hydroalcoholic; HE: hexane; ME: 

methanol; PE: petroleum ether; TO: toluene; TOFs: total oligomer flavonoids; TAE: tannic acid 

equivalents; RE: rutin equivalents; GAE: gallic acid equivalents; CE: catechin equivalents; QE: 

quercetin equivalents; CGE: cyanidin-3-glucoside equivalents; GE: glucose equivalents; PDMS: 

polydimethylsiloxane; DMSO: dimethyl sulfoxide; TLC: thin-layer chromatography; DW: dry 

weight. 

 

2.3.1 Phenolic acids 

Phenolic acids have been reported more abundant in the PGL methanolic extract of Gabsi 

cultivar (721.9 mg ferulic acid equivalents/kg DW) based on a homogenized-assisted extraction 

system and untargeted UHPLC-ESI/QTOF-MS, when compared with the other non-edible parts, 

mainly peels (164.5 mg FAE/kg DW) and flowers (173.3 mg FAE/kg DW) (Fellah, et al., 2018; 

Fellah, et al., 2020). However, the total identified phenolic acids in the ethyl acetate fraction in the 

peel (32.38 mg/g) of Nana variety from Egypt was reported to be higher than the leaves (6.5 mg/g) 

(Elfiky, 2018). Gallic acid and ellagic acid have been widely reported in PGL (Akkawi, et al., 

2019; Ankita, et al., 2015; Pottathil, et al., 2020a; Wang, et al., 2013). Phenolic profiles and their 

concentrations vary among different pomegranate cultivars and extraction methods. The content 

of gallic acid was reported to be 0.69 µg/mg in India PGL which were harvested during May–June 

and extracted with 70% methanol at 60°C for 48 h (Viswanatha, et al., 2019b). Gallic acid (9.65 

mg/g) and ellagic acid (8.56 mg/g) were the main phenolic acids identified in total oligomer 

flavonoids (TOFs) extract of PGL from Tunisia (Gabsi cultivar) collected in September (Trabelsi, 

et al., 2020). In Chinese PGL, the optimum condition of extraction and enrichment of ellagic acid 

was extracted with 50% ethanol at 80°C for 1 h as compared to water, 50% methanol, and 50% 

acetone extracts (Wang, et al., 2013). Aqueous extracts of PGL were reported to contain higher 

gallic acid (6.92 mg/g) and chlorogenic acid (22.25 mg/g) than the methanol extract (0.73 mg/g 

and 3.32 mg/g, respectively) in a Turkey pomegranate cultivar (Uysal, et al., 2016). Moreover, p-

hydroxybenzolic acid (2.26 mg/g) and benzoic acid (7.46 mg/g) were only detected in methanol 
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extract of PGL, whereas ferulic acid (1.43 mg/g) was only found in water extract. The p-coumaric 

acid was reported both in the methanol (4.98 mg/g) and water (2 mg/g) extracts (Uysal, et al., 

2016). Other phenolic acids or phenolic acid derivatives were also identified in PGL. Bergenin, a 

trihydroxybenzoic acid glycoside, was found in a pomegranate accession of India extracted with 

petroleum ether and methanol (Mestry, et al., 2020). Coumaric acid hexoside was reported in the 

ethanolic extracts of mixed PGL collected from Italy and Greece (Acquadro, et al., 2020). The 

ethyl acetate fraction of PGL from an Egyptian accession was found to have coumaroyl hexose (a 

hydroxycinnamic acid glycoside), caffeoylquinic acid (the ester of trans-caffeic acid with hydroxy 

group of quinic acid), and dicaffeoylquinic acid, with levels of 0.13%, 0.12%, and 0.09%, 

respectively (Swilam, et al., 2020). However, other ellagic acid derivatives like ellagic acid 

glucoside, pentoside, and deoxyhexoside were detected in the ethanol extract of bark and peel from 

an Italian pomegranate accession (Sanna, et al., 2021). Gallic acid, chlorogenic acid, and caffeic 

acid were reported in the leaf juice of Egypt ripe pomegranate fruit (Wonderful cultivar) (Farag, 

et al., 2014b). Ramamurthy, et al. (2018a) indicated the presence of gallic acid, cinnamic acid, and 

coumaric acid.  The levels of ellagic acid, gallic acid, pyrogallic acid, and tannic acid were reported 

as 8.3%, 1.49%, 0.79%, and 18.27%, respectively in PGL extract from China (Yu, et al., 2017). 

Gallic acid showed the highest identified phenolic acid in PGL extract from an Egypt pomegranate 

(Nana cultivar), followed by ellagic acid, protocatechuic, p-hydroxybenzoic acid, syringic acid, 

vanillic acid and ellagic acid; but caffeic acid was only present in the peel (Elfiky, 2018).  

Some studies have suggested that PGL possessed higher total phenolic content (TPC) than 

many medicinal or fruit plants. The PGL of each pomegranate organ varied in different studies. 

PGL contained the highest TPC of 219.18 mg gallic acid equivalents (GAE)/g among fruit tree 

leaves of pomegranate, avocado, walnut, mulberry, fig, carbo, lemon, grape, and loquat from 

Mediterranean region of Turkey (Uysal, et al., 2016). Moreover, Nostro, et al. (2016) reported the 

total polyphenols of Turkish PGL to be 176.3 mg GAE/g of methanolic extract, which was higher 

than that of olive leaves (81.8 mg GAE/g), fig leaves (32.9 mg GAE/g), walnut leaves (105 mg 

GAE/g) and peels (42.2 mg GAE/g). Comparison in the non-edible parts of pomegranate from 

Mauritius Island showed that PGL (87.81 mg GAE/g DW) had higher TPC than that of the stem 

and seed, while lower than that of flower and peel (Rummun, et al., 2013). By comparison ten 

edible and medicinal plants from Thailand, ethanolic PGL extract showed highest TPC (3.13 mg 
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GAE/g) than other plants, which was also higher than its aqueous extract (Kaewnarin, et al., 

2014).The TPC of corolla, peel, leaves, flowers and branches of Moroccan pomegranate was 120.7, 

115, 96.65, 90.73 and 64.67 mg GAE/g DW, respectively (Eddebbagh, et al., 2016). The TPC of 

PGL varied among various varieties, cultivars, and accessions. The TPC of Tunisian PGL was 

reported as 79.7 mg GAE/100 g DW in Nabli cultivar, whereas the PGL of Gabsi cultivar showed 

higher total phenols, being 118.9 mg GAE/100 g DW (Fellah, et al., 2018). The TPC of Nana 

variety (≈310 mg GAE/g DW) was higher than Tounsi variety (≈250 mg GAE/g DW). For both 

varieties, leaf extract had higher total phenols than the juice, but lower than flower extract. In 

addition, leaf extract showed higher total phenols than peel extract in Nana variety, while lower 

than peel extract in Tounsi variety (Amri, et al., 2017). In Kesar cultivar, PGL extracts with water, 

ethanol, and acetone rather water displayed higher TPC than that of rind and arils, while 

pomegranate rind of Ganesh cultivar in four extracts showed the highest TPC (Kolar, et al., 2021). 

The TPC of PGL differed according to solvents and technologies of extraction performed (Kaneria, 

et al., 2013). It can be inferred that phenolic compounds are highly soluble in polar solvents 

(Kaneria, et al., 2012). The acetone extract had highest TPC in leaf and stem in both successive 

and individual extraction method. In successive extraction method, TPC was higher in toluene and 

acetone extracts of the stem than in leaf; while in ethyl acetate and aqueous extracts, TPC was 

higher in leaf than in stem. In decoction method total phenol content was almost the same in both 

leaf and stem (Kaneria, et al., 2012). The extracts of Tunisian PGL with six different extraction 

solvents (hexane, chloroform, ethyl acetate, ethanol, water, and TOF) were compared, of which, 

TOF extract showed the highest level at 382.27 mg GAE/g DM (Trabelsi, et al., 2020). The TPC 

of methanolic PGL extract from India was reported to be 328.75 mg of GAE/g extract (Mestry, et 

al., 2017a). Farag, et al. (2014b) reported the TPC of pomegranate leaf juice was 48.02 mg GAE/g 

dry weight, while the pomegranate peel juice showed 58.63 mg GAE/g DW. Uysal, et al. (2016) 

compared the TPC of methanolic and aqueous extracts of Turkish PGL, being 219.18 and 274.50 

mg GAE/g, respectively. The flavonoid rich fraction of Indian PGL showed TPC as 219 mg GAE/g 

of fraction, similar to previous study (Ankita, et al., 2015). The hydroalcoholic extract of Algerian 

PGL showed a significantly higher TPC as compared to the aqueous extract, with values of 12.66 

and 4.43 mg GAE/g extract, respectively (Mohammed, et al., 2020). In addition, supercritical 
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carbon dioxide extraction may be a good purification pre-treatment for the removal of non-

polyphenolic compounds prior to further polyphenol extraction (Cavalcanti, et al., 2012). 

 

2.3.2 Flavonoids 

Flavonoids comprise apigenin, luteolin, quercetin, rutin, catechin, kaempferol, as well as 

their derivatives which have been identified in PGL (Ankita, et al., 2015; Farag, et al., 2014b; 

Mestry, et al., 2017a; Pottathil, et al., 2020a). In the methanolic extract of PGL from India, the 

concentrations of apigenin, rutin, quercetin, gossypin were reported to be 0.46 µg/mg, 0.29 µg/mg, 

38.03 ng/mg, and 21.13 ng/mg, respectively (Viswanatha, et al., 2019b). The mean value for the 

content of rutin and luteolin from a Tunisian PGL extract was identified as 3.56 mg/g and 0.81 

mg/g, respectively (Trabelsi, et al., 2020). Other authors reported the content of rutin and quercetin 

was 1.12 mg/g and 1.19 mg/g, respectively (Durgadevi, et al., 2018a; Ramamurthy, et al., 2018a). 

Kaempferol, kaempferol-3-O-glycoside, and kaempferol-arabinoside were the identified 

compounds in leaves of Brazilian pomegranate accession (Marques, et al., 2016; Pinheiro, et al., 

2018). Flavan-3-ols including catechin, epicatechin, epicagalocatechin 3-gallate, as well as 

flavonols, such as quercetin and kaempferol were reported in PGL of Brazilian accessions 

(Oliveira, et al., 2013). Using the high resolution-liquid chromatography mass spectroscopy (HR-

LCMS) analysis, quercitrin (a quercetin glucoside) and cosmosiin (an apigenin glucoside), were 

identified in PGL of an India cultivar extracted with petroleum ether and methanol (Mestry, et al., 

2020). In ethanolic extract of the mixed Italian and Greek PGL, luteolin, apigenin, rutin, luteolin 

7-O-glucoside, quercetin 3-O-glucoside, apigenin 7-O-glucoside, luteolin 4′-O-glucoside, 

apigenin glycoside, and two luteolin glycosides were found by HPLC‑PDA‑MS/MS and GC‑MS 

(Acquadro, et al., 2020), similar with the identification by Sanna, et al. (2021). With leaves of 

Turkey pomegranate cultivar, rutin (0.05 mg/g) was only found in aqueous extract of leaves while 

apigenin (0.63 mg/g) was only identified in methanolic extract (Uysal, et al., 2016). Bioassay-

guided and HPLC procedures demonstrated the presence of apigenin 4′-O-β-glucoside in the 

methanolic extract of PGL collected from Turkey (Nostro, et al., 2016). Apigenin, isoquercetin, 

and luteolin were reported in lyophilized extracts of PGL from India (Angamuthu, et al., 2019). 

Elfiky (2018) reported that total identified flavonoids in the ethyl acetate fraction of PGL (24.26 
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mg/g) from Egyptian Nana variety was higher than the peels (17.27 mg/g). Amongst, rutin, 

apigenin, quercetin, kaempferol, and apigenin 7-O-glucoside were identified in both peel and leaf; 

rutin was dominant in the peel (15.14 mg/g) while apigenin was major in the leaf (16.63 mg/g). In 

addition, catechin was present only in peel (1.55 mg/g) but chrysin was found only in leaf (0.36 

mg/g). The ethanol and ethyl acetate fraction of PGL from Egypt by LC-MS-MS analysis 

identified several anthocyanins and their derivatives such as cyanidin pentoside, procyanidin dimer, 

pelargonidin, and delphindin dihexoside (Swilam, et al., 2020). Additionally, cyanidin-3,5-

diglucoside and kaempferol 3-O-b-D-xyloside were found in the aqueous extract of PGL from 

Palestine by RP-LC-PDA-ESi-MS mode (Akkawi, et al., 2019). 

Some studies have suggested that PGL possessed higher total flavonoid content (TFC) than 

many medicinal or fruit plants. The PGL of each pomegranate organ varied in different studies. 

By comparison ten edible and medicinal plants from Thailand, ethanolic PGL extract showed 

highest TFC (237 µg quercetin equivalents/g) than other plants, which was also higher than its 

aqueous extract (Kaewnarin, et al., 2014). Comparison in the non-edible parts of pomegranate 

from Island showed that the TFC of PGL (63.89 mg QE/g DW) from Mauritius was higher than 

that of the stem and seed, while lower than that of the flower and peel (Rummun, et al., 2013). 

Nevertheless, the ethanolic extract of Nana variety PGL displayed higher TFC (88.22 mg/g) than 

the rind (60.48 mg/g) (Elfiky, 2018). The TFC of peel, flowers, corolla, leaves, and branches of 

Moroccan pomegranate was 221.7, 221.7, 188.8, 180.2 and 158.5 mg QE/g DW, respectively 

(Eddebbagh, et al., 2016). The TFC of PGL varied among various varieties, cultivars, and 

accessions. The phenolic profiles of Nabli cultivar by untargeted UHPLC-ESI/QTOF-MS and 

semi-quantitative analysis showed the highest flavonoids in PGL than in peels and flowers, mainly 

anthocyanins and flavanols, being 4.1 g cyanidin Eq/kg DW and 4.5 g catechin equivalents 

(CE)/kg DW, respectively. Moreover,  Nabli PGL had richer flavones in leaves and flowers while 

the TFC of Gabsi PGL was lower than its peels and flowers (Fellah, et al., 2018; Fellah, et al., 

2020). In Tounsian variety, leaf extract showed the highest TFC (≈55 mg CE/g DW) than the 

flower (≈50 mg CE/g DW), peel (≈43 mg CE/g DW), and juice (≈4 mg CE/g DW). However, the 

TFC of leaf (≈60 mg CE/g DW) was lower than peel (≈68 mg CE/g DW) of Nana variety, but 

higher than in flower (≈42 mg CE/g DW) and juice (≈17 mg CE/g DW) (Amri, et al., 2017). The 

total anthocyanin content (TAC) in both varieties was observed to be highest in juice while lowest 
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in leaf extract (Amri, et al., 2017). Only aqueous extract of PGL in Kesar cultivar showed the 

highest TFC as compared to the rind and arils, whereas TFC of other three extracts (methanol, 

ethanol, and acetone) was lower that rind and arils; additionally, rind extracts with four solvents 

in Ganesh cultivar had the most TFC (Kolar, et al., 2021). The TFC of PGL differed according to 

solvents and technologies of extraction performed. TOFs extract of Gabsi PGL from Tunisia 

showed the highest level of flavonoids at 492.88 mg quercetin/g of plant dry weight as compared 

to other extracts with hexane, chloroform, ethyl acetate, ethanol, or water (Trabelsi, et al., 2020). 

The TFC of PGL was measured as 29.6 and 26.54 mg rutin/g in methanolic and aqueous extracts, 

respectively (Uysal, et al., 2016). The TFC of methanolic PGL extract from Maharashtra of India 

(collected in January 2014) was reported as 126.667 mg rutin/g of extract, while in ethanolic PGL 

extract from Gujarat of India (collected in August 2012), it contained 102.02 mg quercetin/g of 

fraction (Ankita, et al., 2015; Mestry, et al., 2017a). The hydroalcoholic extract of Algerian PGL 

showed a significantly higher TFC than the aqueous extract (24.78 and 8.76 mg quercetin/g, 

respectively), while the aqueous extract had higher flavonols compared to the hydroalcoholic 

extract, being 9.20 and 7.68 mg quercetin/g of extract, respectively (Mohammed, et al., 2020). It 

was found that with solvents of hexane, ethyl acetate, dichoromethane, ethanol and methanol, PGL 

had highest TFC in ethanolic extract, while showing highest anthocyanins content in hexane 

extract (Bekir, et al., 2013).  

 

2.3.3 Tannins 

PGL is a rich source of hydrolysable tannins and condensed tannins. Ellagic acid content in 

PGL have been affected by the season, variety, and processing method (Xiang, et al., 2008). The 

LC-MS-MS analysis quantification showed that the methanolic extract of PGL from India 

comprised of 11.65 µg/mg of pentagalloyl glucose (PGG), which is a hydrolysable tannin that 

belongs to the group of gallotannins but also participates in the formation of ellagitannins (ETs) 

(Torres-León, et al., 2017; Viswanatha, et al., 2019b). Pinheiro, et al. (2019) isolated galloyl-

hexahydroxydiphenoyl (HHDP)-glucose from hydroalcoholic extract and ethyl acetate fraction of 

PGL from Brazil. The same team (Marques, et al., 2016; Pinheiro, et al., 2018) also found other 

ellagitannins (e.g. punicalin, castalagin derivatives) and ellagic acid derivatives (e.g. ellagic acid 
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rhamnoside, 3,3′-di-O-methyl-ellagic acid). The abundant compounds in ethyl acetate (EA) and 

water-saturated n-butanol (n-BuOH) extracts of PGL from Japan were identified as granatin A and 

granatin B (galloyl-HHDP-DHHDP-hexoside) with their structural analog geraniin (Toda, et al., 

2020). Oliveira, et al. (2013) suggested three hydrolysable tannins as gallic acid derivatives that 

were probably gallotannins. More compounds of Egyptian PGL were identified in the ethyl acetate 

fraction of hydroalcoholic extract, including galloyl-HHDP-DHHDP-hexoside (Granatin B), 

galloyl-HHDP-hexoside, castalagin derivative, bis-HHDP-hexoside, digalloyl-HHDP-hexoside, 

HHDP-hexoside, galloyl hexoside, dimethyl ellagic acid glucuronide, ellagic acid deoxyhexoside, 

ellagic acid dihexoside, ellagic acid hexoside, and galloyl-HHDP-gluconate (Swilam, et al., 2020). 

Similar identification was reported in the hot water extract of PGL from Palestine, like galloyl-

hexoside, 3,4,3'-tri-O-methylellagic acid, corilagin, brevifolin carboxylic acid, galloyl-HHDP-

hexoside, granatin B, and eschweilenol C (ellagic acid deoxyhexoside) (Akkawi, et al., 2019). The 

ellagitannins such as granatin B, ellagic acid glucoside, and galloyl glucose like brevifolin 

carboxyl acid were detected in the ethanolic extract of PGL from Italy and Greece by GC‑MS and 

HPLC‑PDA‑MS/MS (Acquadro, et al., 2020). The levels of punicalagin and gallagic acid were 

found to be significantly higher than the levels of ellagic and gallic acids in all studied pomegranate 

tissues of Israeli Wonderful accession, including branches, flowers, leaves, buds, roots, fruitless, 

and bark (Orgil, et al., 2014). This may be associated with fact that ellagic acid and gallic acid 

serve as monomers for the synthesis of ellagitannins such as punicalagin (Ono, et al., 2012). 

Granatin A, strictinin, and corilagin were reported in lyophilized extracts of PGL from India 

(Angamuthu, et al., 2019). However, valoneic acid dilactone, sanguisorbic acid dilactone, and 

gallagic acid dilactone were identified in the bark or peel extracts of Italian pomegranate (Sanna, 

et al., 2021). In addition, tannic acid was reported in PGL extract from China (Yu, et al., 2017). 

The content of punicalagin and ellagic acid was found to be 39.6 mg/g and 32 mg/g, respectively, 

in the ethanolic extract of PGL from Tunisia soft-seed pomegranate (Li, et al., 2016).  

Total tannin content (TTC) of PGL compared with other medicinal plants or pomegranate 

organs has been increasingly conducted, which is still lacking adequate exploration. The PGL of 

each pomegranate organ varied in different studies. The TTC of PGL varied among various 

varieties. The TTC of leaf extracts in two varieties (Nana and Tounsi) was similar with flower and 

juice, while lower than the peel (Amri, et al., 2017). The TTC of PGL differed according to 
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solvents and technologies of extraction performed. Aqueous PGL extract showed highest 

hydrolysable tannins when compared with seed, flower, and peel, while in methanolic extracts, 

PGL had similar hydrolysable tannins content with the peel, which were significantly higher than 

seed but lower than flower (Elfalleh, et al., 2012). The aqueous extract of PGL had highest level 

of tannins at 125.92 mg tannic acid equivalents (TAE)/100 g DM when compared to the hexane 

(not detected), chloroform (30.68 mg TAE/100 g DM), ethyl acetate (56.13 mg TAE/100 g DM), 

ethanol (96.81 mg TAE/100 g DM), and TOF (86.46 mg TAE/100 g DM) extracts (Trabelsi, et al., 

2020). The TTC of hydroalcoholic extract in Indian PGL was reported to be 22% (w/w) by the 

hide-powder method (Ankita, et al., 2015), or to be 1.82 mg/g by the ferric chloride (FeCl3) test 

(Durgadevi, et al., 2018a; Ramamurthy, et al., 2018a). PGL extracted with hexane displayed the 

statistically highest TTC, followed by the extracts of ethyl acetate and dichoromethane, but 

extracts with ethanol and methanol were not detected for the TTC (Bekir, et al., 2013).  

 

2.3.4 Other phytoconstituents 

Phytochemical screening of PGL extracts was found to have 7.76 mg/g of phenols, 6.18 

mg/g of alkaloids, and 1.82 mg/g of terpenoids (Durgadevi, et al., 2018a; Ramamurthy, et al., 

2018a). Several studies reported the presence of coumarin in the extracts of PGL (Durgadevi, et 

al., 2018a; Farag, et al., 2014b). Tyrosols were most abundant in PGL of Nabli cultivar, being 5.3 

g tyrosol equivalents/kg DW, whereas alkylphenols were widely present in leaf, peel, and flower 

of both Nabli and Gabsi cultivars, followed by lignans and stilbenes, ranging 14.1–27.9 mg 

matairesinol equivalents/kg DW and 4.6–8.0 mg resveratrol equivalents/kg DW, respectively 

(Fellah, et al., 2018; Fellah, et al., 2020). The methanolic leaf extract of Indian pomegranate 

showed the presence of acteoside at 7.96 ng/mg, which was a glycoside of hydroxy tyrosol 

(Viswanatha, et al., 2019b). Meanwhile, 3-hydroxy tyrosol was also found in the pomegranate leaf 

juice (Farag, et al., 2014b). The iridoid monoterpenoid (loganin), tetranortriterpenoid 

(khayanthone), sugar alcohol (dulcitol), and folic acid were identified by HR-LCMS analysis in 

the PGL extracted with petroleum ether and methanol (Mestry, et al., 2020). Some studies reported 

the presence of three pentacyclic triterpenoids in the ethanolic PGL extracts, like oleanolic acid, 

betulinic acid, and ursolic acid (Acquadro, et al., 2020; Sanna, et al., 2021). Amongst, the 
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concentration of ursolic acid was found to be 20.34 mg/100 mL (0.1503%, w/w) in the ethanolic 

extract of Indian PGL (variety Ganesh) (Ramasamy, et al., 2021). The EA fraction of PGL 

hydroalcoholic extract contained a feruloyl coniferin with a value of 0.62%, which was a glucoside 

of coniferyl alcohol (Swilam, et al., 2020). Balwani, et al. (2011) isolated a new compound from 

the 50% ethanol extract of Indian PGL, namely 2-methyl-pyran-4-one-3-O-b-D-glucopyranoside, 

which exhibited in vitro anti-inflammatory effect. The non-polyphenolic constituents in the 

supercritical fluid extract of PGL showed relatively high levels of eicosanol (15.45%), squalene 

(12.51%), tocopherol derivatives (9.78%), and linoleic acid (8.52%) by GC-MS analysis 

(Cavalcanti, et al., 2012). Elbatanony, et al. (2019) studied the natural lipoidal pigments of 

Egyptian PGL which were extracted with acetone and n-hexane, including carotenoids (e.g. lutein, 

β-carotene), chlorophylls a and b, α-amyrin acetate, ergosterol, and α-tocopherol. But stigmasterol 

and β-amyrin were the main lipoidal compounds isolated from the petroleum ether fractions of 

Egyptian PGL (Elfiky, 2018). The lipoidal matter content in the EA fraction of Egyptian Nana 

variety was reported to be higher in leaves (1.50%) than the peels (0.92%) (Elfiky, 2018). Among 

it, the yield of unsaponifiable matter (USM) was also higher in leaves (40.71%) than the peels 

(24.17%), while the content of saponifiable matter (SM) was lower in leaves (55.29%) than the 

peels (70.83%) (Elfiky, 2018). Moreover, β-sitosterol was the principal identified sterol in leaves 

(5.77%), while saturated fatty acids accounted for 51.91% in leaves, where the palmitic acid 

(31.38%) was dominant (Elfiky, 2018). The content of unsaturated fatty acids was found in PGL 

with 37.78%, where linolenic acid was major with 25.39% (Elfiky, 2018). The content of amino 

acids and total essential amino acids of PGL was 10.89 g/100 g and 5.37 g/100 g, respectively. 

The most prominent essential amino acids in the leaves were leucine and valine (1.01 and 0.98 

g/100g, respectively), while in the rind were lysine and leucine (0.13 g/ 100g, each of them) (Elfiky, 

2018). Leaf rich in potassium (2600 mg%), sodium (320 mg/ 100g) and calcium (300 mg/100g), 

while other tested minerals (iron and phosphorus) were present in lower concentrations (12.9 and 

66.57 mg/100g, respectively) (Elfiky, 2018). Total fourteen volatile and semi-volatile bioactive 

compounds were identified in the alcoholic leaf extract of Hungarian pomegranate accession, and 

maltol was the principal phytoconstituent with a 36.23% of concentration, followed by 5-

hydroxymethylfurfural and 1,2,3-benzenetriol (Bhinge, et al., 2021). The water extract of PGL 

using LC-ESi-MS was found to have secoisolariciresinol hexoside (a lignan derivative) and quinic 
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acid (Akkawi, et al., 2019). Baranitharan, et al. (2019) reported several steroids in the green 

ethanolic extract of Indian PGL, such as cardenolide and digoxigenin, as well as other compounds 

including 3,5-dimethylcyclohexanone, N-boc-4-piperidineacetaldehyde, methyl 4-

piperidineacetate, 4-cyclopropylbenzaldehyde, and 2’,6’-dihydroxyacetophenone. From the same 

research team, the authors (Jebanesan, et al., 2021) identified that the main component in the 

methanol-derived extract of PGL was phenol, 2-methyl-5-(1-methylethyl), also called carvacrol. 

The total carotenoid concentration of leaf extracts in both varieties had a similar trend of total 

tannin content, being comparable with flower and juice, while lower than peel (Amri, et al., 2017). 

More information regarding the compounds present in pomegranate leaves is presented in Table 

II.2. The chemical structures of the major compounds identified in PGL are shown in Figure II.2. 

 

Table II.2 Formula and molecular weight of individual phytochemical compound reportedly 

present in pomegranate leaves. 

ID Compound Name Formula 
Molecular 

Weight 
Reference 

Ellagitannins and gallotannins 

1 Castalagin  C41H26O26 934.63 Pinheiro, et al. (2018) 

2 Corilagin C27H22O18 634.45 Akkawi, et al. (2019); Angamuthu, et al. (2019) 

3 Strictinin  C27H22O18 634.45 Angamuthu, et al. (2019); Tanaka, et al. (1985) 

4 Punicalin  C34H22O22 782.53 Pinheiro, et al. (2018) 

5 Tellimagrandin I C34H26O22 786.56 Hussein, et al. (1997) 

6 Tercatain  C34H26O22 786.56 Hussein, et al. (1997) 

7 Granatin A C34H24O23 800.54 Angamuthu, et al. (2019); Toda, et al. (2020) 

8 Granatin B C34H28O27 952.64 Akkawi, et al. (2019); Swilam, et al. (2020);  

Toda, et al. (2020) 

9 Punicafolin  C41H30O26 938.66 Tanaka, et al. (1985) 

10 Punicalagin  C48H28O30 1084.7 Li, et al. (2016); Orgil, et al. (2014) 

11 5-O-galloyl-punicacortein D C54H34O34 1222.8 El-Toumy, et al. (2002) 

12 Tannic acid C76H52O46 1701.2 Yu, et al. (2017) 

13 Gallagic acid C28H14O18 638.39 Orgil, et al. (2014) 

14 Pentagalloyl glucose  C41H32O26 940.70 Viswanatha, et al. (2019b) 

Ellagic acid and derivatives  

15 Ellagic acid C14H6O8 302.19 Elfiky (2018); Li, et al. (2016); Pinheiro, et al. (2018) 

16 Ellagic acid, 3,4,3'-tri-O-methyl C17H12O8 344.27 Akkawi, et al. (2019) 

17 Ellagic acid, 3,3'-di-O-methyl C16H10O8 330.25 Marques, et al. (2016) 

18 Eschweilenol C C20H16O12 448.33 Akkawi, et al. (2019) 

Flavonoids and derivatives  

19 Kaempferol  C15H10O6 286.24 Elfiky (2018); Marques, et al. (2016) 

20 Kaempferol 3-O-β-D-Xyloside C20H17O10 417.30 Akkawi, et al. (2019); Marques, et al. (2016);  

Pinheiro, et al. (2018) 

21 Apigenin C15H10O5 270.05 Pottathil, et al. (2020b); Angamuthu, et al. (2019);  

Elfiky (2018); Uysal, et al. (2016) 

22 Apigenin-4´-O-β-D-glucoside C21H20O11 448.32 Nostro, et al. (2016); Nawwar, et al. (1994a) 
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23 Apigenin7-O-β-D-glucoside 

(Cosmosiin) 

C21H20O10 432.40 Elfiky (2018); Acquadro, et al. (2020);  

Mestry, et al. (2020) 

24 Luteolin  C15H10O6 286.24 Angamuthu, et al. (2019); Trabelsi, et al. (2020) 

25 Luteolin-3´-O- β-D-glucoside C21H20O10 432.11 Nawwar, et al. (1994a) 

26 Luteolin-4´-O- β-D-glucoside C21H20O10 432.11 Acquadro, et al. (2020); Nawwar, et al. (1994a) 

27 Luteolin-3´-O- β-D-Xyloside  C20H18O10 418.09 Nawwar, et al. (1994a) 

28 Luteolin 7-O-β-D-glucoside C21H20O11 448.40 Acquadro, et al. (2020) 

29 Quercetin C15H10O7 302.24 Elfiky (2018); Ankita, et al. (2015);  

Viswanatha, et al. (2019b) 

30 Quercetin-3-O-rutinoside (Rutin) C27H30O16 610.52 Elfiky (2018); Uysal, et al. (2016);  

Viswanatha, et al. (2019b) 

31 Quercetin 3-O-glucoside 

(Isoquercetin) 

C21H20O12 464.10 Acquadro, et al. (2020); Angamuthu, et al. (2019) 

32 Eriodictyol-7-O-α-L-arabinofuransyl 

(1-6)-β-D-glucoside 

C26H30O15 582.51 Chauhan, et al. (2001) 

33 Naringenin 4´-methylether 7-O-α-L- 

arabinofuransyl (1-6)-β-D-glucoside 

C27H32O14 580.53 Chauhan, et al. (2001) 

34 Cyanidin-3,5-diglucoside C27H31O16 611.52 Akkawi, et al. (2019) 

35 Pelargonidin  C15H11O5 271.24 Swilam, et al. (2020) 

36 5,7-Dihydroxyflavone (Chrysin) C15H10O4 254.24 Elfiky (2018) 

37 Catechin  C15H14O6 290.27 Farag, et al. (2014a) 

38 Quercitrin (Quercetin 3-rhamnoside) C21H20O11 448.4 Mestry, et al. (2020) 

39 Gossypetin 8-glucoside (Gossypin) C21H20O13 480.38 Viswanatha, et al. (2019b) 

Phenolic acids and other organic acids 

40 Gallic acid C7H6O5 170.12 Akkawi, et al. (2019); Elfiky (2018) 

41 Caffeic acid C9H8O4 180.16 Farag, et al. (2014a) 

42 Chlorogenic acid C16H18O9 345.31 Uysal, et al. (2016); Farag, et al. (2014a) 

43 Benzoic acid C7H6O2 122.12 Uysal, et al. (2016) 

44 Bergenin (trihydroxybenzoic acid 

glycoside) 

C14H16O9 328.27 Mestry, et al. (2020) 

45 p-Hydroxybenzoic acid C7H6O3 138.12 Elfiky (2018); Uysal, et al. (2016) 

46 p-Coumaric acid C9H8O3 164.05 Uysal, et al. (2016) 

47 Ferulic acid C10H10O4 194.18 Uysal, et al. (2016) 

48 Syringic acid C9H10O5 198.17 Elfiky (2018) 

49 Vanillic acid C8H8O4 168.14 Elfiky (2018) 

50 Protocatechuic acid C7H6O4 154.12 Elfiky (2018) 

51 Pyrogallic acid C6H6O3 126.11 Yu, et al. (2017) 

52 Quinic acid C7H12O6 192.17 Akkawi, et al. (2019) 

53 Maltol (volatile) C6H6O3 126.11 Bhinge, et al. (2021) 

Simple galloyl derivatives 

54 Brevifolin  C12H8O6 248.19 Nawwar, et al. (1994b) 

55 Brevifolin carboxylic acid C13H8O8 292.2 Akkawi, et al. (2019);  

Nawwar, et al. (1994b) 

56 Brevifolin carboxylic acid-10-

monosulphate 

C13H7KO10S 394.25 Hussein, et al. (1997) 

57 1,2,3-Tri-O-galloyl-β-D-glucose C27H24O18 636.47 Nawwar, et al. (1994b) 

58 1,2,4-Tri-O-galloyl-β-D-glucose C27H24O18 636.47 Nawwar, et al. (1994b) 

59 1,2,6-Tri-O-galloyl-β-D-glucose C27H24O18 636.47 Nawwar, et al. (1994b) 

60 1,4,6-Tri-O-galloyl-β-D-glucose C27H24O18 636.47 Nawwar, et al. (1994b) 

61 1,3,4-Tri-O-galloyl-β-D-glucose C27H24O18 636.47 Hussein, et al. (1997) 

62 1,2,4,6-Tetra-O-galloyl-β-D-glucose C34H28O22 788.57 Nawwar, et al. (1994b) 

63 1,2,3,4,6-Pent-O-galloyl-β-D-glucose C41H32O26 940.68 Nawwar, et al. (1994b) 

64 3,4,8,9,10-pentahydroxy-dibenzo 

[b,d]pyran-6-one 

C13H8O7 276.20 Nawwar, et al. (1994b) 

65 Galloyl-HHDP-glucose C27H15O18 627.39 Pinheiro, et al. (2019) 

Fatty acids  

66 Linoleic acid C18H32O2 280.4 Elfiky (2018) 

67 Caprylic acid C8H16O2 144.21 Uysal, et al. (2015) 

68 Capric acid C10H20O2 172.27 Uysal, et al. (2015) 
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69 Undecylic acid C11H22O2 186.29 Uysal, et al. (2015) 

70 Lauric acid C12H24O2 200.32 Uysal, et al. (2015) 

71 Tridecylic acid C13H26O2 214.35 Uysal, et al. (2015) 

72 Myristic acid C14H28O2 228.38 Uysal, et al. (2015) 

73 Pentadecylic acid C15H30O2 242.40 Uysal, et al. (2015) 

74 Palmitic acid C16H32O2 256.43 Uysal, et al. (2015) 

75 Margaric acid C17H34O2 270.45 Uysal, et al. (2015) 

76 Stearic acid C18H36O2 284.48 Uysal, et al. (2015) 

77 Arachidic acid C20H40O2 321.54 Uysal, et al. (2015) 

78 Heneicosylic acid C21H42O2 326.55 Uysal, et al. (2015) 

79 Behenic acid C22H44O2 340.59 Uysal, et al. (2015) 

Sterols and terpenoids 

80 β-Sitosterol  C29H50O 414.71 Elbatanony, et al. (2019) 

81 Stigmasterol C29H48O 412.70 Elfiky (2018) 

82 Ursolic acid C30H48O3 456.70 Ramasamy, et al. (2021) 

83 Betulinic acid C30H48O3 456.70 Sanna, et al. (2021) 

84 Oleanolic acid C30H48O3 456.7 Sanna, et al. (2021); Acquadro, et al. (2020) 

85 2-Methyl-5-(1-methylethyl)-phenol 

(Carvacrol, a monoterpenic phenol) 

C10H14O 150.22 Jebanesan, et al. (2021) 

Phenylethanoid  

86 3-Hydroxytyrosol C8H10O3 154.16 Farag, et al. (2014a) 

87 Verbascoside (Acetoside)  C29H36O15 624.59 Viswanatha, et al. (2019b) 

Alkaloids  

88 1-(2,5-dyihydroxy-phenyl)-pyridium 

chloride 

C11H10ClNO2 233.66 Baranitharan, et al. (2019);  

Nawwar, et al. (1994a) 

89 Methyl 4-piperidineacetate C8H15NO2 157.21 Baranitharan, et al. (2019) 

90 Cardenolide  C23H34O2 342.51 Baranitharan, et al. (2019) 

91 n-Boc-4-piperidineacetaldehyde  C12H21NO3 227.30 Baranitharan, et al. (2019) 

92 4-Cyclopropylbenzaldehyde C10H10O 146.18 Baranitharan, et al. (2019) 

93 3,5-Dimethylcyclohexanone C8H14O 126.20 Baranitharan, et al. (2019) 

94 Digoxigenin C23H34O5 390.51 Baranitharan, et al. (2019) 

95 2’,6’-Dihydroxyacetophenone C8H8O3 152.15 Baranitharan, et al. (2019) 

Vitamins and minerals 

96 Folic acid (Vitamin B9) C19H19N7O6 441.4 Mestry, et al. (2020) 

97 Vitamin A --- --- Elfiky (2018) 

98 Vitamin E --- --- Elfiky (2018) 

99 Potassium  K 39.10 Elfiky (2018) 

100 Sodium  Na 22.99 Elfiky (2018) 

101 Calcium  Ca 40.08 Elfiky (2018) 

102 Iron  Fe 55.85 Elfiky (2018) 

103 Phosphorus  P 30.97 Elfiky (2018) 

Other compounds 

104 Coniferyl 9-O-[β-D-apiofuransyl-(1-

6)]-O-β-D-glucopyranside 

C21H30O12 474.46 Swilam, et al. (2020) 

105 14-Octadecenoic acid, methyl ester C19H36O2 296.5 Jebanesan, et al. (2021) 

106 Solasodine-3-O-β-d-glucopyranoside C33H54NO7 576.8 Fellah, et al. (2020) 

107 18-Oxooleate C18H32O3 296.4 Fellah, et al. (2020) 

108 12-Hydroperoxyicosatetraenoic acid 

(12(S)-Hpete) 

C20H32O4 336.5 Fellah, et al. (2020) 

109 2-Methyl-pyran-4-one-3-O-β-D-

glucopyranoside 

C12H16O8 288.25 Balwani, et al. (2011) 

110 Dulcitol (Galactitol) C6H14O6 182.17 Mestry, et al. (2020) 

111 Loganin (an iridoid monoterpenoid) C17H26O10 390.4 Mestry, et al. (2020) 

HHDP: Hexahydroxydiphenic acid 
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Figure II.2 Chemical structures of major compounds present in pomegranate leaves. 
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2.4 In Vitro Antioxidant Capacity of PGL 

Pomegranate leaf is a good source of natural antioxidants. The antioxidant capacity (AOC) 

of PGL has been attributed to various phenolics including phenolic acids, flavonoids, and tannins, 

etc., which vary amongst the usage of solvents, extraction methods, measurement techniques, 

pomegranate varieties or cultivars grown at different geographical conditions. Kaneria, et al. (2012) 

studied the effect of different extraction techniques (e.g. successive, cold percolation, and 

decoction) and solvents (namely petroleum ether, toluene, ethyl acetate, acetone, and water) in the 

antioxidant activities of Indian pomegranate leaf and stem. Accordingly, successive extraction and 

acetone solvent were preferable to extract the antioxidants. The PGL exhibited higher 2,2-

diphenyl-1-picrylhydrazyl (DPPH) and superoxide anion radical scavenging capacities and higher 

ferric reducing antioxidant power (FRAP) than pomegranate stem. The extraction solvents 

significantly altered the antioxidant properties of pomegranate leaf and stem. The antioxidant 

capacities of PGL hot-water extracts measured by DPPH, ABTS (2,2-azino-bis-3-

ethylbenzothiazoline-6 sulphonic acid), and FRAP tests were found to differ from seven towns of 

Burkina Faso (Ouédraogo, et al., 2021a). The profile or the amount of total polyphenols in PGL 

have been suggested to positively correlate with the AOC. The DPPH radical inhibition of PGL 

significantly correlated with the content of total phenolics and total flavonoids, whereas it had no 

correlation with the total alkaloid content (Zhang, et al., 2010). Moreover, study on the seasonal 

changes in total phenolics and flavonoids in PGL suggested that the optimum harvesting time for 

Chinese PGL (Daqingpi accession) was after August to obtain maximum biological yield, active 

compounds, and minimum effect on plant growth (Zhang, et al., 2010). Methanolic extract of 

Indian PGL contained different phenolic compounds (such as flavonoids and tannins), and 

displayed effective antioxidant capacities with a IC50 of 69.5 µg/mL in DPPH assay, with a FRAP 

and oxygen radical absorbance capacity (ORAC) value of 989.74 mg FeSO4 equivalents/g and 

1229.8 Trolox equivalents (TE)/g, respectively (Viswanatha, et al., 2019a). The PGL of Ganesh 

cultivar showed higher antioxidant activities in comparison to Kesar cultivar, which was associated 

with higher total phenolics and flavonoids in Ganesh (Kolar, et al., 2021). 

The non-edible pomegranate compartments have been reported to have significantly higher 

levels of phenolic compounds and AOC than the edible sections (Kolar, et al., 2021). PGL have 

powerful antioxidant capacity, which can be comparable or higher with the widely studied 
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pomegranate peels. The methanolic PGL from Mauritius exhibited significantly higher iron (II) 

cation chelating activity, deoxyribose degradation inhibition activity, and nitric oxide inhibition 

activity than the seed. The PGL had significantly higher ferric reducing potential and Trolox 

equivalent antioxidant capacity (TEAC) than the stem and seed. No changes in the levels of 

hypochlorous acid (HOCl) scavenging activity and lipid peroxidation inhibition activity were 

observed among the flower, peel, and leaf, which were significantly higher than the seed. The leaf 

extract showed potent superoxide radical scavenging activity (0.072 mg DW/mL), which was 

significantly higher than the extracts of peel (0.089 mg DW/mL), flower (0.175 mg DW/mL), and 

seed (2.523 mg DW/mL) (Rummun, et al., 2013). The Trolox equivalent antioxidant capacity 

(TEAC) was observed higher in pomegranate peel (7.5 TEAC mg/g DW) and flower (6.39 TEAC 

mg/g DW), while lower in pomegranate leaf (4.16 TEAC mg/g DW) and seed (1.1 TEAC mg/g 

DW) from Tunisia Gabsi variety (Elfalleh, et al., 2012). The water extracts of bark, fruitless, and 

roots of Wonderful pomegranate accession from Israel exhibited higher antioxidant activities (by 

DPPH and FRAP assays) than flowers, branches and leaves (Orgil, et al., 2014). The antioxidant 

potential of different pomegranate parts determined by DPPH method was studied, as follows: 

peel > leaf > flower > corolla > branches (Eddebbagh, et al., 2016). The hydro-methanolic extract 

of Libyan PGL was more effective than that of flower, by different antioxidant activity assays, 

including phosophomolybdenum, reducing power, DPPH and hydroxyl radicals scavenging 

(Gheith, et al., 2017b). The ethyl acetate fraction of ethanolic extracts of leaves (6 µg/mL of IC50) 

and peels (5.5 µg/mL of IC50) from the Egyptian pomegranate (Nana variety) showed potent DPPH 

free radical scavenging activity, which was higher than the positive control (ascorbic acid) (Elfiky, 

2018). In Nabli cultivar, the higher antioxidant activity (by DPPH and FRAP methods) was 

observed in the flowers, while the peels of Gabsi cultivar showed higher AOC (Fellah, et al., 2018).  

The leaf extracts of pomegranate varieties or cultivars have exhibited various degrees of 

AOC in different solvent systems or extraction methods. Among different solvents (aqueous, 

methanol, ethanol, and acetone), methanol gave highest extraction yield and antioxidant capacity 

in PGL of Kesar variety, whereas ethanol obtained highest levels of compounds and activities in 

PGL of Ganesh variety (Kolar, et al., 2021). The ethyl acetate fraction of PGL showed the lowest 

IC50 value among different extracts and fractions, corresponding to the highest DPPH scavenging 

capacity, which was consistent with its higher content of phenolics (Lima, et al., 2021). The 
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aqueous extract of PGL had a significantly higher total antioxidant capacity with an IC50 value of 

12.4 mg/mL, while the hydroalcoholic extract was significantly the most potent extract in DPPH 

assay with an IC50 value of 9.4 mg/mL. Additionally, aqueous and hydroalcoholic extracts showed 

no differences in the FRAP method and hydrogen peroxide scavenging activity (Mohammed, et 

al., 2020). The total antioxidant potential of ethanolic PGL extract by phosphomolybdenum assay 

was found to be higher than the aqueous extract, being 2.26 and 1.06 mg ascorbic acid equivalents 

(AAE)/mL of extract, respectively (Matangi, et al., 2014b). The hydroalcoholic extract of PGL 

from Thailand showed a similar level of DPPH radical scavenging ability with the ethyl acetate 

extract of PGL (Kaewnarin, et al., 2014). The methanolic extract of Iranian PGL (shishe kab 

cultivar) showed higher DPPH radical scavenging capacity (22.1%) than the aqueous PGL extract 

(10.7%) (Tehranifar, et al., 2011). Wang, et al. (2013) reported that the optimum extraction 

condition of PGL was 80°C, 61% ethanol and 60 min, which increased phenolics thus improving 

antioxidant capacities by DPPH and ABTS methods. The acetone fraction of PGL from Gujarat, 

India presented highest DPPH and superoxide radical scavenging capacities as compared to the 

standards (ascorbic acid and gallic acid, respectively) and other fractions of petroleum ether, 

toluene, ethyl acetate, and water (Kaneria, et al., 2013). PGL extract was found to act as a stronger 

DPPH radical scavenger than the juice and peel extract, showing no significant differences with 

flower extract and between both Tounsi and Nana varieties (Amri, et al., 2017). Compared to the 

Tounsi variety that noted with peel and flower, the juice and leaf extract of Nana variety exhibited 

higher ferric reducing power (Amri, et al., 2017).  

Increasing studies have proved the considerable AOC of PGL by different measurements. 

The in vitro antioxidant capacities of various PGL extracts using different antioxidant methods are 

presented in Table II.3. Apak, et al. (2017) systematically depicted the general classification of 

antioxidant activity (or capacity) assays applied in different relevant industries, such as ORAC, 

FRAP, ABTS/TEAC and DPPH, being chemical-based assays, or hydroxyl, hydrogen peroxide, 

nitric oxide, and peroxyl radicals scavenging, being oxidative stress biomarkers-based assays. The 

methanolic extract of Indian PGL was reported to have significant antioxidant activity which was 

determined by DPPH (39.16 µg/mL of IC50) and SO (40.31 µg/mL of IC50) radical inhibition, 

FRAP (21.28 µg/mL of RC50), and phosphomolybdenum reduction (104.89 µg/mL of RC50) 

(Balamurugan, et al., 2020). The ethanolic extract of Indian PGL was found to possess potent free 
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radical scavenging capacity against DPPH, superoxide anion (SO), and nitric oxide (NO), being 

39.0, 34.25, and 30.05 µg/mL of IC50 value, respectively (Ramamurthy, et al., 2018a). Saratale, et 

al. (2018) indicated that the DPPH radical scavenging capacity (67 µg/mL of IC50 value) of silver 

nanoparticles (AgNPs) synthesized with aqueous PGL extract was more effective when compared 

to the activity of AgNPs (52 µg/mL of IC50 value) measured by ABTS radical scavenging assay. 

The ethanolic extract of Bangladeshi PGL displayed potent antioxidant capacities determined by 

DPPH (23.45 µg/mL of IC50) and NO (55.65 µg/mL of IC50) radical scavenging assays, reducing 

power method (2.015 at 100 µg/mL), and iron (II) chelating assay (65.11 µg/mL), when compared 

with reference standards (Hossain, et al., 2012b). The methanolic extract of Tunisia PGL (Gabsi 

variety) presented a good IC50 by DPPH and ABTS assays (5.62 and 1.31 mg/l, respectively) 

(Bekir, et al., 2013). 

 

Table II.3 In vitro antioxidant capacities of various extracts of pomegranate leaves using different 

antioxidant measurements. 

Source 
Extraction 

Methods 
Antioxidant Activity In Vitro Reference 

Mahdia, Tunisia 

(Tounsi variety) 

ME EC50 DPPH scavenging (0.085 mg/mL); EC50 FRAP (0.71 mg/mL) Amri, et al. (2017) 

Moknine, Tunisia 

(Nana variety) 

ME EC50 DPPH scavenging (0.113 mg/mL); EC50 FRAP (0.55 mg/mL) Amri, et al. (2017) 

Zaozhuang, China 

(Daqingpi cv.) 

50% ME,  

1.2 M HCl 

IC50 DPPH scavenging (33–42 µg/mL) Zhang, et al. (2010) 

Gujarat, India TO IC50 DPPH scavenging (215 µg/mL) Kaneria, et al. (2012) 

EA IC50 DPPH scavenging (42–57 µg/mL); IC50 SO scavenging (300–565 µg/mL) 

AC IC50 DPPH scavenging (17–18 µg/mL); IC50 SO scavenging (99–138 µg/mL) 

AQ IC50 DPPH scavenging (22.4–42 µg/mL); IC50 SO scavenging (180–260 µg/mL) 

Tamilnadu, India AQ DPPH scavenging (5–25µg/mL) Dassprakash, et al. (2012) 

Tamilnadu, India ET IC50 DPPH scavenging (39.0 µg/mL); IC50 NO scavenging (34.25 µg/mL) 

IC50 SO scavenging (30.05 µg/mL) 

Ramamurthy, et al. 

(2018b) 

Barisal, 

Bangladesh 

80% ET IC50 DPPH scavenging (23.45 µg/mL); IC50 NO scavenging (55.65 µg/mL) 

FRAP (2.015 at 100 µg/mL); IC50 FIC (73.80 µg/mL) 

Hossain, et al. (2012a) 

Gabès, Tunisia 

(Gabsi variety) 

ME EC50 DPPH scavenging (11.44 µg/mL); EC50 FRAP (293.63 µg/mL) 

ABTS scavenging (4.16 TEAC mmol/100 g DW) 

Elfalleh, et al. (2012) 

AQ EC50 DPPH scavenging (26.65 µg/mL); EC50 FRAP (348.68 µg/mL) 

ABTS scavenging (1.81 TEAC mmol/100 g DW) 

Gabès, Tunisia 

(Gabsi variety) 

HE IC50 DPPH scavenging (263.44 mg/l); IC50 ABTS scavenging (17.08 mg/l) Bekir, et al. (2013) 

DI IC50 DPPH scavenging (71.57 mg/l); IC50 ABTS scavenging (11.95 mg/l) 

EA IC50 DPPH scavenging (20 mg/l); IC50 ABTS scavenging (5.65 mg/l) 

ET IC50 DPPH scavenging (9.25 mg/l); IC50 ABTS scavenging (2.01 mg/l) 
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ME IC50 DPPH scavenging (5.62 mg/l); IC50 ABTS scavenging (1.31 mg/l) 

Berrechid, 

Morocco 

80% ME IC50 DPPH scavenging (9.9 µg/mL) Eddebbagh, et al. (2016) 

Telangana, India ET IC50 DPPH scavenging (153.509 µg/mL); IC50 FRAP (10.052 µg/mL) 

H2O2 scavenging (43.12%) 

Boggula, et al. (2017) 

Tripoli, Libya 50% ME IC50 PRP (656.4 µg/mL); IC50 DPPH scavenging (113.9 µg/mL) 

IC50 FRAP (81.4 µg/mL); IC50 OH scavenging (79.67 µg/mL) 

Gheith, et al. (2017a) 

Java, Indonesia 96% ET IC50 DPPH scavenging (23.39–62.77 µg/mL) Yuniarto, et al. (2018b) 

Kundrathur, India ME IC50 DPPH scavenging (39.16 µg/mL); IC50 SO scavenging (40.31 µg/mL) 

RC50 PRP (104.89 µg/mL); RC50 FRAP (21.28 µg/mL) 

Balamurugan, et al. (2020) 

Maharashtra, 

India 

ME IC50 DPPH scavenging (15.6 µg/mL), showing 79.8% inhibition at 100µg/mL 

IC50 ABTS scavenging (724.3 µg/mL), showing 73.7% inhibition at 1000µg/mL 

Mestry, et al. (2018) 

Java, Indonesia ET IC50 DPPH scavenging (23.39 µg/mL) Yuniarto, et al. (2018b) 

Tunisia (Nabli 

cultivar) 

80% ME DPPH scavenging (110.6 mg GAE/100 g DW) Fellah, et al. (2018) 

FRAP (63.8 mg GAE/100 g DW) 

Tunisia (Gabsi 

cultivar) 

80% ME DPPH scavenging (113.1 mg GAE/100 g DW) Fellah, et al. (2018) 

FRAP (99.8 mg GAE/100 g DW) 

Konya, Turkey ME IC50 DPPH scavenging (8µg/mL) Nostro, et al. (2016) 

Mediterranean 

region of Turkey 

ME PRP (168.85 mg AAE/g); DPPH scavenging (36.73%–95.40%) 

ABTS scavenging (983.54 mg Trolox/g); FRAP (169.47 µM Trolox/g) 

CUPRAC (0.395–2.106 mg/mL) 

Uysal, et al. (2016) 

AQ PRP (160.70 mg AAE/g); DPPH scavenging (41.62%–94.77%)  

ABTS scavenging (1505.55 mg Trolox/g); FRAP (173.64 µM Trolox/g) 

CUPRAC (0.370–1.948 mg/mL) 

Sri Lanka ME Total antioxidant capacity (Folin Ciocalteu assay) (603 µg pyrogallol/mg) 

DPPH scavenging (94%) 

WMANK, et al. (2016) 

Thailand EA DPPH scavenging 94.1% on  Kaewnarin, et al. (2014) 

80% ET DPPH scavenging 95.7%  

Guntur, India ET 2.26 mg AAE/mL extract Matangi, et al. (2014a) 

AQ 1.06 mg AAE/mL extract 

Karnataka, India 

(Kesar cultivar) 

AQ FRAP (100 mg AAE/g DW); DPPH scavenging (76.2%) 

PRP (73.6 mg AAE/g DW); FIC (35.2%) 

Kolar, et al. (2021) 

ME FRAP (116 mg AAE/g DW); DPPH scavenging (77.1%) 

PRP (75.9 mg AAE/g DW); FIC (38.0%) 

ET FRAP (107 mg AAE/g DW); DPPH scavenging (72.2%) 

PRP (75.3 mg AAE/g DW); FIC (34.4%) 

AC FRAP (112 mg AAE/g DW); DPPH scavenging (69.9%) 

PRP (58.9 mg AAE/g DW); FIC (25.2%) 

Karnataka, India 

(Ganesh cultivar) 

AQ FRAP (628 mg AAE/g DW); DPPH scavenging (82.4%) 

PRP (77.4 mg AAE/g DW); FIC (54.3%) 

Kolar, et al. (2021) 

 ME FRAP (668 mg AAE/g DW); DPPH scavenging (88.7%) 

PRP (82.2 mg AAE/g DW); FIC (63.2%) 

 ET FRAP (100 mg AAE/g DW); DPPH scavenging (76.2%) 

PRP (73.6 mg AAE/g DW); FIC (35.2%) 

 AC FRAP (605 mg AAE/g DW); DPPH scavenging (82.0%) 

PRP (69.7 mg AAE/g DW); FIC (48.8%) 

Egypt (Nana 

cultivar) 

ET extract, 

EA fraction 

IC50 DPPH scavenging (7.5 µg/mL) Elfiky (2018) 

Gujarat, India TO, EA, AC, 

AQ,  

IC50 DPPH scavenging (19.5, 7.1, 21 µg/mL in EA, AC, AQ extracts) 

IC50 SO scavenging (180, 78, 355 µg/mL in EA, AC, AQ extracts) 

Kaneria, et al. (2013) 
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South Korea AQ, AgNPs IC50 ABTS scavenging (52.2 µg/mL); IC50 DPPH scavenging (67.1 µg/mL) Saratale, et al. (2018) 

Chlef, Algeria AQ, HA IC50 total antioxidant capacity (12.40, 18.72 AAE mg/mL in AQ, HA extracts, 

respectively) 

IC50 FRAP (35.12, 32.40 mg/mL in AQ, HA extracts, respectively) 

H2O2 scavenging (45.97%, 43.57% in AQ, HA extracts, respectively) 

IC50 DPPH scavenging (14.15, 9.40 mg/mL in AQ, HA extracts, respectively) 

Mohammed, et al. (2020) 

Karnataka, India 70% ME IC50 DPPH scavenging (69.5 µg/mL) 

FRAP (989.74 mg FeSO4/g); ORAC (1229.8 Trolox/g) 

Viswanatha, et al. (2019a) 

FRAP: ferric reducing antioxidant power; SO: superoxide anion radical; NO: nitric oxide; H2O2: 

hydrogen peroxide radical; OH: hydroxyl radical; FIC: ferrous iron chelating activity; ABTS: 2,2′

-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid); TEAC: Trolox equivalent antioxidant capacity; 

DPPH: 2,2-diphenyl-1-picrylhydrazyl; PRP: phosphomolybdenum reducing power; CUPRAC: 

cupric ion reducing antioxidant capacity; ORAC: oxygen radical absorbance capacity; IC50: half 

maximal inhibitory concentration; EC50: half maximal effective concentration; RC50: 50% 

reduction capacity. 

 

PGL have been reported to possess higher AOA than many well-known medicinal plants. 

The highest antioxidant capacity measured by ABTS, DPPH, and FRAP methods was obtained in 

the hydro-methanolic extracts of Portuguese PGL, being 4–200 times higher than the other studied 

medicinal species (e.g. sage, rosemary, olive leaf, rue, peppermint, and parsley) (Yu, et al., 2021b). 

The young leaves of guava, mango, longan, and pomegranate displayed the highest DPPH radical 

scavenging activity among twenty edible and medicinal plants, such as the whole bulbs of onion, 

shallot, garlic, and the leaves of coriander, ivy gourd, and jiaogulan (Kaewnarin, et al., 2014). By 

determining the free radical scavenging activity (ABTS and DPPH) and reducing power activity 

(FRAP and CUPRAC assay), both the methanol and water extracts of PGL exhibited the highest 

antioxidant capacities, followed by carob leaves among nine fruit tree leaves from Mediterranean 

region of Turkey (Uysal, et al., 2016). The methanolic extract of PGL was higher than other 

Turkish plant extracts including walnut leaves, olive leaves and peels, and fig leaves (Nostro, et 

al., 2016).  

PGL is a valuable source of bioactive compounds, such as phenolic acids, flavonoids, and 

tannins, of which, their concentrations and biological activities such as antioxidant, anti-bacterial, 

anti-fungal, and anti-viral effects vary among different pomegranate cultivars that grown in various 

regions. Thus, the degree of phytochemical contents and biological properties differs from each 



42 

 

pomegranate organ, in some conditions, PGL showed comparably effective levels that other organs 

(Table II.4). 

 

Table II.4 Comparison of pomegranate leaf with other pomegranate organs (juice or arils, peel, 

flower, stem, seed, and bark) in the levels of phytochemicals and in vitro biological properties. 

Source 
Extraction 

Solvents 

Phytochemicals or  

Biological Activity 

Juice or 

Arils 
Peel  Leaf  Flower Stem Seed Bark Reference 

Mahdia, 

Tunisia 

(Tounsi 

variety) 

ME TPC (mg GAE/g DW) 92 c  383 a  250 b  375 a  - - - Amri, et al. 

(2017) TOC (mg TE/g DW) 27.8 c 120 b 140 a 116 b - - - 

TFC (mg CE/g DW) 3.62 d 43 c 55 a 52 b - - - 

TTC (mg TAE/g DW) 20 b 68.3 a 17 b 7 c - - - 

TCC (mg/g DW) 24 b 57.1 a 12 c 7 c - - - 

TAC (mg/g DW) 440 a 340 b 90.0 c 360 b - - - 

EC50 DPPH inhibition (mg/mL) 2.93 a 0.84 d 0.085 e 0.102 e - - - 

EC50 FRAP (mg/mL) 0.83 b 0.66 c 0.71 c 0.34 f - - - 

Moknine, 

Tunisia 

(Nana 

variety) 

ME TPC (mg GAE/g DW) 43.4 d  205 c  310 b  328.4 a  - - - Amri, et al. 

(2017) TOC (mg TE/g DW) 36 d 150.3 a 108 c 136 b - - - 

TFC (mg CE/g DW) 18 d 68.5 a 60 b 42 c - - - 

TTC (mg TAE/g DW) 41 b 89.63 a 13 c 13 c - - - 

TCC (mg/g DW) 18 b 35 a 12 bc 6.5 c - - - 

TAC (mg/g DW) 518.69 a 380 c 120 d 470 b - - - 

EC50 DPPH inhibition (mg/mL) 1.22 c 1.9 b 0.113 e 0.17 e - - - 

EC50 FRAP (mg/mL) 0.56 d 1.05 a 0.55 d 0.48 e - - - 

Gujarat, 

India 

TO IC50 DPPH inhibition (µg/mL) - - 215 - 260 - - Kaneria, et 

al. (2012) EA IC50 DPPH inhibition (µg/mL) - - 42–57 - 60–69 - - 

IC50 SO inhibition (µg/mL) - - 300–565 - 480–920 - - 

AC IC50 DPPH inhibition (µg/mL) - - 17–18 - 14.7–15 - - 

IC50 SO inhibition (µg/mL) - - 99–138 - 100–117 - - 

AQ IC50 DPPH inhibition (µg/mL) - - 22.4–42 - 35.2–188 - - 

IC50 SO inhibition (µg/mL) - - 180–260 - 31.5–275 - - 

Gabès, 

Tunisia 

(Gabsi 

variety) 

ME TPC (mg GAE/g DW) - 85.6 a 14.8 c 66.3 b - 11.84 c - Elfalleh, et 

al. (2012) TFC (mg RE/g DW) - 51.5 b 26.1 c 72.5 a - 6.79 d - 

TAC (mg CGE/g DW) - 102.2 b 89.8 b 168.9 a - 40.84 c - 

HTC (mg TAE/g DW) - 139.6 b 128.0 b 148.2 a - 29.6 c - 

EC50 DPPH inhibition (µg/mL) - 3.9 c 11.4 b 4.6 c - 21.0 a - 

ABTS (TEAC mmol/100 g DW) - 7.50 a 4.16 b 6.39 a - 1.10 c - 

EC50 FRAP (µg/mL) - 155.2 c 293.6 a 180.2 b - 337.8 a - 

AQ TPC (mg GAE/g DW) - 53.65 a 9.85 c 42.70 b - 7.94 c - 

TFC (mg RE/g DW) - 21.03 a 12.77 b 21.45 a - 3.30 c - 

TAC (mg CGE/g DW) - 51.02 b 40.91 b 80.20 a - 19.62 c - 

HTC (mg TAE/g DW) - 62.71 a 64.40 a 57.04 a - 32.86 b - 

EC50 DPPH inhibition (µg/mL) - 11.48 c 26.65 b 13.87 c - 45.05 a - 

ABTS (TEAC mmol/100 g DW) - 3.80 a 1.81 b 4.06 a - 0.76 c - 

EC50 FRAP (µg/mL) - 163.5 c 348.7 a 203.5 b - 321.2 a - 

Berrechid, 

Morocco  

80% ME TPC (mg GAE/g DW) - 115 96.65 90.73 64.67 - - Eddebbagh, 

et al. (2016) TFC (mg QE/g DW) - 221.7 180.2 221.7 158.5 - - 

IC50 DPPH inhibition (µg/mL) - 8.27 9.9 10.06 13.28 - - 

Tripoli, 

Libya 

50% ME IC50 PRP (µg/mL) - - 656.4 777.6 - - - Gheith, et 

al. (2017a) IC50 DPPH inhibition (µg/mL) - - 113.9 184.3 - - - 
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IC50 FRAP (µg/mL) - - 81.4 130.8 - - - 

IC50 OH inhibition (µg/mL) - - 79.67 132.4 - - - 

Tunisia 

(Nabli 

cultivar) 

80% ME TPC (mg GAE/100 g DW) - 121.7 b 79.7 c 158.4 a - - - Fellah, et al. 

(2018) TFC (mg RE/100 g DW) - 13.4 a 5.5 c 9.1 b - - - 

Flavonols (mg RE/100 g DW - 21.7 a 4.0 c 7.7 b - - - 

DPPH (mg GAE/100 g DW) - 128.5 b 110.6 c 161.6 a - - - 

FRAP (mg GAE/100 g DW) - 101.4 b 63.8 c 122.1 a - - - 

Tunisia 

(Gabsi 

cultivar) 

80% ME TPC (mg GAE/100 g DW) - 129.0 a 118.9 a 111.4 a - - - Fellah, et al. 

(2018) TFC (mg RE/100 g DW) - 19.2 a 6.2 b 6.5 b - - - 

Flavonols (mg RE/100 g DW - 26.0 a 4.3 b 4.7 b - - - 

DPPH (mg GAE/100 g DW) - 144.4 a 113.1 c 136 ab  - - - 

FRAP (mg GAE/100 g DW) - 124.9 a 99.8 c 113 ab - - - 

Egypt  Juice  TPC (mg GAE/g DW) - 58.63 a 48.02 b - - - - Farag, et al. 

(2014a) TFC (mg QE/g DW) - 47.32 a 33.02 b - - - - 

EC50 DPPH inhibition (µg/mL) - 20.3 a 3.1 b - - - - 

Karnataka, 

India; Kesar 

cultivar 

AQ  FRAP (mg AAE/g DW) 66.1 117 100 - - - - Kolar, et al. 

(2021) DPPH (%) 72.9 82.1 76.2 - - - - 

PR (mg AAE/g DW) 74.0 64.1 73.6 - - - - 

FIC (%) 80.7 40.9 35.2 - - - - 

TPC (mg TAE/g DW) 49.3 315 375 - - - - 

TFC (mg RE/g DW) 0.46 11.7 3.33 - - - - 

ME FRAP (mg AAE/g DW) 75.1 125 116 - - - - 

DPPH (%) 78.6 85.3 77.1 - - - - 

PRP (mg AAE/g DW) 76.9 72.1 75.9 - - - - 

FIC (%) 86.4 59.9 38.0 - - - - 

TPC (mg TAE/g DW) 63.5 457 425 - - - - 

TFC (mg RE/g DW) 0.64 14.9 4.08 - - - - 

ET FRAP (mg AAE/g DW) 64.9 111 107 - - - - 

DPPH (%) 72.3 73.7 72.2 - - - - 

PRP (mg AAE/g DW) 70.9 67.6 75.3 - - - - 

FIC (%) 79.3 34.0 34.4 - - - - 

TPC (mg TAE/g DW) 58.0 332 423 - - - - 

TFC (mg RE/g DW) 0.30 12.2 3.58 - - - - 

AC FRAP (mg AAE/g DW) 32.9 107 112 - - - - 

DPPH (%) 71.4 65.1 69.9 - - - - 

PRP (mg AAE/g DW) 52.9 66.4 58.9 - - - - 

FIC (%) 56.0 32.8 25.2 - - - - 

TPC (mg TAE/g DW) 48.5 206 258 - - - - 

TFC (mg RE/g DW) 0.27 9.13 2.02 - - - - 

Karnataka, 

India; 

Ganesh 

cultivar 

AQ  FRAP (mg AAE/g DW) 88.5 678 628 - - - - Kolar, et al. 

(2021) DPPH (%) 82.9 86.1 82.4 - - - - 

PRP (mg AAE/g DW) 93.1 77.1 77.4 - - - - 

FIC (%) 91.5 56.6 54.3 - - - - 

TPC (mg TAE/g DW) 119 546 433 - - - - 

TFC (mg RE/g DW) 0.80 15.8 4.45 - - - - 

ME FRAP (mg AAE/g DW) 87.0 673 654 - - - - 

DPPH (%) 80.4 85.8 87.2 - - - - 

PRP (mg AAE/g DW) 98.4 83.2 79.0 - - - - 

FIC (%) 92.5 49.9 58.6 - - - - 

TPC (mg TAE/g DW) 121 535 442 - - - - 

TFC (mg RE/g DW) 0.77 16.5 6.43 - - - - 

ET FRAP (mg AAE/g DW) 91.3 684 668 - - - - 

DPPH (%) 83.3 86.8 88.7 - - - - 

PRP (mg AAE/g DW) 112 87.8 82.2 - - - - 

FIC (%) 94.9 66.7 63.2 - - - - 
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TPC (mg TAE/g DW) 123 602 468 - - - - 

TFC (mg RE/g DW) 0.88 18.8 7.69 - - - - 

AC FRAP (mg AAE/g DW) 67.7 655 605 - - - - 

DPPH (%) 79.8 81.9 82.0 - - - - 

PRP (mg AAE/g DW) 92.3 67.1 69.7 - - - - 

FIC (%) 75.8 41.0 48.8 - - - - 

TPC (mg TAE/g DW) 118 483 402 - - - - 

TFC (mg RE/g DW) 0.74 9.23 2.08     

Sardinia, 

Italy 

100% ET IC50 HIV-1 RT-associated 

RNase H (µg/mL)  

- 0.85 0.61 - - - 0.22 Sanna, et al. 

(2021) 

IC50 HIV-1 integrase 

LEDGF-dependent (µg/mL) 

- 0.5 0.12 - - - 0.18 

Egypt 

(Nana 

cultivar) 

ET extract, 

EA 

fraction; 

HPLC 

TPC (mg/g) - 209.87 144.53 - - - - Elfiky 

(2018) Total PAs content (mg/g) - 88.46 3.057 - - - - 

TAC (µg/100 mg) - 57.05 42.58 - - - - 

TFC (mg/g) - 60.48 88.22 - - - - 

Identified phenolic acids (mg/g) - 32.38 6.5 - - - - 

Identified flavonoids (mg/g) - 17.27 24.26 - - - - 

Lipoidal matter content (%) - 0.92 1.50 - - - - 

Unsaponifiable matter content (%) - 24.17 40.71 - - - - 

Saponifiable matter content (%) - 70.83 55.29 - - - - 

IC50 of DPPH inhibition (µg/mL) - 4.9 7.5 - - - - 

Iran, shishe 

kab cultivar 

ME TPC (mg/g) - 423.5 133.3 - - 384.7 - Tehranifar, 

et al. (2011) AQ TPC (mg/g) - 226.9 98.6 - - 219.8 - 

Mauritius  70% ME TPC (mg GAE/g DW) - 190.3 b 87.8 c 336.5 a 52.9 d 0.65 e - Rummun, et 

al. (2013) TFC (mg QE/g DW) - 180.1 b 63.9 c 213.5 a 41.4 d 0.33 e - 

Total PAs content (mg CCE/g 

DW) 

- 2.48 a 0.21 b 1.46 ab 0.32 b 0.13 b - 

IC50 FIC (mg/mL) - 0.157 c 0.713 b 0.113 c 0.397 c 15.4 a - 

IC50 HClO inhibition (mg/mL) - 0.004 b 0.017 b 0.012 b N.A. 5.2 a - 

IC50 deoxyribose degradation 

inhibition (mg/mL) 

- 0.111 c 3.752 b 0.220 c 0.480 c 14.3 a - 

IC50 LPO inhibition (mg/mL) - 0.333 b 0.601 b 0.047 b 1.7 b 35 a - 

IC50 NO inhibition (mg/mL) - 0.668 d 18.16 b 0.396 e 4.831 c 48.64 a - 

IC50 SO inhibition (mg/mL) - 0.089 c 0.072 d 0.175 b 0.04 e 2.523 a - 

Tunisia 

(Gabsi 

cultivar) 

80% ME; 

UHPLC-

ESI/QTOF-

MS 

Anthocyanins (mg/g) - 132.4 a 323.6 b 98.9 a - - -  

Flavones (mg/kg) - 167.7 a 105.1 a 224.5 a - - - 

Flavanols (mg/kg) - 368.7 b 425.1 b 249.4 a - - - 

Lignans (mg/kg) - 20.2 a 14.1 a 27.9 b - - - 

Alkylphenols (mg/kg) - 67.2 b 33.8 a 58.5 b - - - 

Tyrosols (mg/kg) - 456.3 a 1228 b 513.3 a - - - 

Phenolic acids (mg/kg) - 164.5 a 721.9 b 173.3 a - - - 

Stilbenes (mg/kg) - 4.6 a 6.3 a 8.0 a - - - 

Isfahan, 

Iran 

ME Antifungal MIC (mg/mL) - 250 15.62 62.5 125 - - Shafighi, et 

al. (2012) Antifungal MFC ( mg/mL) - 125 7.81 31.25 62.5 - - 

Damascus, 

Syria 

ET Inhibition zone (mm) - 24 14 12.3 - 9.8 - Al Laham, 

et al. (2013) Sensitive Bacteria (%) - 97.6 96.4 98.5 - 95.3 - 

Damascus, 

Syria 

AQ, ET, PE Inhibition zone (mm) - 23.99 10.02 15.05 21.01 - - AlFadel, et 

al. (2014a) Sensitive Bacteria (%) - 88.2 54 91.21 65.77 - - 

Pakistan ME Inhibition zone (mm) against  
Enterococcus faecalis 

- - 21  19 10 - 10 Ali, et al. 

(2018) 

ET Inhibition zone (mm) against  
Escherichia coli 

- - 20 18 12 - 12 

AC Inhibition zone (mm) against  
Pseudomonas aeruginosa 

- - 9 7 3 - 3 
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ME: methanol; TO: toluene; EA: ethyl acetate; AC: acetone; AQ: aqueous; ET: ethanol; PE: 

petroleum ether; TPC: total phenolics content; TOC: total ortho-diphenols content; TFC: total 

flavonoids content; TTC: total tannins content; TCC: total carotenoids content; TAC: total 

anthocyanins content; HTC: hydrolyzable tannins content; PAs: proanthocyanidins; GAE: gallic 

acid equivalents; CE: catechin equivalents; TAE: tannic acid equivalents; TE: tyrosol equivalents; 

RE: rutin equivalents; QE: quercetin equivalents; CGE: cyanidin-3-glucoside equivalents; AAE: 

ascorbic acid equivalents; IC50: half maximal inhibitory concentration; EC50: half maximal 

effective concentration; ABTS: 2,2 ′-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid); TEAC: 

Trolox equivalent antioxidant capacity; DPPH: 2,2-diphenyl-1-picrylhydrazyl; FRAP: ferric 

reducing antioxidant power; PRP: phosphomolybdenum reducing power; FIC: ferrous iron 

chelating activity; SO: superoxide anion radical; NO: nitric oxide; OH: hydroxyl radical; HClO: 

hypochlorous acid; LPO: lipid peroxidation; MIC: minimum inhibitory concentration; MFC: 

minimum fungicidal concentration; NA: not available. Values are presented as the mean for 

compared parameter, following different superscript lowercase letters mean significant differences 

between different organs, reportedly. 

 

2.5 Health Benefits of PGL 

2.5.1 Anti-microbial effect 

The anti-microbial activity was tested in the PGL extracts with different solvents, such as 

petroleum ether, toluene, ethyl acetate, acetone, which displayed the highest level in acetone 

extracts, followed by aqueous extracts. In addition, the antibacterial activity was higher than 

antifungal activity and Gram-positive bacteria were more susceptible than Gram-negative bacteria 

in the study (Kaneria, et al., 2013). Different solvents (methanol, ethyl acetate, hexane) and 

extraction methods (maceration, Soxhlet, sonication) were applied to extract PGL, which can be 

prepared as medicinal liquid or solid soap. Amongst, the liquid soap using methanolic PGL extract 

by Soxhlet retained both the original anti-bacterial and antioxidant activities, while the solid soap 

only showed antioxidant activity (WMANK, et al., 2016). The methanolic PGL extract was 

AQ Inhibition zone (mm) against  
Enterococcus faecalis 

- - 19 18 6 - 6 
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revealed as natural anti-bacterial, anti-biofilm, and antioxidant agents with minimum inhibitory 

concentration (MIC) of 78–625 µg/mL for Listeria monocytogenes and Staphylococcus aureus, 

which was higher than the extracts of Ficus carica, Juglans regia, Olea europaea, and Rhus 

coriaria. So PGL can be used for control of food-related bacterial biofilms. The biogenic synthesis 

of silver nanoparticles using aqueous PGL extract exhibited anti-bacterial and anti-biofilm effects 

against Gram-positive (Bacillus subtilis and Staphylococcus aureus) and Gram-negative 

(Escherichia coli, Pseudomonas aeruginosa, Proteus vulgaris) bacteria. Wound infections are 

caused by various pathogenic microbes. Among 11 medicinal plants, PGL displayed potential anti-

bacterial effect against the principal bacterial isolates of septic wounds, including multidrug-

resistant (MDR)-Pseudomonas aeruginosa, Staphylococcus aureus, Klebsiella pneumoniae, and 

Escherichia coli (Pallavali, et al., 2019). The commercial broiler feed was treated with PGL 

powder (5%, 10% and 15% w/w) and stored for the period of six months at different temperature 

and moisture conditions (Hassan, et al., 2017). PGL powder was observed to inhibit aflatoxins in 

feed inoculated with Aspergillus parasiticus, indicating that PGL was a potential anti-fungal and 

anti-aflatoxigenic agent, which can be employed to inhibit the stored feed degradation due to 

aflatoxins (AFTs-B1, B2, G1, G2) produced by A. parasiticus. Cryptococcosis induced by yeasts 

of the genus Cryptococcus, is an infectious disease in humans with a worldwide distribution. The 

ethyl acetate fraction of ethanolic PGL extract showed anti-fungal and anti-biofilm properties 

against environmental and clinical isolates of Cryptococcus gattii (Villis, et al., 2021a).  

The anti-viral activity of PGL has been increasingly reported recently. Intraperitoneal 

administration of the aqueous, ethanolic, and methanolic extracts of PGL at 50 or 100 mg/kg dose 

clearly enhanced the innate immune responses and disease resistance after 8 weeks in Paralichthys 

olivaceus against natural lymphocystis disease virus (LDV) infection (Harikrishnan, et al., 2010). 

Ethanol (100%) extracts of Italian pomegranate leaf, bark, and peel were detected to inhibit the 

Human Immunodeficiency Virus (HIV)-1 reverse transcriptase (RT)-associated ribonuclease H 

(RNase H), which were significantly higher than the reference drug (RDS1759), while PGL was 

more active against HIV-1 integrase (IN) LEDGF-dependent activity. Therefore, the non-edible 

pomegranate organs exhibited strong anti-HIV-1 activity, which were correlated to the presence 

of ellagic acid, flavones, hydrolysable tannins, and triterpenoids, and encouraging to develop drugs 

to treat HIV infection (Acquadro, et al., 2017; Sanna, et al., 2021). The lack of a protective vaccine 
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and specific treatment against Zika has prompted us to develop safe and effective anti-Zika 

compounds. Especially derived from medicinal plants that are also capable to prevent infection by 

impairing the chain of congenital transmission. The ethanolic extract of PGL and its isolated 

compound, ellagic acid were studied to possess anti-Zika ability by preventing infection and 

reducing the transmission of extracellular free virus at high dosages, which can be used for 

preventive and therapeutic interventions (Acquadro, et al., 2020). Human Herpes Virus (HHV)-3 

(Varicella Zoster Virus) causes Chickenpox in childhood and reactivates after decades of being 

latent to cause Herpes Zoster in adults. Aqueous extract of PGL was superior in interacting with 

the HHV-3 protease, thus, exhibiting antiviral efficacy against HHV-3, which was in vitro 

comparable with acyclovir and probably related to its interference with the capsid assembly of the 

HHV-3 (Angamuthu, et al., 2019). 

 

2.5.2 Anti-diabetes and anti-hyperglycemic activities 

Diabetes mellitus is one of the metabolic disorders that has become a global public health 

burden. Type 1 diabetes occurs due to pancreatic β-cell damage leading to impaired insulin release, 

while type 2 diabetes occurs due to insulin resistance and is commonly associated with obesity. 

The ethanolic extract of PGL (Nana variety) presented in vivo anti-diabetic activity by significantly 

decreasing the serum levels of glucose, insulin, and glycated haemoglobin (HbA1c), as compared 

to the reference drug, gliclazide (Elfiky, 2018). The aqueous extract of PGL presented higher 

inhibition of α-amylase than that of hydroalcoholic extract, indicating better anti-diabetic activity 

of the aqueous extract (Mohammed, et al., 2020). The methanolic PGL extract exhibited anti-

diabetic activity against nicotinamide/streptozotocin-induced type 2 diabetes in rats, with 

mechanism to normalize the levels of blood glucose, plasma insulin, glycated hemoglobin 

(HbA1c), hepatic and renal antioxidant markers such as superoxide dismutase (SOD), catalase 

(CAT), glutathione peroxidase (GPx), reduced glutathione (GSH), malondialdehyde (MDA), as 

well as serum biomarkers including alanine transaminase (ALT), aspartate transaminase (AST), 

alkaline phosphatase (ALP), urea, creatinine, total cholesterol (TC), triglycerides (TG), and high-

density lipoprotein (HDL) (Pottathil, et al., 2020a). Diabetic rats with treatment of methanolic 

PGL extract (dose of 600 mg/kg) presented relatively less pronounced architectural changes and 
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low peripheral broadening between acinar and Langerhans cells, thus, indicating protective activity 

against reactive oxygen species (ROS)-mediated damage in the pancreas (Pottathil, et al., 2020a).  

The α-glucosidase and α-amylase are important digesting enzymes, having ability to 

hydrolyse polysaccharide into glucose. Inhibition on these enzymes contributes to control the 

blood glucose. The α-glucosidase can be found in small intestine while the α-amylase is present in 

saliva and pancreas. The ethyl acetate faction of PGL showed antihyperglycemic activity against 

streptozotocin (STZ)-induced diabetic rats, with possible mechanisms of enhancing glycogenesis 

in liver, increasing glucose utilization by the skeletal muscle, decreasing the absorption of glucose 

from intestinal lumen, inhibiting α-glucosidase and α-amylase enzyme, and regulating 

gluconeogenesis (Patel, et al., 2014). Patel, et al. (2014) reported that no significant increase of 

insulin was found in the STZ-induced diabetic rat with treatment of ethyl acetate fraction of PGL, 

suggesting that the effectiveness of PGL to treat diabetic condition might not rely on the pancreatic 

β-cells insulin release. Yuniarto, et al. (2018a) reported that the ethanolic extract of PGL and its 

fractions of n-hexane, ethyl acetate, and water exhibited great ability to inhibit these enzymes. The 

silver nanoparticles synthesized with aqueous PGL extract also exhibited the effective anti-diabetic 

activity against α-amylase and α-glucosidase, being 65.2 and 53.8 µg/mL of IC50, respectively 

(Saratale, et al., 2018). However, the methanolic and aqueous extracts of Turkish PGL were tested 

at low α-amylase and α-glucosidase inhibitory activities (Uysal, et al., 2015).  

Advanced glycation end products (AGEs) have been considered as the origin of diabetes 

induced complications. The methanolic PGL extract was studied to be potential as an competent 

AGEs inhibitor, since the extract declined the fructosamine level and significantly counteracted 

the oxidative damage of protein by curbing protein carbonyl content and impeding the loss of thiol 

group (Mestry, et al., 2018). Administration of methanolic PGL extract to the STZ-induced 

diabetic rats displayed anti-hyperglycemic activity by significantly reducing the fasting blood 

glucose content and the advanced glycation end products when compared to the control group at 

the end of six weeks (Mestry, et al., 2017a). The anti-glycation property of 16 medicinal plant 

extracts from Thailand was investigated for the inhibition of AGEs formation based on the bovine 

serum albumin (BSA)-glucose and BSA-methylglyoxal (MGO) models (Kaewnarin, et al., 2014). 

Amongst, leaves of tamarind, guava, mango, longan, and pomegranate in both ethyl acetate and 

ethanol extracts exhibited potent anti-glycation activity (> 99% inhibition). The strongest glycation 
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inhibitory activity was found in PGL in BSA-glucose system while observed in mango leaves in 

BSA-MGO model, which were statistically correlated with their present phenolics, such as 

flavonoids and tannins (Kaewnarin, et al., 2014). The antidiabetic and anti-hyperglycemic 

properties of ethanolic PGL extract at dose of 500 mg/kg body weight were reported in alloxan-

induced non-insulin-dependent diabetes mellitus albino rats, due to the significant reduction in the 

blood sugar,  in the glycogen content of liver, skeletal muscle, and cardiac muscle, and in the 

intestinal glucose absorption (Das, et al., 2012). The PGL contained bioactive phytochemicals 

which had insulin-like action and probably increased the activation of phosphatidylinositol-3 

kinase (PI-3K), thus causing increased synthesis of glycogen synthase enzymes of liver, skeletal 

and cardiac muscles (Das, et al., 2012). The exposure of hemoglobin to high levels of plasma 

glucose can cause the elevation of HbA1c, which beyond 7%, thus leading to diabetic nephropathy 

(Loon, 2003). The marked decrease of HbA1c levels (< 7%) through the daily oral administration 

of flavonoid-rich fraction of PGL during 28 days were observed in STZ-induced diabetes in rats, 

demonstrating its role in delaying diabetic progression (Ankita, et al., 2015). Salwe, et al. (2015) 

suggested that higher dose (200 mg/kg) of hydroalcoholic extracts of pomegranate peel had more 

effectiveness than that of PGL against STZ-induced diabetes mellitus during 28 days of experiment 

in male Wistar albino rats. 

 

2.5.3 Effect on cholesterol level and obesity 

Hyperlipidemia is a metabolic disorder that can lead to the development of other metabolic 

disorders like hypertension and obesity. It arises from an imbalance in blood cholesterol levels: 

high in total cholesterol (TC) and low-density lipoprotein (LDL), and low in high-density 

lipoprotein (HDL) levels. The beneficial effect of ethanolic PGL extract on the serum lipid and 

atherogenesis was indicated in the alloxan-induced diabetic rats, by reducing serum cholesterol, 

triglycerides, LDL level, atherogenic index, and raising serum HDL level (Das, et al., 2012). The 

ethanolic PGL extract of Gabsi variety strongly inhibited acetylcholinesterase (AChE) (14.83 mg/l 

of IC50) and butyrylcholinesterase (BuChE) (2.65 mg/l of IC50) by comparison with the reference 

drug galanthamine, being 0.45 and 3.74 mg/l of IC50, respectively (Bekir, et al., 2013). 

Nevertheless, these anti-cholinesterase activities of Tunisia PGL against AChE and BuChE were 
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inconsistent with the Turkish PGL which inhibited much lower levels of AChE and BuChE in its 

methanol or water extract (Uysal, et al., 2016). Administration of ethyl acetate fraction of PGL at 

the dose of 200 mg/kg body weight to the STZ-induced diabetic rats decreased levels of TC, TG, 

LDL, very low density lipoproteins (VLDL), and atherogenic index (AI), while increasing HDL 

level (Patel, et al., 2014). The increasing breakdown of lipid, or the mobilization of free fatty acids 

from the peripheral store could initiate the rising of serum TG, TC, VLDL and LDL levels. Oral 

administration of ethyl acetate extract of PGL enhanced the HDL, while diminished TG, TC, 

VLDL, and LDL levels (Loon, 2003). Administration of methanolic PGL extract to the STZ-

induced hyperlipidemic rats demonstrated a significant decrease in the levels of triglycerides and 

cholesterol (Mestry, et al., 2017a). Four active components including ellagic acid, gallic acid, 

pyrogallic acid, and tannic acid from PGL were reported to attenuate lipid absorption, inhibit lipase 

activity, and reduce blood TC and TG in hyperlipidemic mice, by targeting pancreatic lipase, 

promoting tight-junction protein expression, and thereby preventing intestinal mucosa damage 

from an overland of lipid in the intestine (Yu, et al., 2017). Pomegranate leaf and its main bioactive 

compounds were able to inhibit in vitro pancreatic lipase activity in computational molecular 

docking assay, since the compounds in PGL could be docked with human pancreatic lipase, with 

tannic acid showing strongest biding affinity among all studied compounds (Yu, et al., 2017).  

Pancreatic lipase enzyme is important enzyme in the body which has responsibility and 

contribution against obesity by dietary triacylglycerol hydrolysis mechanism to 

monoacylglycerols and fatty acids. PGL with ethanol extract (0.25 µg/mL of IC50), n-hexane 

fraction (33.74 µg/mL of IC50), ethyl acetate fraction (50.67 µg/mL of IC50), and water fraction 

(39.43 µg/mL of IC50) presented powerful activity to inhibit pancreatic lipase enzyme, which were 

stronger than that of senna leaf extract and its fractions (Yuniarto, et al., 2018a). The ethanolic 

extract of PGL revealed a potent anti-hyperlipidemic activity by decreasing levels of TG, TC, 

VLDL-c, LDL-c) and AI, while increasing HDL-c level (Elfiky, 2018).  

 

2.5.4 Anti-inflammatory effect 

PGL was considered as anti-inflammatory agents, because its n-butanol extract was reported 

to block the activation and translocation of nuclear transcription factor-κB (NF-κB) and inhibit the 
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tumor necrosis factor alpha (TNFα)-induced expression of cell adhesion molecules on human 

umbilical vein endothelial cells (Balwani, et al., 2011). The anti-inflammatory activity of PGL 

varied according to different extraction solvents, probably associated with the variation of the 

amount of antioxidants, mainly phenolic compounds (Bekir, et al., 2013). Amongst, ethanol (6.2 

mg/L of IC50) and methanol (6.83 mg/l of IC50) extracts displayed the strongest in vitro anti-

inflammatory activity against 5-lipoxygenase (5-LOX), which were comparable with the reference 

drug, nordihydroguaiaretic acid (NDGA, 7.0 mg/l of IC50) (Bekir, et al., 2013). The hydroalcoholic 

extracts of Indian pomegranate leaf and peel exerted an in vivo dose-dependent acute (carrageenan-

induced paw edema) and chronic (cotton pellet induced granuloma) anti-inflammatory effects 

(Salwe, et al., 2014). The hydro-methanolic extract of Libyan PGL exhibited higher anti-

inflammatory activity than that of flower,  which was evaluated in vitro by the human red blood 

cell membrane stability assay, over the potency of reference standard (Gheith, et al., 2017b). The 

ethyl acetate fraction of ethanolic PGL extract presented higher anti-inflammatory activity than 

the other fractions (including petroleum ether, methylene chloride, and aqueous) by remarkably 

decreasing the serum parameters of NO, TNFα, and, interleukin 6 (IL-6) in the STZ-induced 

diabetic rats model (Elfiky, 2018). The methanolic PGL extract exhibited strong antioxidant and 

anti-inflammatory activities in vitro by significantly inhibiting lipopolysaccharide (LPS)-induced 

ROS, NO, and TNF-α generation in the murine macrophage cell line (RAW 264.7) (Viswanatha, 

et al., 2019b). 

 

2.5.5 Anti-convulsant effect 

The ethanolic extract of PGL presented significantly anti-convulsant activity in the maximal 

electroshock (MES) and pentylenetetrazole (PTZ) induced seizure rat models, by abolishing hind 

limb extensor phase and decreasing the duration of tonic flexor phase in MES model, and by 

delaying onset of jerks, number and average duration of convulsion in a dose dependent manner 

in PTZ model (Das, et al., 2014). The methanolic extract of PGL statistically alleviated 6-Hz-

induced seizures in a dose-dependent manner as compared to its other extracts with petroleum 

ether and water, which only showed slight inhibition at high dose (400 and 800 mg/kg). Moreover, 
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this extract offered significant and dose-dependent anti-epileptic potential against MES- and PTZ-

induced seizures in mice (Viswanatha, et al., 2016). 

 

2.5.6 Anxiolytic effect  

The ethanolic extract of PGL exhibited anti-anxietic activity in mice using the elevated plus 

maze (EPM) and the mirror chamber methods, which showing that in EPM number of entry to 

open arm and average time spent per entry in open arm significantly increased, and in mirrored 

chamber latency decreased but number of entry, total time spent per entry and average time per 

entry all of these are significantly increased (Das, et al., 2014). 

 

2.5.7 Anti-nociceptive effect 

The hydroalcoholic extract of PGL showed favourable analgesic activity against acetic acid 

induced writhing in mice experiments (Salwe, et al., 2014).  

 

2.5.8 Cerebro-protective effect 

Oral administration of PGL extract showed significant increase in brain gamma amino 

butyric acid (GABA) levels (Viswanatha, et al., 2016). Pretreatment of methanolic PGL extract at 

dose of 200 and 400 mg/kg for 7 days displayed significant protection against 

ischemia/reperfusion-induced brain injury, such as normalizing the levels of biochemical 

parameters (e.g. GSH, MDA, CAT, and SOD); regulating pro-inflammatory cytokines in the brain 

by statistically decreasing TNF-α, IL-6, intercellular adhesion molecule-1 (ICAM-I) levels and 

increasing IL-10 level; and alleviating the increase of brain volume and cerebral infarct formation, 

as well as histopathological hallmarks in brain tissue, including necrosis, leukocyte infiltration, 

cerebral edema and vascular congestion (Viswanatha, et al., 2019b). 

 

2.5.9 Protect lung  

The ethanolic extract of Tunisian PGL was suggested to be a chemotherapeutic agent on the 

non-small cell lung cancer (NSCLC) cell lines (including A549, H1299) and mouse Lewis lung 
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carcinoma cell line(LL/2), which impaired cell migration and invasion, arrested cell cycle 

progression, reduced matrix metalloproteinase (MMP-2 and MMP-9) expression, and induced 

apoptosis through mitochondrial intrinsic pathway (Li, et al., 2016). Ellagitannins (e.g. granatin A 

and B) from the ethyl acetate extract of PGL was reported to trigger lung cancer cells (A549) to 

undergo apoptosis, along with attenuating the TNFα, inducible nitric oxide synthase (iNOS), 

microsomal prostaglandin E synthase-1 (mPGES-1) (Toda, et al., 2020). Pinheiro, et al. (2018) 

and Pinheiro, et al. (2019) studied the anti-inflammatory activity of hydroalcoholic PGL extract 

and galloyl-HHDP-glucose isolated from the ethyl acetate fraction of this extract on LPS-induced 

acute lung injury (ALI) in mice. The ethanolic PGL extract encapsulated in biodegradable 

microparticles exhibited therapeutic effect in asthma-induced mice, which was more effective than 

the extract in solution form (Oliveira, et al., 2013).  

 

2.5.10 Protect belly peritoneum 

The hydroalcoholic extract of PGL markedly diminished the numbers of TNFα mRNA, 

protein levels, and peritoneal leukocytes, especially neutrophils in LPS-induced acute peritonitis 

model of rats (Marques, et al., 2016). 

 

2.5.11 Protect liver (hepato-protective effect) 

The silver nanoparticles synthesized with aqueous PGL extract displayed a dose-dependent 

anticancer potential against human liver cancer cells (HepG2), being 70 µg/mL of IC50 (Saratale, 

et al., 2018). The aqueous extract of Indian PGL showed hepatoprotective effect against carbon 

tetrachloride induced hepatotoxicity in rats, by increasing the level of total protein, while reducing 

serum levels of aspartate aminotransferase (AST), alanine transaminase (ALT), alanine 

phosphatase (ALP) and total bilirubin (Kumar, et al., 2018). Moreover, the nanoparticle 

synthesized using the aqueous PGL extract was comparatively more effective than the aqueous 

extract (Kumar, et al., 2021). The ethanolic extract of PGL combined with gallic acid was reported 

to significantly restore liver dysfunction and reduce oxidative stress in high-fat diet induced rat 

model (Rao, et al., 2019). Treatment of ethyl acetate fraction of PGL to the STZ-induced diabetic 

rats exhibited normalization of liver oxidative stress biomarkers (by increasing hepatic GSH, SOD, 
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CAT but reducing MDA),  attenuation of liver function parameters (e.g. SGOT, SGPT, and ALP), 

and alleviation of hepatic histopathological parameters (e.g. hepatocellular necrosis, fatty changes, 

vacuolization of nuclei and disordered hepatic structure) (Patel, et al., 2014). 

 

2.5.12 Protect kidneys (nephro-protective effect) 

The methanolic extract of Indian PGL was reported to ameliorate histological problems and 

enhance renal function against gentamicin-induced oxidative stress in rats by restoring antioxidant 

enzymes (SOD, CAT, GSH), retarding lipid peroxidation, and suppressing inflammatory 

mediators, such as tumor necrosis factor alpha (TNF α) (Mestry, et al., 2020). Administration of 

methanolic PGL extract to the STZ-induced nephropathy significantly ameliorated kidney 

hypertrophy index, normalized serum parameters of creatinine, albumin, blood urea nitrogen 

(BUN), and regulated renal antioxidant biomarkers by reducing MDA level and elevating SOD, 

CAT, and GSH levels (Mestry, et al., 2017a). Moreover, histopathological examination also 

revealed the renal protective effect of PGL by reducing vacuolar degeneration of tubules, periodic 

acid Schiff base (PAS) positivity staining intensity in glomeruli, and basement membrane 

thickening (Mestry, et al., 2017a). The hydroalcoholic extract of PGL at dose of 400 mg/kg body 

weight showed better renal protective effect than that of flower in the prevention of ethylene 

glycol-induced nephrolithiasis in Wister rats, by diminishing the levels of blood urea, creatinine, 

uric acid, urine oxalate, urine volume, and renal lesions (Pararin, et al., 2016). The restoration of 

renal antioxidant biomarkers (GSH, SOD, CAT, MDA), the reduction of urinary albumin, urinary 

protein, serum creatinine, and blood urea nitrogen (BUN), the improvement of urinary creatinine 

clearance, the attenuation of extra cellular matrix  accumulation in the glomerular and 

tubulointerstitial compartments of kidneys, all the features indicated the nephroprotective activity 

of the flavonoid-rich fraction of PGL against the streptozotocin (STZ)-induced early diabetic 

nephropathy in rats (Ankita, et al., 2015). 

 

2.5.13 Prevent breast cancer 

The methanolic extract of Tunisian PGL (Gabsi variety) exhibited the highest cytotoxicity 

against breast cancer cell line MCF-7 (31 mg/l of IC50) when compared to other extracts with 
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ethanol, ethyl acetate, dichloromethane, and hexane (Bekir, et al., 2013). The maximum cell death 

of MCF7 cells by the methanolic extract of PGL was 72.75% at 250 µg/mL, with a IC50 value of 

3.24 µg/mL, showing the cytotoxic activity against breast cancer (Balamurugan, et al., 2021). The 

ethanolic extracts of both pomegranate leaf and peel displayed higher in vitro cytotoxic activity 

against breast cancer cell line (MCF-7) than that of pomegranate stem and seeds (Elfiky, 2018). 

However, the water extract of PGL showed lower anti-proliferation of MCF-7 cells than that of 

roots, bark, and fruitless. The discrepancy between studies was possibly attributed to the different 

extraction solvents or methods (Orgil, et al., 2014).   

 

2.5.14 Prevent colorectal cancer 

The petroleum ether fraction of both pomegranate leaves and peels showed higher in vitro 

cytotoxic effect against colon cancer cell line (HCT-116), when compared with stems and seeds 

(Elfiky, 2018). The maximum cell death of HT29 cells by the methanolic extract of PGL was 70.56% 

at 250 µg/mL, with a IC50 value of 6.17 µg/mL, showing cytotoxic effect against colon cancer 

(Balamurugan, et al., 2021). 

 

2.5.15 Prevent cervical cancer 

The silver nanoparticles using aqueous extract of PGL significantly reduced the viability of 

human cervical cells (HeLa cell line) in a dose-dependent manner (Sarkar, et al., 2018). 

 

2.5.16 Prevent prostate cancer  

The aqueous extracts of PGL had similar anti-proliferative activity against prostate cancer 

cells (LNCaP) with the pomegranate flower, while lower than the extracts prepared from bark and 

fruitless (Orgil, et al., 2014). The ethyl acetate fraction of both pomegranate leaves and peels 

inhibited the strongest proliferation of prostate cancer cells (PC3) as compared to stems and seeds 

(Elfiky, 2018). Pomegranate leaves extract in the range of 12.5–200 µg/mL showed proliferative, 

apoptotic and metastatic properties of prostate cancer cells, including TRAMP-C1,DU145,PC3, 

which were treated by MTT assays for 48 h (Deng, et al., 2018b). 
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As shown above, PGL have potent anti-tumoral activity against many cancers, such as breast, 

colon, prostate, cervical, liver, and lung cancers. The possible anti-cancer mechanisms of PGL can 

be accorded with previous report (Wong, et al., 2021) (Figure II.3) 

 

 

Figure II.3 Major anticancer mechanisms and molecular targets of pomegranate-derived 

constituents based on in vitro and in vivo studies (Wong, et al., 2021). 

 

2.5.17 Neuro-protective effect 

Global ischemia and reperfusion-induced Wistar rats showed significant deterioration of 

neurological, motor, and cognitive functions, whereas oral administration of methanolic PGL 

extract (200 and 400 mg/kg) offered substantial protection against these deficits (Viswanatha, et 
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al., 2019b). Both the chloroform and ethanol extracts of Indian PGL (Ganesh variety) attenuated 

the adverse morphological changes from amyloid β (Aβ) peptide in Drosophila melanogaster, as 

indicated by prolonging the lifespan, by improving locomotor abilities, and rescuing neuro-

degeneration in ommatidia of Aβ42 expressing Drosophila which is comparable with standard drug, 

donepezil. Thus, PGL extracts possessed potential in vivo neuroprotective property on Drosophila 

melanogaster against transgenic Aβ42-amyloid included neurotoxicity, which was closely linked 

with the ingredient of ursolic acid (Ramasamy, et al., 2021).  

 

2.5.18 Anti-ulcer activity 

The acetone PGL fraction, superior to other studied fractions, was selected to evaluate its 

anti-ulcer activity using orally ethanol-induced gastric ulcer rat model. Then, treatment of this 

fraction diminished the volume of gastric juice, pH, free acidity, total acidity, and ulcer index, 

indicating anti-ulcerogenic and gastroprotective effects against ethanol-induced ulceration 

(Kaneria, et al., 2013). The mechanism was possibly involved in the inhibition of free radicals, 

reduction of HCl output, and enhancement of protein synthesis and mucus secretion of the gastric 

mucosa (Kaneria, et al., 2013). Phromnoi, et al. (2019) suggested that the presence of different 

polyphenols in the ethanolic or aqueous PGL extracts was possibly associated with its anti-ulcer 

activity, which ameliorated inflammation through inhibiting mRNA and protein levels of 

inflammatory mediators, supporting the effectiveness of medicinal plants used by traditional 

healers in the treatment of gastric ulcers. 

 

2.5.19 Anti-aging effect 

Free radicals, such as reactive oxygen species could induce oxidative stress, causing skin 

aging. So based on the antioxidant action of plant extracts, Matangi, et al. (2014b) studied the 

combination of PGL extract and Daucus carota in different ratios to obtain formulated poly herbal 

creams, which showed whitening, anti-wrinkle, anti-aging, and sunscreen properties on skin.  

Anti-melanogenesis property is one of main beneficial features of whitening cosmetics. 

Melanogenesis has been reported to link with tyrosinase or nitric oxide (NO·) free radicals. The 

cumulation of free radicals could enhance the bioactivity of tyrosinase which causes the formation 
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of melanin, in turn, can be inhibited by antioxidants (Shen, et al., 2019). Skin aging is related to 

the loss of skin moisture, brightness, and elasticity. The important molecule in this process is 

hyaluronic acid, which has a unique ability to bind and retain water molecules of the skin (Kang, 

et al., 2018). Pomegranate can stimulate the production of hyaluronic acid, supporting skin 

integrity and improving skin elasticity (Binic, et al., 2013). Spot formation is a major clinical 

alteration that is associated with the aging of skin; it is caused by synthesis of melanin, which is 

converted to keratinocytes (Skoczyńska, et al., 2017). Collagen is the most abundant component 

in the extracellular matrix. Its function is to maintain skin structure, moisture, smoothness, and 

firmness (Kang, et al., 2018). With respect to these information, Chan, et al. (2021) revealed the 

in vitro antioxidant and whitening properties of the fermented pomegranate extracts (FPE), for 

reasons of the significantly higher free radical scavenging capacity and higher inhibition of 

tyrosinase activity than that of the placebo groups in a dose-dependent manner. Moreover, tested 

with 80 healthy subjects (≥ 20 years old), FPE drink improved skin conditions more than FPE 

serum by increasing skin moisture, brightness, elasticity, and collagen density, while reducing 

numbers of spots and UV spots, suggesting that daily consumption of FPE can protect the skin 

against oxidative stress and slow skin aging (Chan, et al., 2021). 

 

2.5.20 Anti-diarrheal activity  

The PGL infusion at concentration of 36% (w/v) showed similar anti-diarrheal activity with 

the reference standard (loperamide HCl) in male white mice, which was more effective than its 

lower concentrations (12% and 24%, w/v). 

 

2.5.21 Anti-emetic effect 

Chemotherapy induced nausea and vomiting (CINV) is a common side effect of many cancer 

treatments. Chemotherapeutic agents or their metabolites can directly activate the medullary 

chemo receptor trigger zone or vomiting centre or act peripherally by causing cell damage in the 

gastrointestinal tract and releasing serotonin from entero chromaffin cells of the small intestinal 

mucosa. The released serotonin activates 5-HT receptors on vagal and splanchnic afferent fibers, 

which then carry sensory signals to the medulla, leading to the emetic response. The ethanol 



59 

 

extracts of PGL (at dose of 200 mg/kg) had protective effect against copper sulphate induced–

retching in young chickens, possibly by peripheral and central mechanisms. The potential of this 

extract as antiemetic activity may be due to the presence of phyto-constituents like alkaloids and 

terpenes that were probably responsible for its activity (Battineni, et al., 2017a). 

 

2.5.22 Anti-cataract effect 

Cataract is one of the primitive secondary complications of diabetes mellitus and contributes 

to 50% blindness worldwide. Aldose reductase (AR) is the first and rate limiting enzyme in the 

intracellular polyol pathway responsible for the development of cataract. The methanolic extract 

of Indian PGL exhibited AR inhibitory, antioxidant, and anti-cataract properties against glucose-

induced cataractogenesis (Mestry, et al., 2017b).  

 

2.5.23 Anti-genotoxic effect 

Pretreatment of mice with aqueous PGL extract significantly enhanced the antioxidant 

condition in the liver and ameliorated the cyclophosphamide (CPH)-induced genomic damage, 

including micronucleated polychromatic erythrocytes (Mn PCEs) and total percentage of 

polychromatic erythrocytes (PCEs) in the bone marrow cells of mice (Dassprakash, et al., 2012). 

Multiple myeloma is a systemic malignancy of pathologic plasma cells that results in the 

accumulation of the cancerous cells in the bones and bone marrow. The leaves, stems, and flowers 

of pomegranate from Mauritius Island were extracted with 70% methanol, which had the potential 

of cancer chemo-preventive effect on human multiple myeloma cells (U266 cells). The extracts 

modulated cell cycle arrest in G2/M and S phases, inhibited proliferation and induced apoptosis 

on U266 cells, and reduced mitochondrial membrane potential (MMP) in U266 cells in a dose-

dependent manner (Kiraz, et al., 2016).  

 

2.5.24 Anti-osteoporotic effect 

The ethanolic extract of Indian PGL presented anti-osteoporotic activity in ovariectomized 

rats in a dose-dependent manner, via increasing femur length, weight, density, serum calcium, and 
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phosphorus levels, while decreasing alkaline phosphatase, tartrate resistant acid phosphatase, 

osteocalcin, urine calcium, creatinine, and phosphorous levels (Halekunche, et al., 2016b). 

 

2.5.25 Anti-parasitic effect 

Parasitic nematode infection in animal is one of the main causes for the mortality of animals. 

Throughout the in vitro motility assay and larval migration inhibition assay, aqueous PGL and peel 

extracts revealed encouraging potential against ruminant parasitic nematodes, such as 

Haemonchus contortus, which was a common species affecting ruminants in Malaysia (Fikri, et 

al., 2018b). Malaria is a mosquito-borne infectious disease through a parasite that affects humans 

and other animals. About 40% of the world’s population is at risk from mosquito-borne diseases. 

Biopesticides are alternative to synthetic pesticides because of their generally low environmental 

pollution, low toxicity to humans and other applications. The ethanol extract of Indian PGL was 

reported to have larvicidal and repellent properties against mosquitos, such as Anopheles. 

Stephensi, and Culex. quinquefasciatus, providing promising information for development of safer 

and novel plant-derived mosquitocides (Baranitharan, et al., 2019). Another similar finding was 

also revealed in the study of post-exposure to methanolic PGL extract, showing that the mean 

number of mosquito larvae prey consumed per tadpole per day increased which indicated that this 

natural mosquito larvicide on non-target tadpoles was compatible and can be used as part of a 

biological control program against these mosquitoes (Jebanesan, et al., 2021). The water extract 

of PGL presented promising anti-malarial activity when compared with the reference standard, by 

inhibiting the β-haematin formation using in vitro semi-quantitative method (Akkawi, et al., 2019). 

Trypanosome infection may cause anemia resulting from massive erythrophagocytosis by an 

expanded and active mononuclear phagocytic system of the host. Anemia as indicated by the 

packed cell volume (PCV) is known to worsen with the increase of parasitemia. Three doses (20, 

40, 80 mg/kg) of ethanolic PGL extract were administrated to the Trypanosoma brucei-infected 

Balb Strain Albino mice. All infected groups showed increasing parasitemia and blood cell 

destruction (acute haemolysis), thus causing decrease of PCV value. Whereas treatment with the 

extracts consistently raised PCV value, suppressed parasitemia, and prolonged survival time of the 

mice, possibly by reducing the parasite load or inactivating the toxic metabolites produced by 
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trypanosomes, thus, exerting trypanocidal (or named anti-trypanosonal) effect in the management 

of trypanosomosis (Inabo, et al., 2011). Pediculus humanus capitis, referred to as the human head 

louse is considered as a vital concern in public health-associated problems. There has been an 

immense arousal in pediculocidal drug resistance towards head louse which has initiated research 

to explore novel anti-lice agents from medicinal plants (Samuel, et al., 2009). Extracts of Indian 

PGL were suggested to display anti-lice, anti-dandruff, and hair growth promoting properties 

against pediculosis in the male and female Swiss Albino mice. The effect of PGL alcoholic extract 

on qualitative and quantitative hair growth was found to be more significant as compared to 

aqueous extract and control group treated animals. Its good antidandruff activity supported it to be 

a hair growth promoter (Bhinge, et al., 2021). The promising health benefits of pomegranate leaves 

in different in vitro and in vivo assays is shown in Table II.5. 

 

Table II.5 Promising health benefits of pomegranate leaves in different in vitro and in vivo assays. 

Health Benefits 
Source; 

Extraction 

Preclinical 

Study Method 
Preclinical Study Effect Reference 

Anti-bacterial, 

Anti-biofilm 

Turkey;  

ME 

In vitro  Extract showed natural benefits for control of food-related bacterial 

biofilms, with effective MIC for Listeria monocytogenes, Staphylococcus 

aureus, Escherichia coli, and Pseudomonas aeruginosa. 

Nostro, et al. (2016) 

Anti-bacterial India;  

ME 

In vitro  Extract showed highest inhibition zone (19 mm) against Micrococcus 

luteus. 

Balamurugan, et al. 

(2020) 

Anti-bacterial Egypt;  

50% ME 

In vitro  Extract inhibited pathogenic bacterial strains which may be useful in 

treatment of disease conditions caused by these bacteria at least as a 

complementary medicine. 

Youssef, et al. (2019) 

Anti-bacterial India;  

80% ME 

In vitro (disk 

diffusion) 

Extract showed antibacterial activity against the predominant bacterial 

isolates of septic wounds that are MDR-P. aeruginosa, S. aureus, K. 

pneumoniae and E. coli. 

Pallavali, et al. (2019) 

Anti-bacterial Pakistan; ME, 

ET, AC, AQ 

In vitro (agar 

well diffusion)  

ME extract showed maximum inhibition zone against Enterococcus 

faecalis and Staphylococcus aureus. 

Ali, et al. (2018) 

Anti-bacterial  India;  

AQ 

In vitro Extracts showed antibacterial activity against Bacillus subtilis, 

Staphylococcus aureus and Salmonella typhi. 

Kumar, et al. (2015) 

Anti-bacterial Syria; 

ET, AQ, EP 

In vitro Extract revealed antibacterial activity against E. coli type I, which 

showed antibiotics resistance to studied antibiotics except Amikacin. AQ 

and EP extracts had no antibacterial effectiveness. 

AlFadel, et al. 

(2014b) 

Anti-bacterial 

Anti-biofilm 

India;  

AQ, AgNPs 

In vitro  Synthesized AgNPs at 200 µg/mL showed 13–14 mm of inhibition zone 

for S. aureus, B. subtilis, P. aeruginosa, E. coli and P. vulgaris was. 

AgNPs had higher biofilm inhibition at 12.5–100 µg/mL. 

Singhal, et al. (2021) 

Anti-bacterial South Africa;  

AQ, ZnO-NPs 

In vitro Increasing the concentration of the ZnO-NPs caused an increase of 

antibacterial activity exerted by the ZnO-NPs, thus suggesting it as 

alternative antibacterial agents. 

Ifeanyichukwu, et al. 

(2020) 
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Anti-bacterial Syria; 

ET 

In vitro Extract showed antibacterial effects against Pasteurella haemolytica 

which has shown resistance to all studied antibiotics. 

Al Laham, et al. 

(2013) 

Anti-bacterial  South Korea;  

AQ, AgNPs 

In vitro  Synthesized AgNPs displayed strong antibacterial activity and potent 

synergy with standard antibiotics against pathogenic bacteria. 

Saratale, et al. (2018) 

Anti-fungal 

Anti-biofilm 

Brazil;  

70% ET,  

EA fraction 

In vitro Reduce pre-formed biofilm of some environmental and clinical isolates 

of Cryptococcus, showing better activity than drug (fluconazole). 

Villis, et al. (2021b) 

Anti-fungal  Sri Lanka;  

ME 

In vivo  

(patients with 

skin scrapings) 

Extract exhibited highest antifungal activity against the tested Malassezia 

species which cause superficial skin infections in humans). 

Perera, et al. (2015) 

Anti-microbial 

(bacterial, fungal) 

Ethiopia;  

95% ME, AC, 

CH, AQ  

In vitro  

(agar well 

diffusion)  

Results verified that the therapeutic potentials of extracts to combat the 

raise of drug resistant bacteria and fungus hence could be proposed as an 

alternative approach for the discovery of novel antimicrobial drugs. 

Alemu, et al. (2017) 

Anti-microbial 

Antibiotic  

Brazil;  

70% AC  

In vitro  Gram-positive bacterial strains are more susceptible to the ethyl acetate 

fraction of PGL. 

Lima, et al. (2021) 

Anti-microbial 

(bacterial, fungal) 

India;  

EA 

In vitro  PGL may be used in pharmaceutical industry against infections or 

diseases caused by human bacterial and fungal pathogens. 

Bisht, et al. (2016) 

Anti-microbial 

Antibiotic  

Tunisia (Gabsi 

cultivar);  

HE, CH, EA, 

ET, AQ, TOFs 

In vitro  TOF extract showed the most anti-bacterial effect against the methicillin-

resistant Staphylococcus aureus and best synergistic interaction with 

amoxicillin for penicillin-resistant E. coli and penicillin-resistant S. 

aureus. 

Trabelsi, et al. (2020) 

Anti-microbial  Egypt;  AQ, 

AgNPs 

In vitro The green synthesis showed a dose-dependent antimicrobial efficacies 

against Gram-positive bacteria (Bacillus subtilis, Staphylococcus aureus, 

and Sarcina lutea), Gram-negative bacteria (Salmonella paratyphi, 

Escherichia coli, and Pseudomonas aeruginosa) and fungi (Candida 

albicans). 

Swilam, et al. (2020) 

Anti-microbial Egypt; pigment, 

lipoidal extract 

In vitro  Both extracts showed inhibitory effect against 9 microbial pathogens at 

150 µL for 60 min, but the removal efficiency of lipoidal extract was 

powerful that pigment extract. 

Elbatanony, et al. 

(2019) 

Anti-viral  

(HIV-1) 

Italy;  

ET 

In vitro  Ellagic acid showed very high inhibition of the RNase H and IN 

activities, betulinic acid, ursolic acid, and oleanolic acid were selective 

for the HIV-1 RNase H activity. 

Sanna, et al. (2021) 

Anti-viral  

(HHV-3) 

India;  

AQ, ET, 50%ET 

In vitro; 

In silico 

docking study 

AQ extract exhibited superior virucidal efficacy to HHV-3 which was 

comparable with acyclovir and related to the interaction with HHV-3 

protease and capsid assembly. 

Angamuthu, et al. 

(2019) 

Anti-viral  

(HIV-1) 

Italy;  

ET 

In vitro 

 

The inhibition activity against HIV-1 RT-associated RNase H and IN is 

not only correlated to the presence of ellagitannins such as ellagic acid 

but could also be attributed to flavonoids. 

Acquadro, et al. 

(2017) 

Anti-viral  

(LDV) 

South Korea;  

AQ, ET, ME 

In vivo (fish) Intraperitoneal administration of extracts at 50 or 100 mg/kg dose 

enhanced the innate immune responses and disease resistance after 8 

weeks in Paralichthys olivaceus against LDV infection. 

Harikrishnan, et al. 

(2010) 

Anti-viral  

(Zika) 

Italy and 

Greece;  ET 

In vitro (two 

Zika strains) 

Ellagic acid from PGL showed anti-Zika (1947 Uganda MR766 and 

2013 French Polynesia) activities, with EC50 values of 30.86 µM for 

MR766 and 46.23 µM for HPF2013. 

Acquadro, et al. 

(2020) 

Anti-diabetic India;  

ME 

In vivo (male 

Wistar rats) 

Oral administration showed antidiabetic activity due to its anti-oxidant 

activity, most probably related to gallic acid, ellagic acid, and apigenin.  

Pottathil, et al. 

(2020b) 

Anti-diabetic Indonesia; 

ET 

In vitro enzyme 

assay 

IC50 α-glucosidase and α-amylase enzyme inhibition was 45.31 and 42.71 

μg/mL. 

Yuniarto, et al. 

(2018b) 



63 

 

Anti-diabetic, 

Hypolipedimic 

India;  

95% ET 

In vivo (male 

albino rats) 

Extract at higher and lower dose significantly lowered blood glucose 

level from 14th and 21st day onwards. 

Salwe, et al. (2015) 

Anti-diabetic, 

Antihyperglycemic, 

Antihyperlipidemic 

India;  

70% ET,  

EA fraction 

In vitro 

(enzyme) 

In vivo (rats) 

Diabetic rats treated with EA fraction showed a dose-dependent 

reduction of fasting blood glucose and normalized the lipid profile and 

liver antioxidant status. 

Patel, et al. (2014) 

Anti-diabetic Algeria; 

AQ, HA 

In vitro (α-

amylase) 

AQ extract (IC50 9.8 mg/mL) showed higher α-amylase inhibition than 

acarbose and AQ extract (IC50 17.2 and 19.0 mg/mL, respectively). 

Mohammed, et al. 

(2020) 

Prevent diabetic 

cataract 

India;  

ME 

In vitro (goat 

lens) 

Extracts ameliorated glucose-induced cataract via inhibiting aldose 

reductase, reducing oxidative stress and improving antioxidant defense 

system. 

Mestry, et al. (2017b) 

Antidiabetic, 

Antihyperlipidemic 

India;  

ET 

In vivo (albino 

rats) 

Extract at 500 mg/kg body weight showed antidiabetic and anti-

hyperglycemic in alloxan-induced non-insulin-dependent diabetes 

mellitus albino rats, due to the significant reduction in the blood sugar, in 

the glycogen content of liver, skeletal muscle, and cardiac muscle, and in 

the intestinal glucose absorption. 

Das, et al. (2012) 

Anti-diabetic  South Korea;  

AQ, AgNPs 

In vitro  Synthesized AgNPs exhibited effective anti-diabetic potential against α-

amylase and α-glucosidase (IC50: 65.2, 53.8 µg/mL, respectively). 

Saratale, et al. (2018) 

Prevent obesity  Indonesia;  

ET 

In vitro 

(enzyme) 

IC50 pancreatic lipase enzyme inhibition was 0.25 μg/mL. Yuniarto, et al. 

(2018b) 

Inhibit lipase activity 

and regulate lipid 

metabolism 

China;  

DMSO 

In vitro 

(computer-

based docking) 

In vivo (mice) 

PGL inhibited lipid absorption and reduced blood TG and TC by 

targeting pancreatic lipase, promoting tight-junction protein expression 

and thereby preventing intestinal mucosa damage from an overload of 

lipids in the intestine. 

Yu, et al. (2017) 

Anti-inflammatory 

Anti-cholinesterase 

Tunisia (Gabsi 

variety); HE, DI, 

EA, ET, ME 

In vitro The strongest 5-LOX, AChE and BuChE inhibition activities were 

obtained for the ET extract (IC50: 6.20, 14.83, 2.65 mg/L, respectively). 

Bekir, et al. (2013) 

Anti-glycation AGEs 

inhibitor 

India;  

ME 

In vitro  Extracts decreased fructosamine level and counteracted the oxidative 

damage of protein by curbing protein carbonyl content and impeding the 

loss of thiol group. 

Mestry, et al. (2018) 

Prevent protein 

glycation 

Thailand;  

EA, 80% ET 

In vitro (BSA 

methylglyoxal 

model) 

Both extracts showed 99.8% and 99.0% inhibition of glycation, 

suggesting potential application to the prevention of glycation-associated 

diabetic complications. 

Kaewnarin, et al. 

(2014) 

Anti-tyrosinase  Turkey;  

ME, AQ 

In vitro AQ extract showed higher anti-tyrosinase activity than ME extract. Uysal, et al. (2016) 

Anti-inflammatory  Libya;  

50% ME 

In vitro (RBCs  

membrane 

stability assay) 

Extracts showed anti-inflammatory activity indicated by red blood cell 

membrane stabilization and reduced haemolysis-resultant haemoglobin. 

l-Mahmoudy (2017) 

Prevent acute and 

chronic inflammation  

India;  

95% ET 

In vivo (adult 

albino mice) 

Extract inhibited acute and chronic inflammation against carrageenan-

induced paw edema and cotton pellet induced mranuloma. 

Salwe, et al. (2014) 

Anti-inflammatory India;  

50% ET 

In vitro  Extract decreased transcript levels of ICAM-1, VCAM-1 and E-selectin 

genes, and blocked the TNFα-induced translocation and activation of 

NF-kB. 

Balwani, et al. (2011) 

Anti-inflammatory Brazil;  

HA, ET 

In vivo (female 

BALB/c mice) 

Extract encapsulated in biodegradable microparticles exhibited 

therapeutic effect in asthma-induced mice, which was more effective 

than the extract in solution form. 

Oliveira, et al. (2013) 

Anti-inflammatory Brazil;  

HA 

In vivo (male 

Wistar rats) 

Treatment with extract attenuated the TNF-α mRNA (57%) and protein 

(48%) levels, and reduced the peritoneal leukocytes, especially 

neutrophils in the LPS-induced peritonitis. 

Marques, et al. (2016) 
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Anti-inflammatory Brazil;    

HT extract, 

EA fraction 

In vivo (male 

outbred mice) 

Pretreatment with extract reduced cell accumulation (namely 

neutrophils), collagen deposition, TNF-α and IL-1β expression in the 

lungs of ALI mice. 

Pinheiro, et al. (2018) 

Anti-inflammatory Brazil;    

HA; EA fraction 

In vivo 

(BALB/c mice) 

The fraction protect lung against LPS-induced ALI by reducing NF-κB 

p-65 subunit and JNK phosphorylation, TNF-α, IL-1β, and IL-6 mRNA 

expression, body weight loss, pulmonary leukocyte migration, total 

proteins, and mechanic complications. 

Pinheiro, et al. (2019) 

Anti-inflammatory Japan;  

AC  

In vitro  ETs from PGL suppressed mPGES-1 expression, reduced TNF-α and NO 

synthase, and induced lung cancer cells (A549) to undergo apoptosis. 

Toda, et al. (2020) 

Anti-inflammatory India;  

70% ME 

In vivo (inbred 

male Wistar 

rats) 

The extract showed significant cerebro-protective activity against LPS-

induced RAW 264.7 cell line and against I/R-induced brain injury. 

Viswanatha, et al. 

(2019a) 

Anti-convulsant 

Anti-anxiety 

India;  

95% ET 

In vivo (Wister 

rat and albino 

mice) 

Extracts (100 and 200 mg/kg) had anti-convulsant effect against MES- 

and PTZ- induced seizure, and had anxiolytic activity by increasing EPM 

number and mirrored chamber latency. 

Das, et al. (2014) 

Anti-epileptic 

Anti-convulsant  

India;  

PE, ME, AQ 

In vivo (Inbred 

Swiss albino 

mice) 

ME extract offered significant and dose-dependent protection against 

MES- and PTZ-induced seizures, increased brain GABA levels, showed 

no change in locomotor activity in all tested doses, and abolished 

convulsions in all the anticonvulsant tests at higher dose of ME extract 

(400 mg/kg, p.o.). 

Viswanatha, et al. 

(2016) 

Anti-nociceptive 

(analgesic) 

Anti-inflammatory 

India;  

95% ET 

In vivo (adult 

Swiss albino 

mice) 

Extract showed significant analgesic property in both doses of 100 mg/kg 

and 200 mg/kg, against acetic acid-induced writhing. 

Salwe, et al. (2014) 

Prevent 

neurodegeneration 

(Alzheimer’s disease) 

India;   

CH, ET 

In vivo on A𝛽42 

express 

Drosophila 

melanogaster 

Treatment with both extracts significantly improved Drosophila dose’s 

survival dependently in the tested concentrations more than 40 days; 

amongst, 4mg/g showed maximum lifespan increase equivalent to the 

standard drug donepezil. 

Ramasamy, et al. 

(2021) 

Prevent lung cancer Tunisia;  

66.7% ET 

In vitro Extracts could be an effective and safe chemo-therapeutic agent in non-

small cell lung carcinoma treatment by inhibiting proliferation, inducing 

apoptosis, cell cycle arrest and impairing cell migration and invasion. 

Li, et al. (2016) 

Hepatoprotective India;  

AQ, AgNPs 

In vivo (Albino 

rats) 

Liver profile was altered by CCl4, while recovered to normal control 

values by the synthesized AgNPs. 

Kumar, et al. (2021) 

Hepatoprotective India;  

AQ 

In vivo (Albino 

rats) 

Administration increased liver marker enzymes in serum namely AST, 

ALT, ALP, bilirubin, and decreased total protein. 

Kumar, et al. (2018) 

Hepatoprotective India; ET In vivo (Wistar 

rats) 

Extract in combination with gallic acid ameliorated liver dysfunction in 

high-fat diet-induced obese rats. 

Rao, et al. (2019) 

Prevent 

nephrolithiasis 

Iran;  

96% ET 

In vivo (male 

Wistar rats) 

Extracts were effective in prevention of ethylene glycol-induced 

nephrolithiasis with significantly lower levels of urine oxalate and serum 

creatinine, urea and uric acid. 

Pararin, et al. (2016) 

Nephroprotective India;  

PE, ME; 

Successive 

method 

In vivo (male 

Wistar rats) 

Extract improved renal function in gentamicin-induced nephropathy in 

rats via attenuation of oxidative stress by preserving antioxidant 

enzymes, reducing lipid peroxidation and inhibiting inflammatory 

mediators such as TNF-α. 

Mestry, et al. (2020) 

Prevent diabetic 

nephropathy 

India;  

70%ET 

In vivo (Wistar 

rats) 

Fractions alleviated morphological changes in kidneys of STZ diabetic 

rats and improved renal function, which is mediated through multiple 

mechanisms (anti-hyperglycemic, hypolipidemic, antioxidant) by 

ameliorating proteinuria and disturbed glucose homeostasis. 

Ankita, et al. (2015) 

Prevent diabetic 

nephropathy 

India;  

ME 

In vivo (male 

Sprague 

Dawley rats) 

Extract increased body weight and renal antioxidant parameters, lowered 

blood glucose levels, ameliorated kidney hypertrophy index, decreased 

Mestry, et al. (2017a) 
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the levels of creatinine, BUN, TC, TG, AGEs and albumin in serum and 

urine. 

Prevent colon and 

breast cancer  

India; 

ME 

In vitro MTT 

assay with cells 

The maximum cell death of HT29 and MCF7 cells was 70.56% and 

72.75%, respectively at 250 µg/mL concentration. 

Balamurugan, et al. 

(2021) 

Prevent cervical 

cancer 

India;  

AQ, AgNPs 

In vitro MTT 

assay with cells 

Viability of HeLa cells were significantly decreased by AgNPs in a dose-

dependent manner. AgNPs induced apoptosis by cleaving nuclear DNA 

of HeLa cells by forming ladder pattern. 

Sarkar, et al. (2018) 

Prevent prostate 

cancer 

China; 

 ET 

In vitro MTT 

assay with cells 

Extracts had inhibitory effect on proliferation, apoptosis and metastasis 

of TRAMP-C1, DU145, and PC3 cells. 

Deng, et al. (2018a) 

Prevent multiple 

myeloma  

Mauritius;  

70% ME 

In vitro MTT 

assay and 

MMP loss 

Extracts modulated cell cycle progression and induced apoptosis in 

human multiple myeloma cancer cells through G2/M and S phase cell 

cycle arrest and MMP, suggesting its anticancer activity and promising 

application in functional health and cancer chemoprevention. 

Kiraz, et al. (2016) 

Anti-genotoxic  India;  

AQ 

In vivo (male 

Swiss albino 

mice) 

Pretreatment with AQ extract enhanced antioxidant condition in liver and 

ameliorated CPH-induced genomic damage, including Mn PCEs and 

total percentage of PCEs in the bone marrow cells of mice. 

Dassprakash et al. 

(2012) 

Anti-microbial 

Anti-ulcer 

India;  

TO, EA, AC, 

AQ 

In vitro  

In vivo 

Extracts with different solvents varied the levels against the tested 

bacteria and fungi; AC fraction contained antiulcerogenic compounds, 

which have gastroprotective effect against ethanol-induced ulceration, 

possibly by scavenging free radicals, reducing HCl output, and 

enhancing protein synthesis and mucus secretion of the gastric mucosa. 

Kaneria, et al. (2013) 

Anti-ulcer India;  

HE, EA, ET, 

90% ET, AQ 

In vivo (albino 

rats) 

Extracts had ulcer protective activity comparable with standard drugs, 

which may be mediated by its antioxidant effects, probably due to the 

presence of flavonoids. 

Ramamurthy, et al. 

(2018c) 

Immuno-modulatory  Brazil;  

HA extract,  

HE fraction 

In vivo (murine 

model of sepsis 

induced by 

cecal ligation 

and puncture) 

HE fraction (100 mg/kg per os) reduced production of interleukin-6, NO 

and H2O2; increased polymorphonuclear cell accumulation in the 

peritoneum; attenuated release of inflammatory mediators in a 

neutrophil-independent manner. This effect may be associated with its 

bioactive compounds (such as diterpenes, triterpenes and phytosterols) 

which may act synergistically or additively. 

Sousa, et al. (2017) 

Anti-emetic  India;  

ET 

In vivo (male 

chicks) 

Extract (200 mg/kg) had protective effect against copper sulphate 

induced-retching in young chickens, possibly by peripheral and central 

mechanisms, which may be resulted from the presence of phyto-

constituents like alkaloids and terpenes. 

Battineni, et al. 

(2017b) 

Anti-osteoporotic  India;  

95% ET 

In vivo (female 

Wistar albino 

rats) 

Extracts showed anti-osteoporotic effect in ovariectomized rats in dose-

depended manner, with increase in femur length, weight and density, 

serum calcium, phosphorus, while decrease in urine calcium, creatinine 

and phosphorous levels. 

Halekunche, et al. 

(2016a) 

Anti-diarrheal --- In vivo (Rattus 

Norvegicus 

white mice) 

Extract at 36% (w/v) was effective (better than 12% and 24%) in giving 

antidiarrheal effect against oleum ricini-induced mature male white mice 

(Rattus Norvegicus) due to being equal with loperamide HCl. 

Yuliani, et al. (2016) 

Treat hair problems India;  

HA, AQ 

In vivo (Swiss 

Albino mice); 

In vitro 

Both extracts exhibited prominent anti-lice, and hair growth promoting 

potential; 3% ET extract showed potent antidandruff activity against 

fungal strains tested. 

Bhinge, et al. (2021) 

Anti-trypanosomal Nigeria;  

ET 

In vivo (Balb 

strain albino 

mie) 

Treatment with the extracts raised PCV value, suppressed parasitemia, 

and prolonged survival time of the mice, possibly by reducing the 

parasite load or inactivating the toxic metabolites produced by 

trypanosomes, thus, exerting trypanocidal (or named anti-trypanosonal) 

effect in the management of trypanosomosis. 

Inabo, et al. (2011) 
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AQ: aqueous; AC: acetone; CH: chloroform; ET: ethanol; ME: methanol; EA: ethyl acetate; PE: 

petroleum ether; HE: hexane; TOFs: total oligomer flavonoids; DI: dichloromethane; HA: 

hydroalcoholic; NO: nitric oxide; H2O2: hydrogen peroxide; MIC: minimum inhibitory 

concentration; MDR: multidrug-resistant; 5-LOX: 5-lipoxygenase; AChE: acetylcholinesterase; 

BuChE: butyrylcholinesterase; TNFα: tumor necrosis factor α; NF-kB: nuclear transcription 

factor-kB; BUN: blood urea nitrogen; TC: total cholesterol; TG: triglycerides; AGEs: advanced 

glycation end products; MMP: mitochondrial membrane permeabilization; LPS: 

lipopolysaccharide ; STZ: streptozotocin; I/R: ischemia/reperfusion; MES: maximal electroshock; 

PTZ: pentylenetetrazole; PCV: packed cell volume; GABA: gamma amino butyric acid; CPH: 

genotoxin cyclophosphamide; Mn PCEs: micronucleated polychromatic erythrocytes; HT29: 

colon cancer cellS; MCF7: breast cancer cells; HeLa: human cervical cancer cells; TRAMP-C1: 

prostatic epithelial cells; DU145: human prostate cancer cells; PC3: human prostate cancer cells; 

NSCLC: non-small cell lung carcinoma; A549: NSCLC cell lines; H1299: NSCLC cell lines; LL/2: 

Lewis lung carcinoma cells; ALI: acute inflammatory injury; mPGES-1: microsomal 

prostaglandin E synthase-1; MPG: 2-methyl-pyran-4-one-3-O-b-D-glucopyranoside; HIV: human 

immunodeficiency; RT: reverse transcriptase; IN: integrase; LDV: lymphocystis disease virus; 

AgNPs: silver nanoparticles; ZnO-NPs: zinc oxide nanoparticles; IC50: half maximal inhibitory 

concentration; EC50: half maximal effective concentration; AST: aspartate aminotransferase; ALT: 

alanine aminotransferase; ALP: alkaline phosphatase; A𝛽42: amyloid β; RBCs: red blood cells. 

 

2.6 Bioavailability and Pharmacokinetics of PGL 

Various researches have been conducted to determine the bioavailability and 

pharmacokinetics of pomegranate, particularly, the fruit juice, in both preclinical and clinical 

assays. However, to the best of our knowledge, few studies evaluated these properties in 

pomegranate leaf. Fellah, et al. (2020) characterized the phenolic composition of pomegranate leaf, 

Anti-malarial Palestine;  

AQ (infusion) 

In vitro semi-

quantitative 

assay 

Extracts showed significant antimalarial potential when compared to 

chloroquine positive control, suggesting its new novel compounds. 

Akkawi, et al. (2019) 

Larvicide activity 

against malarial 

mosquito vectors 

India;  

HE, EA, CH, 

ME  

In vitro  Treatment with PGL increased mean number of mosquito larvae prey 

consumed per tadpole per day, indicating it as part of a biological control 

program against Anopheles stephensi and Culex quinquefasciatus. 

Jebanesan, et al. 

(2021); Baranitharan, 

et al. (2019) 
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peel and flower, and used untargeted metabolomics to trace the fate of polyphenols during in vitro 

large intestine fermentation (over 24 h). Results revealed a wide transformation of polyphenols 

and the catabolic pathway of the phenolic metabolites, of which, the most represented class during 

in vitro fermentation was flavonoids, followed by lignans, phenolic acid and some lower-

molecular-weight phenolics (Fellah, et al., 2020). Pharmacokinetic activity of PGL components 

were studied on the ellagic acid. Oral administration of PGL extract in male Wister rats showed 

that an open two-compartment system with lag time and its max concentration of ellagic acid in 

plasma was 213 ng/mL only 0.55 h after oral administration extract 0.8 g/kg via the concentration-

time profile. And the pharmacokinetic profile indicated that ellagic acid had poor absorption and 

rapid elimination after oral administration of PGL, and part of it was absorbed from stomach (Lei, 

et al., 2003). Moreover, ellagic acid in pomegranate leaf tannins was transported into the HepG2 

cells, which was in correlation with total cholesterol alteration in the cells (Lan, et al., 2009). 

Another major ellagitannin, brevifolin also exhibited the similar kinetic characteristics with ellagic 

acid, including rapid absorption, distribution, and elimination, suggesting that the compounds with 

similar structure usually have similar pharmacokinetic properties, and thus it is possible to 

characterize the pharmacokinetic profile of total tannins based on the information obtained on 

these two compounds (Wang, et al., 2005). 

 

2.7 Toxicity and Safety of PGL 

Kinds of PGL forms, such as paste, infusion, decoction or powder have been applied 

externally or internally for its medicinal properties since ancient times. Along this line, PGL has 

been generally considered to be safe for utilization for humans. Various studies using humans, 

animals, or microorganisms have been performed regarding the toxicity of different extracts of 

PGL.  

 

2.7.1 In vitro 

Cytotoxic activity of PGL extracts against various cell lines was assessed using MTT assay, 

which is reliable to evaluate proliferation of cells. The viability percentages of three cell lines 

including skin fibroblast normal cells (BJ1), hepatocellular carcinoma (HepG2), and breast cancer 
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(MCF7) against the lipoidal and natural pigment extracts of PGL were evaluated, ranging from 90 

to 83 at 100% ppm, which was proved to be safe for its intended application (Elbatanony, et al., 

2019). Bekir, et al. (2013) demonstrated that the cytotoxic effect of PGL against breast cancer cell 

line (MCF-7) varied markedly with solvents of extraction. The methanolic extract presented the 

best cytotoxic effect (31.00 mg/l of IC50), followed by the ethanolic (33.50 mg/l of IC50), ethyl 

acetate (45.00 mg/l of IC50), dichloromethane (88.3 mg/l of IC50) and hexane extracts (IC50 value > 

100 mg/l). The higher activities of PGL extracted with methanol, ethanol, and ethyl acetate could 

be the result of a synergistic action of all or some phytochemical components present in these 

extracts. Several studies also reported the inhibitory effect of PGL extracts against MCF-7 

(Balamurugan, et al., 2021; Elfiky, 2018). The isolated galloyl-HHDP-glucose at dose of 1000 

µg/mL from ethanolic PGL extract and the methanolic PGL extract significantly inhibited the cell 

viability in RAW 264.7, when compared with the control group (Pinheiro, et al., 2019; Viswanatha, 

et al., 2019b). The silver nanoparticles synthesized with aqueous PGL extract at dose of 200 µg/mL 

significantly inhibited the growth of HepG2 cells by more than 90%, which was more effective 

than its single extract (Saratale, et al., 2018). It was observed that more than 95% of ICAM-1 were 

viable upon treatment with 400 µM of the isolated compound from PGL, namely  2-methyl-pyran-

4-one-3-O-b-D-glucopyranoside (Balwani, et al., 2011). On the other hand, the maximum non-

toxic concentration (MNTC) of ethanolic PGL extract on the human epithelial diploid cells (HEp-

2) was 250 µg/mL (Angamuthu, et al., 2019). The viability of human cervical cancer cells (HeLa) 

was significantly inhibited by the silver nanoparticles synthesized with aqueous PGL extract in a 

dose-dependent manner (Sarkar, et al., 2018). Many cell lines have been utilized in the in vitro 

toxic evaluation of PGL, which exerted cytotoxic property to some extent in different studies, 

including NSCLC cells (A549 and H1299) and mouse Lewis lung carcinoma cell line (LL/2) (Li, 

et al., 2016), human colon cancer cell lines (HT-29 and HCT-116) (Balamurugan, et al., 2021; 

Eddebbagh, et al., 2016; Elfiky, 2018), breast cancer cell line (MBA-MD-231) (Eddebbagh, et al., 

2016), human multiple myeloma cells (U266) (Kiraz, et al., 2016), and prostate cancer cell line 

(PC3) (Elfiky, 2018). 
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2.7.2 In vivo 

Acute oral toxicity test is useful to evaluate the adverse effects of a substance within 14 days 

of administration of the substance, which has been widely applied to assess the safety of various 

pomegranate leaf extracts. Some researchers prolonged the observation period until 21 days. Das, 

et al. (2012) indicated that no mortality and non-toxic nature were recorded among the albino rats 

with administration of ethanolic PGL extracts to both sexes at dose of 2000 mg/kg. Similar results 

were also found in other studies (Das, et al., 2014; Salwe, et al., 2014; Salwe, et al., 2015). Oral 

administration of graded doses (200, 400, 800, and 1600 mg/kg p.o.) of ethanolic PGL extracts to 

male Wister rats did not produce any significant changes in behaviour, breathing, cutaneous effects, 

sensory nervous system responses or gastrointestinal effects during the observation period. No 

mortality or any toxic reaction was recorded in any group after 48h of administration, suggesting 

PGL to be safe upon a dose of 1600 mg/kg of body weight (Hossain, et al., 2012b). Acute toxicity 

study revealed the non-toxic nature of the ethyl acetate fraction of Indian PGL, for the absence of 

mortality, lethality or any toxic reaction in animals (Wistar rats of either sex with weight of 180–

220 g) at a single large dose of 5000 mg/kg within the 14 days of observation (Patel, et al., 2014). 

The same authors reported a similar result working on the flavonoid-rich fraction of PGL and 

further showed that no mortality and no behavioral (alertness, restlessness, irritability, and 

fearfulness), neurological (spontaneous activity, convulsion, gait, bleeding, touch, and pain 

response), or autonomic (defecation and micturition) changes were observed during the 14 d 

observation period. Further, there was no lethality or any toxic reaction in animals at a single large 

dose of 5000 mg/kg of the fraction (Ankita, et al., 2015). Acute oral toxicity study for the 

methanolic, aqueous, and petroleum ether extracts of PGL was conducted as per Organization for 

Economic Cooperation and Development (OECD) Guidelines No. 425 up and down method, 

which showed that all extracts were safe up to 2000 mg/kg, p.p. Moreover, any signs of toxicity 

were not found during short-term (48 h) and long-term (14 days) observation period (Viswanatha, 

et al., 2016). Furthermore, another methanolic PGL extract also showed non-toxic signs and no 

mortality after oral administration of 2000 mg/kg extract for 24 h and 21 days (Pottathil, et al., 

2020a). Acute oral toxicity of ethanolic PGL extract was studied in Zebra fish at the maximum 

dose of 1000 mg/kg as per the OECD Guidelines No. 425, showing safety feature within 4 days of 
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administration with the extracts (100 and 200 mg/kg) (Rao, et al., 2019). Studies on the safety and 

toxicity properties of pomegranate leaves are shown in Table II.6. 

 

Table II.6 Safety and toxicity studies reported in pomegranate leaves. 

Extraction  Models Preclinical Study Effect Reference 

AQ, ET, 50% 

ET 

Cytotoxicity, 

MTT assay 

Using Hep-2 (epithelial diploid cell) lines, the maximum non-toxic concentration 

(MNTC) of AQ, ET, and 50% ET extracts was 250, 125, and 250 μg/mL, respectively.  

Angamuthu, et al. 

(2019) 

ME Cytotoxicity, 

MTT assay 

PGL extract has significant effect on treated HT29 (colon cancer) and MCF7 (breast 

cancer) cells compared to untreated cells. 

Balamurugan, et 

al. (2021) 

ET extract, EA 

fraction, PE 

fraction 

Cytotoxicity, 

MTT assay 

ET extract showed highly potent cytotoxic activity against breast (MCF-7) and prostate 

(PC3) cancer cells; PE fraction displayed highest cytotoxic activity against colon (HCT-

116) cancer cells.  

Elfiky (2018) 

Mauritius; 

70% ME 

Cytotoxicity, 

MTT assay 

Results highlighted the cytotoxic effect of PGL against human multiple myeloma cells 

(U266). 

Kiraz, et al. (2016) 

PE, ME, AQ Cytotoxicity,  

MTT assay 

TPC displayed greatest cytotoxic effect against Human collon cancer cell line (HT-29); 

TFC showed higher cytotoxic activity against Human breast cancer cell line (MBA-MD-

231). 

Eddebbagh, et al. 

(2016) 

66.7% ET Cytotoxicity, 

MTT assay 

Clonogenic assay crisply expressed that clone formation of human non-small cell lung 

cancer cell lines (A549, H1299) and mouse Lewis lung carcinoma cell lines cells (LL/2) 

was reduced in concentration-dependent manner after exposure to PGL. 

Li, et al. (2016) 

HE, DI, EA, 

ET, ME 

Cytotoxicity, 

MTT assay 

The best cytotoxic activity against MCF-7 cells was obtained for the ME extract (IC50: 

31 mg/L). 

Bekir, et al. (2013) 

50% ET Cytotoxicity, 

MTT assay 

MPG blocked the adhesion of neutrophils on human endothelial cells monolayer. More 

than 95% of the cells were viable upon treatment with 400 mM of MPG. 

Balwani, et al. 

(2011) 

AQ: AgNPs Cytotoxicity,  

MTT assay 

The AgNPs synthesized with PGL showed a dose-dependent response against HepG2 

(IC50; 70 µg/mL). 

Saratale, et al. 

(2018) 

HA; EA 

fraction 

Cytotoxicity, 

MTT assay 

Extract reduced nitric oxide production and cytokine gene expression in cultured LPS-

treated RAW 264.7 macrophages. 

Pinheiro, et al. 

(2018) 

Egypt; natural 

pigment and 

lipoidal extract 

Cytotoxicity,  

MTT assay 

The viability percentages of three cell lines (BJ1, HepG2 and MCF7) against the lipoidal 

and natural pigment extracts of PGL ranged between 90 and 83 at 100% ppm, revealing 

its non-toxic effect with high biocompatibility. 

Elbatanony, et al. 

(2019) 

AQ, AgNPs LDH cell 

cytotoxicity 

AgNPs treatment inhibited cell proliferation and induced cell senescence in human 

cervical cancer (HeLa) cells in a dose dependent manner. 

Sarkar, et al. 

(2018) 

ME Residual solvent 

analysis by GC-FID 

Chromatogram did not show any peak at 0.9 min suggesting the extracts did not contain 

any traces of methanol. 

Mestry, et al. 

(2018) 

CH, ET Acute toxicity study 

using brine shrimp 

(Artemianauplii) 

lethality bioassay 

(BSLA) 

100% of mortality for two extracts was about 2500, 2000 ppm respectively in 24 h, 

while at 3ppm for podophyllotoxin positive control, showing the safety of the extracted 

PGL without any symptoms of toxicity. 

Ramasamy, et al. 

(2021) 

AQ, AgNPs Acute toxicity study, 

albino Wistar rats 

No mortality was observed up to a dose of 2000 mg/kg of body weight of rats. Kumar, et al. 

(2021) 
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AQ: aqueous; ET: ethanol; ME: methanol; EA: ethyl acetate; PE: petroleum ether; HE: hexane; 

DI: dichloromethane; CH: chloroform; HA: hydroalcoholic; LDH: lactate dehydrogenase; AgNPs: 

silver nanoparticles. 

 

2.8 Possible Applications of PGL 

The possible applications of PGL are showed in Figure II.4. PGL can serve as food additives 

and beverages. Both the aqueous and ethanol extracts of PGL showed allelopathic and anti-fungal 

effects against post-harvest rot of tomato and brinjal, which was potential as a new natural 

fungicide for management of fungal rot pathogens (Koka, et al., 2020). The blend of PGL with 

Psidium guajava and Moringa oliefera can consider as a novel food additive due to its good 

antioxidant potential and excellent thermal stability (Mirza, et al., 2018). The infusion of PGL 

ME Acute oral toxicity, 

male Wistar rats 

No toxic signs were detected even after 24 h of oral administration or even at higher 

doses (up to 2000 mg/kg) for 21 days (one dose per day), indicating the safety of the 

extract for prolonged use. 

Pottathil, et al. 

(2020b) 

HE, EA, ET, 

90% ET, AQ 

Acute oral toxicity, 

albino rats 

Extracts is non-toxic even at relatively high concentrations.  Ramamurthy, et 

al. (2018c) 

PE, ME, AQ Acute oral toxicity, 

inbred albino mice 

All tested extracts were safe up to 2000 mg/kg, p.o. Further, no signs of toxicity were 

observed during short-term (48 h) and long-term (14 days) observation period. 

Viswanatha, et al. 

(2016) 

70% ET, EA 

fraction 

Acute toxicity study, 

Wistar rats 

Results revealed non-toxic nature of fraction, with no behavioral (alertness, restlessness, 

irritability, and fearfulness), neurological (spontaneous activity, convulsion, gait, 

bleeding, touch, and pain response), or autonomic (defecation and micturition) changes 

during 14 d observation period, even at a single large dose of 5000 mg/kg. No mortality 

was recorded within the 14 d of observation. 

Ankita, et al. 

(2015) 

95% ET Acute toxicity study, 

adult Wistar male 

albino rats 

Results showed the non-toxic nature of leaves up to dose of 2000 mg/kg body weight. 

There was no mortality of any animals when observed for 72 h. There was no lethality or 

any toxic reactions found at any of the doses selected until the end of the study period. 

Salwe, et al. 

(2015); Das, et al. 

(2012) 

95% ET Acute toxicity study, 

Wister rat and Swiss 

albino mice 

Oral administration at a dose of 2000mg/kg did not produce any toxic effect in female 

Rat. No mortality was observed and the extract was found to be safe at the given dose 

(LD50>2000mg/kg). 

Das, et al. (2014) 

95% ET Acute toxicity study, 

adult albino mice 

Non-toxic nature was observed at dose of 500, 1000, 2000 mg/kg body weight. Salwe, et al. 

(2014) 

70% ET, EA 

fraction 

Acute toxicity study, 

Wister rat 

There was no lethality or any toxic reaction in animals at a single large dose of 5000 

mg/kg. No mortality was recorded within the 14 days of observation. 

Patel, et al. (2014) 

ET Acute toxicity study, 

male Wister rat 

Oral administration of graded doses (200, 400, 800, and 1600 mg/kg p.o.) of the ET 

extract to rats did not produce any significant changes in behaviour, breathing, cutaneous 

effects, sensory nervous system responses or gastrointestinal effects during the 

observation period. No mortality or any toxic reaction was recorded in any group after 

48h of administering the extract to the animals. PGL was safe upto a dose level of 1600 

mg/kg of body weight. 

Hossain, et al. 

(2012b) 

ET Acute toxicity study, 

Zebra fish 

Three dosages (100, 200, and 400 mg/kg as per OECD) were studied in Zebra fish. 

Adverse behaviour or mortality was observed within 4 d after dosing, hence 100 and 200 

mg/kg of extract were selected to study. 

Rao, et al. (2019) 
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possessed high stability in the content of total polyphenolics and in the levels of free radical 

scavenging capacity and ferric reducing antioxidant power (Yu, et al., 2021a). Besides, this 

infusion exhibited potent anti-neoplastic property in the K14-HPV16 transgenic mice model, by 

diminishing chest skin lesions and cutaneous lesions.   

 

Figure II.4 Possible applications of pomegranate leaves 

 

Enormous pharmacological properties have been summarized in the previous sections, 

which implied that PGL can be applied as medicinal supplements, nutraceuticals, and cosmetics, 

such as powder, infusion, medicinal soap, shampoo, and anti-aging cream. In addition, ethanolic 

and methanolic extracts of PGL showed larvicidal and repellent activities against mosquito vectors, 

helpful to reduce malaria and filariasis (Baranitharan, et al., 2019; Jebanesan, et al., 2021). 

Recently, alcoholic PGL extracts was revealed to exhibit anti-dandruff, anti-lice, and hair growth 

promoting effects via in vitro and in vivo (mice) assays (Bhinge, et al., 2021) 

PGL can play an important role in the environmental protection. Metal nanoparticles like 

copper oxide, iron oxide, zinc oxide, and gold that were synthesized with PGL were reported to 

improve the water quality, namely detection, adsorption and removal of noxious dyes (e.g. 
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Safranin-O dye, methylene blue, Coomassie brilliant blue R‑250), hexavalent chromium, and 

arsenate species (Kamath, et al., 2020; Rao, et al., 2013; Singh, et al., 2019; Vidovix, et al., 2021; 

Vidovix, et al., 2019). 

PGL can be beneficial for animal health. PGL extracted with 80% methanol inhibited 

aflatoxins production up to 100% over four months of storage in broiler feed inoculated with 

Aspergillus parasiticus, revealing its potential antifungal activity, which could be employed to 

inhibit the stored feed degradation (Hassan, et al., 2017). The chloroform extract of PGL had anti-

trypanosomal activity on Trypanosoma evansi between 6.25-100 mg/mL in a dose-dependent 

manner, suggesting the mode of transmission may have an effect on the parasite-drug reaction in 

cattle (Fathuddin, et al., 2017). The aqueous PGL extract revealed the potential use against 

parasitic nematodes of ruminants (Fikri, et al., 2018a). 

Additionally, PGL-sourced raw materials can be used as top formulates paints that met the 

specification established by polyvinyl alcohol, thus being a potential source of natural colorants 

for the coating industry possibly in water-borne paints and/or as nail varnish (Mohajer, et al., 2016). 

The PGL powder had good absorption performance for the removal of dibenzothiophene from 

petroleum distillates, which was comparable with results reported in literature, providing a 

platform for further research efforts in this field (Sadare, et al., 2019). The aqueous PGL extracts 

were considered as green inhibitor showing excellent performance (more than 80% at1 g L21) 

against steel corrosion in 1M HCl in the temperature range of 293–333 K, which was determined 

by weight loss, polarisation, FTIR spectroscopy, and XRD analysis (Abboud, et al., 2016).  

 

2.9 Conclusion and Future Prospects 

The usage of dietary supplements and cosmeceutical ingredients based on plant botanicals, 

complementary and alternative medicine is gaining a worldwide reputation. Known as “a 

phytochemical reservoir of heuristic medicinal value”, not only the fruit juice but also the non-

edible parts of pomegranate have fallen under the spotlight in the nutraceutical, cosmeceutical and 

pharmaceutical sections. In this regard, pomegranate leaf (PGL) is an inspiring renewable, cheap, 

and plentiful source of bioactive compounds as an agricultural and industrial waste, owning 

immense possibilities for future investigations related with their utilization and recovery of health-
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promoting effects. Nevertheless, the full potentials of PGL in its chemical and biological feasibility 

are not completely understood. Therefore, this work studied the reported preclinical in vitro, in 

vivo, in silica results and scarce clinical studies of PGL in the last twenty years, and presented a 

systematic review of available evidence on the identified phytoconstituents and therapeutic 

properties of PGL. 

We have found that PGL possesses immerse range of chemical constituents like tannins, 

flavonoids, glycosides, alkaloids, phytosterols, organic acids, and minerals, among others, of 

which, their content and profile can be affected by technological factors of extraction, such as 

particle size of materials, solvent type and composition, solid-to-solvent ratio, and temperature, 

pressure, time and pH of extraction. Additionally, it also varies among agronomical parameters 

including growth phase, sampling stage, cultivars, or accessions of pomegranate that grown at 

different geographical and climatic conditions. Moreover, we have indicated that hydrolysable 

tannins and other active components present in PGL demonstrate their efficacy in the antioxidation 

and anti-inflammation of metabolic disorder (e.g. diabetes mellitus, dyslipidemia), in the inhibition 

of cancer and degeneration (e.g. lung, liver, kidney, colon, breast, prostate, cervical, aging), in the 

prevention of infection and parasite, and in the cerebro-/neuro-protection, etc. Besides, PGL 

constituents have exerted anti-proliferative and cytotoxic activities against various cancer cells, 

and showed non-toxic nature in oral toxicity study in animals, even with high dosages (5000 mg/kg 

body weight).  

However, most of the studies of PGL reportedly conducted so far are still at the preclinical 

stage of using extracts or fractions in vitro or in vivo. Consequently, lack of clinical trials could 

restrict further development of PGL-based ingredients as preventive and curative agents. A more 

comprehensive biological profile of PGL also needs to be exploited and confirmed by preclinical 

and clinical approaches, such as preventing cardiovascular diseases or hypertension. Although 

PGL has been suggested to have similar phenolic composition, such as ellagitannins with the 

pomegranate fruit, few bioactive compounds (such as ellagic acid, punicalagin, galloyl-HHDP-

glucose) have been isolated from PGL and studied for their pharmacological properties (e.g. anti-

inflammation), yet neither of them was applied in the clinical trials. Despite these limitations, PGL 

always deserves to be studied for its health-promoting mechanism and wide application, attributed 

to the high potential of biological capacities and safety data. Hence, to optimize previous studies 
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and enrich essential roles of PGL, we recommend future investigations to perform randomized 

clinical trials better with large sample size, expand the medicinal profile of PGL by-products, as 

well as isolate as more as possible components and identify their bioactivity.  
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Abstract 

Plants with medicinal properties play an increasingly important role in food and pharmaceutical 

industries for their functions on disease prevention and treatment. This study characterizes the 

phenolic composition and antioxidant activity of seven medicinal and food plants, including 

the leaves of Salvia officinalis L., Rosmarinus officinalis L., Olea europaea L., and Punica 

granatum L., as well as the leaves and young stems of Ruta graveolens L., Mentha piperita L., 

and Petroselinum crispum, Mill., by using colorimetric, chromatographic, and 

spectrophotometric assays. Results revealed that the hydro-methanolic leaf extracts of P. 

granatum (pomegranate) displayed the highest content of total phenols (199.26 mg gallic acid 

per gram of plant dry weight), ortho-diphenols (391.76 mg gallic acid per gram of plant dry 

weight), and tannins (99.20 mg epicatechin per gram of plant dry weight), besides a higher 

content of flavonoids (24 mg catechin per gram of plant dry weight). The highest antioxidant 

capacity measured by ABTS, DPPH, and FRAP (2.14, 2.27, and 2.33 mM Trolox per gram of 

plant dry weight, respectively) methods was also obtained in pomegranate leaf extracts, being 

4–200 times higher than the other species. Such potent antioxidant activity of pomegranate 

leaves can be ascribed to the presence of different types of phenolic compounds and the high 

content in tannins, whilst phenolic acids and flavonoids were found to be the dominant phenolic 

classes of the other six plants. Consequently, despite the well-known antioxidant properties of 

these plant species, our study suggests pomegranate leaf can stand out as a relatively more 

valuable plant source of natural bioactive molecules for developing novel functional food-

pharma ingredients, with potential for not only promoting human health but also improving 

bio-valorisation and environment. 

Keyword: medicinal and food plants; phenolic compounds; antioxidant activity; RP-HPLC 

Adapted from: 

Manyou Yu, Irene Gouvinhas, João Rocha, and Ana Barros. 

Phytochemical and antioxidant analysis of medicinal and food 

plants towards bioactive food and pharmaceutical resources. 

Published in the journal of Scientific Reports. 

CHAPTER 3 IN VITRO PRECLINICAL STUDY – I    

Remarkable Phenolic Content and Antioxidant Capacity of Pomegranate 

Leaves as Compared to Renowned Medicinal and Food Plants 
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3.1 Introduction 

The recent development of functional foods and pharmaceutical products based on medicinal 

and food (namely fruits and vegetables) plants has brought improvements to all aspects of life, 

including the alleviation of physical disorders, the reduction in the use of synthetic antibiotics, and 

the increase in life expectancy(Li, et al., 2017; Nollet, et al., 2018). Indeed, these plants have long 

been used as safe, effective and sustainable sources of natural antioxidants or free radical 

scavengers, particularly phenolic compounds, such as phenolic acids, flavonoids, tannins, 

stilbenes, and anthocyanins(Nollet, et al., 2018). Those phenolics are mostly regarded to confer 

upon the antioxidant activity of medicinal and food plants, making a marked contribution in the 

fight against many pathological conditions such as cancer, diabetes, aging, cardiovascular, and 

other degenerative diseases(Etkin, 2019; Nollet, et al., 2018; Uritu, et al., 2018; Watson, et al., 

2016). 

Salvia officinalis L., Rosmarinus officinalis L., and Mentha piperita L. commonly named as 

sage, rosemary, and peppermint, respectively, belongs to the family of Lamiaceae. They are well-

known herbs and spices used in foods for flavors and aromas. Infusions, leaves or essential oils of 

its each species are reported to possess therapeutics in anti-cancer, anti-microbial, anti-diabetes, 

and gastrointestinal diseases, etc.(Alavi, et al., 2020; Ghorbani, et al., 2017; Mahendran, et al., 

2020; Uritu, et al., 2018). Several bioactivities of sage like antinociceptive, hypolipidemic, and 

memory-enhancing effects have been demonstrated with clinical trials(Ghorbani, et al., 2017). 

Rosmarinic acid is abundant both in sage and rosemary, contributing to their anti-inflammatory 

properties(Alavi, et al., 2020; Ghorbani, et al., 2017; Uritu, et al., 2018). Flavonoids, phenolic 

lignans and stilbenes, and essential oils are expected to be responsible for the aroma effects of 

peppermint(Mahendran, et al., 2020). 

Rue (Ruta graveolens L.) has been one of the key plants of the European pharmacopoeia 

since ancient times for the use in tremors, paralysis, nervine disorders, and joint pain(Badhusha, 

et al., 2020). And nowadays, it becomes medicine in Mediterranean region, due to its prominent 

biological activities, especially neuroprotection(Badhusha, et al., 2020; Colucci-D’Amato, et al., 

2020). Rutin, psoralen, limonene, and pinene are reported as main constituents in this plant extracts 

or rue oils(Badhusha, et al., 2020; Colucci-D’Amato, et al., 2020). 
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Olive (Olea europaea L.) oil is one of the major components of the Mediterranean diets. 

Recently, phenolics present in olive leaves, especially the oleuropein, are reviewed to be potential 

economic and renewable source of natural by-products, attributed to its antioxidant, 

antihypertensive, hypoglycemic, hypocholesterolemic and cardioprotective activity(Şahin, et al., 

2018; Salama, et al., 2020). 

Parsley (Petroselinum crispum Mill.), used as culinary and medicinal herb, is originated 

from Mediterranean region. Phytochemicals particularly apigenin, coumarins, myristicin, and 

apiol are active compounds rich in parsley leaves, exhibiting diverse pharmacological properties, 

such as cyto-, gastro-, brain-, nephron-protective effects, and so on(Cefali, et al., 2019; Epifanio, 

et al., 2020; Farzaei, et al., 2013). 

Pomegranate (Punica granutum L.) a deciduous shrub in the family of Lythraceae, is one of 

the oldest known plants. Both the edible (namely fruit juice) and non-edible parts (including seeds, 

peels, leaves, roots and bark) of this plant have been evidenced to have a wide range of health 

benefits, largely resulting from its abundant phenolic acid, flavonoids, tannins, amino acids, and 

alkaloids(Viswanatha, et al., 2016; Vučić, et al., 2019). However, the importance of pomegranate 

leaves, as agricultural and industrial waste, is of great interest and value to be emphasized by 

means of describing its beneficial effects and studies performed on this field. 

Within the frame, materials from the seven medicinal and food plants aforementioned, that 

is, leaves and young stems (easy for picking) of rue, peppermint, and parsley, as well as the leaves 

of sage, rosemary, olive, and pomegranate are outstanding for their higher levels of phenolic 

contents and antioxidant capacities, along with relatively lower (dose-dependent) or inexistent 

toxicity(Alavi, et al., 2020; Badhusha, et al., 2020; Epifanio, et al., 2020; Farzaei, et al., 2013; 

Ghorbani, et al., 2017; Mahendran, et al., 2020; Şahin, et al., 2018; Viswanatha, et al., 2016). 

Therefore, in an attempt to explore plant-based alternative solutions in promoting health, as well 

as paving the way towards our future pre-clinical and clinical studies, we aimed to analyze the 

phenolic classes (total phenols, ortho-diphenols, flavonoids, and tannins) and antioxidant activities 

of different plant species under the same evaluation condition. Furthermore, the principal phenolic 

constituents were chromatographically characterized to investigate the relationship between the 

phenolic content and antioxidant activity. 
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3.2 Materials and Methods  

3.2.1 Chemicals and standards 

Compounds: 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt 

(ABTS•+), (±)-6-hydroxy-2,5,7,8-tetramethylchromone-2-carboxylic acid (Trolox), 2,2-diphenyl-

1-picrylhidrazyl radical (DPPH•), 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ), sodium carbonate, 

sodium molybdate, potassium persulfate, and hydrochloric acid, all extra pure (> 99%) were 

obtained from Sigma–Aldrich (Sigma–Aldrich, St. Louis, MO, USA). Reagents: ferric chloride, 

methanol, aluminum chloride, sodium nitrite, all extra pure (> 99%), and methyl cellulose (1500 

centipoises viscosity at 2%) were acquired from Merck (Merck, Darmstadt, Germany). Sodium 

hydroxide, ammonium sulfate, Folin-Ciocalteu’s reagent and acetic acid, all extra pure (> 99%) 

were purchased from Panreac (Panreac Química S.L.U., Barcelona, Spain). Authentic standards 

of phenolic compounds used in the chromatographic analysis, including that protocatechuic acid 

(>97%), p-hydroxybenzoic acid (>99%), benzoic acid (>99.5%) were obtained from Fluka (Fluka 

Chemika, Neu-Ulm, Switzerland), and caffeic acid (>98%) was from Panreac (Panreac Química 

S.L.U., Barcelona, Spain). Standards: neochlorogenic acid (>95%), chlorogenic acid (>99%), 

vanillic acid (>97%), syringic acid (≥99%), myricitin-3-O-glucoside (≥99%), p-coumaric acid 

(>99%), rutin (quercetin-3-rutinoside) (≥94%), ellagic acid (≥95%), ferulic acid (>99%), apigenin-

7-O-glucoside (≥95%), rosmarinic acid (≥98%), luteolin (≥98%), quercetin (>95%), trans-

cinnamic acid (>95%), and kaempferol (>90%) were purchased from Chem-Lab (Chem-Lab N.V., 

Zedelgem, Belgium). Gallic acid (>97.5%), tyrosol (>98%), caftaric acid (≥97%), catechin 

(≥98%), gentisic acid (≥98%), epicatechin (≥98%), 4-hydrocinnamic acid (>95%), luteolin-7-O-

glucoside (≥98%), isorhamnetina-3-O-glucoside (>95%), oleuropein (>98%), resveratrol (≥99%), 

and trans-stilben (>96%) were acquired from Sigma–Aldrich (Sigma–Aldrich, St. Louis, MO, 

USA). Chromatography solvents were of RP-HPLC-DAD grade according to the analysis 

performed. Ultrapure water was obtained using a Water Purification System (Arioso Power, 

Human Corporation, Seoul, Korea). 

 

3.2.2 Plant materials 
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From about one-hundred common medicinal and food plants reported in literature 

references, we have selected seven medicinal and food plants (Table S1) in this study according 

to following criteria: (i) higher phenolic content and antioxidant capacity, (ii) lower or inexistent 

toxicity. Plant species were botanically authenticated by Prof. António Crespí (Department of 

Biology and Environment, University of Trás-os-Montes e Alto Douro, UTAD, Portugal) and Dr. 

João Rocha (Chemistry Centre -Vila Real, UTAD, Portugal). Samples of each species were hand-

picked randomLy from a pool of individual specimens (n > 10) that are naturally growing in the 

Botanical Garden of UTAD (Vila Real, Portugal), which belongs to the international network of 

botanical gardens. Sage, rosemary, rue, peppermint, and parsley are present in the Aromatic and 

Medicinal Plants collection; olive is present in the Mediterranean Calcareous collection; 

pomegranate is present in the Garden Fruits collection (more detailed information of each plant 

species can be checked at http://jb.utad.pt/). Thus, a mixture sample for each species was obtained 

and used for the subsequent analysis. The collected samples were immediately dried at 40 ℃ 

(Drying Cabinet, LEEC, Nottingham, UK) for 72 h, before being ground into a fine powder with 

a blender (MB 800, KINEMATICA AG, Malters, Switzerland), and hermetically stored in the 

dark, at room temperature (RT) until analysis. Experimental research and field studies on plants 

(either cultivated or wild), including the collection of plant material have complied with relevant 

institutional, national, and international guidelines and legislation.  

 

3.2.3 Preparation of plant phenolic extracts 

The sample powder of each species was weighed and extracted in triplicate with 40 mg of 

dry weight (DW). The extraction was performed by agitating (30 min, 200 rpm, RT) the mixture 

of the powder and 1.5 mL of a hydro-methanolic solution (methanol:H2O, 70:30, v/v) in an orbital 

shaker (GFL 3005, GEMINI, Apeldoorn, Netherlands). Afterwards, the suspensions were 

centrifuged (10,000 rpm, 4 ℃) for 15 min (Sigma 2-16KL Refrigerated Centrifuges, Sigma 

Laborzentrifugen, Berlin, Germany). The supernatants were collected in a 5 mL volumetric flask, 

and the solid residues were then extracted twice via the same procedure. All the three supernatants 

from successive extractions were kept together and the final volume came to 5 mL with the above-

mentioned extraction solvent. 

http://jb.utad.pt/
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3.2.4 Content of different phenolic classes 

The content of total phenols, ortho-diphenols, and flavonoids was determined by 

colorimetric and spectrophotometric approaches according to the literature(Gouvinhas, et al., 

2018). The content of tannins was evaluated by the methyl cellulose (MC) methodology previously 

reported by Dambergs, et al. (2012). 

For the determination of total phenol content, 20 μL of diluted sample, 100 μL of diluted 

Folin-Ciocalteu reagent (90%, v/v), and 80 μL aqueous sodium carbonate (7.5%, w/v) were mixed 

in sequence. The mixture was incubated for 30 min at 42 ℃ in the dark and measured at 750 nm, 

using gallic acid as standard. Results were expressed in milligrams of gallic acid equivalents per 

gram of plant dry weight (mg GAE g-1 DW). 

For the assessment of ortho-diphenols content, 40 μL of sodium molybdate solution (5%, 

w/v) prepared with hydro-methanol (50%, v/v) was added to 160 μL of diluted extract. The mixture 

was stood for 15 min at RT, protected from light, before the absorbance at 375 nm was read. The 

content was quantified using gallic acid as standard. Results were defined in mg GAE g-1 DW. 

For the quantification of total flavonoids content, 24 μL of diluted extract and 28 μL of 

sodium nitrite (5%, w/v) were mixed. After 5 min at RT, 28 μL of a 10% (w/v) aluminum chloride 

solution was added in the mixture and reacted for 6 min. Afterwards, 120 μL of sodium hydroxide 

(1 M) was added and the final mixture was read at 520 nm after agitation for 30 s in a microplate 

reader. The results were expressed in milligrams of catechin equivalents per gram of plant dry 

weight (mg CE g-1 DW). 

The above-mentioned assays were undertaken with a microplate reader (Multiskan FC 

Microplate Photometer, Thermo Fisher Scientific, Vantaa, Finland) in 96-well microplates 

(PrimeSurface MS-9096MZ, Frilabo, Maia, Portugal) with a final volume of 200 µL. 

The content of tannins was evaluated both in treatment and control groups simultaneously, 

by adding 600 μL of methyl cellulose (MC) solution (treatment) or water (control) to 200 μL of 

sample in a 2 mL Eppendorf. The mixture was stirred manually for 2-3 min at RT. Four hundred 

μL of saturated ammonium sulfate and 800 μL of water were added successively both in the 

treatment and control groups until 2 mL of total volume was reached. The final mixture was 
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vortexed and kept for 10 min. After centrifugation (10000 rpm, 16 ℃, 5 min), the absorbance was 

read at 280 nm, by using a conventional spectrophotometer (Helios Gamma UV 

Spectrophotometer, Thermo Electron Corporation, Warwickshire, UK). The absorbance of tannins 

was obtained by subtracting the treatment absorbance from the value registered from the control, 

using epicatechin as standard. The results were described in milligrams of epicatechin equivalents 

per gram of plant dry weight (mg ECE g-1 DW). 

 

3.2.5 Evaluation of in vitro antioxidant activity 

The antioxidant activity of sample extracts was determined by ABTS, DPPH and FRAP 

(ferric reducing antioxidant power) spectrophotometric methods, reported by Mena, et al. (2011), 

with some modifications. 

The ABTS+ radicals were produced by mixing 5 mL of ABTS stock solution (7.0 mM) with 

88 μL of potassium persulfate (148 mM), and diluted to a working solution with sodium acetate 

buffer (20 mM, pH 4.5), showing an absorbance of 0.70 ± 0.02 at 734 nm. Subsequently, 188 μL 

of ABTS working solution and 12 μL of sample dilutions (water used as blank) were mixed and 

reacted for 30 min at RT, and then the absorbance was read at 734 nm.  

The DPPH radicals (8.87 mM) were formed with methanol (99.9%) and diluted in a working 

solution with hydro-methanol (70%, v/v), achieving an absorbance of 1.000 at 520 nm. A mixture 

of 190 μL of DPPH working solution and 10 μL of sample dilutions (70% hydro-methanol used 

as blank) was incubated for 15 min at RT, reading the absorbance at 520 nm.  

The FRAP working solution was prepared by mixing 10-volume acetate buffer (300 mM, 

pH = 3.6), 1-volume TPTZ (10 mM dissolved in hydrochloric acid), and 1-volume ferric chloride 

(20 mM in water). The mixture was maintained at 37 ℃ for 10 min before use. The reaction of 

FRAP working solution (180 μL) and sample dilutions (20 μL) was kept at 37 ℃ for 30 min and 

the absorbance read at 593 nm.  

The three antioxidant assays were adapted to microscale using 96-well microplates 

(PrimeSurface MS-9096MZ, Frilabo, Maia, Portugal) and microplate readers (Multiskan GO 

Microplate Photometer, Thermo Fisher Scientific, Vantaa, Finland), using Trolox as standard. All 
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the results were expressed in millimoles of Trolox per gram of plant dry weight (mM Trolox g-1 

DW). 

 

3.2.6 Chromatographic analysis of phenolic compounds 

Reverse Phase - High Performance Liquid Chromatography - Diode Array Detector (RP-

HPLC-DAD) system (Thermo Finnigan, San Diego, CA, USA) was carried out to determine the 

(poly)phenolic profile of each plant extract, as previously described(Gouvinhas, et al., 2018). The 

analysis equipment is composed of three parts, including LC pump (Surveyor), autosampler 

(Surveyor), and PDA detector (Surveyor). Sample extracts, in triplicate, and 31 pure standard 

compounds (all in HPLC grade), including 17 phenolic acids, 10 flavonoids, 2 phenylethanoids 

and 2 stilbenoids, were prepared and filtered through 0.45 μm PVDF filters (Millex-HV Syringe 

Filter Unit, Merck Millipore, Bedford, MA, USA) and injected into a C18 column (250 × 4.6 mm, 

5 μm particle size; ACE, Aberdeen, Scotland), using a mobile phase composed of water/formic 

acid (99.9:0.1, v/v) (solvent A) and acetonitrile/formic acid (99.9:0.1, v/v) (solvent B). The linear 

gradient program (t in min and %B) was: t = 0–0%; t = 5–0%; t = 20–20%; t = 35–50%; t = 40–

100%; t = 45–0%; and t = 65–0%. The injection volume was 20 μL and the flow rate was kept at 

1.0 mL min-1. UV/Vis detection was recorded from 200 to 600 nm range. Peaks were monitored 

at 280 and 330 nm, and identified by congruent retention time compared with standards. Data 

acquisition, peak integration and analysis were performed using Chromeleon software (Version 

7.1; Thermo Scientific, Dionex, USA). The three extracts of each medicinal plant were 

chromatographed and results were expressed in milligram per liter of sample extracts (mg L-1). 

  

3.2.7 Data and statistical analysis 

All the measurements of phenolic phytochemicals and antioxidant activity of the plant 

extracts were conducted in triplicate. The results of phenolic content and antioxidant activity are 

presented as mean ± standard deviation (SD). Concentrations of individual identified phenolic 

compounds are presented as mean (n = 3) with the determination of the Least Significant 

Difference (LSD) for a p-value < 0.05. The obtained data were subjected to analysis of variance 

(ANOVA) and a multiple range test (Tukey’s test) with IBM SPSS statistics 21.0 software (SPSS 
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Inc., Chicago, USA). Pearson (r) analysis was carried out to establish correlations between 

phenolic chemical classes and antioxidant activity. 

 

3.3 Results and Discussion 

3.3.1 Phenolic content of tested medicinal and food plants 

Results of colorimetric and spectrophotometric analysis of seven medicinal and food plants 

were showed in Table III.1. In general, the total phenolic content of the selected plant species was 

found to be at the highest level in pomegranate leaf extracts at 199.26 milligrams of gallic acid 

equivalents per gram of plant dry weight (mg GAE g-1 DW), followed by three Lamiaceae species, 

including peppermint (70.06 mg GAE g-1 DW), sage (50.89 mg GAE g-1 DW) and rosemary (48.48 

mg GAE g-1 DW). On the contrary, parsley displayed the lowest value of total phenols (6.94 mg 

GAE g-1 DW). The same trend was observed concerning the content of ortho-diphenols and tannins 

of all investigated samples, reporting the following sequence: pomegranate > peppermint > sage > 

rosemary > rue > olive > parsley. The ortho-diphenol and tannin content of the methanolic extracts 

ranged from 26.40 to 391.76 mg GAE g-1 DW, and from 1.33 to 99.20 milligrams of epicatechin 

equivalents per gram of plant dry weight (mg ECE g-1 DW), respectively. Moreover, results on 

total flavonoids content showed a different pattern compared to other phenolic classes, with 

peppermint showing maximum values at 70.14 milligrams of catechin equivalents per gram of 

plant dry weight (mg CE g-1 DW), following with rosemary (49.14 mg CE g-1), sage (43.92 mg 

CE g-1), and pomegranate (24.34 mg CE g-1). Furthermore, the flavonoid content of olive leaf was 

higher than that of rue, in contrast to the trend of the other phenolic classes. Rosemary and sage 

had comparatively high levels of flavonoids, while the minimum values were reported for parsley. 

 

Table III.1 Phenolic content and antioxidant activity of hydro-methanolic extracts of the studied 

medicinal and food plants. 

Medicinal/Food plant 

Total phenols 

(mg GAE g−1 

DW) 

Ortho-diphenols 

(mg GAE g−1 

DW) 

Flavonoids 

(mg CATE g−1 

DW) 

Tannins 

(mg ECE g−1 

DW) 

ABTS 

(mM Trolox g-1 

DW) 

DPPH 

(mM Trolox g-1 

DW) 

FRAP 

(mM Trolox g-1 

DW) 

Salvia officinalis L. 50.89 ± 0.37 c 1 169.68 ± 1.41 c 43.92 ± 0.05 c 28.02 ± 1.40c 0.27 ± 0.01 c 0.25 ± 0.00 c 0.40 ± 0.00 c 
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1 Values are presented as mean ± SD (n = 3) for each phenolic group. Mean values followed by 

different superscript lowercase letters report significant differences between different plant 

extracts at **p < 0.001, according to Tukey’ s multiple range test.  

2 Values in bold represent the highest and the lowest for each parameter assessed. 

 

Different phenolic contents of different plant samples have been reported in the literature 

(Aissani, et al., 2020; Asgharian, et al., 2020; Christova-Bagdassarian, et al., 2014; Dent, et al., 

2013; Farnad, et al., 2014; Mulinacci, et al., 2011; Roby, et al., 2013; Salama, et al., 2020; Yeddes, 

et al., 2019). For instance, the total phenol content of sage and peppermint was 27.94 and 45.25 

mg GAE 100 g-1DW, meanwhile the flavonoid content of them was 27.54 and 25.17 mg catechin 

per 100 g, which were much lower than that of our results (Christova-Bagdassarian, et al., 2014). 

Parsley extracts had 1.583 GAE mL-1 of total phenols, 0.091 mg catechin mL-1 of flavonoids, and 

1.167 mg catechin mL-1 of condensed tannins (Ramkissoon, et al., 2013). Salama, et al. (2020) 

described significant differences in the amounts of total phenolics, flavonoids, and tannins of olive 

leaves, under different extraction solvents, ranging from 42.02 to 85.50 mg GAE g-1, 31.22 to 

105.19 mg quercetin g-1, and 30.92 to 51.03 mg tannic acid g-1, respectively. The contents of 

phenolic and flavonoid compounds in rue were 14.1 GAE g-1 and 15.8 mg rutin g-1 of dry extracts 

(Asgharian, et al., 2020). Some studies (Kaewnarin, et al., 2014; Mestry, et al., 2017; Uysal, et al., 

2016) have evidenced considerably high level of phenolics in pomegranate leaf extracts, up to 328 

mg GAE g-1 DW. Interestingly, pomegranate leaves are characterized by carbohydrates, reducing 

Rosmarinus officinalis 

L. 
48.48 ± 0.13 d 133.88 ± 1.78 d 49.14 ± 0.83 b 18.10 ± 0.77bc 0.27 ± 0.01 c 0.26 ± 0.01 c 0.42 ± 0.01 c 

Ruta graveolens L. 24.96 ± 0.19 e 100.52 ± 0.54 e 11.90 ± 0.10 f 9.60 ± 0.33ab 0.10 ± 0.00 d 0.12 ± 0.00 d 0.16 ± 0.00 d 

Olea europaea L. 23.52 ± 0.30 e 58.74 ± 0.81 f 16.96 ± 0.38 e 7.09 ± 0.63a 0.11 ± 0.00 d 0.11 ± 0.00 d 0.15 ± 0.00 d 

Mentha piperita L. 70.06 ± 1.01 b 179.31 ± 2.04 b 70.14 ± 1.23 a 69.91 ± 2.80d 0.35 ± 0.02 b 0.38 ± 0.01 b 0.50 ± 0.01 b 

Petroselinum crispum 

Mill. 
6.94 ± 0.32 f 2 26.40 ± 0.32 g 0.76 ± 0.09 g 1.33 ± 0.08a 0.01 ± 0.00 e 0.01 ± 0.00 e 0.01 ± 0.00 e 

Punica granatum L. 199.26±1.16 a 391.76 ± 1.10 a 24.34 ± 0.98 d 99.20 ± 2.30e 2.14 ± 0.04 a 2.27 ± 0.02 a 2.33 ± 0.04 a 

p-value ** ** ** ** ** ** ** 



102 

 

sugars, sterols, saponins, flavonoids, ellagitannins, piperidine alkaloids, flavones, glycosidic 

compounds, which are the richest source of phytochemicals when considering the non-edible parts 

of this species, some food products (red wine, green tea, etc.), and another 109 medicinal plants 

(Cai, et al., 2004; Elfalleh, et al., 2012; Fellah, et al., 2020). Our results disclosed that tannins were 

the main phenolic compounds of pomegranate leaf extract, which has also been corroborated by 

other studies (Pinheiro, et al., 2018). 

As shown in data (Table III.1), significant differences (p < 0.001) around 29, 15, 92 and 75 

times were observable respectively for total phenols, ortho-diphenols, flavonoids and tannins in 

the seven plant extracts, indicating that each phenolic classes exhibited considerably different 

content among the studied plants. This result was in agreement with other authors (Ulewicz-

Magulska, et al., 2019), who found that depending on the plant species and botanical family, strong 

differences were found among 10 medicinal herbs and 11 spices. Meanwhile, the same authors 

(Ulewicz-Magulska, et al., 2019) observed a wide variance of phenolics in different samples of 

the same species, such as the total phenolic content of nine independent samples of peppermint 

was from 18.3 to 284.3 mg GAE g-1. Moreover, contents of total phenolics, flavonoids, and 

condensed tannins of 13 different provenances of rosemary, collected in different seasons ranged 

from 22.46 to 44.57 mg GAE g-1DW, from 1.49 to 5.01 mg quercetin g-1, and from 0.81 to 1.71 

mg CE g-1 DW, respectively (Yeddes, et al., 2019). Our results showed inconsistency with this 

observation, probably attributed to the varieties, or geographical differences, as well as to the 

collection time, agroclimatic conditions and other relevant factors (Dent, et al., 2013; Mulinacci, 

et al., 2011). However, to some extent, pomegranate leaf was supposed to have a relatively higher 

phenolic content than many other medicinal plants. Therefore, it can be inferred that pomegranate 

leaf could be an important valuable source of bioactive compounds for medicinal purposes and 

health care.  

In addition, in the current study, the colorimetric analysis of flavonoids varied between 

pomegranate leaf (orange-yellowish) with other plants (pink) and the standard (catechin, pink) 

under the same conditions (as below described in the methods). This visual observation may be 

related to the fact that leaves from pomegranate have different predominant sub-classes of 

flavonoids, different from that existing in the other studied plants (Fellah, et al., 2020). So, the 
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methodology, especially to normalize the use of standards such as quercetin or rutin (Ankita, et 

al., 2015) should be modified to accurately quantify the amount of flavonoids. 

 

3.3.2 In vitro antioxidant activity 

The in vitro antioxidant activity assays were carried out to assess the capacity of plant 

extracts to scavenge free radicals including 2,2′‐azino‐bis(3‐ethylbenzothiazoline‐6‐sulfonic acid 

radical cation (ABTS+) and 2,2‐di(4‐tert‐octylphenyl)‐1‐picrylhydrazyl radical (DPPH), as well 

as the ability to reduce ferric (III) iron to ferrous (II) iron. Overall, Table III.1 revealed that all the 

species displayed high antioxidant capacities, although significant differences were observed (p < 

0.001), ranging from 0.01 to 2.14 millimolar Trolox per gram of plant dry weight (mM Trolox g-

1) for ABTS, from 0.01 to 2.27 mM Trolox g-1 for DPPH, and from 0.01 to 2.33 mM Trolox g-1 

for FRAP (ferric reducing antioxidant power), with large variation over 210-fold. It was found that 

pomegranate always exhibited the highest antioxidant properties (2.14 to 2.33 mM Trolox g-1) 

throughout the three measurements, followed by peppermint (0.35 to 0.50 mM Trolox g-1), sage 

(0.27 to 0.40 mM Trolox g-1), rosemary (0.27 to 0.42 mM Trolox g-1), rue (0.10 to 0.16 mM Trolox 

g-1), and olive leaf (0.11 to 0.15 mM Trolox g-1). No significant difference was observed between 

sage and rosemary, and between rue and olive leaf. However, parsley extracts reported the lowest 

antioxidant potential (0.01 mM Trolox g-1).  

Previous data regarding the antioxidant capacities of sage, rosemary, rue, olive leaf, 

peppermint, parsley, and pomegranate leaf have been reported by several authors (Cefali, et al., 

2019; Elfalleh, et al., 2012; Farnad, et al., 2014; Generalić, et al., 2011; Ramkissoon, et al., 2013; 

Salama, et al., 2020; Yeddes, et al., 2019). The IC50 values of ABTS and DPPH radical scavenging 

activity, as well as the EC50 values of reducing powder regarding olive leaves ranged from 20.13 

to 190.95 µg mL-1, from 17.97 to 41.64 µg mL-1, and from 90 to 216 µg mL-1, arising from diverse 

extraction solvents (Salama, et al., 2020). Rosemary leaves displayed 75.04 and 9.08 µg mL-1 of 

IC50 by ABTS and DPPH assay, along with 4.12 µM by FRAP method (Yeddes, et al., 2019). 

Farnad, et al. (2014) reported the methanol-ethanol (1:1) extract of peppermint had the best DPPH 

radical scavenging ability (10.05 mg mL-1 of IC50) and ferric reducing power (184.22 µmol per 

100 g powder). The ethanolic extract of parsley displayed 0.34 mg AAE mL-1 of DPPH and 0.942 
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mg AAE mL-1 of FRAP, which was correlated with the anti-glycation activity of this extract 

(Ramkissoon, et al., 2013). The best antioxidant capacities conducted by DPPH (17.09% of IC50) 

and FRAP (458.26 mmol FeII L-1) were determined for sage leaves which were collected in May 

(Generalić, et al., 2011). Cefali, et al. (2019) stated the rue extracts exhibited antioxidant potential 

against DPPH (281.02 µg mL-1 of IC50) and ABTS (587.98 µg mL-1 of IC50) radicals, indicating 

the premature aging protective effect.  

Importantly, several studies in vitro and in vivo have recorded the superior antioxidant capacity 

of pomegranate leaves by contrast with its non-edible parts, of which leaves are as effective as 

peels in the anti-bacterial, analgesic, acute and chronic anti-inflammatory effects (AlFadel, et al., 

2014; Salwe, et al., 2014), while more potent than flowers, stems, and seeds (Elfalleh, et al., 2012; 

Gheith, et al., 2017; Kiraz, et al., 2016; Pararin, et al., 2016; Rummun, et al., 2013). Authors 

proved the potency of pomegranate leaf was higher than that of flower in the prevention of ethylene 

glycol-induced nephrolithiasis, in the inhibition of DPPH and hydroxyl radicals, and in the 

reduction of ferric iron (Gheith, et al., 2017; Pararin, et al., 2016). Data (Kiraz, et al., 2016) 

highlighted leaves worked more effectively than stems and led to the most loss of mitochondrial 

membrane permeability (MMP) potential, consequently suggested as an anti-cancer and anti-

proliferative agent. Elfalleh, et al. (2012) illustrated the highest reducing power (348.68 µg mL-1 

of EC50) occurring in the aqueous extract of pomegranate leaf. Furthermore, a higher antioxidant 

and enzyme inhibitory activity was exposed in two extracts (methanolic and water) of pomegranate 

leaves among different fruit tree leaves (Uysal, et al., 2016). The ethanolic extracts of pomegranate 

leaf also exhibited remarkable antioxidant and anti-glycation ability of twenty edible and 

medicinal plants (Kaewnarin, et al., 2014). The level of anti-radical and ferric reducing properties 

of pomegranate leaves in our results was similar to some authors (Rummun, et al., 2013). However, 

comprehensively comparative research involving in the phytochemical and antioxidant properties 

between pomegranate leaves and other numerous medicinal plants is still scarce; Widely practical 

application of pomegranate leaf hasn’t come into being, although different biological activities of 

this material extracts are studied increasingly. Many authors have deeply reviewed for sage, 

rosemary, peppermint, rue, parsley, and olive leaf. Thus, it is worth stressing on the brilliant 

phenolics and antioxidant property of pomegranate leaves, and developing high added-value 
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products from these materials in the food, pharmaceutical, or even nutraceutical and cosmeceutical 

industries. 

 

3.3.3 Chromatographic analysis of phenolic compounds 

With the development of chromatographic techniques, the phenolic chemistry of many plants 

has been explored and analyzed to a certain degree, providing us important reference data. To 

obtain a more complete picture of the quality and quantity of phenolic constituents in the selected 

plants, 64 phenolic compounds were identified (Table III.2), of which 59 were quantified with 

authentic standards relying on RP-HPLC-DAD, as well as by comparison with the literature 

(retention time, UV/Visible λmax, and spectra). Concentrations of identified phenolics were 

expressed as milligram per gram dry weight of plant (mg g-1). 

 

Table III.2 Phenolic profiles of the studied plants and concentrations of their identified 

compounds (mg g-1 DW of plants). 

Tentative 

identification 

RT 

(min) 

HPLC-

DAD   

λ max (nm) 

Sage 

leaf 

Rosemary 

leaf 

Rue leaf 

and stem 

Olive 

leaf 

Peppermint 

leaf and stem 

Parsley 

leaf and 

stem 

Pomegranate 

leaf 

LSD 2 

(p < 0.05) 
p-Value 

Phenolic acids (derivatives) 

2,3-
Hydroxybenzoic 
acid 

11.71 
231, 251, 
324 

0.03 b 1 - 3 - 0.02 b - 0.40 a - 0.27 ** 

Ellagic acid 
derivative I 

13.15 256, 357 - - - - - - 1.75 - - 

Gallic acid 14.45 232, 277 - - - 0.16 - - - - - 

Gallic acid 
derivative I 

14.57 231, 279 0.19 b 0.09 c 0.25 a - - 0.25 a - 0.08 ** 

Neochlorogenic 
acid 

16.39 
233, 299, 
333 

- - 1.96 a 0.25 c 0.46 b 0.14 d - 1.14 ** 

Galloy glucose 17.23 232, 272 - - - - - - 5.30 - - 

Coumaric acid 18.28 
234, 311, 
378 

- - 0.84 - - - - - - 

Chlorogenic acid 18.66 
233, 326, 
378 

- - 1.54 a 0.26 b 0.28 b - - 0.57 ** 

Caffeic acid 19.97 233, 325 0.79 a 0.17 c - - 0.35 b - - 0.11 ** 

Vanillic acid 20.36 
233, 274, 
335 

0.79 a - 0.57 b 0.03 c - - - 0.11 ** 



106 

 

Ellagic acid 
derivative II 
(rhamnoside) 

21.34 
234, 275, 
378 

- - - - - - 4.58 - - 

Ellagic acid 24.30 254, 369 - - - - - - 4.60 - - 

Rosmarinic acid 27.48 
237, 290, 
330 

4.61 a 4 4.31 b - - 0.23 c - - 0.68 ** 

Rosmanol 36.08 
234, 277, 
333 

0.22 b 0.35 a - - - - - - ** 

Epirosmanol 37.09 
234, 288, 
318 

0.05 b 0.26 a - - - - - - * 

Carnosol 40.81 
235, 288, 
324 

0.24 a 0.05 b - - - - - - * 

Carnosic acid 41.09 
236, 289, 
325 

0.15 b 0.50 a - - - - - - ** 

Flavonoids (derivatives) 

Gallocatechin 2.39 234, 265 2.10 b 0.74 e 1.67 c 0.72 e 1.46 d 2.30 a - 0.76 **  

Catechin 18.31 233, 284 1.89 c 3.61 a - 0.77 d 0.43 e 2.53 b - 0.47 ** 

Myricitin-3-O-
glucoside 

20.01 
232, 252, 
354 

- - - - - 0.30 - - - 

Luteolin glycoside 
I 

22.40 
233, 253, 
266, 348 

- - - - 1.38 - - - - 

Epicatechin 22.59 232, 279 - - - - - 3.72 - - - 

Eriodictyol 

glycoside I 
(rutinoside) 

23.46 
235, 280, 

327 
- - - - 20.33 - - - - 

Rutin (quercetin-
3-O-rutinoside) 

23.85 
233, 253, 
265, 354 

- - 26.10 a 0.86 c 9.90 b - - 0.77 ** 

Luteolin glycoside 
II (rutinoside) 

23.87 
233, 255, 
265, 349 

- - - - 3.10 - - - - 

Luteolin-7-O-
glucoside 

24.63 
233, 253, 
265, 349 

- - - 0.62 - - - - - 

Luteolin glycoside 
III 

25.17 
233, 253, 
272, 345 

- 1.52 - - - - - - - 

Eriodictyol 
glycoside II 

25.29 
233, 284, 
325 

- - - - 0.81 - - - - 

Quercetin 

glycoside I 
25.44 

233, 254, 

355 
- - 1.13 - - - - - - 

Apigenin 
glycoside I 

25.44 
233, 266, 
337 

- - - 0.16 - - - - - 

Luteolin glycoside 
IV (glucuronide) 

25.45 
233, 255, 
266, 347 

- - - - 1.36 - - - - 

Luteolin glycoside 
V 

25.51 
233, 266, 
346 

3.42 a 0.45 b - - - - - - ** 

Apigenin-7-O-
apiosylglucoside 

25.74 
237, 266, 
335 

- - - - - 4.04 - - - 
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Diosmetin 
glycoside 

25.99 
233, 266, 
348 

- - - - - 0.09 b 0.39 a - * 

Eriodictyol-7-O-
rutinoside 

26.07 
233, 284, 
327 

- 1.71 b - - 8.17 a - - - ** 

Diosmetin 
glycoside isomer 

26.28 
234, 267, 
341 

- - - - - 1.08 - - - 

Apigenin 
glycoside II 
(glucoside) 

26.45 
234, 268, 
333 

- - - 0.48 b - - 2.93 a - * 

Luteolin glycoside 
VI (glucoside) 

27.16 
234, 268, 
341 

- - - - - - 1.25 - - 

Apigenin 

glycoside III 

(rutinoside) 

27.22 
237, 266, 

337 
6.58 a 0.11 b - - - - - - ** 

Apigenin 
glycoside IV 

27.81 
234, 286, 
337 

0.37 b - - - 0.67 a 0.17 c - 0.27 ** 

Luteolin-3-O-
glucuronide 

28.17 
235, 268, 
341 

- 1.99 - - - - - - - 

Luteolin glycoside 
VII 

28.41 
234, 268, 
341 

- - - - - - 0.65 - - 

Luteolin 30.40 
234, 288, 
348 

- - - 0.79 a 0.15 b - - - * 

Quercetin 30.72 233, 283 - - - 0.22 b - 0.51 a - - * 

Naringenin 32.21 233, 282 - - - - - I 5 - - - 

Hesperidin 32.41 234, 289 - - - - - I - - - 

Epicatechin 
gallate 

37.66 
234, 274, 
401 

- - 7.82 a 1.33 b 1.27 c 0.19 d - 1.81 ** 

Apigenin 40.37 236, 333 - - 0.93 - - - - - - 

Tannins  

Punicalin 12.48 231, 274 - - - - - - 1.32 - - 

Ellagitannin I 
(Castalagin 
derivative) 

18.96 
234, 268, 
378 

- - - - - - 56.06 - - 

Granatin B 20.34 
233, 267, 
378 

- - - - - - 1.99 - - 

Ellagitannin II 22.54 238, 273 - - - - - - 45.16 - - 

Ellagitannin III 23.31 234, 274 - - - - - - 4.86 - - 

Ellagitannin IV 24.59 234, 275 - - - - - - 4.24 - - 

Ellagitannin V 25.27 232, 279 - - - - - - 2.04 - - 

Phenylethanoids 

Tyrosol 17.82 
231, 264, 
330 

- 4.56 a 0.19 c 0.75 b - - - 2.42 * 
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1 Concentrations of individual phenolics are expressed as milligram per gram of plant dry 

weight (mg g-1 DW), followed by different superscript lowercase letters reporting significant 

differences between different plant extracts at *significant at p < 0.01; **significant at p < 

0.001, according to Tukey’ s multiple range test.  

2 Data are presented as mean values (n = 3) with the determination of the Least Significant 

Difference (LSD) for a p value < 0.05. 

3 Symbol “-” represents the compounds that were not detected or were detected in trace. 

4 Values in bold represent the major compounds identified in each plant species. 

5 “I” represents the compounds that were only identified by literature. 

 

As shown in Table III.2 and Fig. S1, phenolic profile of diverse plants was significantly 

different. Leaf extracts of both sage and rosemary were characterized by a high proportion of 

rosmarinic acid (4.61 mg g-1 or 4.31 mg g-1, respectively). Rue presented the highest content of 

rutin (26.10 mg g-1), followed by epicatechin gallate (7.82 mg g-1). The major phenolic components 

Verbascoside 23.26 
233, 288, 
299, 330 

- - - 0.26 - - - - - 

Oleuropein 
derivative I 

26.84 
235, 279, 
319 

- - - 2.48 - - - - - 

Oleuropein 
derivative II 

26.97 
235, 280, 
319 

- - - 1.74 - - - - - 

Oleuropein 27.27 
238, 281, 
318 

- - - 4.67 - - - - - 

Oleuropein 
derivative III 

28.95 236, 276 - - - 2.15 - - - - - 

Furanocoumarins 

Psoralen 32.66 
251, 310, 
322, 333 

- - I - - - - - - 

8-
Methoxypsoralen 

32.96 238, 293 - - I - - - - - - 

5-
Methoxypsoralen 

35.68 
234, 268, 
310 

- - I - - - - - - 

Total phenolic acids (derivatives) 7.09 c 7.46 b 5.16 d 0.72 f 1.31 e 0.79 f 16.22 a 0.73 ** 

Total flavonoids (derivatives) 14.35 d 8.42 e 37.65 b 5.96 f 49.21 a 15.04 c 4.83 g 3.48 ** 

Total tannins - - - - - - 115.66 - - 

Total phenylethanoids - 4.56 b 0.19 c 12.06 a - - - 4.12 * 
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in olive leaves were oleuropein and its derivatives. Flavanones, especially eriodictyol glycosides, 

following rutin were found as predominant in the leaf and stem extracts of peppermint. Parsley 

was described in high amount of apigenin-7-O-apiosylglucoside also called apiin (4.04 mg g-1) 

and epicatechin (3.72 mg g-1) in its leaf and stem extracts. The principal phenolic constituents in 

pomegranate leaves were hydrolyzable tannins, particularly ellagitannin I (56.06 mg g-1) and 

ellagitannin II (45.16 mg g-1), ranking the highest concentrations among all identified compounds.  

On the other hand, results from Table III.2 and Fig. S1 also showed that the most abundant 

phenolic classes in the tested samples were phenolic acids, flavonoids, tannins, and 

phenylethanoids. A considerable variation of phenolics was found, ranging, for instance, from 0.03 

mg g-1 of 2,3-hydrocybenzoic acid to 56.06 mg g-1 of ellagitannin I. For each identified compound, 

significant differences were observed (p < 0.05), such as gallocatechin. The most widespread 

phenolic acids present in the studied samples included hydroxybenzoic acids (gallic acid and its 

derivative, vanillic acid), hydroxycinnamic acids (caffeic acid, chlorogenic acid, and 

neochlorogenic acid), and their ester derivatives (e.g. rosmarinic acid). Significantly high contents 

of chlorogenic acid (1.54 mg g-1) and neochlorogenic acid (1.96 mg g-1), and the presence of 

coumaric acid were perceptible in rue extracts. Ellagic acid and its derivatives were abundant in 

pomegranate leaves. Except in sage and rosemary, rosmarinic acid was also found in peppermint 

(0.23 mg g-1), but its concentration was lower than that in literature (Kapp, et al., 2013). The special 

existence of rosmarinic acid, rosmanol, epirosmanol, carnosol, and carnosic acid in sage and 

rosemary was consistent with other authors (Khaleel, et al., 2018; Meziane-Assami, et al., 2013; 

Mulinacci, et al., 2011; Roby, et al., 2013). 

Besides flavanols including gallocatechin, catechin and epicatechin gallate, then various 

flavones (luteolin and apigenin) and flavonols (quercetin and diosmetin), mainly in the forms of 

their derivatives were widely distributed in the most of the studied species. Among them, the 

highest content of gallocatechin (2.10 mg g-1), catechin (3.61 mg g-1) and epicatechin gallate (7.82 

mg g-1) was detected in parsley, rosemary, and rue, respectively. Epicatechin was only found in 

parsley with a good quantity (3.72 mg g-1). Furthermore, the main flavonoids from our data present 

in sage, rosemary, rue, peppermint, and parsley were apigenin glycosides, luteolin glycosides, 

quercetin glycosides, flavanone glycosides, and apigenin glycosides, respectively. In addition, 

peppermint also had comparative amounts of luteolin and quercetin glycosides. Likewise, 
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pomegranate leaves possessed several apigenin and luteolin glycosides. Particularly, rutin 

presented the highest proportion (26.10 mg g-1) in rue, followed by peppermint (9.90 mg g-1), while 

the lowest (0.86 mg g-1) in olive leaf. 

An important observation is that pomegranate leaf extracts held the greatest number of 

hydrolyzable tannins, especially ellagitannins. Nevertheless, no ellagitannins were detected by the 

HPLC method in the other six plants, while condensed tannins were present by the 

spectrophotometric approach. This was possibly caused by the lack of authentic standards 

involving different tannins, which need to be performed in the chromatographic analysis. In 

practice, certain studies have reported the tannins present in sage, rosemary, peppermint, rue, 

parsley, and olive leaves (Christova-Bagdassarian, et al., 2014; Dekanski, et al., 2009; Figueroa-

Pérez, et al., 2018; Melnyk, et al., 2018; Ramkissoon, et al., 2013; Salama, et al., 2020; Yeddes, 

et al., 2019), mainly in the form of condensed tannins. 

In some cases, phenylethanoids, which are phenethyl alcohol-structured phenolic 

antioxidants, were abundantly found in olive leaves, including oleuropein and its derivatives, 

followed by tyrosol and verbascoside. These molecules may conduct to its high antioxidant 

properties (Makowska-Wąs, et al., 2017; Şahin, et al., 2018). Tyrosol existed in highest 

concentration in rosemary (4.56 mg g-1), but in small quantity in olive leaf (0.75 mg g-1) and rue 

(0.19 mg g-1). 

Many studies have described the domination of rosmarinic acid in sage and rosemary, 

detected in varied amounts depending on phenophase, genotypes, extraction methods, and 

geographical conditions (Dent, et al., 2013; Generalić, et al., 2011; Khaleel, et al., 2018; Meziane-

Assami, et al., 2013; Mulinacci, et al., 2011; Roby, et al., 2013; Skotti, et al., 2016). A 

concentration ranging from 0.27 to 2.49% of rosmarinic acid was determined in rosemary leaf 

extract, according to regions (Meziane-Assami, et al., 2013). Khaleel, et al. (2018) reported 4.5 

µg mL-1 of rosmarinic acid in aqueous extract of rosemary, whereas 17.3 µg mL-1 was measured 

in our methanolic extract of this plant. Exceptionally high content of rosmarinic acid was found in 

May extract (19.375 mg L-1) of sage leaves described by Generalić, et al. (2011), very close to our 

data (18.653 mg L-1). Roby, et al. (2013) declared that the predominant phenolic compounds in 

sage methanolic extract were ferulic acid (18%), rosmarinic acid (17%) and apigenin (14%) of the 

total extracted phenols, while in our results, rosmarinic acid and apigenin glycoside III were 
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primary and accounted for 9% and 13% of the total phenolics of sage. Among more than one-

hundred active ingredients of rue, rutin, as one of its major compounds, has been a topic of interest 

for researchers (Asgharian, et al., 2020; Badhusha, et al., 2020).  Asgharian, et al. (2020) detected 

a high level of rutin (40.15 mg g-1) by extraction with 70% ethanol, which was higher than that of 

our study. Melnyk, et al. (2018) identified rutin as the highest content of phenolics in the rue 

methanolic extract, consistent with the present work. Several studies (Dekanski, et al., 2009; 

Makowska-Wąs, et al., 2017) have reported oleuropein and its derivatives as the dominant 

phenolics in the olive leaf, according with our results. As shown in data (Table III.2 and Fig. S1), 

up to 20 phenolic compounds were identified in methanolic extract of olive leaf, more than those 

identified in other six plants, evidencing it as a rich source of bioactive compounds. However, the 

composition of olive leaf shows a remarkable variability due to location, climatic-seasonal factors, 

and cultivation practices, suggesting a trend to understand the factors that control the composition 

of olive leaves. This can be worthy for the harvesting and production of suitable extracts to be 

applied in human health. Kapp, et al. (2013) demonstrated eriocitrin, as a powerful bioactive 

compound, was the most abundant phenolics in peppermint, in accord with our records, composed 

of 38% of its aqueous extract, or reaching from 19.9% to 68.1% in 26 peppermint tea samples, 

respectively. However, the same authors (Kapp, et al., 2013) reported that rosmarinic acid 

accounted for a highest proportion (54.2%) of phenolics in one peppermint tea sample which was 

originated from Estonia. Additionally, other authors (Arruda, et al., 2017; Farnad, et al., 2014; 

Figueroa-Pérez, et al., 2018) also pointed out different dominant phenolics in peppermint, such as 

epicatechin, naringenin, caffeic acid, chlorogenic acid, 4-hydroxybenzoic acid, which can be 

attributed to diverse varieties, growing environment, and extraction conditions. The main finding 

of the present work performed on parsley corresponded to several studies (Epifanio, et al., 2020; 

Luthria, et al., 2006) that apiin extractability was maximum when the solvent was ethanol, 

methanol or acetone. Yet Hozayen, et al. (2016) and Aissani, et al. (2020) conducted rosmarinic 

acid and quinic acid as the most abounded constituent in aqueous and methanol extracts of parsley, 

respectively. Fourteen phenolic constituents (Figure S1) of pomegranate leaf extracts were 

preliminarily identified and quantified by reference to chromatographic parameters and the 

literature. These results are agreeable to other researchers (Akkawi, et al., 2019; Marques, et al., 

2016; Pinheiro, et al., 2018; Swilam, et al., 2020), highlighting that ellagic acid and its derivatives, 
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ellagitannins (punicalin, granatin A and B, etc.), flavone (apigenin, luteolin) and its glycosides, 

and flavonol (kaempferol) and its glycosides, are the principal phenolics in pomegranate leaves. 

In addition, many ellagitannins (such as punicalagins, punicafolin, castalagin, corilagin, strictinin, 

tercatain, brevifolin), and their galloyl and/or hexahydroxydiphenoyl (HHDP) substitutions, have 

been isolated from the leaf (Pinheiro, et al., 2019). Other flavonoid derivatives like kaempferol, 

gossypin, quercetin, and rutin were also detected as major constituents in hydro-methanolic or 

hydro-ethanolic leaf extracts of pomegranate leaves (Pinheiro, et al., 2019; Pinheiro, et al., 2018). 

However, the detailed structures of tannins and flavonoids of pomegranate leaf will require further 

identification by mass spectrometry and nuclear magnetic resonance spectroscopy. 

 

3.3.4 Correlation analysis 

In order to better understand the relationship between the antioxidant activity (by ABTS, 

DPPH, FRAP assays) and the phenolic composition (total phenols, ortho-diphenols, flavonoids, 

tannins) of the studied plants, correlation coefficients (r) were determined (Figure III.1). Strong 

relationships were characterized between antioxidant capacities with total phenols and ortho-

diphenols (Fig. III.1-a, b), indicating that phenolic compounds contribute to the inhibition of 

oxidative processes. The content of tannins was well correlated with antioxidant potential (Fig. 

III.1-d). No correlation of antioxidant activities was found with flavonoid content (Fig. III.1-c). 

However, a better relationship of flavonoids (Fig. III.1-e) or tannins (Fig. III.1-f) can be obtained 

with the antioxidant activity if excluding pomegranate or peppermint from the data, respectively. 

The above analysis demonstrated that the antioxidant potential from different plants was dependent 

on both the concentrations and the structures of phenolic compounds, in line with Cai, et al. (2004). 

Compared to radical scavenging assays (ABTS and DPPH), the stronger correlation between 

reducing power and phenolic contents confirmed that FRAP was more closely related to total 

phenols, ortho-diphenols and tannins, which was also mentioned by Li, et al. (2017).  
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Figure III.1 Correlation analysis between the contents of phenolic classes (x-axis) and antioxidant 

capacities (y-axis) measured by ABTS (circles), DPPH (triangles), and FRAP (squares). Fig. III.1-

a, b, c, d shows the correlation of total phenols (rABTS, DPPH, FRAP = 0.985***, 0.984***, 0.993***), 

ortho-diphenols (rABTS, DPPH, FRAP = 0.859*, 0.861*, 0.878**), flavonoids (rABTS, DPPH, FRAP = 0.038, 

0.031, 0.098), and tannins (rABTS, DPPH, FRAP = 0.859*, 0.861*, 0.878**) of the studied plants with 

their antioxidant activity, respectively. Fig. III.1-e shows the correlation of flavonoids (rABTS, DPPH, 
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FRAP = 0.989***, 0.992***, 0.983***) of studied plants excluding pomegranate with their 

antioxidant activity. Fig. III.1-f shows the correlation of tannins of studied plants excluding 

peppermint (rABTS, DPPH, FRAP = 0.989***, 0.987***, 0.993***) with their antioxidant activity. 

 

There is a highly correlation between the phenolic composition and antioxidant properties 

of plants. High anti-radical activity of rosemary leaf in summer was strongly related to high 

amounts of total phenols, total flavonoids, condensed tannins, and carnosic acid (Yeddes, et al., 

2019). It is suggested that intraperitoneal of hydroalcoholic extract of rue increased serum and 

brain antioxidant capacity, due to their potent antioxidant activities of total phenolic and flavonoids 

content, especially rutin, caffeic acid, and apigenin (Asgharian, et al., 2020). Parsley methanolic 

extract inhibited human glioblastima cancer and oxidative stress owing to its antioxidant properties 

primarily related to phenolic content (Aissani, et al., 2020). Peppermint extracted by various 

alcoholic solvents are found to have different levels of antioxidant potential, attributed to the 

presence of vast flavonoids, anthocyanins, and total phenols (Farnad, et al., 2014). The strong 

reducing power, free radical scavenging capacity, and the inhibition of hydro-peroxide radicals 

activity of sage leaves can be linked to the high quantity of phenolic acids, especially rosmarinic 

acid, and certain flavonoids like catechins and flavanols (Generalić, et al., 2011). Makowska-Wąs, 

et al. (2017) revealed considerable antioxidant and cytotoxic properties of olive leaf against several 

human cancers, largely concerned in the existence of phenolic acids, flavonoids, oleuropein, fatty 

acids, and volatile oils. The high concentration of phenolic components in pomegranate leaf 

extracts such as tannins, flavonoids, phyto-steroids, terpenoids, and saponins can be responsible 

for its high antioxidant activity in vitro and in vivo (Fellah, et al., 2020; Kaewnarin, et al., 2014; 

Mestry, et al., 2017; Uysal, et al., 2016; Viswanatha, et al., 2019). 

To date, amount of studies have reported the close relationship not only between the phenolic 

contents but also between the phenolic structures and the antioxidant capacities (Cai, et al., 2004; 

Chen, et al., 2020; Uysal, et al., 2016). The level of antioxidant potential of plants mainly depends 

on the presence and hydroxyl groups of (poly)phenolic compounds. Specifically, the antioxidant 

ability of phenolic acids is firstly related to the number and position of phenolic hydroxyls, and 

secondly to the methoxy and carboxylic acid groups (Chen, et al., 2020). Rosmarinic acid which 

was mainly detected in sage, rosemary, and peppermint in our work, is an ester of caffeic acid and 
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3,4-dihydroxyphenyl lactic acid, comprising two catechol moieties, thus having two pairs of ortho 

hydroxyl groups grafted on two phenolic rings (Yeddes, et al., 2019). Gallic and chlorogenic acid 

are well-known antioxidant agents, due to three and two active hydroxyl groups on the aromatic 

ring, respectively (Chen, et al., 2020). Moreover, the catechol structure in the B-ring, the 2,3-

double bond conjugated to a 4-oxo functionality, and the available of both 3- and 5-hydroxyl 

groups of flavonoids are essential for assessing their antioxidant properties (Uysal, et al., 2016). 

Rutin is a rutinoside of quercetin with one of the four hydroxyl groups at position C-3 substituted 

with glucose and rhamnose sugar groups (Asgharian, et al., 2020). Apiin or eriocitrin is a apigenin 

or eriodictyol glycoside, on which the different glycoside moiety is located at position C-7 via a 

glycosidic linkage along with two or three residual hydroxyl groups on the phenolic rings (Epifanio, 

et al., 2020; Kapp, et al., 2013). Furthermore, phenylethanoids are characterized by a phenethyl 

alcohol (C6-C2) moiety attached to a β-glucopyranose/β-allopyranose via a glycosidic bond. 

Studies indicated the ortho-dihydroxyphenyl groups were the most significant, and the steric 

hindrance, the number and the position of phenolic hydroxyls were also thought to play an 

important role (Xue, et al., 2016). Oleuropein with two hydroxyl groups is an ester of elenolic acid 

and hydroxytyrosol, and has a oleosidic skeleton that is common to the secoiridoid glucosides of 

Oleaceae (Makowska-Wąs, et al., 2017). The strong correlation of antioxidant property with well-

identified phenolic acids, flavonoids, and oleuropein present in sage, rosemary, peppermint, rue, 

parsley, and olive leaves has been individually demonstrated to explain their diverse biological 

functions (Alavi, et al., 2020; Badhusha, et al., 2020; Farzaei, et al., 2013; Ghorbani, et al., 2017; 

Mahendran, et al., 2020; Şahin, et al., 2018). In addition, ellagic acid and tannins, defined as 

polyphenols, are complex chemical substances, possessing plentiful hydroxyl groups, especially 

ortho-dihydroxyl or galloyl groups (Fraga-Corral, et al., 2020). Bigger tannin molecules appear 

more galloyl and ortho-dihydroxyl groups, consequently, their activities are stronger (Fraga-Corral, 

et al., 2020). Ellagitannins, ellagic acid, and their metabolites have been reported to exhibit 

numerous beneficial effects on human health including antioxidant, anti-inflammatory, anti-cancer, 

prebiotic, and cardio-protective properties (Fraga-Corral, et al., 2020). Thus, they deserve to be 

part of a healthy diet as functional foods. 

The researches on the structure-activity relationship between phenolics and their antioxidant 

activities have focused on phenolic acids and flavonoids, as well as oleuropein and its derivatives 
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owing to their partially acknowledged health-promoting effects (Cai, et al., 2004; Nollet, et al., 

2018). However, the benefits of medicinal and food plants may arise from the action of some less 

well-studied antioxidant molecules or from a synergy of certain antioxidants (Cai, et al., 2004). 

Cai, et al. (2004) found some anticancer-related medicinal plants contained higher quantities and 

more sorts of tannins, quinones, phenolic terpenoids and special phenolic glycosides than that of 

phenolic acids and flavonoids. Regarding pomegranate leaves, some authors detected 

kaempferol(Marques, et al., 2016) or kaempferol 3-O-glycoside (Pinheiro, et al., 2018) as the main 

compound in ethanolic extracts, while others found as ellagic acid (Swilam, et al., 2020). The 

principal ellagitannins of pomegranate leaves also differed from one another, considered as 

granatin B (Akkawi, et al., 2019), or castalagin derivative (Pinheiro, et al., 2018), or undefined 

galloy-HHDP derivatives (Swilam, et al., 2020). This difference may be induced by varieties, 

phenology, and growing conditions. In our study, the potent antioxidant capacity of pomegranate 

leaves was highly correlated with the content of tannins, which can be considered as the key 

antioxidant contributors of this plant material. However, the chemical structures of the tentatively 

identified ellagitannins were not determined, and studies on these constituents are also incomplete. 

Therefore, it is important to note although this is a preliminary study to provide a baseline of data 

for future investigations, a major limitation is that identified phyto-constituents were neither 

isolated, nor separately analyzed for their bioactivities. Moreover, the association between these 

compounds and antioxidant effect of pomegranate leaf is yet to be well understood. In this regard, 

it is necessary to further characterize the structure of these less-exploited phenolics (tannins) and 

their associated biological properties within pomegranate leaf. Hence, the results presented in our 

study confirm pomegranate leaf as a promising natural alternative in the development of 

antioxidant products, thereby assisting in the prevention and treatment of some diseases. 

 

3.4 Conclusions 

The level of different phenolic classes, antioxidant capacities and the phenolic profiles of 

seven medicinal and food plants were evaluated and correlated, including the leaves of sage, 

rosemary, olive, and pomegranate, as well as the leaves and young stems of rue, peppermint, and 

parsley. This study compared and demonstrated these plant extracts as valuable sources of 
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bioactive compounds, likely for preparing novel functional products in various industries. High 

correlations of phenolic composition with antioxidant potential were investigated in our analysis. 

Different kinds of phenolic acids and flavonoids along with their derivatives were found 

widespread in the studied plant materials. Phenylethanoids especially oleuropein and its 

derivatives were characterized as the most abundant constituents of olive leaf extracts, probably 

contributing to its beneficial biological properties. While tannins particularly ellagitannins were 

supposed to be the main contributor to the features of pomegranate leaf. Interestingly, our results 

highlighted that the hydro-methanolic extracts of Punica granatum L. (pomegranate) leaves 

displayed the greatest levels of free radical scavenging capacity and ferric reducing antioxidant 

power, as well as the highest contents of total phenols, ortho-diphenols and tannins; a relatively 

high content of flavonoids was also found. Studies have increasingly evidenced the close 

association of tannins and less-studied compounds with antioxidant activity in medicinal and food 

plants (Christova-Bagdassarian, et al., 2014; Dekanski, et al., 2009; Ramkissoon, et al., 2013; 

Salama, et al., 2020; Yeddes, et al., 2019). Thus it is expected that richer phenolic types, namely 

tannins and phenolic glycosides, and their higher concentrations, are maintained in pomegranate 

leaves, making it possible to explore active ingredients and bioavailable products in the food-

pharm, nutraceutical or cosmeceutical industries. 

Moreover, only a limited number of researches have pointed out the comparison of biological 

activities and phenolic components of the tested plant organs, which belong to tree plants or shrub 

plants with large or small leaves. Many authors have stated the importance of vegetables, fruits, 

medicinal and aromatic plants in the current dietary patterns (Cai, et al., 2004; Etkin, 2019; 

Kaewnarin, et al., 2014; Nollet, et al., 2018; Skotti, et al., 2016; Uritu, et al., 2018; Watson, et al., 

2016). However, it doesn’t mean the agricultural and industrial waste like the tree leaves are 

useless for application. Extracts of olive leaves have attracted more attention recently, being 

reviewed as promising cheap, renewable and plenty source of bio-phenols for by-products. Some 

articles proved pomegranate leaf as a safe substrate due to its lower or inexistent toxicity (Ankita, 

et al., 2015; Viswanatha, et al., 2016). In addition, ellagitannins as effective ingredients in teas are 

considered to be more abundant in the large-leaf tree than those from the small-leaf tree (Fraga-

Corral, et al., 2020; Yang, et al., 2019). Therefore, as per olive leaf, research into finding new uses 

for by-products of pomegranate leaf may be proved as a strong argument for not only promoting 
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human health but also improving bio-valorization and environment. However, samples of 

pomegranate leaves were not collected from different varieties or different seasons. Hence, studies 

on these issues would be of much interest in the future, in order to select the most promising matrix 

of the wasted bio-phenol materials.  
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Abstract 

In recent decades, an intensive search for natural and novel types of antioxidant polyphenolics 

has been carried out on numerous plant materials. However, the current literature has very little 

information on their storage stability in the form of freshly prepared infusions. This study aims 

to characterize the polyphenolic composition and the antioxidant capacity of pomegranate 

(Punica granatum L.) leaf infusions over one-day storage (analysed at 0, 2, 4, 6, 8, and 24 h). 

Spectrophotometric evaluation demonstrated that the infusion presented no significant changes 

in the content of total phenols (131.40–133.47 mg gallic acid g−1) and ortho-diphenols (239.91–

244.25 mg gallic acid g−1). The infusion also maintained high stability (over 98% and 82%, 

respectively) for flavonoids (53.30–55.84 mg rutin g−1) and condensed tannins (102.15–124.20 

mg epicatechin g−1), with stable (> 90%) potent antioxidant capacity (1.5–2.2 mmol Trolox g−1) 

throughout 0–24 h storage. The main decrease was observed during 0–2 h storage of flavonoids, 

8–24 h storage of tannins, and 0–4 h storage of antioxidant capacity. Chromatographic analysis 

further revealed that 7 decreased and 11 increased compounds were found within 0–24 h 

storage. The good stability of the total polyphenolics and antioxidant properties might be 

related to the complex conversion and activity compensation among these compounds. The 

findings suggest that pomegranate leaf infusion could be of great interest in the valorisation of 

high added-value by-products and in the application of green and functional alternatives in the 

food-pharma and nutraceutical industries. 

Keywords: pomegranate leaves; infusion; storage; polyphenolic profile; antioxidant capacity  

Adapted from: 

Manyou Yu, Irene Gouvinhas, and, Ana Barros. Variation of the 

polyphenolic composition and antioxidant capacity of freshly 

prepared pomegranate leaf infusions over one-day storage. 

Published in the journal of Antioxidants. 
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4.1 Introduction 

Growing health concerns have produced a dramatic shift in the market demand from 

synthetic antioxidants to natural products (Khan, et al., 2020). Accordingly, functional foods 

derived from medicinal plants have been increasingly generated and marketed, largely due to their 

benefits regarding well-being and the reduction of disease risk (Granato, et al., 2020). Among 

others, plant infusions, as one of the most consumed beverages throughout the world, have been 

considered to be not only representative of healthcare culture traditionally but also abundant in 

medicinal components in helping to cure, mitigate, or prevent aging, diabetes, cardio-/cerebro-

vascular diseases, etc. (Poswal, et al., 2019).  

Infusions can be referred specifically to immersing plant parts in an amount of hot water, 

allowed to stand for several minutes, and then filtered for drinking with the purpose of savor, 

flavor, or medicinal properties (Van Wyk, et al., 2018). This is much faster and more convenient 

as compared to other aqueous extractive procedures (e.g., maceration, percolation, and decoction). 

Even some sophisticated medications in the form of pills, capsules, and ointments have failed to 

completely replace infusion, as the latter is commonly harmless with few side effects (depending 

on the plants) (Van Wyk, et al., 2018).  

Many well-known plants have been commercially used in infusions, such as peppermint and 

chamomile, due to their rich amount of antioxidants (Van Wyk, et al., 2018). Conventionally, 

people drink these plant infusions (also called herbal tea or tisane) quickly (e.g., 1 h) once the 

infusions are freshly prepared. Many natural phenolics have reactive structures that can degrade 

to some extent during extraction and storage, especially under the conditions of high temperature 

or excessive light (Niaz, et al., 2020; Saffarzadeh-Matin, et al., 2017; Wu, et al., 2019).  

Furthermore, plant infusion often focuses on the extension in the shelf-life of plant dry 

products or packaged infusion drinks/foods for a prolonged time. In contrast, information on the 

stability of phytochemical and bioactive properties of freshly infused plant materials over one-day 

storage is not yet readily available. Therefore, it is important to investigate the possible variations 

of phytochemicals and associated antioxidant activity in plant infusions during 24 h storage, in 

order to better exploit its potential application. 

In this context, pomegranate (Punica granatum L.), a popular deciduous shrub in the 

Lythraceae family, is commonly consumed as fresh fruit and processed juice and is a useful matrix 
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for developing functional foods. Its juice, peel, flower, seed, bark, and roots have been well 

endowed with a range of healthy phytochemicals, such as polyphenolics and fatty acids, with 

beneficial qualities, such as anti-cancer, anti-microbial, and organ-protective effects (Singh, et al., 

2018; Vučić, et al., 2019). Pomegranate leaves (PGL) have been empirically utilized in folk 

medicine. Its paste or ointment is used as a cure for arthritis and skin injuries (Shukla, et al., 2019). 

The decoction or infusion has been used to treat renal colic and treat sore throat, urinary tract 

infection, and digestive disorders (Mestry, et al., 2020).  

The intake of PGL ethanolic extracts as dietary supplements has been preclinically 

demonstrated to assist in controlling obesity, hyperlipidemia, and hypercholesterolemia (Al-

Muammar, et al., 2012; Rao, et al., 2019). Moreover, there are clues that pomegranate leaf infusion 

(PLI) contains no excitatory and cathartic compositions—found in traditional teas and weight-loss 

drugs—which suggests high safety without diarrhea, nausea, vomiting, and other adverse reactions 

(Al-Muammar, et al., 2012). Our previous work also proved that methanolic extracts of PGL 

presented remarkably higher total phenolic content and antioxidant capacity than those of several 

well-known herbs, such as sage, rosemary, and peppermint (Yu, et al., 2021).  

Currently, some putative remedies of PGL can include the inhibition of microbial and 

inflammation (Pinheiro, et al., 2019; Pottathil, et al., 2020; Trabelsi, et al., 2020). Nevertheless, 

knowledge of the bioactive substances and the biological characteristics of pomegranate leaf 

infusion (PLI) remains scarce, including knowledge of the possible degradation of the 

polyphenolic composition and antioxidant capacity during 24 h of storage.  

We hypothesize that a freshly prepared infusion (with local potable water) of PGL powder 

could retain a relatively high level of total polyphenols and antioxidant capacity over one-day 

storage under natural ambient conditions. This could provide more practical information for the 

potential applications of PLI and utilize it as a feasible source for food and nutraceutical 

enrichment. Moreover, PGL are generally agricultural and industrial waste whose applications are 

beneficial for the valorization of by-products with added values to the economy, environment, and 

human health.  

Thus, the objectives of the present study are (i) to investigate the variations of polyphenolic 

composition and antioxidant capacity of PLI over one-day storage (analyzed when stored at 0, 2, 

4, 6, 8, and 24 h), determined by spectrophotometric and chromatographic approaches; and (ii) to 
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evaluate the relationship between the polyphenolic constituents and antioxidant properties of PLI 

during different storage times using the Pearson correlation coefficient (PCC) and principal 

component analysis (PCA).  

 

4.2 Materials and Methods 

4.2.1. Chemicals and reagents 

Folin–Ciocalteu’s reagent, ferric chloride, methanol, aluminum chloride, sodium nitrite, 

sodium hydroxide, ammonium sulfate, acetic acid, and methylcellulose (1500 centipoises viscosity 

at 2%) were acquired from Merck (Merck, Darmstadt, Germany). Sodium carbonate, 2,2’-azino-

bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium cation radical (ABTS•+), 2,2-diphenyl-

1-picrylhidrazyl radical (DPPH•), sodium molybdate, potassium persulfate, (±)-6-hydroxy-2,5,7,8-

tetramethylchromone-2-carboxylic acid (Trolox), hydrochloric acid, and 2,4,6-tris(2-pyridyl)-s-

triazine (TPTZ) were obtained from Sigma–Aldrich (Sigma–Aldrich, St. Louis, MO, USA).  

Authentic standards of the phenolic compounds used in the chromatographic analysis were 

purchased from Chem-Lab (Chem-Lab N.V., Zedelgem, Belgium), Sigma–Aldrich (Sigma–

Aldrich, St. Louis, MO, USA), and Panreac (Panreac Química S.L.U., Barcelona, Spain), including 

protocatechuic acid, p-hydroxybenzoic acid, benzoic acid, caffeic acid, neochlorogenic acid, 

chlorogenic acid, vanillic acid, syringic acid, myricetin-3-O-glucoside, p-coumaric acid, rutin 

(quercetin-3-rutinoside), ellagic acid, ferulic acid, apigenin-7-O-glucoside, rosmarinic acid, 

luteolin, quercetin, trans-cinnamic acid, kaempferol, gallic acid, tyrosol, caftaric acid, catechin, 

gentisic acid, epicatechin, 4-hydrocinnamic acid, luteolin-7-O-glucoside, isorhamnetin-3-O-

glucoside, oleuropein, resveratrol, and trans-stilbene.  

All the chemicals and reagents used in the experiments were of analytical or 

chromatographic grade. Ultrapure water was obtained using a Water Purification System (Arioso 

Power, Human Corporation, Seoul, Korea). 

 

4.2.2. Plant materials 
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Plant species of Punica granatum L. (pomegranate) was botanically authenticated by Dr. 

João Rocha (Chemistry Centre, Vila Real, UTAD, Portugal). PGL samples were hand-picked 

randomly from a pool (n > 10) in June 2019 that were naturally growing in the Botanical Garden 

of UTAD (GPS: 41.288 °N, 7.739 °W; Vila Real, Portugal), which belonged to the international 

network of botanical gardens. Pomegranate was present in the Garden Fruits Collection (more 

detailed information was available at http://jb.utad.pt/, accessed on June 2, 2021. 

The collected samples were immediately rinsed with potable water, and dried until complete 

dehydration (40 °C, 72 h) in a Drying Cabinet (LEEC, Nottingham, UK), before being ground into 

a fine powder with a blender (MB 800, KINEMATICA AG, Malters, Switzerland), and 

hermetically stored in the dark at room temperature (RT) until analysis. Experimental research and 

field studies on plants (either cultivated or wild), including the collection of plant material, 

complied with the relevant institutional, national, and international guidelines and legislation. 

 

4.2.3. Preparation of plant infusion 

Infusions of PGL were prepared by hot-water extraction. Briefly, around 2 g of dried PGL 

was soaked in 400 mL of tap water (heated at 80 °C) in a beaker and steeped at room temperature 

(20–25 °C) for 20 min until cool down. The pH of the local potable water (UTAD, Vila Real, 

Portugal, 41.288 °N, 7.739 °W) was approximately at 6.0 as measured by the pH indicator sticks 

(MACHEREY-NAGEL GmbH &Co. KG, Düren, Germany). After filtration by cotton gauze, the 

filtrate was secondly filtrated by low ashless qualitative filter paper (FILTROS ANOIA, S.A. 

Barcelona, Spain) in a measuring cylinder to obtain the final filtration volume (≈ 330 mL).  

The filtrates were stored in an Erlenmeyer flask (DURAN, Mitterteich, Germany) on the lab 

table at room temperature (20–25 °C) under natural light overnight. The bottleneck of the flask 

was superficially covered with silver paper. Subsequently, the filtrates were homogenized and 

analyzed after stored at 0, 2, 4, 6, 8, and 24 h. The infusions were prepared by extracting PGL in 

triplicate, and each of the triplicates was repeated three times for each investigated phenolic class 

at a given storage time (3 × 3). 

 

4.2.4. Determination of phenolic content 
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The contents of total phenols, ortho-diphenols, and flavonoids of PLI were determined by 

spectrophotometric methods according to the previous description (Gouvinhas, et al., 2021). The 

content of tannins was evaluated by the methylcellulose (MC) methodology as reported by 

Dambergs, et al. (2012) with some modifications. 

For the evaluation of total phenol content, diluted infusion (20 μL), 10% (v:v) Folin–

Ciocalteu reagent (100 μL), and 7.5% (w:v) sodium carbonate (80 μL) were mixed in sequence. 

The mixture was incubated for 30 min at 42 ℃ in the dark and measured at 750 nm using gallic 

acid as the standard. The results are expressed in milligrams of gallic acid per gram of plant dry 

weight (mg GA g−1 DW). For the assessment of ortho-diphenols content, 5% (w:v) sodium 

molybdate (40 μL) was added to the diluted infusion (160 μL). The mixture was left for 15 min at 

RT, protected from light, before the read of absorbance at 375 nm. The results are expressed in mg 

GA g−1 DW.  

For the quantification of the flavonoid content, diluted infusion (24 μL) and 5% (w:v) sodium 

nitrite (28 μL) were mixed. After 5 min at RT, 10% (w:v) aluminum chloride (28 μL) was added 

to the mixture and reacted for 6 min. Then, 1 M sodium hydroxide (120 μL) was added, and the 

absorbance of the mixture was measured at 520 nm after agitation for 30 s in a microplate reader. 

The results are shown as milligrams of rutin per gram of plant dry weight (mg RU g−1 DW). The 

aforementioned assays were undertaken with a microplate reader (Multiskan FC Microplate 

Photometer, Thermo Fisher Scientific, Vantaa, Finland) in 96-well microplates (PrimeSurface 

MS-9096MZ, Frilabo, Maia, Portugal) with a final volume of 200 µL. 

The content of condensed tannins was evaluated both in the treatment and control groups 

simultaneously by adding MC (600 μL) as treatment or ultrapure water as a control to the infusion 

(200 μL) in a 2 mL Eppendorf. The mixture was stirred manually for 3 min at RT. Saturated 

ammonium sulfate (400 μL) and water (800 μL) were added successively both in the treatment and 

control groups until 2 mL of total volume was reached.  

The final mixture was vortexed and kept for 10 min. After centrifugation (10,000 rpm, 16 

℃, 5 min), the absorbance was read at 280 nm, by using a conventional spectrophotometer (Helios 

Gamma UV Spectrophotometer, Thermo Electron Corporation, Warwickshire, UK). The 

absorbance of tannins was obtained by subtracting the treatment absorbance from the value 
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registered from the control using epicatechin as the standard. The results are described in 

milligrams of epicatechin per gram of plant dry weight (mg EC g-1 DW). 

 

4.2.5. Evaluation of in vitro antioxidant capacity 

The antioxidant capacity of PLI was determined by ABTS, DPPH, and FRAP (ferric 

reducing antioxidant power) spectrophotometric methods, as reported by Mena, et al. (2011) with 

some adjustment. ABTS working solution (188 μL) and sample dilutions (12 μL) were mixed and 

reacted for 30 min at RT. Ultrapure water was used as a blank. The absorbance was read at 734 

nm. A mixture of DPPH working solution (190 μL) and sample dilutions (10 μL) was stood for 15 

min at RT. We read the absorbance at 520 nm with hydro-methanol used as the blank.  

The FRAP working solution was prepared by mixing 10-volume acetate buffer (300 mM, 

pH = 3.6), 1-volume TPTZ (10 mM dissolved in hydrochloric acid), and 1-volume ferric chloride 

(20 mM in water). The mixture was maintained at 37 ℃ for 10 min before use. The reaction of 

FRAP working solution (180 μL) and sample dilutions (20 μL) was kept at 37 ℃ for 30 min with 

the absorbance read at 593 nm. The three antioxidant assays were adapted to microscale using 96-

well microplates (PrimeSurface MS-9096MZ, Frilabo, Maia, Portugal) and microplate readers 

(Multisskan GO Microplate Photometer, Thermo Fisher Scientific, Vantaa, Finland), using Trolox 

as standard. All the results are expressed in mmol Trolox per gram of plant dry weight (mmol 

Trolox g-1 DW). 

 

4.2.6. Chromatographic analysis of phenolic compounds 

Reverse Phase–High Performance Liquid Chromatography–Diode Array Detector (RP-

HPLC-DAD) system (Thermo Finnigan, San Diego, CA, USA) was carried out to determine the 

polyphenolic profile of each plant extract, as previously described (Gouvinhas, et al., 2021). The 

analysis equipment was composed of three parts, including an LC pump (Surveyor), autosampler 

(Surveyor), and PDA detector (Surveyor). Triplicates of infusions analyzed at different storage 

times and authentic standards were prepared and filtered through 0.45 μm PVDF filters (Merck 

Millipore, Bedford, MA, USA) and injected into an ACE C18-HL (Hi-Load) HPLC Column (250 

mm × 4.6 mm, 5 μm particle size; ACE, Aberdeen, Scotland), using a mobile phase composed of 
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water/formic acid (99.9:0.1, v:v) (solvent A) and acetonitrile/formic acid (99.9:0.1, v:v) (solvent 

B).  

The linear gradient program (t in min and %B) was: t = 0–0%; t = 5–0%; t = 20–20%; t = 

35–50%; t = 40–100%; t = 45–0%; and t = 65–0%. The injection volume was 20 μL, and the flow 

rate was kept at 1.0 mL min-1. UV/Vis detection was recorded from the 200 to 600 nm range. Peaks 

were monitored at 280 and 330 nm, and identified by congruent retention times compared with 

standards and the reference literature. Data acquisition, peak integration, and analysis were 

performed using Chromeleon software (Version 7.1; Thermo Scientific, Dionex, USA). 

Concentrations of the identified compounds were expressed in milligrams per ten grams of plant 

dry weight (mg 10 g−1 DW). 

 

4.2.7. Data and statistical analysis 

All the measurements of polyphenolic composition (spectrophotometric and 

chromatographic methods) and antioxidant capacity (ABTS, DPPH, and FRAP assays) of the plant 

infusions at different storage times were performed in triplicate with the results presented as the 

mean ± standard deviation (SD, n = 3). The obtained data were subjected to analysis of variance 

(ANOVA) and a multiple range test (Tukey’s test) using IBM SPSS statistics 21.0 software (SPSS 

Inc., Chicago, IL, USA). Pearson correlation coefficient (r) was carried out to establish 

correlations between polyphenolic composition and antioxidant capacity. Principal component 

analysis (PCA) was conducted using a multivariate matrix of the set of measured parameters, 

statistically determining the similarities and differences between these factors via XLXTAT 

software version 2017.03 (Addinsoft SARL, Paris, France). 

 

4.3 Results and Discussion 

4.3.1. Effect of storage time on the polyphenolic composition of PLI during one-day storage 

4.3.1.1. Change in the levels of total phenols (TPs), ortho-diphenols (OPs), flavonoids (TFs), 

and condensed tannins (CTs)  
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The infusion extraction was applied to obtain the bioactive compounds. This aqueous-based 

procedure was the cheap, simple, scalable, and non-toxic to perform, common to extract tannins 

with residues friendly to the environment, and relevant to human bioavailability (Fraga-Corral, et 

al., 2020). The chemical contents of PLI are shown in Table IV.1. The content of TFs (53.30–

55.84 mg RU g−1 DW) and CTs (102.15–124.20 mg EC g−1 DW) significantly impaired within 24 

hours (p < 0.001), whereas no notable difference was found during 2–8 h of storage (p > 0.05). 

Moreover, there was no linear change trend in the content of TPs (131.40–133.47 mg GA g−1 DW) 

and OPs (239.91–244.25 mg GA g−1 DW). The highest amounts of different chemical classes were 

all recorded at 0 h storage, with a range of decreasing percentage from 1.55% to 17.75%. 

 

Table IV.1 Change of phenolic content and antioxidant activity of pomegranate leaf infusion by 

spectrophotometric assays. 

Spectrophotometric Analysis 1 
 Storage Time (hours) 2 

Degradation 
p-value  

(2–8 h) 

p-value 

(0–24 h) 
0 2 4 6 8 24 

Phenolic  

content 

Total phenols 

(mg GA g−1 DW) 
133.47 ± 3.40 a 132.02 ± 5.01a 132.49 ± 2.35 a 132.34 ± 0.46 a 129.67 ± 4.50 a 131.40 ± 1.60 a 1.55% 0.43 0.80 

Ortho-diphenols 

(mg GA g−1 DW) 
244.25 ± 3.59 a 238.63 ± 2.32 a 240.01 ± 2.14 a 237.24 ± 3.25 a 240.42 ± 0.63 a 239.91 ± 3.57 a 1.78% 0.70 0.12 

Flavonoids 

(mg RU g−1 DW) 
55.84 ± 0.45 a 54.86 ± 0.73 ab 54.46 ± 0.54 abc 53.67 ± 0.78 bc 53.81 ± 0.22 bc 53.30 ± 0.11 c 4.54% 0.61 0.00 

Tannins 

(mg EC g−1 DW) 
124.20 ± 3.67 a 110.60 ± 3.50 b 109.35 ± 1.11 bc 107.37 ± 2.90 bc 105.68 ± 3.42 bc 102.15 ± 1.24 c 17.75% 0.27 0.00 

Antioxidant 

capacity 

(mmol 
Trolox g−1 

DW) 

ABTS scavenging 1.80 ± 0.00 a 1.72 ± 0.02 b 1.71 ± 0.01 b 1.69 ± 0.04 b 1.68 ± 0.04 b 1.66 ± 0.03 b 7.93% 0.63 0.00 

DPPH scavenging 1.69 ± 0.01 a 1.63 ± 0.04 ab 1.60 ± 0.03 ab 1.54 ± 0.03 b 1.56 ± 0.03 b 1.59 ± 0.06 b 5.92% 0.14 0.00 

FRAP assay 2.23 ± 0.01 a 2.21 ± 0.01 a 2.09 ± 0.01 b 2.06 ± 0.01 bc 2.03 ± 0.02 c 2.03 ± 0.03 c 9.29% 0.00 0.00 

1 Abbreviations are as follows: GA, gallic acid; RU, rutin; EC, epicatechin; DW, dry weight; 

ABTS: 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt; DPPH: 2,2-

diphenyl-1-picrylhidrazyl; and FRAP: ferric reducing antioxidant power. 2 Values are presented 

as the mean ± SD (n = 3) for each phenolic group and each antioxidant activity assay. Mean values 
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followed by different superscript lowercase letters report significant differences between different 

storage times, according to Tukey’s multiple range test. 

 

The results showed that the content of TFs and CTs significantly decreased during 0–2 h 

storage after the PLI was freshly prepared (Table IV.1). One possible cause was due to decreased 

catechins content, as shown in Figure IV.1a, which could be associated with the higher initial 

temperature and oxygen concentration. The declining trend of catechins with rising temperature 

and oxygen can play an important role in the color alteration and antioxidative degradation of tea 

(Zeng, et al., 2017). CTs (also known as proanthocyanidins, PAs) are polymers formed by 

monomeric flavan-3-ols units and connected via C–C or C–O–C bonds (Niaz, et al., 2020). This 

reactive construction can lead to an oxidative cleavage or hydrolysis of the chemical structures 

(Das, et al., 2019), which may explain the observed significant reduction of CTs before 2 h storage 

(Table IV.1).  

Our results revealed that the content of TFs and CTs maintained great stability within 2–8 h 

storage (Table IV.1). Catechins can undergo epimerization, such as the epigallocatechin gallate 

(EGCG) that can be easily transformed to the stable gallocatechin gallate (Zeng, et al., 2017). 

Additionally, studies suggested PAs are either hydrolyzed or polymerized during cooking and 

processing due to the conformational flexibility of tannins, thus, becoming difficult to separately 

extract or quantify (Niaz, et al., 2020). Thus, some tannins could be de-polymerized into small 

tannins or flavonoids, while some others could be re-polymerized into larger tannins (Das, et al., 

2019).  

Therefore, the products generated from the hydrolysis or oxidative decomposition of CTs 

likely enhanced the TFs content during 2–8 h storage. Meanwhile, this also potentially explained 

the lower degradation percentage of TFs (4.54%) compared to that of CTs (17.75%) (Table IV.1) 

indicating that some tannins were possibly decomposed into flavonoids. Furthermore, after 2 h 

storage along with the cooling down of PLI, the stable room temperature also helped to stabilize 

the content of TFs and CTs. 

As shown in Table IV.1, a significant decrease in the content of TFs and CTs was found 

between 8–24 h storage. With the extension of storage at ambient conditions, the pH of PLI may 

decrease resulting from the carbon dioxide existing in the environment. Both flavonoids and their 
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glycosides had been reported to endure polymerization under more acidic pH situations and then 

to form non-phenolic pigments, which causes the browning and deterioration of tea (Dai, et al., 

2017).  

Moreover, tannins produced by either the hydrolysis or the re-polymerization of original 

tannins in the PLI were assumed to undergo stronger oxidative destruction throughout 8–24 h 

storage, consequently causing a higher decrease of CTs in this period (Das, et al., 2019; Niaz, et 

al., 2020). However, due to the complicated structures and the conformational flexibility of tannins 

aforementioned, it was difficult to clarify the main triggers (e.g., the temperature, oxygen, pH, 

light, and microbes) or clear pathways of the change of tannins. Elaborate experiments and 

advanced techniques need to be further performed. 

Evidently, hydrolyzable tannins (HTs), another primary category of tannins has been also 

been proven to be abundant in PGL extracts (Pinheiro, et al., 2019; Swilam, et al., 2020; Toda, et 

al., 2020). Both CTs and HTs in plants have reactive hydroxyl groups, thus, imparting free radical 

inhibitory activity to tannins. Apart from CTs, HTs are also capable of retaining their original 

structure over the drying process and experiencing hydrolysis, decomposition, and polymerization 

during hot-water extraction (Niaz, et al., 2020).  

High-molecular weight HTs (e.g., ellagitannin oligomers) can be degraded into monomers 

(e.g. punicalagin and punicalin), intermediate-molecular weight fragments (e.g., HHDP (3, 4, 5, 

3’, 4’, 5’-hexahydroxydiphenic acid) glucoside, and PGG (pentagalloylglucose)), phenolic acids 

(e.g., ellagic acid and gallic acid) (Ito, et al., 2014; Villalba, et al., 2019).  These degraded 

compounds also belonged to the bioactive polyphenolics. HHDP and PGG moieties can be 

spontaneously converted to other HTs by rearrangement or intermolecular C-C coupling (Fraga-

Corral, et al., 2020). Furthermore, as the degree of tannins polymerization increased, the number 

of hydroxyl groups became higher. In addition, some polyphenols, such as lignans, coumarins, or 

stilbenes, may exist in the PLI, awaiting identification (Fellah, et al., 2020).  

Thus, in short, we supposed that the stability in the content of TPs and OPs within 24 h 

storage, as well as the balance in the quantity of TFs and CTs during 2–8 h storage, could arise 

from the structural diversities and reactive characteristics of polyphenolics present in PLI, namely 

by the epimerization of catechins and by the hydrolysis, polymerization, and depolymerization of 

tannins, among others. However, the decline of TFs and CTs content between 0–2 h and 8–24 h 
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of storage was closely associated with the oxidation of catechins, polymerization of flavonols or 

flavones, and oxidative destruction of hydroxyl groups, possibly with the impact of temperature, 

illumination, and pH. 

 

4.3.1.2. Change in the polyphenolic profiles 

To obtain a closer insight into the polyphenolic profiles and their changing features of the 

PLI during one-day storage, twenty individual phenolics were identified by the authentic standards 

resorting to RP-HPLC-DAD and with comparison to the literature by the retention time, 

UV/Visible λmax, and spectra (Figure. S1, Table S1, and Table IV.2). Eighteen of the identified 

compounds were quantified with calibration curves built by the standards (Figure IV.1a). 

Generally, the most widespread compounds of PLI identified in this work were ellagitannins (ETs) 

followed by flavonoid glycosides and phenolic acids. A significant change (p < 0.05) in the 

concentration of individual polyphenolics of PLI was observed over 24 h of storage. 

 

Table IV.2 The polyphenolic profile of pomegranate leaf infusion at 0 h of storage by RP-HPLC-

DAD as well as their respective retention times and decrease or increase percentage (%). 

Peak 

NO.1  

Retention 

Time (min) 
Identified Compounds 2 

Decrease/Increase 

percentage (%) 
p-value 3 

1 10.98 Gallic acid 7.59 ***  

2 11.12 Flavan-3-ols  4.11 *** 

3 12.73 Punicalin A and B 5.14 * 

4 13.38 Ellagic acid derivatives 2.48 *** 

5 15.25 Ellagitannin I 7.37 *** 

6 16.31 Flavanone glycoside I - - 

7 16.54 Ellagitannin II 11.99 *** 

8 17.24 Ellagitannin III (galloyl-glucose) 12.82 *** 

9 19.01 Ellagitannin IV (punicalagin A) 5.29 *** 

10 20.14 Flavonol glycoside 52.98 *** 

11 20.37 Ellagitannin V  50.08 *** 

12 21.30 Ellagitannin VI 19.36 *** 

13 22.56 Ellagitannin VII (punicalagin B) 3.93 *** 

14 23.33 Ellagitannin VIII 4.45 *** 
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15 24.35 Ellagic acid 36.39 *** 

16 24.90 Ellagitannin IX 8.41 *** 

17 25.10 Flavanone glycoside II - - 

18 26.44 Apigenin glycoside 31.98 *** 

19 27.13 Luteolin glycoside I 35.09 *** 

20 28.38 Luteolin glycoside II 36.03 *** 

1 Peak number and retention time showed according to Figure S1. 2 Text in italics represented the 

compounds in decreasing concentrations. 3 Significant differences of polyphenolic compounds 

among different storage time were denoted as * at p < 0.05, and *** at p < 0.001, according to 

Tukey’s multiple range test. 
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Figure IV.1 (a) Changes of individual compounds identified by RP-HPLC-DAD analysis. 

Concentrations of individual identified compounds are expressed as milligram per 10 grams of 

plant dry weight. Means (n = 3), showed as blank dots in each sub-figure, followed by different 
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lowercase letters that report significant differences (p < 0.05) of phenolic concentrations during 0–

24 h storage, according to Tukey’s test. (b) Structures of polyphenolic compounds present in the 

pomegranate leaf infusions. a: flavan-3-ols; b: flavanone; c: flavonol; and d: flavone. Basic 

structures of ellagitannins, such as e: HHDP acid, f: ellagic acid, g: galloyl group; h: punicalin; i: 

punicalagin; j: other possible ellagitannin (e.g., castalagin); k: gallic acid; and l: condensed tannin. 

 

The results revealed that a significant decrease of the phenolic constituents throughout 24 h 

storage occurred in flavan-3-ols (decrease of 4.11%, FO), ellagic acid derivatives (2.48%, EAD), 

ellagitannin-III (12.82%, ET-III), ellagitannin-IV (5.29%, ET-IV), ellagitannin-VI (19.36%, ET-

VI), ellagitannin-VII (3.93, ET-VII), and ellagitannin-VIII (4.45%, ET-VIII), as shown in Figure 

IV.1a and Table IV.2.  

(i) Part of EAD degraded to ellagic acid by hydrolysis (Macierzyński, et al., 2020), leading 

to a decrease during storage.  

(ii) The content of FO declined faster in the first two hours, remaining at practically constant 

levels afterward. In the initial storage time, the temperature of the PLI was higher than the RT, 

which can affect the stability of FO. These FO (also called catechins) can be further assumed as 

epigallocatechin gallate or epigallocatechin since they had three hydroxyl groups and were, thus, 

more reactive to degradation than other types of catechins. When stored from 2 to 24 h, the FO 

content showed no significant change, likely due to the stable temperature (equal to RT) and acidic 

condition, consistent with a previous report (Zeng, et al., 2017).  

(iii) ET-IV and ET-VII had lower degradation percentages over the day and presented the 

highest concentrations at 0 h storage (512.65 mg/10 g DW and 469.48 mg/10 g DW, respectively), 

followed by ET-VIII (77.48 469.48 mg/10 g DW).  

However, ET-III and ET-VI presented the lowest amounts at 0 h and higher deterioration at 

24 h. The stability of ET-III, ET-IV, ET-VI, and ET-VIII was more perceptible in the first 4 h and 

secondly stable at 6–8 h. Except for other degraded phenolics, the peak of ET-VII was found at 6 

h storage and not at 0 h, which was speculated as HHDP-glucosides, the intermediate molecular 

weight fragments. The concentration of ET-VII increased from the partial breakdown of 

polyphenols (high-molecular weight ETs) before 6 h and then decreased by subsequent chain 
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destruction into low-molecular compounds, such as ellagic acid (Macierzyński, et al., 2020; Sójka, 

et al., 2019; Yang, et al., 2019). 

On the other hand, the results showed that eleven phenolics increased significantly during 

one-day storage (Figure IV.1a and Table IV.2), as follows.  

(i) The rising contents of gallic acid (increase of 7.59%, GA) and ellagic acid (36.39%, EA) 

were obtained from the HTs, which consisted of ester of GA in gallotannins and EA in ETs (Niaz, 

et al., 2020; Villalba, et al., 2019). The higher increasing percentage of EA implies that more ETs 

and more extensive hydrolysis of ETs occurred in the storage of PLI.  

(ii) The amount of apigenin glycoside (31.98%, AG), luteolin glycoside I (35.9%, LG-I), 

and luteolin glycoside II (36.03%, LG-II) raised during 0–4 h and 6–8 h of storage, mostly coming 

from polymerization of flavonoids; whereas a reduction between 4 h to 6 h was observable likely 

due to hydrolysis of these polymers, partly conducive to the stability of TFs content during this 

storage period (Dai, et al., 2017; Niaz, et al., 2020). The ascent of flavonol glycoside (52.98%, 

FG) was continuous and comparatively higher within 24 h, possibly owing to more hydroxyl 

groups present in flavonols than that in flavones (apigenin and luteolin) (Niaz, et al., 2020).  

(iii) The concentration of ellagitannin V (ET-V) grew the most (50.08%) among the 

increased tannins, followed by ellagitannin II (11.99%, ET-II), ellagitannin IX (8.41%, ET-IX), 

ellagitannin I (7.37, ET-I), and punicalin (5.14%). It was noted that ETs were complex monomeric 

or oligomeric polyester molecules composed of HHDP and a related sugar or polyol (Shahat, et 

al., 2013; Villalba, et al., 2019). They can readily undergo manifold chemical reactions, such as 

transformation, isomerization, and oligomerization, which determine the important structural 

diversity of ETs (Shahat, et al., 2013; Villalba, et al., 2019).  

Moreover, ETs can be readily hydrolyzed in acidic or basic solutions, where the ester bonds 

in the polymer were cleaved during hydrolysis (Villalba, et al., 2019). Thus, it can be assumed that 

some complicated convertible actions happened during the storage of PLI. Additionally, Ito, et al. 

(2014) isolated two new oligomeric ETs, three known oligomeric ETs, and three known 

monomeric ETs from the arils and pericarps of pomegranate, all of which exhibited potent 

inhibitory capacity towards the formation of advanced glycation end products.  

Elucidating the native structural variations of ETs was often a challenge, yet, according to 

other relevant reports (García-Villalba, et al., 2015; Ito, et al., 2014; Macierzyński, et al., 2020; 
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Pinheiro, et al., 2019; Shahat, et al., 2013; Villalba, et al., 2019), ET-I, -II, -V, and -IX can be 

assumed as ellagitannin monomers or HHDP intermediates, of which the ascending concentrations 

were likely attributed to the decomposition of some uncertainly identified ellagitannin oligomers 

or monomers or to the intricate transformation of other ETs or gallotannins. 

The polyphenolic profiles of PGL extracted by using organic solvents, such as methanol, 

ethanol, acetone, hexane, petroleum ether, ethyl acetate, etc. have been extensively researched 

previously (Kaneria, et al., 2012; Trabelsi, et al., 2020; Wang, et al., 2013). In the last decade, 

some studies reported the phytochemical screening and medicinal properties of the aqueous PGL 

extracts mostly using laboratory water, such as distilled, deionized, or ultrapure grade water 

(Akkawi, et al., 2019; Toda, et al., 2020; Trabelsi, et al., 2020; Uysal, et al., 2016; Viswanatha, et 

al., 2016); however, only some investigated the specific constituents. Orgil, et al. (2014) studied 

fresh PGL by extraction with cold distilled water and quantified the content of four bioactive 

compounds, including punicalagin, gallagic acid, ellagic acid, and gallic acid.  

Uysal, et al. (2016) found that chlorogenic acid was the most abundant component in the 

decoction of dry PGL, followed by gallic acid, p-coumaric acid, ferulic acid, and rutin. Recently, 

by means of LC-ESi-MS, more phytochemicals were tentatively identified from the leaf infusion 

(immersed at 90–95 °C) of Palestinian pomegranates—mainly quinic acid, corilagin, granatin B, 

brevifolin carboxylic acid, and eschweilenol C (Akkawi, et al., 2019).  

However, many ingredients of aqueous PGL extracts still have not been confirmed thus far, 

possibly as a result of different regions, varieties, plantation, or growth stages referred to plant 

collection. In our study, the PLI was featured with the simplest preparation (soaked in boiled tap 

water) and the most common storage (exposed in natural ambient conditions), consistent with 

human dietary habits. Our results enabled an update of the incomplete information of PLI with 

potentially high availability in food and nutraceutical industries. 

Apart from phenolic profiling, an outline regarding the hypothetical synergistic or 

antagonistic transformation of identified polyphenolics of PLI during one-day storage was roughly 

envisaged for the first time (Figure IV.2). In keeping with the literature references (Das, et al., 

2019; Kaderides, et al., 2020; Macierzyński, et al., 2020; Manzoor, et al., 2020; Melanie A., et al., 

2009; Moser, et al., 2017; Niaz, et al., 2020; Shahat, et al., 2013; Sójka, et al., 2019; Villalba, et 

al., 2019; Wu, et al., 2019; Yang, et al., 2019; Zeng, et al., 2017), this transformation effect of 
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these polyphenolic compounds might involve their hydrolysis, polymerization, antioxidative 

cleavage, and conformational changes, among others, presumably linking to environmental 

factors, such as temperature, oxygen, pH, and light.  

 

 

 

Figure IV.2 The hypothesized transformation action of the determined polyphenolic composition 

and the putative compounds of pomegranate leaf infusion during one-day storage. The relevant 

compounds were classified into hydrolyzable tannins (HTs), condensed tannins (CTs), flavonoids, 

and complex or oligomeric tannins. Polyphenolic compounds enclosed in dashed (or solid) boxes 

indicated decreased (or increased) concentrations. Reactions enclosed in green rounded rectangles 

indicated the possible transformation mechanisms between the compounds. 
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This picture could be useful to better understand the stability of total phenolic content and 

the change of individual phenolics of PLI during one-day storage—particularly ETs—and, 

accordingly, improve the use efficiency. The benefits of ETs-rich foods are promising and deserve 

to be part of a healthy diet as functional foods (Villalba, et al., 2019). However, ETs from different 

food sources present diverse hydrolysis pathways, generating distinct products, which arise from 

the large structural variety of these compounds. Some hydrolyzable routes and products of food 

ETs had been well-described, such as the fruit of pomegranate (García-Villalba, et al., 2015) and 

Rubus genus (Sójka, et al., 2019). By contrast, our results of the polyphenolic transformation of 

PLI require further illustration.  

 

4.3.2. Effect of storage time on the antioxidant activity (AOA) of PLI during one-day storage  

The AOA of PLI was determined using three different assays, namely the ABTS and DPPH 

free radical scavenging capacity and the ferric reducing antioxidant power (FRAP) since no single 

assessment was enough to evaluate AOA, and these in vitro screening methods were low-cost and 

high-throughput tools used to discover potential antioxidant sources (Granato, et al., 2018; Xu, et 

al., 2019). As shown in Table IV.1, significant changes (p < 0.01) in the value of ABTS, DPPH, 

and FRAP were investigated in the PLI during one-day storage at RT. However, it can be seen that 

the main decrease in the three AOA assays was observable before 4 h of storage.  

Importantly, the results in this study revealed that PLI exhibited great AOA in the overall 

storage ranging from 1.5 to 2.2 mmol Trolox g-1 DW and also maintained at high levels of AOA, 

more than 90% after 24 h, which hinted the promising bioactive stability of the PLI. Uysal, et al. 

(2016) described that both methanolic and aqueous extracts of PLs possessed higher antioxidant 

activity as compared to other leaves from avocado, walnut, mulberry, fig, carob, lemon, grape, and 

loquat, all of which are commercially widespread and pharmacologically applicable throughout 

the world.  

Moreover, comparing with young leaves of twenty edible and medicinal plants, the ethyl 

acetate and ethanol extract of PGL displayed the superior inhibition towards DPPH radical and 

glycation, which may be related to its high amounts of total phenolics and flavonoids (Kaewnarin, 

et al., 2014). In addition, the AOA of pomegranate juice as well as its high ratio of punicalagin 
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and pedunculagin was three-times higher than that of green tea by using ABTS, DPPH, and FRAP 

methods (Gil, et al., 2000).  

PGL were assessed to have comparable or even higher levels of phytochemicals and AOA 

than other parts of pomegranate, such as the fruit juice, flower, stem, peel, and seeds, depending 

on the conditions of maturity, variety, climate change, and geographic location among others 

(Akkawi, et al., 2019; Eddebbagh, et al., 2016; Saratale, et al., 2018; Yang, et al., 2019).  

The results showed that no significant difference in the ABTS, DPPH, or FRAP assay was 

detected during 2–24 h of storage, during 2–4 h and 6–24 h of storage, or during 0–2 h and 8–24 

h of storage, respectively. In principle, the AOA of phenolic compounds is to donate the hydrogen 

atom (H) or electron to reduce metal ions, carbonyls, and radicals, thereby, preventing and treating 

the oxidation of lipids, proteins, and DNA (Apak, et al., 2017).  

In the storage of PLI, the quantitative and structural alterations of different phenolic 

compounds might occur, thus, affecting the reactions between these antioxidants and radicals or 

ferric irons and, consequently, causing the difference of evolution in the level of different AOA 

assays. In addition, the results of these methods might vary to a degree, even for the same infusion 

samples, since the reaction was also largely dependent on the oxidizing agent prepared to generate 

the radicles(Apak, et al., 2017).  

However, by the three methods, AOA of PLI displayed significant stability after stored for 

4 h, which was likely associated with several polyphenolic complexes present in PGL and with the 

modification of their phenolic profiles, particularly CTs and HTs (Figure IV.2). This was the first 

work describing the degradable evolution of AOA concerning the one-day storage of PLI. 

Nevertheless, our results are in agreement with studies in the literature that researched 

pomegranate fruit and highlighted that the loss of initial phenolics could be compensated by newly 

produced phenolics with equal or improved AOA (Kaderides, et al., 2020).  

For instance, the compounds, like punicalin, gallagic acid, gallic acid, and ellagic acid, which 

were hydrolyzed from punicalagin, also possessed high AOA (García-Villalba, et al., 2015). 

Therefore, the conversion of phenolics and compensation of activity could greatly explain the 

antioxidant stability of PLI during 4–24 h of storage. 

With the extension of storage time, the level of pH, light, temperature, and oxygen could 

change, which could influence the polyphenolic structure and profile of the PLI. The high retention 
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percentage (> 90%) of AOA after one-day storage of the PLI was underlined in this work 

presumably as a result of the synergistic actions of tannins in terms of their manifold structures. 

The AOA of tannins in foods and beverages was first demonstrated when they were found to 

restraint the oxidation of ascorbic acid (Shahat, et al., 2013).  

Tannin-rich foods have been widely reported to possess potential antioxidant, anti-cancer, 

and organ-protective effects (Niaz, et al., 2020). Melanie A., et al. (2009) evaluated the chemical 

stability of two tannins (belong to HTs and CTs, respectively) in aqueous solutions under natural 

and laboratory soil conditions, which had different half-lives at elevated temperatures. It was 

pointed out that tannins rapidly decomposed at biological pH (7.4) unless oxygen was excluded 

from the system.  

The same authors (Melanie A., et al., 2009) also suggested tannins were relatively stable at 

RT in slightly acidic soils but both higher temperature and neutral to basic pH may promote 

chemical degradation. Structurally, the number, structure, and location of the hydroxyl group at 

the aromatic ring have a profound effect on the AOA. The neighboring substituents of the phenolic 

hydroxyl group may reinforce conjugation, thus, contributing to their outstanding AOA of tannins 

(Shahat, et al., 2013).  

Moreover, the free radical scavenging properties of galloylated catechins are stronger than 

nongalloylated catechins. Cai, et al. (2017) and Niaz, et al. (2020) indicated that the number of 

polyphenolic galloyl moieties in tannins had a direct relation to higher protein-binding and 

anticancer efficacy. It was suggested that the presence of the galloyl or hydroxyl group at the 3’- 

or 5’-position in the B-ring plays the most important role in their free radical scavenging capacity 

(Shahat, et al., 2013). Furthermore, the higher the degree of polymerization of tannins, the more 

the number of hydroxyl groups increased, triggering more radicals scavenged per molecule (Niaz, 

et al., 2020). These reports are consistent with our results as shown in Figure IV.1b.  

 

4.3.3. Correlation analysis 

4.3.3.1. Pearson correlation coefficient (PCC) 

The PCC is usually applied to express the strength between two continuous variables, which 

is useful to demonstrate how the response variables are related mathematically and to understand 
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the proportion of the fluctuation of one variable that was predictable from the other variable. We 

also analyzed the statistical significance of each Pearson’s r, which can be achieved by calculating 

the p-value.  

As shown in Table IV.3, the r value of PCC demonstrated a positive significant correlation 

of TFs and CTs with radical scavenging and ferric reducing activities orderly measured by ABTS 

(r = 0.98, r = 0.99), DPPH (r = 0.89, r = 0.83), and FRAP (r = 0.94, r = 0.86), respectively, 

indicating that the evolution of these phenolic compounds significantly contributed to the good 

antioxidant stability of PLI during one-day storage. This observation was strengthened by several 

studies (Kaderides, et al., 2020; Pottathil, et al., 2020) reporting that the antioxidant and anti-

diabetic activity of PGL extracts was linked to the presence of flavonoids and tannins.  

In addition, some researchers stated their results in favor of a positive correlation between 

AOA and TPs content (Kaderides, et al., 2020; Negrão-Murakami, et al., 2017). However, other 

authors found that the decreased TPs content did not agree with the loss of AOA, largely due to 

the formation of degradation products of polyphenols (Moser, et al., 2017; Rocha-Parra, et al., 

2016). In reality, no significant correlation of AOA with either TPs or OPs was found through our 

work, which could be explained by the existence of polyphenolic transformation and the 

modification of polyphenolic concentration during storage—consistent with Moser, et al. (2017) 

and Rocha-Parra, et al. (2016). 

 

Table IV.3 Pearson correlation coefficient (r) between various phenolic compositions and 

properties. 

 GA2 FO PU EAD ET-I ET-II ET-

III 

ET- 

IV 

FG ET-V ET- 

VI 

ET- 

VII 

ET- 

VIII 

EA ET- 

IX 

AG LG-I LG- 

II 

ABT

S 

DPP

H 

FRA

P 

TPs OPs TFs 

FO 0.62                        

PU -0.06 -0.68                       

EAD -0.48 0.23 -0.81                      

ET-I 0.50 -0.14 0.60 -0.84 

* 

                    

ET-II 0.30 -0.44 0.76 -0.82 

* 

0.94 

** 

                   

ET-III -0.58 0.20 -0.69 0.89 -0.95 -0.95                   
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* ** ** 

ET-IV -0.21 0.54 -0.93 

** 

0.85 

* 

-0.58 -0.74 0.76                  

FG 0.51 -0.26 0.73 -0.90 

* 

0.96 

** 

0.97 

** 

-0.99 

*** 

-0.77                 

ET-V 0.55 -0.17 0.63 -0.85 

* 

0.98 

*** 

0.96 

** 

-0.99 

*** 

-0.66 0.99  

*** 

               

ET-VI -0.55 0.24 -0.72 0.91 

* 

-0.94 

** 

-0.95 

** 

0.99 

*** 

0.79 -0.99  

*** 

-0.98  

*** 

              

ET-VII -0.22 0.49 -0.80 0.73 -0.37 -0.54 0.61 0.95 

** 

-0.60 -0.47 0.64              

ET-

VIII 

-0.40 0.40 -0.87 

* 

0.93 

** 

-0.69 -0.79 0.85 

* 

0.97 

** 

-0.85 

* 

-0.76 0.87 

* 

0.92  

** 

            

EA 0.60 0.04 0.40 -0.77 0.95 

** 

0.82 

* 

-0.86 

* 

-0.41 0.87 

* 

0.91 

* 

-0.85 

* 

-0.22 -0.57            

ET-IX 0.78 0.15 0.47 -0.86 

* 

0.92 

** 

0.79 -0.93 

** 

-0.57 0.91 

* 

0.93 

** 

-0.92 

* 

-0.43 -0.72 0.93  

** 

          

AG 0.06 -0.50 0.75 -0.73 0.89 

* 

0.93 

** 

-0.80 -0.59 0.85 

* 

0.85 

* 

-0.81 -0.34 -0.62 0.78 0.66          

LG-I 0.03 -0.53 0.75 -0.72 0.88 

* 

0.93 

** 

-0.79 -0.60 0.84 

* 

0.84 

* 

-0.80 -0.35 -0.62 0.76 0.64 0.99  

*** 

        

LG-II 0.06 -0.42 0.69 -0.72 0.88 

* 

0.88 

* 

-0.75 -0.51 0.81 0.82 

* 

-0.76 -0.25 -0.56 0.80 0.66 0.99  

*** 

0.98 

*** 

       

ABTS -0.08 0.66 -0.95 

** 

0.84 

* 

-0.77 -0.92 

* 

0.84 

* 

0.91 

* 

-0.87 

* 

-0.81 0.86 

* 

0.76 0.88 

* 

-0.58 -0.62 -0.86 

* 

-0.87 

* 

-0.79       

DPPH 0.02 0.72 -0.90 

* 

0.75 -0.44 -0.64 0.60 0.95 

** 

-0.63 -0.50 0.64 0.94 

** 

0.89* -0.28 -0.37 -0.54 -0.55 -0.46 0.86   

* 

     

FRAP -0.26 0.52 -0.83 

* 

0.91 

* 

-0.75 -0.84 

* 

0.82 

* 

0.88 

* 

-0.85 

* 

-0.78 0.85  

* 

0.80 0.92  

** 

-0.68 -0.69 -0.74 -0.74 -0.71 0.89  

* 

0.88  

* 

    

TPs 0.03 0.35 -0.82 0.79 -0.61 -0.59 0.54 0.63 -0.60 -0.54 0.57 0.45 0.64 -0.51 -0.51 -0.72 -0.72 -0.77 0.71 0.60 0.66    

OPs 0.21 0.70 -0.77 0.38 -0.19 -0.46 0.39 0.78 -0.40 -0.29 0.42 0.75 0.63 0.10 -0.07 -0.36 -0.37 -0.23 0.72 0.76 0.46 0.33   

TFs -0.25 0.56 -0.91  

* 

0.90 

* 

-0.78 -0.91 

* 

0.89 

* 

0.95 

** 

-0.91 

* 

-0.83  

* 

0.91  

* 

0.84  

* 

0.96  

** 

-0.62 -0.70 -0.79 -0.79 -0.71 0.98  

*** 

0.89  

* 

0.94  

** 

0.65 0.68  

CTs -0.01 0.70 -0.94  

** 

0.79 -0.76 -0.92 

* 

0.81 

* 

0.87 

* 

-0.85 

* 

-0.79 0.84  

* 

0.70 0.84  

* 

-0.56 -0.57 -0.89  

* 

-0.89  

* 

-0.82 0.99  

*** 

0.83  

* 

0.86  

* 

0.70 0.72 0.95  

** 
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1 Values in bold represent the * significant at p < 0.05; ** significant at p < 0.01; and *** 

significant at p < 0.001. 2 Abbreviations: GA, gallic acid; FO, flavan-3-ols; PU, punicalins; EAD, 

ellagic acid derivative; ET-I, ellagitannin I; ET-II, ellagitannin II; ET-III, ellagitannin III; ET-IV, 

ellagitannin IV; FG, flavonol glycoside; ET-V, ellagitannin V; ET-VI, ellagitannin VI; ET-VII, 

ellagitannin VII; ET-VIII, ellagitannin VIII; EA, ellagic acid; ET-IX, ellagitannin IX; AG, 

apigenin glycoside; LG-I, luteolin glycoside I; LG-II, luteolin glycoside II; TPs, total phenols; 

OPs, ortho-diphenols; TFs, total flavonoids, and CTs, condensed tannins. 

 

On the other hand, the decreased polyphenolics, except catechins, were significantly 

correlated with the degradation of AOA (Table IV.3). Separately, EAD, ET-III, ET-IV, ET-VI, 

and ET-VIII were found to highly correlate with ABTS scavenging capacity (r = 0.84, r = 0.84, r 

= 0.91, r = 0.86, and r = 0.89, respectively) and with ferric reducing power (r = 0.91, r = 0.82, r = 

0.88, r = 0.85, and r = 0.92, respectively). In addition, the DPPH scavenging activity was positively 

correlated with the decreasing of ET-IV, ET-VII, and ET-VIII (r = 0.95, r = 0.94, and r = 0.89, 

respectively).  

Furthermore, the results also showed that the evolution of ET-III, ET-IV, ET-VI, and ET-

VIII was significantly correlated with the content of TFs (r = 0.89, r = 0.95, r = 0.91, and r = 0.96, 

respectively) and CTs (r = 0.81, r = 0.87, r = 0.84, r = 0.84, respectively). EAD and ET-VII as 

well had a significant correlation with the change of TFs (r = 0.90 and r = 0.84, respectively). 

However, no association of individual polyphenolic concentration with the evolution of TPs and 

OPs was recorded.  

Certain highly positive or negative correlations were noted between individual compounds, 

representing a similar or reverse trend of their evolution. For instance, ET-I was positively linked 

with ET-II (r = 0.94), FG (r = 0.96), and ET-V (r = 0.98), while negatively linked to ET-III (r = -

0.95) and ET-VI (r = -0.94). These findings can reinforce the view of the presence of some inter-

relationship between compounds during storage.  

As we know, the endogenous antioxidant systems in humans is damaged by aging and 

external factors, such as smoking, drug, alcohol, or poor diet, causing cancer, diabetes, and 

cardiovascular diseases. Polyphenols originating from medicinal plants have been considered as 
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potent antioxidant agents in the fight against many deleterious and chronic disorders (Khan, et al., 

2020; Van Wyk, et al., 2018).  

Recent studies already demonstrated that PGL extracts possessed superior AOA, owing to 

the various flavonoids and tannins, among others, which are associated with many biological 

properties, including anti-inflammation, anti-microbial, anti-diabetes, anti-virus, anti-diarrheal, 

anti-ulcer, and hepato- and nephron- protection (Acquadro, et al., 2020; Lakshminarayanashastry 

Viswanatha, et al., 2019; Mestry, et al., 2020; Moghaddam, et al., 2013; Pinheiro, et al., 2019; 

Rao, et al., 2019; Swilam, et al., 2020; Toda, et al., 2020). Nonetheless, only a few works have 

studied the relationship between the health-promoting effects and a certain compound isolated 

from PGL extracts; there were scarcely any articles about PLI that illustrated the changing features 

between AOA and polyphenolic composition.  

Pinheiro, et al. (2019) uncovered for the first time that galloyl-HHDP-glucose (the main 

structure present in ETs) separated from the hydroalcoholic extract and ethyl acetate fraction of 

PGL ameliorated lipopolysaccharide-induced acute lung injury and attenuated weight loss in mice. 

In our present study, we first outlined the PLI in regard to its association of the stability of AOA 

with the change of polyphenolic profiles over one-day storage. However, the potential of 

individual compounds, their alteration mechanism, and their inter-synergistic or inter-antagonistic 

action need to be explored with the view to exerting their larger functional profiles as natural 

substances in the food-pharma and nutraceutical industries. 

 

4.3.3.2. Principal component analysis (PCA) 

PCA is one of the most welcome multivariate statistical tools used to explain differentiation 

between samples and to obtain multiple information on the variables that mostly affect the sample 

similarities and differences. It involves a mathematical procedure that reduces the dimensionality, 

produces the dominant patterns in the data matrix in accordance with a complementary set of 

scores and loading plots, and encompasses the cumulative effects of all critical parameters along 

with their interaction effects.  

The principal components (PCs) are a linear combination of the original variables that can 

suggest us how many components are necessary to explain the greater part of variance with a 
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minimum loss of information. For this purpose, we performed PCA on the determined variables 

of PLI over one-day storage, in order to confirm any relationship between the variables and to 

emphasize similarities and differences among the different storage times.  

The contents of phenolic classes (including TPs, OPs, TFs, and CTs), antioxidant capacities 

(estimated by ABTS, DPPH, and FRAP), and the concentrations of eighteen polyphenolics 

identified by HPLC from the different storage times (0, 2, 4, 6, 8, and 24 h) of PLI were subjected 

to PCA. The statistical analysis retained the first two principal components of which the first (PC1) 

accounted for 71.50% of the variance, while the second (PC2) explained 15.44% (Figure IV.3), 

accounting for a total variance of 86.94%.  

 

Figure IV.3 Bi-plot of the PCA analysis performed on the determined 25 variables of pomegranate 

leaf infusion over one-day storage. Loading plots (vectors representing active variables) and scores 
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plots (triangles representing active observations-different storage times) of PC1 and PC2. Numbers 

of vectors represented: (1) gallic acid, (2) flavan-3-ols, (3) punicalin, (4) ellagic acid derivative, 

(5) ellagitannin I, (6) ellagitannin II, (7) ellagitannin III, (8) ellagitannin IV, (9) flavonol glycoside, 

(10) ellagitannin V, (11) ellagitannin VI, (12) ellagitannin VII, (13) ellagitannin VIII, (14) ellagic 

acid, (15) ellagitannin IX, (16) apigenin glycoside, (17) luteolin glycoside I, (18) luteolin glycoside 

II, (19) ABTS, (20) DPPH, (21) FRAP, (22) total phenols, (23) ortho-diphenols, (24) flavonoids, 

and (25) tannins. 

 

The loading plots (shown as vectors in Figure IV.3) represented the contributors to the 

principal components. The levels of antioxidant properties, the contents of phenolic classes, and 

the concentrations of seven decreased compounds were the main contributors to PC1, among 

which EAD, ET-III, ET-IV, ET-VI, ET-VIII, TFs, CTs, ABTS, and FRAP were the most 

significant; whereas, ET-II, FG, AG, LG-I, and LG-II represented negative loadings in PC1. Then, 

GA, FO, EA, ET-IX, DPPH, and OPs were the most dominant contributors to PC2.  

The score plots (shown as triangles in Figure IV.3) manifested that the greatest difference was 

obtained when the PLI was stored at 0 and 24 h. The PC1 classified the storage times into two 

groups, namely before-4 h and after-4 h of storage according to the decreased and increased 

compounds. A classification of values at 0 and 24 h with values at 2–8 h was detected by PC2. 

Storage at 0 h revealed a tendency to higher antioxidant capacities, higher amounts of phenolic 

classes, and higher concentrations of seven decreased phenolics, in comparison to the storage at 

24 h, which was characterized by the concentrations of 11 increased compounds with the exception 

of punicalin. However, no clear discrimination during 2–8 h of storage was characterized by any 

loading value. 

 

4.4 Conclusions 

The present study reported the variations of polyphenolic composition and in vitro 

antioxidant activity of freshly prepared pomegranate (Punica granatum L.) leaf infusion (PLI) 

over one-day storage (0, 2, 4, 6, 8, and 24 h). The results showed that there were no significant 

changes for the TF and CT contents during 2–8 h storage, meanwhile, the content of TPs and OPs 
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maintained high stability within 24 h of storage. Moreover, our findings illustrated that the PLI 

exhibited a strong capacity of free radical scavenging and ferric reducing power, which retained 

over 90% of its capacity after one-day storage.  

Overall, this study demonstrated that PLI over one-day storage possessed good stability of 

the total polyphenolic contents and antioxidant capacities. This stability was possibly associated 

with the transformational actions of the polyphenolic profiles where we found seven decreased 

and eleven increased polyphenols. Consequently, this infusion can serve as a natural antioxidant 

and green alternative as well as being a stable by-product for the valorization in the food-pharma 

and nutraceutical industries. Future research may consider its application in preclinical and clinical 

trials to better exploit its specific therapeutical profiles regarding the health benefits for human 

beings.  
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Abstract 

Punica granatum L. (pomegranate) has been used in functional foods due to various health 

benefits. However, in vivo biological potentials of its leaf remain little known. This work aimed 

to characterize the antineoplastic and toxicological properties of pomegranate leaf infusion 

(PLI) in transgenic mice carrying human papillomavirus (HPV) type 16 oncogenes. Thirty-

eight mice were divided into 3 wild-type (WT) and 3 transgenic (HPV) groups, exposure to 

0.5% PLI, 1.0% PLI, and water. Animals´ body weight, drink and food consumption were 

recorded. Internal organs, skin samples and intracardiac blood were collected to evaluate 

toxicological parameters, neoplastic lesions, and oxidative stress. Results indicated that PLI 

was safe for no mortality, no behavioural disorders and no significant differences in the levels 

of microhematocrit, serum biochemistry, histology, and oxidative stress among WT groups. 

Histological analysis revealed HPV animals that consumed PLI reduced hepatic, renal and 

cutaneous lesions than the HPV control group, amongst, low-dose PLI significantly diminished 

renal hydronephrosis lesions and relieved dysplasia and carcinoma lesions in the chest skin. 

Oxidative stress analysis showed low-dose PLI may have more benefits than high-dose PLI. 

These results suggested that oral administration of PLI, particularly with lower dosages, has 

antitumoral and chemotherapeutic potential against HPV16-induced neoplastic lesions. 

Keywords: K14HPV16; human papillomavirus; neoplasia; pomegranate leaf. 

Adapted from: 
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Venâncio, Ana Barrosa, and Paula Oliveira. Study on the antineoplastic 

and toxicological effects of pomegranate (Punica granatum L.) leaf 

infusion in the K14-HPV16 transgenic mouse model. Submitted to the 
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5.1 Introduction 

Punica granatum L., well-known as pomegranate, is a fruit-bearing deciduous shrub, 

belonging to the Punicaceae family. It is originated from the Himalayan region in North India to 

Iran and extensively cultivated as fruit or ornamental tree in the Mediterranean region (Puneeth, et 

al., 2020). Besides its fruit, the non-edible parts of pomegranate, such as leaves have been 

traditionally utilized for medicinal purposes. In Ethiopia, leaves crushed in water are taken orally 

to expel tapeworms (Ross, 2005). Hot water extract of dried leaves is used externally for urinary 

tract infection in Belize or taken orally for irregular menses in Malaysia (Ross, 2005). Recently, 

pomegranate leaves (PGL) which are promising for developing functional foods, has been 

endowed with different in vitro biological properties, including anti-cancer (Balamurugan, et al., 

2021; Deng, et al., 2018; Kiraz, et al., 2016; Saratale, et al., 2018; Sarkar, et al., 2018; Toda, et 

al., 2020), antioxidative (Yu, et al., 2021b), anti-inflammatory (Toda, et al., 2020), antidiabetic 

(Saratale, et al., 2018), and antimicrobial properties (Acquadro, et al., 2020; Swilam, et al., 2020; 

Tehranifar, et al., 2011). The degree of these activities depends on the structural diversity of 

polyphenolics, namely the number and the location of hydroxylation, galloylation, and 

polymerization, which has been primarily associated with their potentially chemopreventive and 

chemotherapeutic properties (Ismail, et al., 2016; Yu, et al., 2021a). Although many bioactive 

components still have not been identified so far, ellagitannins (ETs) ranking firstly and flavonoid 

glycosides secondly are the most abundant polyphenols identified in the pomegranate leaf infusion 

(PLI), contributing to its high level of free radical scavenging capacity and ferric reducing power 

(Yu, et al., 2021a).  

Combating cancer through dietary intake rich in natural bioactive substances rather than 

synthetic drugs has been thriving. Along this line, ETs deserve to be part of a healthy diet as 

functional formulations, since they exhibit direct in vitro anti-proliferative impact against cancer 

cells, with low cell toxicity (Ismail, et al., 2016; Villalba, et al., 2019). PL extracts have been found 

to exert in vitro chemotherapeutic and antitumoral features against myeloma (Kiraz, et al., 2016), 

colon (Balamurugan, et al., 2021), cervical (Sarkar, et al., 2018), prostate (Deng, et al., 2018), liver 

(Saratale, et al., 2018), and lung (Toda, et al., 2020) cancer cell lines, by inhibiting inflammation, 

inducing apoptosis, and stimulating cell cycle arrest. Moreover, several assays suggest that PL 



166 

 

extracts exhibit hepatoprotective activity against carbon tetrachloride or high-fat diet-induced 

hepatotoxicity in experimental animals (Kumar, et al., 2018; Rao, et al., 2019). Additionally, PL 

can also improve renal function in drug-induced nephropathy in rats (e.g. gentamicin and 

streptozotocin) (Ankita, et al., 2015; Mestry, et al., 2020). The methanolic extract of PL has in vivo 

anticonvulsive properties on an experimental animal model of epilepsy (Viswanatha, et al., 2016). 

Furthermore,  clinical trials revealed that ellagic acid, as the primary hydrolysate of ETs has a 

chemopreventive capacity of HPV-related pre-neoplastic lesion of the cervix (Morosetti, et al., 

2017). Given these previous findings, we performed in vivo research to study the therapeutical 

properties of PLI towards an HPV16-transgenic mouse model. 

 

5.2 Materials and Methods 

5.2.1 Plant sample preparation 

The plant species of Punica granatum L. and its leaves (PL) were authenticated and provided 

by the botanist from the Botanical Garden of the University of Trás-os-Montes and Alto Douro 

(UTAD, Vila Real, Portugal). The collected samples were rinsed with tap water, dried until 

complete dehydration, ground into a fine powder, and stored hermetically at room temperature 

(RT, 20–25°C) from the light. The infusion of PL was prepared according to the previous 

description (Yu, et al., 2021a), as follows: 5 g of PL was steeped in 1L of boiled water (around pH 

6.0), recording the infusion as a concentration of 0.5% (w/v). The infusion was stood for 30 min 

until the temperature reduced properly, and then filtrated twice in sequence with cotton gauze and 

qualitative filter paper. Another 10 g of PL was extracted by the same procedure to obtain the 1.0% 

of infusion. These two different concentrations of PLI were cooled down until RT before being 

fed to the animals and renewed three times per week for the in vivo studies. 

 

5.2.2 Polyphenolic profile and stability of PLI 

The polyphenolic profile of the PLI was characterized by the Reverse Phrase High 

Performance Liquid Chromatography–Diode Array Detector (RP–HPLC–DAD) system (Thermo 

Finnigan, San Diego, CA, USA). The detailed methods have been reported by our team as 
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previously described (Yu, et al., 2021a). The stability of the PLI was assessed by 

spectrophotometric analysis according to the previous description (Yu, et al., 2021a). 

Experimental protocols included the determination of phenolic classes (total phenols, ortho-

diphenols, and flavonoids) and the antioxidant capacities in vitro via ABTS and DPPH free radical 

scavenging assays during three consecutive days at RT.  

 

5.2.3 Animals 

The current work was authorized by the Ethics committee of the University of Trás-os-

Montes and Alto Douro (852-e-CITAB-2020_A_1-e-CITAB-2021). The study followed the 

national legislation (Decree-Law 113/2013, August 7) and European Directive 2010/63/EU on the 

protection of animals. Thirty-eight male mice were used in this experimental assay, including 20 

wild-type (FVB/n) mice and 18 transgenic (hemizygotic HPV16+/-) mice, with 20weeks of age. 

These animals were generously donated by Drs. Jeffrey Arbeit and Douglas Hanahan through the 

USA National Cancer Institute Mouse Repository, University of California and maintained at our 

animal facilities. All animals were housed in polycarbonate cages with corncob beds (Ultragene, 

Santa Comba Dão, Portugal) and environmental enrichment. The cages were changed and cleaned 

weekly. All mice were maintained under controlled experimental conditions: temperature 

(23±2°C), relative humidity (50±10%), and a photoperiod cycle of 12 h light (8 am to 8 pm) and 

12 h darkness. The animals were fed ad libitum with water and a standard diet (Mucedola S.R.L., 

4RF21 GLP Certificate, Milan, Italy). The mice were genotyped as previously described (Ferreira, 

et al., 2021) and assigned to either transgenic or wild-type groups. 

 

5.2.4 Experimental design 

According to different genotypes and treatments, the animals were divided into six groups, 

as shown in Figure V.1: G1 and G2 were exposed to 0.5% PLI (WT 0.5% PLI; n = 7 and HPV 

0.5% PLI; n = 6); G3 and G4 were exposed to 1.0% PLI (WT 1% PLI; n = 6 and HPV 1% PLI; n 

= 7); and G5 and G6 were exposed to cooled boiled water (WT water; n = 7 and HPV water; n = 

5). All drinks (including water, 0.5% and 1.0% of infusions) were orally administrated to the 

animals in lab rodent water bottles over the breeding cages. During the four consecutive weeks of 
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the whole assay, all mice were checked daily for their health status. The drink consumption (water/ 

infusion) was registered three times per week. The animals’ body weight, food consumption, body 

temperature and humane endpoints were weekly recorded.  

 

Figure V.1 Experimental protocol. 

 

At the end of the experimental protocol, all animals were sacrificed by intraperitoneal 

injection of xylazine-ketamine overdose. Then, blood samples were collected through an 

intracardiac puncture, according to the Federation of European Laboratory Animal Science 

Association (FELASA) guidelines, and placed in heparin tubes to block the clotting cascade. 

Complete necropsies were conducted. So, the heart, lungs, spleen, liver, kidneys, ear skin, chest 

skin, thymus, urinary bladder, testicles, and adipose tissues were collected, weighed, and placed 

in 10% neutral buffered formalin for histological analysis. Body length (nose-to-anus) (BL), 

femoral length (FL), tibial length (TL), and abdominal perimeter (AP) was measured (cm) using a 

tape measure. 

 

G1-WT 0.5% PLI (n = 7)

G2-HPV 0.5% PLI (n = 6)

G3-WT 1.0% PLI (n = 6)

G4-HPV 1.0% PLI (n = 7)

G5-WT water (n = 7)

G6-HPV water (n = 5)

Experimental period                                                                            Week

0   1   2   3   4   

body weight, food, humane endpoints final drink (water or infusion) sacrifice



169 

 

5.2.5 Haematology 

Blood samples were sucked in capillary tubes and centrifuged (12000 rpm for 5 min) for 

microhematocrit (Ht, %) determination. On the other hand, blood samples placed in heparin tubes 

were clotted and centrifuged at 3000 rpm for 15 min (4°C). The serum was separated in a fresh 

tube and frozen at -80°C until the test. Concentrations of creatinine and urea, both excreted by the 

kidney, and two liver enzymes including alanine aminotransferase (ALT) and aspartate 

aminotransferase (AST), were analyzed by an automatic blood analyser (Prestige 24i, PZ Cormay 

S.A., Warsaw, Poland). 

 

5.2.6 Histological analysis 

The fixed internal organs and skin samples were transferred to histological cassettes, 

dehydrated in a series of graded ethanol, and embedded in paraffin wax. Then embedded blocks 

were serially cut with 4-µm thickness, using a microtome and collected on glass slides. The 

histological sections were deparaffinized by placing the slides in the xylene solution twice for 5 

min, rehydrated through a series of graded ethanol, and stained with Haematoxylin and Eosin 

(H&E) in automatic staining equipment. All slides were examined for routine histopathological 

diagnosis by light microscopy with a model of Axioplan 2 Fluorescence Microscope (Zeiss, Jena, 

Germany). Image processing was performed with the LAS Advanced Analysis Software Bundle 

(No: 12730448). The severity of non-proliferative and inflammatory lesions was scored semi-

quantitively in accordance with previous report (Mega, et al., 2014). 

 

5.2.7 Oxidative stress determination 

Following euthanasia, the liver and kidneys were harvested and rinsed with ice-cold 

phosphate budder saline. A portion of each organ was homogenised in cold HEPES buffer (0.32 

mM of sucrose, 20 mM of HEPES, 1 mM of MgCl2, and 0.5 mM of phenylmethylsulfonyl fluoride 

(PMSF, pH 7.4) (Deng, et al., 2009) and separately centrifuged at 12000 × g for 10 min at 4 °C. 

The resultant supernatants were then subjected to biochemical investigation of different 

antioxidant markers such as superoxide dismutase (SOD) (Durak, et al., 1993), catalase (CAT) 
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(Clairborne, 1985), glutathione peroxidase (GPx) (Carlberg, et al., 1975), and glutathione 

reductase (GR) activities (Carlberg, et al., 1975), as detailed in previous works (Félix, et al., 2018). 

Total glutathione (GSH and GSSG) levels (Hissin, et al., 1976) and the activity of glutathione S-

transferase (GST) (Habig, et al., 1981) were also evaluated. The oxidative stress index (OSI) was 

indicated as the ratio of GSH/GSSG. Protein carbonyls (PC)  (Mesquita, et al., 2014) and lipid 

peroxidation (LPO) (Wallin, et al., 1993) products were evaluated as oxidative biomarkers. The 

level of LPO in the liver and kidneys of animals was evaluated spectrophotometrically by the 

thiobarbituric acid reactive substance (TBARS) assay. The DCFH-DA fluorescent probe was used 

to measure intracellular reactive oxygen species (ROS) levels (Deng, et al., 2009). The lactate 

dehydrogenase (LDH) (Domingues, et al., 2010) activity was also assessed. Values were 

normalized to the levels of total protein (Bradford, 1976). For more detailed information, please 

refer to the Supplementary Materials. 

 

5.2.8 Statistical analysis 

Measurements of polyphenolic composition and antioxidant capacities of the pomegranate 

leaf infusion were performed in triplicate and the results were expressed as mean ± SE (standard 

error) (n = 3). Data related to animal tests (body weight, weight gain, relative organ weight, ratios 

of body weight and lengths, and blood parameters) were analyzed as mean ± SE. The ponderal 

gain (PG) of each animal PG = (W2-W1)/W2 was calculated with W1 being the initial body weight 

and W2 final body weight. Relative organ weights were indicated as the ratio of the animal's organ 

weight by body weight. Kolmogorov-Smirnov test was applied to verify the normal distribution 

of the data. These analyses were performed with IBM SPSS version 25 (Chicago, Illinois, USA), 

by using analysis of variance (ANOVA) followed with the Bonferroni test. The Chi-square test 

was conducted to analyse the histological results. The data of oxidative stress analysis were 

statistically carried out by using ANOVA followed by Tukey's Multiple Comparison Test 

(GraphPad Prism software, version 9.2.0). Data were considered statistically significant when p < 

0.05. 

 



171 

 

5.3 Results 

5.3.1 General findings 

Results of chromatographic characterization and polyphenolic profile of pomegranate leaf 

infusion (PLI) has been studied in our previous work (Yu, et al., 2021a). The stability of infusions 

was spectrophotometrically studied on the content of total phenols, ortho-diphenols, and 

flavonoids, as well as the level of free radical scavenging capacity during three days (Table V.1). 

Results indicated that these phenolic contents and antioxidant activities of the infusion maintained 

high stability within 48 hours, less than 10% of degradation. But it was visualized that the infusions 

degraded after 3 days stored at RT, with some flocculent precipitates. Therefore, the feeding drink 

was kept up to a maximum of three days to replace, in order to avoid compound degradation. 

 

Table V.1 Degradation (%) of phenolic content and antioxidant capacity of pomegranate leaf 

infusions. 

Spectrophotometric analysis 0 h 24 h 48 h 
Degradation 

(%) 

Phenolic content     

Total phenols (mg gallic acid g-1 DW) 
156.282 ± 

1.226 b 

156.809 ± 

0.502 a 

150.498 ± 

0.153 c 
3.701 

Total ortho-diphenols (mg gallic acid g-1 

DW) 

257.433 ± 

1.964 a 

255.985 ± 

1.951 a 

247.403 ± 

1.872 a 
3.896 

Total flavonoids (mg rutin g-1 DW) 
61.405 ± 0.282 

a 

58.400 ± 0.833 
b 

56.674 ± 0.591 
c 

7.705 

Antioxidant capacity     

ABTS radical scavenging (mmol Trolox g−1 

DW) 
2.004 ± 0.004 a 1.888 ± 0.085 b 1.879 ± 0.049 b 6.238 

DPPH radical scavenging (mmol Trolox g−1 

DW) 
1.713 ± 0.046 a 1.655 ± 0.065 b 1.648 ± 0.054 b 3.795 

Values are presented as mean ± SE (n = 3) for each polyphenolic content and antioxidant activity 

assay. Mean values followed by different superscript lowercase letters report significant 

differences between different storage times, according to Tukey’s multiple range test. 

DW: plant dry weight; ABTS: 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) 

diammonium salt; DPPH: 2,2-diphenyl-1-picrylhidrazyl. 

 



172 

 

During the experimental protocol, no mortality was recorded. Behaviour disorders were not 

observed, and we did not identify body temperature changes between groups (data not shown).  

The body weight variation and ponderal gain (PG) of animals in all experimental groups are 

presented in Figure V.2. At the beginning (Week 0) of the experimental work (Fig. 2A), the mean 

body weight of animals in the HPV water group (33.79 ± 1.14) was statistically different from the 

WT water group (28.25 ± 0.76) (p = 0.001). The same trend between these two groups was found 

after the first week of feeding (Week 1) (p = 0.002). Moreover, highest mean body weight was 

observed in the HPV water group (37.41 ± 3.73) at the end of the study (Week 4), when compared 

with the HPV 0.5% PLI group (28.53 ± 0.78) (p = 0.003), the HPV 1.0% PLI group (30.25 ± 1.06) 

(p = 0.02), and the WT water group (29.27 ± 0.77) (p = 0.005). A similar tendency was indicated 

among these groups in Week 2 and Week 3 (p < 0.05), respectively. However, there was no 

difference in the PG of animals between the different groups (Fig. 2B).  
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Figure V.2 Body weight variation (A) and ponderal gain (B) in all experimental groups. Results 

were expressed as mean ± SE.  

a Statistically different from the WT water group (p = 0.001) in Week 0;  

b Statistically different from the WT water group (p = 0.002) in Week 1; 

c Statistically different from the HPV 0.5% PLI group (p = 0.002), HPV 1.0% PLI group (p = 

0.041), and WT water group (p = 0.006) in Week 2;  

d Statistically different from the HPV 0.5% PLI group (p = 0.003), HPV 1.0% PLI group (p = 

0.021), and WT water group (p = 0.001) in Week 3; 

e Statistically different from the HPV 0.5% PLI group (p = 0.003), HPV 1.0% PLI group (p = 

0.020), and WT water group (p = 0.005) in Week 4. 

 

The mean values of drink and food consumption during the experimental work are reported 

in Figure V.3. Generally, the transgenic groups consumed more drink and food than wild-type 

groups. Animals in HPV 0.5% PLI group exhibited both higher drink (8.98–10.12) and food 

consumption (4.75–5.61) than the WT 0.5% PLI group (4.02–4.44 of drink, 1.56–3.82 of food) 

and the HPV 1.0% PLI group (5.12–6.43 of drink, 3.98–4.28 of food) (p < 0.01). Animals in HPV 

1.0% PLI group also drank more than the WT 1.0% PLI group (4.28–4.61), while less than the 
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HPV water group (10.84–11.22) (p < 0.05). A significant difference (p < 0.01) in the water intake 

was found between the positive (HPV water) and negative (WT water) control groups (3.78–4.15). 

Furthermore, significantly (p < 0.01) higher food consumption was revealed in the HPV water 

group (5.29–5.87), with comparison to the other transgenic groups, and the WT water group (3.29–

3.52). 

0

2

4

6

8

10

12

14

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

M
e

an
 d

ri
n

k
co

n
su

m
p

ti
o

n
 (

g/
d

ay
/m

ic
e

)

Week 1

Week 2

Week 3

Week 4

WT 0.5% PLI
(n = 7)

HPV 0.5% PLI
(n = 6)

WT 1.0% PLI
(n = 6)

HPV 1.0% PLI 
(n = 7)

WT water 
(n = 7)

HPV water
(n = 5)

A

0

1

2

3

4

5

6

7

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

M
e

an
 f

o
o

d
co

n
su

m
p

ti
o

n
 (

g/
d

ay
/m

ic
e

)

Week 1

Week 2

Week 3

Week 4

WT 0.5% PLI
(n = 7)

HPV 0.5% PLI
(n = 6)

WT 1.0% PLI
(n = 6)

HPV 1.0% PLI 
(n = 7)

WT water 
(n = 7)

HPV water
(n = 5)

B

b
b

bb

a

a

a

a
c

c cc

(a)
(a) (a)

(a)

(b)
(b)

(b)
(b)



175 

 

Figure V.3 Mean daily consumption of drink (water and infusion) (A) and food (B) in all 

experimental groups.  

a p < 0.01, statistically different from the WT 0.5% PLI group and the HPV 1.0% PLI group in 

each week;  

b p < 0.05, statistically different from the WT 1.0% PLI group and the HPV water group in each 

week; 

c p < 0.01, statistically different from the WT water group in each week; 

(a) p < 0.01, statistically different from the WT 0.5% PLI group and the HPV 1.0% PLI group in 

each week; 

(b) p < 0.01, statistically different from the HPV 0.5% PLI group, the HPV 1.0% PLI group, and 

the WT water group in each week. 

 

The relative weight (RW) of animals' internal organs in different test groups is analyzed in 

Table V.2. The HPV 0.5% PLI group showed the highest mean RW on all studied organs, which 

was statistically different from the WT 0.5% PLI group (p = 0.004) and HPV 1.0% PLI group (p 

= 0.032) on heart, different from the WT 0.5% PLI group and HPV water group on lung and right 

kidney (p < 0.05), and different from the WT 0.5% PLI group, HPV 1.0% PLI group, and HPV 

water group on spleen, liver, and left kidney (p < 0.05). 

 

Table V.2 Relative weight of the internal organs in the experimental groups (mean ± SE). 

Group Heart Lung Spleen Liver 
Left 

kidney 

Right 

kidney 

G1-WT 

0.5% PLI (n 

= 7) 

0.0045 ± 

0.0003 

0.0065 ± 

0.0002 

0.0038 ± 

0.0001 

0.0516 ± 

0.0007 

0.0075 ± 

0.0001 

0.0074 ± 

0.0001 

G2-HPV 

0.5% PLI (n 

= 6) 

0.0060 ± 

0.0002 a 

0.0083 ± 

0.0005 b 

0.0206 ± 

0.0056 c 

0.0738 ± 

0.0071 c 

0.0090 ± 

0.0004 c 

0.0089 ± 

0.0003 b 

G3-WT 

1.0% PLI (n 

= 6) 

0.0047 ± 

0.0003 

0.0073 ± 

0.0003 

0.0044 ± 

0.0002 

0.0510 ± 

0.0017 

0.0073 ± 

0.0003 

0.0076 ± 

0.0004 
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G4-HPV 

1.0% PLI (n 

= 7) 

0.0047 ± 

0.0001 

0.0073 ± 

0.0006 

0.0064 ± 

0.0006 

0.0512 ± 

0.0022 

0.0076 ± 

0.0003 

0.0078 ± 

0.0003 

G5-WT 

water (n = 7) 

0.0049 ± 

0.0002 

0.0063 ± 

0.0003 

0.0042 ± 

0.0001 

0.0521 ± 

0.0017 

0.0069 ± 

0.0001 

0.0069 ± 

0.0001 

G6-HPV 

water (n = 5) 

0.0049 ± 

0.0002 

0.0059 ± 

0.0003 

0.0076 ± 

0.0010 

0.0579 ± 

0.0017 

0.0077 ± 

0.0003 

0.0076 ± 

0.0001 

a Statistically different from the WT 0.5% PLI group and the HPV 1.0% PLI group (p < 0.05); 

b Statistically different from the WT 0.5% PLI group and the HPV water group (p < 0.05); 

c Statistically different from the WT 0.5% PLI group, the HPV 1.0% PLI group, and the HPV water group 

(p < 0.05). 

 

The ratios of different body size parameters are indicated in Table V.3. The HPV water group 

had a significantly higher ratio of final body weight (FBW) to body length (BL) than the WT water 

group (p = 0.004), and a higher ratio of FBW to tibial length (TL) than the HPV 0.5% PLI group 

(p = 0.038). Concerning the femoral length (FL) to abdominal perimeter (AP) ratio, there was a 

significant difference between the HPV 0.5% PLI group and HPV 1.0% PLI group (p = 0.012). 

Additionally, the lowest AP to FBW ratio was found in the HPV water group, significantly 

different from the other transgenic groups exposed to infusions (p < 0.05). When comparing groups 

consuming the same drink, HPV groups displayed higher ratios of FBW/BL and FBW/TL versus 

the WT groups, although some ratios didn't reach statistical significance between groups. 

 

Table V.3 Relationship among final body weight and different length parameters (mean ± SE). 

Group 
FBW/BL 

(g/cm) 

FBW/TL 

(g/cm) 
FL/AP (cm/cm) 

AP/FBW 

(cm/g) 

G1-WT 0.5% PLI (n = 7) 3.038 ± 0.039 18.158 ± 1.231 0.199 ± 0.012 0.267 ± 0.004 

G2-HPV 0.5% PLI (n = 6) 3.259 ± 0.115 19.139 ± 0.969 b 0.204 ± 0.003 c 0.264 ± 0.008 

G3-WT 1.0% PLI (n = 6) 2.937 ± 0.044 20.364 ±0.506 0.184 ± 0.009 0.255 ± 0.008 

G4-HPV 1.0% PLI (n = 7) 3.185 ± 0.105 24.129 ±0.855 0.167 ± 0.004 0.254 ± 0.009 

G5-WT water (n = 7) 3.016 ± 0.054 a 20.581 ± 0.821 0.206 ± 0.003 0.243 ± 0.006 
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FBW: final body weight; BL: body length; TL: tibial length; FL: femoral length; AP: abdominal 

perimeter. 

a Statistically different from the HPV water group (p = 0.004); 

b Statistically different from the HPV water group (p = 0.038); 

c Statistically different from the HPV 1.0% PLI group (p = 0.012); 

d Statistically different from the HPV 0.5% PLI group and HPV 1.0% PLI group (p < 0.05). 

 

5.3.2 Haematology  

The microhematocrit (Ht) and serum biochemical results are registered in Table V.4. There 

were no significant differences in Ht values between groups. However, all groups exposed to PLI 

displayed higher Ht values than groups exposed to water (p > 0.05). Moreover, no significant 

differences were detected in the serum levels of creatinine, urea, and AST among the groups. But 

the concentrations of creatinine, urea, and ALT in the HPV groups that consumed PLI were lower 

than the HPV water group (p > 0.05). Although the differences were not statistically significant, 

the AST values were lower in HPV groups than WT groups, when the compared groups took the 

same drink (p > 0.05). It can be observed that the WT 0.5% PLI group had a significantly lower 

concentration of ALT than the WT 1.0% PLI group and WT water group (p < 0.05).  

 

Table V.4 Microhematocrit (Ht) and serum parameters (mean ± SE). 

G6-HPV water (n = 5) 3.683 ± 0.262 24.919 ± 2.386 0.179 ± 0.009 0.216 ± 0.013 d 

Group Ht (%) 
Creatinine 

(mg/dL) 
Urea (mg/dL) ALT (U/L) AST (U/L) 

G1-WT 0.5% PLI  

(n = 7) 
39.871 ± 1.068 0.467 ± 0.208 46.829 ± 2.721 27.757 ± 2.360 a 85.843 ± 10.142 

G2-HPV 0.5% PLI  

(n = 6) 
38.733 ± 1.020 0.310 ± 0.124 41.367 ± 1.395 36.933 ± 2.988 52.400 ± 6.938 

G3-WT 1.0% PLI  

(n = 6) 
39.350 ± 0.553 0.735 ± 0.259 44.283 ±2.399 48.967 ± 1.454 88.783 ± 5.131 

G4-HPV 1.0% PLI  

(n = 7) 
40.571 ± 0.660 0.424 ± 0.200 45.471 ± 2.242 40.729 ± 2.280 81.600 ± 7.320 
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ALT: alanine aminotransferase; AST: aspartate aminotransferase. 

a Statistically different from the WT 1.0% PLI group and the WT water group (p < 0.01). 

 

5.3.3 Histological analysis 

The hepatic and renal lesions identified in each experimental group are listed in Table V.5. 

Regarding the liver samples (Figure V.4A), although all groups developed hydropic degeneration, 

the HPV 1.0% PLI group showed the lowest level at 42.9% (3/7) (p > 0.05). No (0%) or very few 

(33.3%, 2/6) WT animals developed congestion and inflammatory infiltrate, while these lesions 

were found in all HPV groups. Among all HPV groups, the HPV 1.0% PLI group displayed the 

lowest value of congestion (14.3%, 1/7) (p > 0.05). Concerning the kidneys (Table V.5 and Figure 

V.4B), the HPV water group showed a significantly higher value of hydronephrosis (100%, 5/5) 

(p < 0.05) and showed a visually higher value of cylinder (40%, 2/5), whereas the other groups 

were characterized by no (0%) or rare (28.6%, 2/7) lesions of cylinder and hydronephrosis. 

Moreover, all groups developed low grade of inflammatory infiltrate; the HPV 0.5% PLI group 

had lower value than HPV 0.1% PLI group (p < 0.05). In this regard, the three WT groups 

presented only minimal with rare and small foci of inflammatory cells, whereas almost all animals 

from the HPV water group, as well as three animals from the HPV 1.0% PLI group revealed mild 

damage with few and small inflammatory cell infiltrate.   

 

Table V.5 Number of animals (%) with histological liver and kidney lesions in all experimental 

groups. 

 

G1 WT 

0.5% PLI 

(n = 7) 

G2 HPV 

0.5% PLI 

(n = 6) 

G3 WT 

1.0% PLI 

(n = 6) 

G4 HPV 

1.0% PLI 

(n = 7) 

G5 WT 

water 

(n = 7) 

G6 HPV 

water 

(n = 5) 

Liver        

Hydropic 

degeneration 
6 (100%) 4 (66,7%) 5 (83,3%)  3 (42,9%) 7 (100%) 4 (80%)  

G5-WT water  

(n = 7) 
38.243 ± 0.618 0.420 ± 0.189 40.800 ± 2.399 42.543 ± 2.801 94.843 ± 10.447 

G6-HPV water  

(n = 5) 
36.440 ± 3.771 0.568 ± 0.244 48.125 ± 2.324 45.575 ± 6.181 78.650 ± 11.452 



179 

 

Inflammatory 

infiltrate 
0 (0%) a 4 (66,7%)  2 (33,3%)  4 (57,1%) 0 (0%) 1 (20%) 

Congestion 0 (0%) b 3 (50%)  0 (0%)  1 (14,3%) 0 (0%) 2 (40%) 

Kidney        

Inflammatory 

infiltrate 
5 (71,43%) 3 (50%) c 6 (100%) 7 (100%) 7 (100%) 5 (100%) 

Hydronephrosis 0 (0%) 0 (0%) 0 (0%) 2 (28,6%) 0 (0%) 5 (100%) d 

Cylinder 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 2 (40%)  

a significantly different from the HPV 0.5% PLI group (p = 0.009);  

b significantly different from the HPV 0.5% PLI group (p = 0.033); 

c significantly different from the HPV 1.0% PLI group (p = 0.033); 

d significantly different from the HPV 0.5% PLI group, HPV 1.0% PLI group, and WT water group 

(p < 0.05). 

 

Histological results on the ear pavilion skins can be consulted in Table V.6 and Figure V.4C. 

Globally, skin lesions changed from notorious epidermal hyperplasia, some with papillomatosis, 

to dysplasia, accompanied by sebaceous hyperplasia. As expected, skin lesions from the ear 

pavilion were only registered in HPV groups, with all animals from three WT groups exhibiting 

normal ear skins (0%) in this study. Except for papilloma lesions, other studied lesions revealed 

significantly lower development in all WT groups, when compared to their corresponding HPV 

groups (p < 0.05). Neoplastic lesions were registered in all HPV positive groups. In HPV 0.5% 

PLI group, three carcinomas were observed (50%), two carcinomas in situ and one invasive 

carcinoma. In the HPV water group, all animals registered malignant neoplastic lesions (100%), 

namely four invasive carcinomas and one carcinoma in situ. The HPV 1.0% PLI group revealed 

two papillomas (28.6%) and a total of five malignant neoplastic lesions (71.43%), four carcinomas 

in situ and one invasive carcinoma. 
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Figure V.4 Histological analysis of (A) liver, (B) kidney, (C) ear pavilion skin, and (D) chest skin 

in each experimental group. (A) WT groups showing normal or hydropic degeneration (A-G1, A-

G3, A-G5) with minimal inflammatory infiltrate in two animals (A-G3), HPV groups showing 

inflammatory infiltrate aggravation (A-G2, A-G4) and congestion (A-G6); (B) all groups showing 

inflammatory infiltrate, two HPV groups showing hydronephrosis (B-G4, B-G6); (C) normal ear 

pavilion skin (C-G1), HPV groups showing papillary epidermal hyperplasia (C-G2), papilloma 

(C-G4), and invasive carcinoma (C-G6); (D) WT groups showing normal skin (D-G1, D-G3, D-

G5), HPV groups showing regular epidermal hyperplasia with sebaceous hyperplasia (D-G2, D-

G4, D-G6), invasive squamous cell carcinoma (D-G6), and one carcinoma in situ (D-G4). H&E. 

 

Data on the histological analysis of chest skins are summarized in Table V.6 and Figure 

V.4D. Similar to the result of ear skins, WT groups showed normal chest skins (0% or 16.7%). 

Epidermal lesions of hyperplasia were registered (100%) in all HPV animals. The HPV 0.5% PLI 

group (33.3%) showed fewer dysplasia than the HPV 1.0% PLI group (86%) and the HPV water 

group (100%) (p < 0.05). A small papilloma was observed in one animal from HPV 1.0% PLI 

group (14.3%). Neoplastic lesions were registered in all HPV groups, but the HPV 0.5% PLI group 

revealed only one carcinoma in situ (16.7%) (p < 0.05). Contrariwise, the HPV water group 

showed malignant tumours in all its animals (100%), with three carcinomas in situ and two 

invasive carcinomas. Still, six malignant carcinomas were also registered in HPV 1.0% PLI 

group(86%), with five carcinomas in situ and one small invasive carcinoma. Moreover, all animals 

in the HPV water group had congestion while the other groups showed 0% or 16.7% (p < 0.01).  

 

Table V.6 Number of animals (%) with histological cutaneous lesions in all experimental groups. 

 

G1 WT 

0.5% PLI 

(n = 7) 

G2 HPV 

0.5% PLI 

(n = 6) 

G3 WT 

1.0% PLI 

(n = 6) 

G4 HPV 

1.0% PLI 

(n = 7) 

G5 WT 

water 

(n = 7) 

G6 HPV 

water 

(n = 5) 

Ear pavilion lesions 

Hyperplasia 0 (0%) a 5 (83,3%) 0 (0%) b 5 (71,43%) 0 (0%) c 4 (80%) 

Dysplasia 0 (0%) a 6 (100%) 0 (0%) b 7 (100%) 0 (0%) c 4 (80%) 

Papilloma 0 (0%) 0 (0%) 0 (0%) 2 (28,6%) 0 (0%) 0 (0%) 
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Carcinoma 0 (0%) a 3 (50%) 0 (0%) b 5 (71.43%) 0 (0%) c 5 (100%) 

Sebaceous 

hyperplasia 
0 (0%) a 6 (100%) 0 (0%) b 5 (71,43%) 0 (0%) c 5 (100%) 

Congestion 0 (0%) a 6 (100%) 0 (0%) b 4 (57,1%) 0 (0%) c 5 (100%) 

Inflammatory 

infiltrate 
0 (0%) a 6 (100%) 0 (0%) b 6 (86%) 0 (0%) c 5 (100%) 

Chest skin lesions 

Hyperplasia 0 (0%) a 6 (100%) 0 (0%) b 7 (100%) 0 (0%) c 5 (100%) 

Dysplasia 0 (0%) 2 (33.3%) d 0 (0%) b 6 (86%) 0 (0%) c 5 (100%) 

Papilloma 0 (0%) 0 (0%) 0 (0%) 1 (14,3%) 0 (0%) 0 (0%) 

Carcinoma 0 (0%) 1 (16.7%) d 0 (0%) b 6 (86%) 0 (0%) c 5 (100%) 

Sebaceous 

Hyperplasia 
0 (0%) a 5 (83,3%) 0 (0%) b 7 (100%) 0 (0%) c 4 (80%) 

Congestion 0 (0%) 1 (16,7%) c 0 (0%) 0 (0%) c 1 (16,7%) c 5 (100%) 

Inflammatory 

infiltrate 
1 (16,7%) a 6 (100%) 0 (0%) b 6 (86%) 0 (0%) c 5 (100%) 

a significantly different from the HPV 0.5% PLI group (p < 0.05);  

b significantly different from the HPV 1.0% PLI group (p < 0.05); 

c significantly different from the HPV water group (p < 0.01); 

d significantly different from the HPV 1.0% PLI group and the HPV water group (p < 0.05). 

 

5.3.4 Oxidative stress evaluation 

Results of the hepatic stress analysis are presented in Figure V.5A. The HPV 0.5% PLI group 

showed a decrease (35%) of ROS level when compared to the WT 0.5% PLI group (p = 0.021). 

For the determination of antioxidant enzymes, significant differences were not found in the levels 

of SOD, CAT, and GPx among groups (p > 0.05). Moreover, the HPV 1.0% PLI group led to a 

decrease (58%) of GR level than the HPV 0.5% PLI group (p = 0.037) and the WT 1.0% PLI group 

(p = 0.018), respectively. However, the HPV 1.0% PLI group generated an increase (54%) of GST 

concentration than the HPV 0.5% PLI group (p < 0.001); and the WT 1.0% PLI group displayed 

an increase (39%) of GST level in comparison to the WT water group (p = 0.009). On the other 
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hand, the consumption of infusions to both WT and HPV groups did not promote any statistically 

significant change in the levels of GSH, GSSG and OSI (p > 0.05). No significant alterations in 

the level of the protein carbonyl groups and lipid peroxidation (LPO) were detected between 

groups (p > 0.05), while the WT 1.0% PLI group showed higher LDH concentration than the WT 

0.5% PLI group (p = 0.004). 
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Figure V.5 Evaluation of oxidative stress in the liver (A) and kidney (B) in each experimental 

group. Columns with different asterisks presented the statistical differences between groups at *p 

< 0.05, **p < 0.01, ***p < 0.001. Results were expressed as mean ± SE.  
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Results concerning renal stress analysis are shown in Figure V.5B. Significant changes were 

observed in GR level, with an increase of 57% and 62% in the HPV 1.0% PLI group compared to 

the HPV 0.5% PLI group (p = 0.038) and the HPV water group (p = 0.033), respectively. In WT 

animals, consumption of 1.0% PLI increased 43% of protein carbonyl groups, compared with the 

group that consumed 0.5% PLI (p = 0.005). In general, there were no significant variances reported 

in the remaining parameters of oxidative stress analysis among groups.  

 

5.4 Discussion 

Human papillomavirus (HPV) is the most common viral infection of the reproductive tract 

and oncological diseases associated with HPV are responsible for 5% of all human cancers 

(Estêvão, et al., 2019). The non-oncogenic HPV types (low-risk HPVs) can lead to warts. Whilst 

the oncogenic HPV types (high-risk HPVs, e.g. type 16 and 18) can trigger pre-malignant and 

malignant lesions, in charge of developing cancers of the cervix, vagina, and vulva in women, 

penis in men, anus and oropharynx in both men and women, if the infection persists (Estêvão, et 

al., 2019). The genome of HPV16 can be segmented into three sections: the early gene-coding 

region (E), the late gene-coding region (L), and the long control region (LCR) (Pal, et al., 2020). 

The E6 and E7 oncoproteins take charge of several cellular checkpoints to establish cancer 

hallmarks (Pal, et al., 2020). In the present study, a K14-HPV16 transgenic mouse model was 

employed, by which, the human cytokeratin 14 (K14) gene promoter targets the expression of all 

early genes, including E6 and E7 to the basal cells in the keratinized squamous epithelia, driving 

multi-step carcinogenesis (Ferreira, et al., 2021). These multi-step lesions developing in the animal 

model are histologically and molecularly similar to lesions observed in the HPV-related human 

diseases (Ferreira, et al., 2021; Smith-McCune, et al., 1997). So this model can be hopefully used 

to study the pathophysiological development of HPV16-induced carcinogenesis as well as to 

evaluate the effects of different natural compounds and drugs on disease development. 

Measures of effective diagnosis, intervention, and prevention can markedly reduce the 

mortality associated with cancer (Usha, et al., 2020). In reality, increasing numbers of researchers 

have suggested that intake of natural products can reasonably withdraw the risk of cancer incidence 

(Usha, et al., 2020). On the other hand, the growing population and market demands entail a 
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necessary increase in agricultural by-products, since numerous studies have proved that organic 

agricultural wastes are a profitable source of natural antioxidants, mainly phenolic compounds 

(Jimenez-Lopez, et al., 2020). In this regard, the leaves of pomegranate, containing rich amounts 

of ellagitannins and flavonoids, have shown promising anticancer activities in the last decade 

(Balamurugan, et al., 2021; Deng, et al., 2018; Kiraz, et al., 2016; Saratale, et al., 2018; Sarkar, et 

al., 2018; Toda, et al., 2020). However, studies on the anti-tumoral capacity of pomegranate leaf 

against HPV-induced cancer in animal models remain scarce. 

In the current work, we evaluated the chemo-preventive effects of pomegranate leaf infusion 

for the first time in a K14-HPV16 transgenic mouse model. According to our results, no behaviour 

disorders and no deaths were observed during the experimental protocol, showing that the PLI was 

safe under the experimental process. Although the mean bodyweight of the HPV water group was 

significantly higher than other groups and the mean body weight of two HPV groups with PLI 

declined, no differences of PG were found among different groups, suggesting the growth of 

animals could not be affected by the consumption of PLI.  The trend of PG between the transgenic 

group exposed to plant extracts (showing decreasing body weight) and the positive control group 

(HPV water group showing increasing body weight) was similar to the previous study performed 

by our team in which different natural substances were studied with the same animal model 

(Ferreira, et al., 2021; Medeiros-Fonseca, et al., 2018). Higher water consumption was observed 

in the transgenic mice, according to the previous description (Gil da Costa, et al., 2017). But the 

HPV 1.0% PLI group showed nearly half the volume of other HPV groups, possibly attributed to 

the unfavourable taste of high-dose PLI. This phenomenon about the oral administration of 

pomegranate leaf extracts was not proposed and discussed in previous reports (Ankita, et al., 2015; 

Mestry, et al., 2020; Patel, et al., 2014). In addition, animals in HPV 0.5% PLI group showed a 

slimmer figure, because of the significantly lower FBW/TL ratio and higher FL/AP ratio found. 

However,  the association of PLI with the growth of mice was not clear which needs further study. 

Besides, it was suggested that the flavour of PLI can be improved by the addition of some non-

toxic additives to promote its acceptance.  

Apart from the weight gain, differences in the Ht and the kidney (creatinine, urea) and liver 

(AST) functions were also not found between groups, indicating that PLI did not cause toxicity 

under the experimental condition. Several studies also proposed the safe attribute of pomegranate 
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leaf extracts by acute toxicity test in animal models (Ankita, et al., 2015; Pottathil, et al., 2020). 

Moreover, higher concentrations of creatinine, urea, and ALT in the HPV water group suggested 

the harm caused by the virus, whereas the administration of PLI engendered a reduction in these 

markers. This can provide a clue for the hepatic and renal protective effects of PLI, though the 

changes were not statistically significant, in agreement with other reports  (Kumar, et al., 2018; 

Mestry, et al., 2020). However, the HPV 0.5% PLI group showed the highest relative weight (RW) 

of tested internal organs, which can be related to the hydropic degeneration microscopically 

observed in this group. As previously described (Nascimento-Gonçalves, et al., 2021), hydropic 

changes are generally linked to the Na+/K+ pump disfunction. Whilst reasons for the increased RW 

of animals´ organs in the HPV 0.5% PLI group required more elucidations. In fact, two groups 

that consumed 1.0% PLI presented no changes in the RW of studied organs, suggesting the high-

dose PLI was safe for organ development under the present protocol. 

The K14-HPV16 transgenic mouse model was developed from FVB/n mice to study the 

pathophysiology of HPV-induced lesions. These animals developed cutaneous lesions that started 

as hydroplastic lesions, progressing to dysplastic lesions, and evolving to carcinoma in situ 

(Coussens, et al., 1996; Santos, et al., 2019).  Concerning the hepatic histology, differences 

between all WT groups or between all HPV groups did not reach a statistical significance, 

deducting the presence of toxicological effects on the liver associated with the infusion and its 

dosages. Authors (Rao, et al., 2019) proved that the addition of gallic acid to the ethanolic extract 

of pomegranate leaves could enhance the effectiveness in relieving liver dysfunction, thus having 

better hepatoprotective activity. Accordingly, further analyses can be designed to confirm the 

hepatic toxicology and therapy of PLI, using high-dose or additional substrate approaches. 

Preventing the development of nephropathy or blocking the progression of glomerulosclerosis 

plays a pivotal role in the exploitation of therapeutic agents against renal dysfunction (Ankita, et 

al., 2015). In the present study, treatment with low-dose PLI significantly decreased the renal 

hydronephrosis lesions in HPV animals, showing a nephroprotective effect against HPV16-

induced tissue damage. It is evidenced that lesions in the K14-HPV16 transgenic mouse model 

show characteristic neoplastic progression in the skin with advancing age (Arbeit, et al., 1994; 

Coussens, et al., 1996; Sethi, et al., 2004). As previously said, ear pavilion skins and chest skins 

were examined, since these skin sites developed progressively severe lesions (Ferreira, et al., 2021; 
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Medeiros-Fonseca, et al., 2018; Santos, et al., 2019) and squamous cell carcinomas (SCC) were 

typically observed on the epidermis of the animals’ strain (Arbeit, et al., 1994; Coussens, et al., 

1996; Sethi, et al., 2004). In regard to all cutaneous lesions analysed, three WT groups exhibited 

normal ear skins or chest skins (0%) in this study, indicating that PLI had no harm to the 

development of ear pavilion skins or chest skins in wild-type animals. HPV water group (positive 

control group) developed hyperplastic and dysplastic lesions, in line with previous reports 

(Coussens, et al., 1996; Santos, et al., 2019). Globally, the HPV water group showed a higher 

percentage of tumours and the most aggressive ones, followed by HPV 1.0% PLI group. This trend 

can mean that low-dose PLI had a better preventive effect for ear pavilion and chest skin lesions, 

namely in neoplastic progressing.  

Reactive oxygen species (ROS) as the overall indicator of oxidative stress, is a term that 

includes reactive oxygen-containing molecules, such as free radicals. Generation of ROS depends 

on the consumption and utilization of oxygen in diverse physiological processes, such as vigorous 

exercise, chronic inflammation, exposure to allergens, drugs, toxins, infections, etc. 

(Krishnamurthy, et al., 2012). Low levels of ROS can act as second messengers to modulate gene 

expression, whereas high levels, if unable to be neutralized or eliminated, can appear oxidative 

stress (OS) conditions, causing cellular damage in membrane lipids, nucleic acids, proteins, and 

enzymes (Sáez, et al., 2017). Malondialdehyde (MDA) serves as the end product of lipid 

peroxidation (LPO) (Nascimento-Gonçalves, et al., 2021). Oxidative damage to proteins is usually 

accompanied by an increase of carbonyl residues  (Dalle-Donne, et al., 2003). Antioxidant 

enzymes, as endogenous antioxidants, represent the most important defense mechanism against 

OS-induced cell damage, as they transform ROS into stable non-toxic molecules (Krishnamurthy, 

et al., 2012). Particularly, superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase 

(GPx), and glutathione reductase (GR) play the first line of defense. SOD and CAT are responsible 

for catalyzing the reduction of superoxide and hydrogen peroxide, respectively (Krishnamurthy, 

et al., 2012). GPx catalyzes the removal of hydroperoxides using reduced glutathione (GSH) as an 

antioxidant cosubstrate, in which GSH is oxidized to GSSG (oxidized glutathione) while GR can 

reduce GSSG back to GSH (Sáez, et al., 2017). Besides, glutathione S-transferase (GST) is 

involved in the second phase of biotransformation reactions, capable to catalyze GSH conjugation, 

thus binding glutathione to endo-, or exogenous toxins, detoxifying them and enabling their 
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excretion from the organism. In addition, the increase of lactate dehydrogenase (LDH) activity 

would be more associated with the acceleration of anaerobic glycolysis, like in cancer cells in the 

initial stages, where the overproduction of lactate leads to the acidification of the environment 

(Ganapathy-Kanniappan, et al., 2013). In the present study, no significant differences in the levels 

of ROS, LPO, carbonyls, and LDH were found between negative (WT water) and positive (HPV 

water) control groups. Similarly, previous studies from our team also reported no changes of ROS 

and LPO when compared control and induced groups with either male or female animal using the 

same transgenic mouse model (Ferreira, et al., 2021; Medeiros-Fonseca, et al., 2018). This may 

suggest that the present protocol needs to be improved if OS was aimed to study in HPV16 

transgenic animals. Moreover, we didn´t find significant changes of the aforementioned 

parameters among all HPV groups, which can´t demonstrate the protective effects of PLI against 

HPV16-related hepatic or renal oxidative damage, inconsistent with other reports that used 

different models (Ankita, et al., 2015; Dassprakash, et al., 2012; Mestry, et al., 2020; Patel, et al., 

2014; Pottathil, et al., 2020). On the other hand, results also showed that PLI had no toxic signs 

due to no differences between WT groups that consumed PLI and the WT water group. And the 

decreased renal carbonyls and hepatic LDH levels in WT 0.5% PLI group implied that low-dose 

PLI may have more benefits than the high dosage. 

Recently, several studies have identified the ethanolic or methanolic extracts of pomegranate 

leaves as promising nephro- and hepato-protective agents against drug-induced (gentamicin or 

streptozotocin) renal or hepatic injuries in rats (Ankita, et al., 2015; Mestry, et al., 2020; Patel, et 

al., 2014; Pottathil, et al., 2020). These benefits were associated with the antioxidant potential of 

pomegranate leaf extracts, especially with high dosages (400–600 mg/kg), by improving levels of 

SOD, CAT, GSH, or GPx, while alleviating LPO. Moreover, the water extract of pomegranate 

leaves, up to 800 mg/kg, presented non-toxic sign and higher levels of hepatic SOD, CAT, GSH 

and GST, against cyclophosphamide-induced OS in mice (Dassprakash, et al., 2012). 

Nevertheless, results from our investigation didn´t adequately evidence that PLI could restore the 

levels of SOD, CAT, GPx, GSH, or GST after drinking PLI in the HPV16-induced groups. 

Consequently, from the OS point of view, it was not proved that PLI had hepatic and renal 

therapeutical potential under the experimental conditions. The discrepancy between our results and 

previous descriptions was possibly ascribed to the different animals applied (e.g. rats), solvents of 
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plant extraction, administration methods (e.g. oral gavage), or prolonged experimental period (e.g. 

45 d) (Mestry, et al., 2020; Patel, et al., 2014; Pottathil, et al., 2020). Additional studies are 

recommended to confirm the real antioxidant efficacy of PLI. 

 

5.5 Conclusion 

The present study reported the potentially antineoplastic and chemotherapeutic properties of 

pomegranate leaf infusion (PLI) in a K14-HPV16 transgenic mouse model. The consumption of 

PLI is suggested to have no associations with the growth of animals under the experimental 

protocol. But the astringent taste of high-dose PLI could negatively influence the acceptance of 

infusion for the animals. Moreover, PLI is proposed to be safe for the studied animals, for the 

reasons of no mortality, no behaviour disorders, no significant differences in the levels of 

microhematocrit, serum biochemistry, histopathology, and oxidative stress found between wild-

type groups with PLI and wild-type group with water. Furthermore, oral administration of PLI as 

a dietary supplement can have anti-tumoral and chemotherapeutic potential against HPV16-

induced non-neoplastic (dysplasia) and neoplastic (carcinoma) lesions, particularly, the low-dose 

PLI exhibits more beneficial effects on the renal and chest skin lesions. However, the capacity of 

PLI to enhance antioxidant defence against K14HPV16-related hepatic and renal oxidative damage 

remains unclear and requires additional investigations. Further studies can consider to modify the 

animal model, clarify the efficacy of high dosages by ameliorating palatability, assess the 

differences by comparing with parenteral administration route, or test the effectiveness by 

prolonging experimental periods. 
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CHAPTER 6 OVERALL SUMMARY 

Conclusion Remark and Future Outlook 

6.1 Conclusion Remark 

The studies described in the present thesis allowed to provide in-dept understanding of 

Punica granatum L. leaves, concerning its phytochemical, antioxidant, and anti-tumoral effects, 

as well as its favourably potent and stable properties during the storage.  

As referenced in Chapter 3, the level of different phenolic classes, antioxidant capacities and 

the phenolic profiles of seven medicinal and food plants were evaluated and correlated, including 

the leaves of sage, rosemary, olive, and pomegranate, as well as the leaves and young stems of rue, 

peppermint, and parsley. This study compared and demonstrated these plant extracts as valuable 

sources of bioactive compounds, likely for preparing novel functional products in various 

industries. High correlations of phenolic composition with antioxidant potential were investigated 

in our analysis. Different kinds of phenolic acids and flavonoids along with their derivatives were 

found widespread in the studied plant materials. Phenylethanoids especially oleuropein and its 

derivatives were characterized as the most abundant constituents of olive leaf extracts, probably 

contributing to its beneficial biological properties. While tannins particularly ellagitannins were 

supposed to be the main contributor to the features of pomegranate leaf. Interestingly, our results 

highlighted that the hydro-methanolic extracts of Punica granatum L. (pomegranate) leaves 

displayed the greatest levels of free radical scavenging capacity and ferric reducing antioxidant 

power, as well as the highest contents of total phenols, ortho-diphenols and tannins; a relatively 

high content of flavonoids was also found. Studies have increasingly evidenced the close 

association of tannins and less-studied compounds with antioxidant activity in medicinal and food 

plants. Thus, it is expected that richer phenolic types, namely tannins and phenolic glycosides, and 

their higher concentrations, are maintained in pomegranate leaves, making it possible to explore 

active ingredients and bioavailable products in the food-pharm, nutraceutical or cosmeceutical 

industries. Moreover, only a limited number of researches have pointed out the comparison of 

biological activities and phenolic components of the tested plant organs, which belong to tree 

plants or shrub plants with large or small leaves. Many authors have stated the importance of 
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vegetables, fruits, medicinal, and aromatic plants in the current dietary patterns. However, it 

doesn’t mean the agricultural and industrial waste like the tree leaves are useless for application. 

Extracts of olive leaves have attracted more attention recently, being reviewed as promising cheap, 

renewable and plenty source of bio-phenols for by-products. Some articles proved pomegranate 

leaf as a safe substrate due to its lower or inexistent toxicity. In addition, ellagitannins as effective 

ingredients in teas are considered to be more abundant in the large-leaf tree than those from the 

small-leaf tree. Therefore, as per olive leaf, research into finding new uses for by-products of 

pomegranate leaf may be proved as a strong argument for not only promoting human health but 

also improving bio-valorization and environment. However, samples of pomegranate leaves were 

not collected from different varieties or different seasons. Hence, studies on these issues would be 

of much interest in the future, in order to select the most promising matrix of the wasted bio-phenol 

materials. 

The study described in Chapter 4 reported the variations of polyphenolic composition and in 

vitro antioxidant capacity of freshly prepared pomegranate (Punica granatum L.) leaf infusion 

(PLI) over one-day storage (0, 2, 4, 6, 8, and 24 h). The results showed that there were no 

significant changes for the TF and CT contents during 2–8 h storage, meanwhile, the content of 

TPs and OPs maintained high stability within 24 h of storage. Moreover, our findings illustrated 

that the PLI exhibited a strong capacity of free radical scavenging and ferric reducing power, which 

retained over 90% of its capacity after one-day storage. Overall, this study demonstrated that PLI 

over one-day storage possessed good stability of the total polyphenolic contents and antioxidant 

capacities. This stability was possibly associated with the transformational actions of the 

polyphenolic profiles where we found seven decreased and eleven increased polyphenols. 

Consequently, this infusion can serve as a natural antioxidant and green alternative for synthetic 

or highly processed products,  as well as being a stable by-product for the valorization in the food-

pharma and nutraceutical industries. Future research may consider its application in preclinical 

and clinical trials to better exploit its specific therapeutical profiles regarding the health benefits 

for human beings. 

The Chapter 5 reported the potentially antineoplastic and chemotherapeutic properties of 

pomegranate leaf infusion (PLI) in a K14-HPV16 transgenic mouse model. The consumption of 

PLI is suggested to have no associations with the growth of animals under the experimental 
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protocol. But the astringent taste of high-dose PLI could negatively influence the acceptance of 

infusion for the animals. Moreover, PLI is proposed to be safe for the studied animals, for the 

reasons of no mortality, no behaviour disorders, no significant differences in the levels of 

microhematocrit, serum biochemistry, histopathology, and oxidative stress found between wild-

type groups with PLI and wild-type group with water. Furthermore, oral administration of PLI as 

a dietary supplement can have anti-tumoral and chemotherapeutic potential against HPV16-

induced non-neoplastic (dysplasia) and neoplastic (carcinoma) lesions, particularly, the low-dose 

PLI exhibits more beneficial effects on the renal and chest skin lesions. However, the capacity of 

PLI to enhance antioxidant defence against K14HPV16-related hepatic and renal oxidative damage 

remains unclear and requires additional investigations. Further studies can consider to modify the 

animal model, clarify the efficacy of high dosages by ameliorating palatability, assess the 

differences by comparing with parenteral administration route, or test the effectiveness by 

prolonging experimental periods. 

The usage of dietary supplements and cosmeceutical ingredients based on plant botanicals, 

complementary and alternative medicine is gaining a worldwide reputation. Known as “a 

phytochemical reservoir of heuristic medicinal value”, not only the fruit juice but also the non-

edible parts of pomegranate have fallen under the spotlight in the nutraceutical, cosmeceutical, and 

pharmaceutical sections. In this regard, pomegranate leaf (PGL) is an inspiring renewable, cheap, 

and plentiful source of bioactive compounds as an agricultural and industrial waste, owning 

immense possibilities for future investigations related with their utilization and recovery of health-

promoting effects. Nevertheless, the full potentials of PGL in its chemical and biological feasibility 

are not completely understood. Therefore, Chapter 2 studied the reported preclinical in vitro, in 

vivo, in silica results and scarce clinical studies of PGL in the last twenty years, and presented a 

systematic review of available evidence on the identified phytoconstituents and therapeutic 

properties of PGL. We have found that PGL possesses immerse range of chemical constituents 

like tannins, flavonoids, glycosides, alkaloids, phytosterols, organic acids, and minerals, among 

others, of which, their content and profile can be affected by technological factors of extraction, 

such as particle size of materials, solvent type and composition, solid-to-solvent ratio, and 

temperature, pressure, time, and pH of extraction. Additionally, it also varies among agronomical 

parameters including growth phase, sampling stage, cultivars, or accessions of pomegranate that 
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grown at different geographical and climatic conditions. Moreover, we have indicated that 

hydrolysable tannins and other active components present in PGL demonstrate their efficacy in the 

antioxidation and anti-inflammation of metabolic disorder (e.g. diabetes mellitus, dyslipidemia), 

in the inhibition of cancer and degeneration (e.g. lung, liver, kidney, colon, breast, prostate, 

cervical, aging), in the prevention of infection and parasite, and in the cerebro-/neuro-protection, 

among others. Besides, PGL constituents have exerted anti-proliferative and cytotoxic activities 

against various cancer cells, and showed non-toxic nature in oral toxicity study in animals, even 

with high dosages (5000 mg/kg body weight).  

Therefore, our studies highlighted the significant value of pomegranate leaves in the 

application of food, pharmaceutical, and nutraceutical by-products in the future, and deserve to be 

deeply exploited.  

 

6.2 Future Outlook 

Most of the reported studies of PGL conducted so far are still at the preclinical stage of using 

extracts or fractions in vitro or in vivo. Consequently, lack of clinical trials could restrict further 

development of PGL-based ingredients as preventive and curative agents. A more comprehensive 

biological profile of PGL also needs to be exploited and confirmed by preclinical and clinical 

approaches, such as preventing cardiovascular diseases or hypertension. Although PGL has been 

suggested to have similar phenolic composition, such as ellagitannins with the pomegranate fruit, 

few bioactive compounds (such as ellagic acid, punicalagin, galloyl-HHDP-glucose) have been 

isolated from PGL and studied for their pharmacological properties (e.g. anti-inflammation), yet 

neither of them was applied in the clinical trials. Despite these limitations, PGL always deserves 

to be studied for its health-promoting mechanism and wide application, attributed to the high 

potential of biological capacities and safety data. Hence, to optimize previous studies and enrich 

essential roles of PGL, we recommend future investigations to perform randomized clinical trials 

better with large sample size, expand the medicinal profile of PGL by-products, as well as isolate 

as more as possible components and identify their bioactivity. 
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ANNEXES 

Annexes I – Supplemental Materials 

Supplementary materials from Chapter 3. 

Table S III.1 Information of studied plants in the study. 

Figure S III.1 Chromatographic profile (at 280 nm) of a hydro-methanolic extract from 

pomegranate leaves. (1) punicalin; (2) ellagic acid derivative I; (3) galloy glucose; (4) ellagitannin 

I (castalagin derivative); (5) granatin B; (6) ellagic acid derivative II (rhamnoside); (7) 

ellagitannin II; (8) ellagitannin III; (9) ellagic acid; (10) ellagitannin IV; (11) ellagitannin V; (12) 

apigenin glycoside II (glucoside); (13) luteolin glycoside VI (glucoside); (14) luteolin glycoside 

VII (glucoside). The compounds in italics were identified by literature; others by standards. 

Figure S III.2 Chromatographic profile (at 280 nm) of a hydro-methanolic extract of sage (Salvia 

officinalis L.) leaves. (1) gallocatechin; (2) 2,3-hydroxybenzoic acid; (3) gallic acid derivative I; 

(4) catechin; (5) caffeic acid; (6) vanillic acid; (7) luteolin glycoside V; (8) apigenin glycoside III 

(rutinoside); (9) rosmarinic acid; (10) apigenin glycoside IV; (11) rosmanol; (12) epirosmanol; 

(13) carnosol; (14) carnosic acid. The compounds in italics were identified by literature; others 

by standards. 

Figure S III.3 Chromatographic profile (at 280 nm) of a hydro-methanolic extract of rosemary 

(Rosmarinus officinalis L.) leaves. (1) gallocatechin; (2) gallic acid derivative I; (3) tyrosol; (4) 

catechin; (5) caffeic acid; (6) luteolin glycoside III; (7) luteolin glycoside V; (8) eriodictyol-7-O-

rutinoside; (9) apigenin glycoside III (rutinoside); (10) rosmarinic acid; (11) luteolin-3-O-

glucuronide; (12) rosmanol; (13) epirosmanol; (14) carnosol; (15) carnosic acid. The compounds 

in italics were identified by literature; others by standards.  

Figure S III.4 Chromatographic profile (at 280 nm) of a hydro-methanolic extract of rue (Ruta 

graveolens L.) leaves and young stems. (1) gallocatechin; (2) gallic acid derivative I; (3) 

neochlorogenic acid; (4) tyrosol; (5) coumaric acid; (6) chlorogenic acid; (7) vanillic acid; (8) rutin 
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(quercetin-3-O-rutinoside); (9) quercetin glycoside I; (10) psoralen; (11) 8-methoxypsoralen; (12) 

5-methoxypsoralen; (13) epicatechin gallate; (14) apigenin. The compounds in italics were 

identified by literature; others by standards.  

Figure S III.5 Chromatographic profile (at 280 nm) of a hydro-methanolic extract of olive (Olea 

europaea L.) leaves. (1) gallocatechin; (2) 2,3-hydroxybenzoic acid; (3) gallic acid; (4) 

neochlorogenic acid; (5) tyrosol; (6) catechin; (7) chlorogenic acid; (8) vanillic acid; (9) 

verbascoside; (10) rutin (quercetin-3-O-rutinoside); (11) luteolin-7-O-glucoside; (12) apigenin 

glycoside I; (13) apigenin glycoside II (glucoside); (14) oleuropein derivative I; (15) oleuropein 

derivative II; (16) oleuropein; (17) oleuropein derivative III; (18) luteolin; (19) quercetin; (10) 

epicatechin gallate. The compounds in italics were identified by literature; others by standards.  

Figure S III.6 Chromatographic profile (at 280 nm) of a hydro-methanolic extract of peppermint 

(Mentha piperita L.) leaves and young stems. (1) gallocatechin; (2) neochlorogenic acid; (3) 

catechin; (4) chlorogenic acid; (5) caffeic acid; (6) luteolin glycoside I; (7) eriodictyol glycoside I 

(rutinoside); (8) rutin (quercetin-3-O-rutinoside); (9) luteolin glycoside II (rutinoside); (10) 

eriodictyol glycoside II; (11) luteolin glycoside IV (glucuronide); (12) eriodictyol-7-O-rutinoside; 

(13) rosmarinic acid; (14) apigenin glycoside IV; (15) luteolin; (16) epicatechin gallate. The 

compounds in italics were identified by literature; others by standards.  

Figure S III.7 Chromatographic profile (at 280 nm) of a hydro-methanolic extract of parsley 

(Petroselinum crispum Mill.) leaves and young stems. (1) gallocatechin; (2) 2,3-hydroxybenzoic 

acid; (3) Gallic acid derivative I; (4) neochlorogenic acid; (5) catechin; (5) caffeic acid; (6) 

myricitin-3-O-glucoside; (7) epicatechin; (8) apigenin-7-O-apiosylglucoside (apiin); (9) diosmetin 

glycoside; (10) diosmetin glycoside isomer; (11) apigenin glycoside IV; (12) quercetin;(13) 

naringenin; (14) hesperidin; (15) epicatechin gallate. The compounds in italics were identified by 

literature; others by standards. 
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Table S III.1 Information of studied medicinal and food plants. 

Scientific name  

(Common name) 
Family Parts used 

Sampling 

date 

Representative phenolics of methanolic leaf extracts in 

literature 

Salvia officinalis L. 

(Sage) 
Lamiaceae Leaf 2018-05-09 

hydroxybenzoic acid, gallic acid derivative, caffeic acid, vanillic 

acid, rosmarinic acid and its derivatives; catechin, gallocatechin, 

luteolin glycosides, apigenin glycosides 

Rosmarinus 

officinalis L. 

(Rosemary) 

Lamiaceae Leaf 2018-05-09 

gallic acid derivative, caffeic acid, rosmarinic acid and its 

derivatives; catechin, gallocatechin, luteolin glycosides, apigenin 

glycosides; tyrosol 

Ruta graveolens L. 

(Rue) 
Rutaceae 

Leaf and young 

stem 
2018-05-18 

gallic acid derivative, neochlorogenic acid, coumaric acid, 

chlorogenic acid, vanillic acid; gallocatechin, rutin, quercetin 

glycosides, epicatechin gallate, apigenin; tyrosol 

Olea europaea L. 

(Olive) 
Oleaceae Leaf  2018-05-18 

hydroxybenzoic acid, gallic acid, neochlorogenic acid, 

chlorogenic acid, vanillic acid; gallocatechin, catechin, rutin, 

luteolin glycosides, apigenin glycosides, luteolin, quercetin, 

epicatechin gallate; tyrosol, verbascoside, oleuropein and its 

derivatives 

Mentha piperita L. 

(peppermint) 
Lamiaceae 

Leaf and young 

stem 
2018-06-25 

neochlorogenic acid, chlorogenic acid, caffeic acid, rosmarinic 

acid; gallocatechin, catechin, luteolin glycosides, diosmetin 

glycosides, apigenin glycosides, luteolin, flavanone glycosides, 

epicatechin 

Petroselinum crispum 

Mill. 

(Parsley) 

Apiaceae 
Leaf and young 

stem 
2018-09-27 

hydroxybenzoic acid, gallic acid derivative, neochlorogenic acid; 

gallocatechin, catechin, myricitin glycoside, epicatechin, apigenin 

glycosides, diosmetin glycosides, quercetin, epicatechin gallate 

Punica granatum L. 

(Pomegranate) 
Lythraceae Leaf  2018-06-18 

ellagic acid and its derivatives, gallic acid; luteolin glycosides, 

apigenin glycosides, kaempferol derivatives, gossypin, 

pentagalloyl glucose, quercetin, rutin; ellagitannin and its 

derivatives 
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Figure S III.1 Chromatographic profile (at 280 nm) of a hydro-methanolic extract of pomegranate (Punica granutum L.) leaves. (1) punicalin; (2) ellagic acid derivative I; (3) galloy 

glucose; (4) ellagitannin I (castalagin derivative); (5) granatin B; (6) ellagic acid derivative II (rhamnoside); (7) ellagitannin II; (8) ellagitannin III; (9) ellagic acid; (10) ellagitannin 

IV; (11) ellagitannin V; (12) apigenin glycoside II (glucoside); (13) luteolin glycoside VI (glucoside); (14) luteolin glycoside VII (glucoside). The compounds in italics were identified 

by literature; others by standards.
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Figure S III.2 Chromatographic profile (at 280 nm) of a hydro-methanolic extract of sage (Salvia officinalis L.) leaves. (1) gallocatechin; (2) 2,3-hydroxybenzoic acid; (3) gallic acid 

derivative I; (4) catechin; (5) caffeic acid; (6) vanillic acid; (7) luteolin glycoside V; (8) apigenin glycoside III (rutinoside); (9) rosmarinic acid; (10) apigenin glycoside IV; (11) rosmanol; 

(12) epirosmanol; (13) carnosol; (14) carnosic acid. The compounds in italics were identified by literature; others by standards. 
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Figure S III.3 Chromatographic profile (at 280 nm) of a hydro-methanolic extract of rosemary (Rosmarinus officinalis L.) leaves. (1) gallocatechin; (2) gallic acid derivative I; (3) 

tyrosol; (4) catechin; (5) caffeic acid; (6) luteolin glycoside III; (7) luteolin glycoside V; (8) eriodictyol-7-O-rutinoside; (9) apigenin glycoside III (rutinoside); (10) rosmarinic acid; (11) 

luteolin-3-O-glucuronide; (12) rosmanol; (13) epirosmanol; (14) carnosol; (15) carnosic acid. The compounds in italics were identified by literature; others by standards.
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Figure S III.4 Chromatographic profile (at 280 nm) of a hydro-methanolic extract of rue (Ruta graveolens L.) leaves and young stems. (1) gallocatechin; (2) gallic acid derivative I; (3) 

neochlorogenic acid; (4) tyrosol; (5) coumaric acid; (6) chlorogenic acid; (7) vanillic acid; (8) rutin (quercetin-3-O-rutinoside); (9) quercetin glycoside I; (10) psoralen; (11) 8-

methoxypsoralen; (12) 5-methoxypsoralen; (13) epicatechin gallate; (14) apigenin. The compounds in italics were identified by literature; others by standards.

RT: 1.75 - 44.68

5 10 15 20 25 30 35 40

Time (min)

0

100000

200000

300000

400000

500000

600000

700000

800000

900000

1000000

1100000

1200000

1300000

1400000

1500000

1600000

1700000

1800000

1900000

uA
U

NL:

1.90E6

nm=279.5-

280.5  

PDA 7-rue

7 1 

2 

3 

4 

5 

6 

8 

9 

10 

11 

12 

13 

14 



210 

 

 

Figure S III.5 Chromatographic profile (at 280 nm) of a hydro-methanolic extract of olive (Olea europaea L.) leaves. (1) gallocatechin; (2) 2,3-hydroxybenzoic acid; (3) gallic acid; 

(4) neochlorogenic acid; (5) tyrosol; (6) catechin; (7) chlorogenic acid; (8) vanillic acid; (9) verbascoside; (10) rutin (quercetin-3-O-rutinoside); (11) luteolin-7-O-glucoside; (12) 

apigenin glycoside I; (13) apigenin glycoside II (glucoside); (14) oleuropein derivative I; (15) oleuropein derivative II; (16) oleuropein; (17) oleuropein derivative III; (18) luteolin; (19) 

quercetin; (10) epicatechin gallate. The compounds in italics were identified by literature; others by standards.

RT: 1.21 - 44.43

5 10 15 20 25 30 35 40

Time (min)

0

20000

40000

60000

80000

100000

120000

140000

160000

180000

200000

220000

240000

260000

uA
U

NL:

2.76E5

nm=279.5-

280.5  

PDA 

10-oliveleaf

7 

1 

2 

3 

4 

5 

6 
8 9 

10 

11 

12 

13 
14 

15 

16 

17 

18 

19 

20 



211 

 

 

Figure S III.6 Chromatographic profile (at 280 nm) of a hydro-methanolic extract of peppermint (Mentha piperita L.) leaves and young stems. (1) gallocatechin; (2) neochlorogenic 

acid; (3) catechin; (4) chlorogenic acid; (5) caffeic acid; (6) luteolin glycoside I; (7) eriodictyol glycoside I (rutinoside); (8) rutin (quercetin-3-O-rutinoside); (9) luteolin glycoside II 

(rutinoside); (10) eriodictyol glycoside II; (11) luteolin glycoside IV (glucuronide); (12) eriodictyol-7-O-rutinoside; (13) rosmarinic acid; (14) apigenin glycoside IV; (15) luteolin; (16) 

epicatechin gallate. The compounds in italics were identified by literature; others by standards.
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Figure S III.7 Chromatographic profile (at 280 nm) of a hydro-methanolic extract of parsley (Petroselinum crispum Mill.) leaves and young stems. (1) gallocatechin; (2) 

2,3-hydroxybenzoic acid; (3) Gallic acid derivative I; (4) neochlorogenic acid; (5) catechin; (5) caffeic acid; (6) myricitin-3-O-glucoside; (7) epicatechin; (8) apigenin-7-O-

apiosylglucoside (apiin); (9) diosmetin glycoside; (10) diosmetin glycoside isomer; (11) apigenin glycoside IV; (12) quercetin;(13) naringenin; (14) hesperidin; (15) 

epicatechin gallate. The compounds in italics were identified by literature; others by standards. 
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Supplementary materials from Chapter 4.  

Table S IV.1. Identified compounds associated with the peaks of Figure S1. 

Table S IV.2. Factor loadings for illustrating the interpretation of Figure 3. 

Figure S IV.1. Representative RP-HPLC-DAD chromatogram (at 280 nm) of pomegranate leaf 

infusion during 0–24 h storage at room temperature.   

 

Table S IV.1. Identified compounds associated with the peaks of Figure S IV.1. 

Peak  Identified Compounds Relevant References 

1 Gallic acid (Li, et al., 2019); (Li, et al., 2016); (Swilam, et al., 2020) 

2 Flavan-3-ols (Oliveira, et al., 2013); (Lansky, et al., 2007) 

3 Punicalin (A+B) (Li, et al., 2016); (Pinheiro, et al., 2018); (Tanaka, et al., 1986) 

4 Ellagic acid derivative (Pinheiro, et al., 2018); (Marques, et al., 2016);  

(Acquadro, et al., 2020) 

5 Ellagitannin I (Pinheiro, et al., 2018) 

6 Flavanone glycoside I (Heber, et al., 2006); (Srivastava, et al., 2001) 

7 Ellagitannin II (Gil, et al., 2000) 

8 Ellagitannin III (galloyl-glucose) (Swilam, et al., 2020); (Pinheiro, et al., 2018); (Acquadro, et al., 2020); (Gil, 

et al., 2000); (Nawwar, et al., 1994b) 

9 Ellagitannin IV (punicalagin A) (Swilam, et al., 2020); (Gil, et al., 2000); (Çam, et al., 2010);  

(Russo, et al., 2018) 

10 Flavonol glycoside (Oliveira, et al., 2013); (Pinheiro, et al., 2018);  

(Marques, et al., 2016); 

11 Ellagitannin V (Pinheiro, et al., 2018) 

12 Ellagitannin VI (Russo, et al., 2018) 

13 Ellagitannin VII (punicalagin B) (Çam, et al., 2010); (Russo, et al., 2018); (Fischer, et al., 2011) 

14 Ellagitannin VIII (Fischer, et al., 2011) 

15 Ellagic acid (Li, et al., 2019); (Li, et al., 2016); (Acquadro, et al., 2020);  

(Çam, et al., 2010); (Wang, et al., 2013) 

16 Ellagitannin IX (Fischer, et al., 2011) 

17 Flavanone glycoside II (Heber, et al., 2006); (Srivastava, et al., 2001) 

18 Apigenin glycoside (Acquadro, et al., 2020); (Nawwar, et al., 1994a) 

19 Luteolin glycoside I (Acquadro, et al., 2020); (Nawwar, et al., 1994a) 

20 Luteolin glycoside II (Acquadro, et al., 2020); (Nawwar, et al., 1994a) 
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Table S IV.2. Factor loadings for illustrating the interpretation of Figure IV.3. 

Factor No. Factors PC 1 PC 2 

1 Gallic acid -0.011 0.034 

2 Flavan-3-ols 0.024 0.016 

3 Punicalin (A+B) -0.030 0.005 

4 Ellagic acid derivative 0.011 -0.010 

5 Ellagitannin I -0.011 0.031 

6 Ellagitannin II -0.039 0.073 

7 Ellagitannin III (galloyl-glucose) 0.081 -0.132 

8 Ellagitannin IV (punicalagin A) 0.635 0.115 

9 Flavonol glycoside -0.075 0.127 

10 Ellagitannin V -0.260 0.596 

11 Ellagitannin VI 0.139 -0.208 

12 Ellagitannin VII (punicalagin B) 0.580 0.497 

13 Ellagitannin VIII 0.079 -0.010 

14 Ellagic acid -0.098 0.402 

15 Ellagitannin IX -0.017 0.041 

16 Apigenin glycoside -0.073 0.195 

17 Luteolin glycoside I -0.013 0.034 

18 Luteolin glycoside II -0.006 0.018 

19 ABTS scavenging activity 0.002 -0.002 

20 DPPH scavenging activity 0.003 0.001 

21 FRAP ferric reducing power 0.004 -0.002 

22 Total phenols 0.041 -0.044 

23 Ortho-diphenols 0.093 0.094 

24 Total flavonoids 0.047 -0.026 

25 Condensed tannins 0.352 -0.294 
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Figure S IV.1. Representative RP-HPLC-DAD chromatogram (at 280 nm) of pomegranate leaf infusion during 0–24 

h storage at room temperature.
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Supplementary materials from Chapter 5. 

Detailed methods of oxidative stress analysis 

Antioxidant enzymes.  

All antioxidant enzyme assays were spectrophotometrically conducted at 30°C. Superoxide 

dismutase (SOD) activity was estimated by inhibiting photochemical reduction of nitroblue 

tetrazolium (NBT) at 560 nm (Durak, et al., 1993), when adding the xanthine–oxidase to the 

reaction mixture, which consisted of potassium phosphate buffer (PPB, 50 mM), EDTA (1 mM), 

hypoxanthine (0.6 mM), NBT (0.2 mM), and suitable supernatant. SOD of bovine erythrocytes 

was used as standard and SOD activity was expressed as U/mg protein. Catalase (CAT) activity 

was assayed through the decomposition of H2O2 in proportion to the decrease in absorbance at 240 

nm (Clairborne, 1985). A bovine catalase was used as standard and CAT activity was expressed 

as U/mg protein. Glutathione reductase (GR) activity was determined via the rate of oxidation of 

NADPH by the glutathione oxidized (GSSG) at 340 nm 3. The reaction system contained 1.0 mM 

of GSSG, 0.1 mM of NADPH, 0.5 mM of EDTA, 0.05 mM of PBS (pH 7.0), and proper 

supernatant. GR activity was expressed as nmol NADPH oxidized per min per mg protein (nmol 

NADPH/min mg protein). Glutathione peroxidase (GPx) activity was measured by the oxidation 

of NADPH at 340 nm in the presence of GR which catalysed the reduction of GSSG formed by 

GPx (Carlberg, et al., 1975). The reaction mixture consisted of PBS (pH 7.0, 100 mM), NADPH 

(0.2 mM), NaN3 (1 mM), EDTA (1 mM), glutathione reduced (GSH, 1 mM), H2O2 (0.1 mM), and 

appropriate supernatant. GPx activity was expressed as nmol NADPH/min mg protein. Glutathione 

S-transferase (GST) activity was assessed by the conjugation between the thiol group of GSH and 

the 2,4-dinitrochlorobenzene (CDNB), causing the increase in the absorbance at 340 nm (Habig, 

et al., 1981). The kinetic reaction was performed by adding GSH (5 mM) to a mixture of PPB (pH 

7.4, 100 mM), CDNB (1 mM), and supernatant. GST activity was expressed as nmol CDNB/min 

mg protein. 

Oxidative stress index (OSI).  

The OSI was indicated as the ratio of GSH/GSSG, which was the reduced (GSH) and oxidized 

(GSSG) state of glutathione, respectively. The concentrations of GSH and GSSG were 

fluorometrically measured at 320 nm (excitation) and 420 nm (emission) based on the derivative 
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reaction of ortho-phthalaldehyde (OPA) with GSH at pH 8.0 and with GSSG at pH 12.0 (Hissin, 

et al., 1976). The content of GSH was determined by incubating 10 µL of supernatant in a mixture 

containing PPB (pH 8.0, 100 mM), EDTA (5 mM), and OPA (1mg/mL methanol) for 15 min at 

RT. The concentration of GSSG was assessed by masking GSH with N-ethylmaleimide (NEM, 40 

mM) and adding NaOH (100 mM) and OPA (1 mg/mL methanol) in a solution that was composed 

of supernatant (10 µL) and pre-incubated for 30 min at RT. The final mixture was then incubated 

for 15 min from the light. The levels of GSH and GSSG expressed as nmol/mg protein, were 

obtained from the conversion of emission fluorescence by a calibration curve made with the 

standard GSH and GSSG.   

Reactive oxygen species (ROS).  

The generation of ROS in the liver and kidneys of experimental animals was measured by using 

dichloro-dihydro-fluorescein diacetate (DCFH-DA) as probe (Deng, et al., 2009). Briefly, 10 µL 

of DCFH-DA solution (10mg/mL) and 100 µL of PBS (pH 7.4) was added to the supernatant (10 

µL) and incubated at 37°C for 30 min. The fluorescence intensity was recorded at 485 nm 

(excitation) and 530 nm (emission). The ROS concentration was expressed as µmol DCF/mg 

protein. 

Protein carbonyl group.  

The concentration of carbonyl groups in oxidized proteins was quantified by the 2,4-

dinitrophenylhydrazine (DNPH) spectrophotometric assay at 450 nm, modified by Mesquita CS 

et al. (Mesquita, et al., 2014). In short, 20 µL of DNPH (10 mM in 2 M HCl) was added to 20 µL 

of supernatant. After 10 min of incubation, 200 µL of NaOH (6 M) was added to the mixture and 

incubated for 10 min at RT. The same procedure of which replacing the supernatant with buffer 

solution was used as a blank. Results were expressed as nmol DNPH/mg protein. 

Lipid peroxidation (LPO).  

The level of LPO in the liver and kidney of each experimental group was evaluated 

spectrophotometrically by the thiobarbituric acid reactive substance (TBARS) assay (Wallin, et 

al., 1993). This method measured the concentration of malondialdehyde (MDA) which reacted 

with thiobarbituric acid (TBA) forming a pink chromogen (TBARS), read at 520 nm. A mixture 

containing samples, TCA (50%), and TBA (1.3% in 0.3% NaOH) was incubated at 60°C for 40 
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min and then cooled in ice water. 10 µL of SDS (20%) were then added and the results were 

expressed as µmol MDA/mg protein. 

Lactic dehydrogenase (LDH).  

The LDH activity was evaluated by serially investigating the decline of absorbance at 340 nm, 

attributed to the oxidation of NADH (Domingues, et al., 2010). The reaction started by mixing 10 

µL of supernatant, 200 µL of NADH (0.24 mM), and 40 µL of pyruvate (10 mM). LDH activity 

was expressed as nmol NADH/min mg protein. 
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