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Abstract— Pomegranate (Punica granatumL.)is an ancient fruit that is still part of diet all over the 
world. Health-promoting effects have long been attributed to this fruit; modern research supports the use 
of pomegranate as a folk remedy for diabetes, metabolic syndrome, and many other ailments. Many 
interactions have been reported between different food substances and drugs that would alter the effect of 
the drug, and some are known to cause serious consequences on the health. The importance of diet-drug 
interactions has prompted the study of the effect of concurrent admiration of different food substances to 
determine drugs’ dosing, timing, and formulation for new drug candidates before being marketed. This 
review provides an overview of current knowledge of the effect of pomegranate juice on different 
enzymes and transporters that modulate the pharmacokinetic parameters by using different liquid 
chromatographic bioanalytical methods. 
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1. Introduction 
Punica granatum L. (pomegranate) has been one of the traditional medicine remedies used for centuries 
in different regions of the world [1]. Different parts of the plant are consumed including: fruit, bark, 
leaves, and fruit rind, with each part having special medicinal effects. Only 52% of the total fruit weight 
is edible, it contains 22% of seeds, and the majority (78%) is juice[2]. Over the years, this fruit was used 
to treat various complaints such as rheumatoid arthritis and different inflammation conditions, dental 
plaque, dysentery, and to fight malarial parasites and intestinal infections [1]. In addition, pomegranate 
was found to have antioxidant, antibacterial, antidiabetic, cardioprotective and anticarcinogenic activities 
[3-6]. 
 
Pomegranate is very rich in phytochemical compounds (phytocompounds) [7]. Phytocompounds are low 
molecular weight compounds that are usually produced by plants as a defense mechanism. A diversity of 
phytocompound families were identified and many were explored for their therapeutic effects [3-6].Seeds 
are considered a rich source of lipids, proteins, and fibers, while the main contents of the juice are sugars 
(10.6%), and pectin (1.4%). In general the different  minerals content of the seeds is higher than that of 
the juice with the exception of potassium [8, 9]. The active constituents and the medicinal properties of 
pomegranate extensively studied and reported in many previous research[10-12]. Pomegranate’s wide 
therapeutic effects are believed to be through a number of mechanisms, however, the different effects 
may be mainly attributed to its antioxidant, anticarcinogenic, and anti-inflammatory properties.  
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1.1 Chemical Constituents of Pomegranate 
The chemical constituents of the different parts of pomegranate differ with fluctuations of the planting 
region, maturity upon harvest, agriculture practice, and storage conditions [13, 14]. A variety of chemical 
compounds were reported to be found in pomegranate fruit, tree, leaves and/or juice and belong to 
different chemical classes including: sugars, organic acids, polyphenols, flavonoids, anthocyanins, fatty 
acids, alkaloids,sterols, triterpenes, and vitamins. The main sugars included pomegranate extract were 
found to be: glucose, fructose, sucrose, and maltose. While this fruit is rich in the vitamins e C, B1, B2, 
and beta-carotene[8]. 
 

Saturated and unsaturated fatty acids were extracted from pomegranate seeds, the  predominant fatty acids 
to be found were linolenic and linoleic acid, while  other fatty acids were found in smaller amounts and 
included: oleic acid, palmitic acid, stearic acid, palmitoleic acid, arachidonic acid, lauric acid, and 
caprylic acid [15]. In addition, the rare trans‐18‐carbon fatty acid, punicic acid, was found in the seed 
extract of the fruit [16]. 

 
1.3 Therapeutic Effects of Pomegranate 
It was recently reported that the therapeutic effects of pomegranate are mainly attributed to ellagic acid 
ellagitannins (including punicalagins), punicic acid, flavonoids, anthocyanidins, anthocyanins, and 
estrogenic flavonols and flavones [17]. Phenolic compounds that were reported to be found in 
pomegranate include[18]: 

 Flavonoid: anthocyanins (pelargonidin, delphinidin, cyaniding),  anthoxanthins (catechin, 
epicatechin and quercetin) 

 Tannins: ellagitannins, and ellagic acid derivatives (punicalagin, punicalin and pedunculagin) 
 Phenolic acids (chlorogenic, caffeic, syringic, sinapic, p-coumaric, ferulic, ellagic, gallic and 

cinnamic acid) 
 
The presence of flavonoids and tannins has contributed to the fruit’s anticancer activity [19]. The 
antioxidant activity can be attributed to the high total phenolic, flavonoid and flavonol content. It has been 
reported that highest antioxidant activity was that of the fruit’s peel extract that contained the highest total 
phenolic content [20]. Ellagic tannins, ellagic acid, and gallic acid are the main compounds responsible 
for this antioxidant activity [21]. In addition, ellagic acid shows antimutant, antiviral activities[22]. 
Pomegranate fruit is also enriched with punicalagin, a strong antioxidant that exert its mechanism through 
controlling superoxide and other free radicals of DPPH (1,1-diphenyl-2-picrylhydrazyl)[23].Among 
different acids found in pomegranate, the ascorbic acid content adds to the reported antioxidant activity 
[24]. 
 
Flavonoids were found to have estrogenic activity, they should be hydrolyzed to show this activity as no 
estrogenic activity was observed in their glycoside counterparts [25].Furthermore, pomegranate extracts 
contained steroidal estrogens (γ-tocopherol, 17-α-estradiol, stigmasterol, β-estriol sitosterol, and 
testosterone), and nonsteroidal compounds (compestrol, coumestrol) [26]. The presence of these estrogens 
prohibit the estrogenic activity of 17-β-estradiol and therefore  pomegranate can inhibit breast cancer cells 
for both types, estrogen-dependent and estrogen-independent. The antioxidant activity of polyphenols 
added to this inhibitory activities have been long related to the pomegranate  human breast cancer 
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preventive effect [27]. In general, the presence of flavonoids and tannins has contributed to the fruit’s 
anticancer activity [19]. Additionally, due to the rich fatty acid content of pomegranate seed oil it is been 
recently considered to be a good source of omega‐3 fatty acids [28]. 
 
The diversity of the chemical constituents and the diversity of medicinal effects of pomegranate has 
prompted the study of the pomegranate juice – drug interactions. Many significant pharmacokinetic (PK) 
properties alterations were reported with used of pomegranate with drugs such as drugs like 
antiarrythmic, calicium channel blockers, and statins [29]. The current review focuses on the effect of 
concurrent consumption of pomegranate juice on the PK properties of different drugs as was assessed 
different liquid chromatography techniques.  
 
2. Effect of Pomegranate Juice on Pharmacokinetic Properties of Drugs 
The concurrent consumption of food with drugs may have a significant  impact on drug release, 
absorption, distribution, metabolism and/or elimination (collectively, PK properties)and thus, on the 
therapeutic outcome and safety of drugs. The observed food-drug interactions are one of the main 
concerns for drugs administered orally. Recently, increased efforts were made to study the mechanisms 
by which any food substance may alter the PK properties of drugs [30]. Different studies suggested the 
interference of pomegranate juice with the intestinal absorption of certain drugs, in addition, many reports 
suggested that pomegranate inhibits CYP3A enzymes in the body [31]. In the following examples we 
review the effects of pomegranate juice on PK properties of some essential drugs as was determined using 
liquid chromatography techniques. The different parameters of peak serum concentration (Cmax), time to 
reach peak serum concentration (Tmax), and area under the curve (AUC) were used as an indication of 
the changes of PK properties of the different drugs. 
 
2.1 Theophylline 
Theophylline is one of the most widely used drugs for the treatment of asthma and chronic obstructive 
pulmonary disease. It is the first‐line treatment in developing countries, while inhaled β2‐agonists and 
corticosteroids are more used in other parts of the world [32]. 
 
Pomegranate use has been reported to help in the treatment of respiratory diseases and disorders [33], 
therefore a potential food-drug interaction can be observed. In a recent study, high performance liquid 
chromatography (HPLC) method of analysis was developed in order to measure theophylline 
concentrations in rat plasma and to establish the effect of pomegranate juice concurrent consumption on 
the different PK parameters. It has been found that intake of pomegranate juice prior to the oral 
administration of theophylline did not cause any significant alteration of the PK parameters and thus 
suggesting no significant interaction [34]. 
 
 
2.2 Metronidazole 
Metronidazole is an antibiotic that is still considered the first-line choice for treatment of infections 
related to the gastrointestinal tract including colitis caused by Clostridium difficile[35]. The metabolism 
of metronidazole and associated cytotoxicity is not definitively characterized yet despite the long years of 
use [36]. Liquid chromatography–mass spectrometry (HPLC-MS/MS) techniques were used to study the 
effect of pomegranate fresh juice on the metronidazole PK properties. A significant increase in the 
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metronidazole PK parameters (Cmax and AUC) were observed after pretreatment of rats with multiple 
doses of pomegranate juice. This study’s findings suggested also that pomegranate is an inhibitor of 
intestinal but not hepatic enzymes responsible for metronidazole metabolism [37]. 
 
2.3 Glimepiride 
Glimepiride is sulfonylurea oral antidiabetic drug usually used by patients with type-2 diabetes mellitus, it 
lowers blood glucose levels by stimulating the release of insulin from beta cells of  the pancreas [38]. A  
rapid, and sensitive method was developed for the determination of glimepiride in rat serum, using 
HPLC-MS/MS. The potential pharmacokinetic interactions between glimepiride pomegranate juice were 
investigated in the serum of experimental rats. This study found that pomegranate juice significantly 
reduced the glimepiride Cmax, Tmax and AUC[39] . 
 
2.4 Piracetam 
Piracetam is a nootropic commonly used drugs for the treatment of neurodegenerative diseases [40].  The 
effect of pomegranate juice on the PK parameters of piracetam was determined using HPLC techniques. 
No significant difference was found in the PK parameters of piracetam with its concurrent administration 
with  pomegranate juice [41].  
 
2.5 Warfarin 
Warfarin, vitamin K antagonist, is characterized with very narrow therapeutic window. Many factors may 
affect the body’s response to warfarin resulting in the observed interindividual variability [42]. The risk of 
warfarin high of low blood concentrations has prompted the study of the impact of pomegranate juice on 
both PK and pharmacodynamics properties of warfarin. Liquid chromatography–mass spectrometry (LC–
MS) method was developed to determine the concentration of warfarin plasma, the Cmax, and AUC of 
warfarin were significantly reduced with pomegranate juice consumption. In contrast to this decrease 
pomegranate juice significantly increased both the prothombin time (PT) and international normalized 
ratio (INR) values.This increase in PT and INR level may increase the risk of bleeding and hence the 
pomegranate juice should be consumed with caution by patients using warfarin [43].  
 
2.6 Metformin 
Metformin (dimethylbiguanide) is the first-line oral blood glucose-lowering agent used in the treatment of 
type-2 diabetes mellitus [44]. Different pomegranate products have been used traditionally to treat and 
manage type-2 diabetes mellitus [45]. HPLC method was used to establish the effect of pomegranate juice 
on PK parameters of metformin, pomegranate consumption significantly reduced metformin plasma 
Cmax which may result in the reduction of the efficacy of metformin administered dose and may result in 
the delay of  metformin action [46]. 

3. Conclusion 
Different pomegranate juice-drug interaction studies were done to evaluate the potential effects of the 
juice on drug’s PK parameters. For some of the reviewed drugs, the juice showed significant changes in 
the PK parameters and hence the therapeutic and/or side effect profile of these drugs.  
The study of effect of different food substance intake on drugs should be taken into consideration when 
deciding the appropriate dosing, timing, and formulation of new drug candidates. 

 



Sapporo Medical Journal 
Volume 54, Issue 09, September, 2020 

 

 

5 
 

4. References 
 
[1]Jurenka J. Therapeutic Applications of Pomegranate (Punica Granatum L.): A Review. Altern Med 
Rev. 2008;128-32. 
 
[2] Lansky E, Shubert S, Neeman I. Pharmacological and Therapeutic Properties of Pomegranate. 
Symposium on Production, Processing and Marketing of Pomegranate in the Mediterranean Region: 
Advances in Research and Technology; 2000. 

[3] Aqil F, Munagala R, Agrawal AK, Gupta R. Chapter 10 - Anticancer Phytocompounds: Experimental 
and Clinical Updates. In: Ahmad Khan MS, Ahmad I, Chattopadhyay D. New Look to Phytomedicine: 
Academic Press; 2019. 237-272. 

[4] IfedibaluChukwu EI, Aparoop D, Kamaruz Z. Antidiabetic, Anthelmintic and Antioxidation 
Properties of Novel and New Phytocompounds Isolated from the Methanolic Stem-Bark of Vernonia 
amygdalina Delile(Asteraceae). Scientific African.2020;10:1-17. 

[5] Meriga B, Ganjayi MS, Parim BN. Phytocompounds as Potential Agents to Treat Obesity-
Cardiovascular Ailments. Cardiovasc Hematol Agents Med Chem.2017;15(2):104-120. 

[6] Rolta R, Sharma A, Sourirajan A, Mallikarjunan PK, Dev K. Combination Between Antibacterial and 
Antifungal Antibiotics with Phytocompounds of Artemisia annua L: A strategy to control drug resistance 
pathogens. J. Ethnopharmacol.2021;266:113420. 

[7] Sreekumar S, Sithul H, Muraleedharan P, Azeez JM, Sreeharshan S. Pomegranate Fruit as a Rich 
Source of Biologically Active Compounds. BioMed Research International.2014;2014:1-13. 

[8] El-Nemr SE, Ismail IA, Ragab M. Chemical Composition of Juice And Seeds of Pomegranate Fruit. 
Food/Nahrung.1990;34(7):601-606. 

[9] Viuda-Martos M, Fernández-López J, Pérez-Álvarez JA. Pomegranate and its Many Functional 
Components as Related to Human Health: A Review. Compr. Rev. Food Sci. Food Saf.2010;9(6):635-
654. 

[10] Adams LS, Seeram NP, Aggarwal BB, Takada Y, Sand D, Heber D. Pomegranate Juice, Total 
Pomegranate Ellagitannins, and Punicalagin Suppress Inflammatory Cell Signaling in Colon Cancer 
Cells. J. Agric. Food Chem.2006;54(3):980-985. 

[11] Li Y, Guo C, Yang J, Wei J, Xu J, Cheng S. Evaluation of Antioxidant Properties of Pomegranate 
Peel Extract in Comparison with Pomegranate Pulp Extract. Food Chem.2006;96(2):254-260. 

[12] Negi PS, Jayaprakasha GK, Jena BS. Antioxidant and Antimutagenic Activities of Pomegranate Peel 
Extracts. Food Chem.2003;80(3):393-397. 

[13] Akbarpour V, Hemmati K, Sharifani M. Physical and Chemical Properties of Pomegranate (Punica 
Granatum L.) Fruit in Maturation Stage. AEJAES.2009;6(4):411-416. 



Abdel-Halim, 2020                SMJ 
 

6 
 

[14] Durgaç C, Ozgen M, Simsek O, Kaçar YA, Kiyga Y, Celebi S. Molecular and Pomological Diversity 
Among Pomegranate (Punica granatum L.) Cultivars in Eastern Mediterranean Region of Turkey. Afr. J. 
Biotechnol.2008;7:1294-1301. 

[15] Amri Z, Zaouay F, Lazreg-Aref H, Soltana H, Mneri A, Mars M. Phytochemical Content, Fatty 
Acids Composition and Antioxidant Potential of Different Pomegranate Parts: Comparison Between 
Edible and Non Edible Varieties Grown in Tunisia. Int J.Biol Macromol.2017;104:274-280. 

[16] Melgarejo P, Artés F. Total Lipid Content And Fatty Acid Composition of Oilseed From Lesser 
Known Sweet Pomegranate Clones. J Sci Food Agric.2000;80(10):1452-1454. 

[17] Shaygannia E, Bahmani M, Zamanzad B, Rafieian-Kopaei M. A Review Study on Punica granatum 
L. Evid. Based Complementary Altern. Med.2016;21(3):221-227. 

[18] Singh B, Singh JP, Kaur A, Singh N. Phenolic Compounds as Beneficial Phytochemicals In 
Pomegranate (Punica granatum L.) peel: A review. Food Chem.2018;261:75-86. 

[19] Panth N, Manandhar B, Paudel KR. Anticancer Activity of Punica granatum (Pomegranate): A 
Review. Phytother Res.2017;31(4):568-78. 

[20] Derakhshan Z, Ferrante M, Tadi M, Ansari F, Heydari A, Hosseini MS. Antioxidant Activity And 
Total Phenolic Content of Ethanolic Extract of Pomegranate Peels, Juice and Seeds. Food Chem 
Toxicol.2018;114:108-111. 

[21] Singh RP, Chidambara Murthy KN, Jayaprakasha GK. Studies On The Antioxidant Activity Of 
Pomegranate (Punica Granatum) Peel And Seed Extracts Using In Vitro Models. J. Agric. Food 
Chem.200250(1):81-86. 

[22] Sun Y-Q, Xin T, Men X-M, Xu Z-W, Tian W. In vitro and in vivo Antioxidant Activities of Three 
Major Polyphenolic Compounds in Pomegranate Peel: Ellagic Acid, Punicalin, And Punicalagin. J. 
Integr. Agric.2017;16(8):1808-1818. 

[23] Aloqbi A, Omar U, Yousr M, Grace M, Lila MA, Howell N. Antioxidant Activity of Pomegranate 
Juice and Punicalagin. Natural Science.2016;8(06):235-246. 

[24] Alam P, Kamal Y, Alqasoumi SI, Foudah AI, Alqarni MH, Yusufoglu HS. HPTLC Method for 
Simultaneous Determination of Ascorbic Acid and Gallic Acid Biomarker from Freeze Dry Pomegranate 
Juice and Herbal Formulation. Saudi Pharm J.2019;27(7):975-980. 

[25] van Elswijk DA, Schobel UP, Lansky EP, Irth H, van der Greef J. Rapid Dereplication of Estrogenic 
Compounds in Pomegranate (Punica Granatum) Using on-Line Biochemical Detection Coupled to Mass 
Spectrometry. Phytochem.2004;65(2):233-241. 

[26] Vučić V, Grabež M, Trchounian A, Arsić A. Composition and Potential Health Benefits Of 
Pomegranate: A Review. Curr Pharm Des.2019;25(16):1817-1827. 



Sapporo Medical Journal 
Volume 54, Issue 09, September, 2020 

 

 

7 
 

[27] Choi DW, Kim JY, Choi SH, Jung HS, Kim HJ, Cho SY. Identification of Steroid Hormones in 
Pomegranate (Punica Granatum) Using HPLC and GC–Mass Spectrometry. Food Chem.2006;96(4):562-
571. 

[28] Siano F, Straccia MC, Paolucci M, Fasulo G, Boscaino F, Volpe MG. Physico-Chemical Properties 
and Fatty Acid Composition of Pomegranate, Cherry and Pumpkin Seed Oils. J Sci Food 
Agric.2016;96(5):1730-1735. 

[29] Wael AAd, Eyad MM, Israa HA-a, Tawfiq AA. Liquorice Beverage Effect on the Pharmacokinetic 
Parameters of Atorvastatin, Simvastatin, and Lovastatin by Liquid Chromatography-Mass 
Spectroscopy/Mass Spectroscopy.Asian J Pharm Clin Res.2016;9:174-179 

[30] Koziolek M, Alcaro S, Augustijns P, Basit AW, Grimm M, Hens B. The Mechanisms of 
Pharmacokinetic Food-Drug Interactions – A Perspective From the UNGAP Group. Eur J Pharm 
Sci.2019;134:31-59. 

[31] Hidaka M, Okumura M, Fujita K-i, Ogikubo T, Yamasaki K, Iwakiri T. Effects of Pomegranate Juice 
on Human Cytochrome P450 3a (Cyp3a) and Carbamazepine Pharmacokinetics in Rats. Drug 
Metab.2005;33(5):644-648. 

[32] Barnes PJ. Theophylline. Am J Respir Crit Care Med.2013;188(8):901-906. 

[33] Asadbeigi M, Mohammadi T, Rafieian-Kopaei M, Saki K, Bahmani M, Delfan M. Traditional 
Effects of Medicinal Plants in the Treatment of Respiratory Diseases and Disorders: An Ethnobotanical 
Study in the Urmia. Asian Pac. J. Trop. Med.2014;7:S364-S368. 

[34] Alanbaki A, Alani I, Mallah E, Zakareia Z, Arafat T, Dayyih WA. The effect of Pomegranate and 
Licorice on Pharmacokinetics of Theophylline in Rat Plasma. J. Pharm. Sci.2019;44(1):9-15. 

[35] Cosar C, Julou L. Activity of (Hydroxy-2'Ethyl)-1 Methyl-2 Nitro-5 Imidazole (8823, RP) in 
Experimental Trichomonas vaginalis Infections. Ann Inst Pasteur.1959;96(2):238-241. 

[36] Dingsdag SA, Hunter N. Metronidazole: An Update on Metabolism, Structure–Cytotoxicity and 
Resistance Mechanisms. J Antimicrob Chemother.2017;73(2):265-279. 

[37] TbeekhT H, Dayyih WAA, Mallah EM, Qinna NA, Awad RM. Pomegranate Juice Affects on 
Pharmacokinetic Parameters of Metronidazole by Using HPLC-MS. World J. Pharm. Res.2014;3(7):201-
209. 

 

[38] Meinert CL, Knatterud GL, Prout TE, Klimt CR. A study of the effects of hypoglycemic agents on 
vascular complications in patients with adult-onset diabetes. II. Mortality results. Diabetes.1970;19:789-
830. 

[39] Mohammed Hamad M, Abu Dayyih W, Alsabbagh R, Abu Dayyih A, Al Ani I, Mallah E, Salih H, 



Abdel-Halim, 2020   
 

 

Zakarya Z, Arafat T. The Effect of Some Fruit Juices on Glimepiride Pharmacokinetic in Rat Plasma by 
Using High Performance Liquid Chromatography
J.2017;10(4):1665-1675. 

[40] Nasr M, Wahdan SA. Neuroprotective 
Vinpocetine and Piracetam After Intranasal Administration

[41] Tamimi L, Abu Dayyih W, Abu Dayyih
Rat Plasma by Using High Performance Liquid Chromatography / UV / VIS Spectrometry ( HPLC / UV / 
VIS ) in Presence of Pomegranate and Liquorice Juices for Pharmacokinetic s
2431-2449. 

[42]Li X, Li D, Wu J-C, Liu Z-Q, Zho
and Strategies. Pharmacogenomics J.

[43] Mima M, Mallah E, Abudayyih W, Elhajji F, Salih H, Zakaraya Z. Pharmacokinetics and 
Pharmacodynamics Interaction of Warfarin in the Pre
Pomegranate) in Rat Plasma by Using LC/MS. 

[44] Bailey CJ. Metformin: Historical O

[45] Khajebishak Y, Payahoo L, Alivand M, Alipour B. Pu
Pomegranate Seed Oil in Type-2 Diabetes Mellitus Management

[46] Awad R, Mallah EM, Khawaja BA, Dayyih WA, Elhajji F, Matalka K. Pomegranate and 
Juices Modulate Metformin Pharmacokinetics i
 

 
This work is licensed under a Creative 
International License

 

       

. The Effect of Some Fruit Juices on Glimepiride Pharmacokinetic in Rat Plasma by 
Using High Performance Liquid Chromatography-Mass Spectrometry. Biomed. Pharmacol. 

Wahdan SA. Neuroprotective Effects of Novel Nanosystems Simultaneously Loaded with 
nd Piracetam After Intranasal Administration. Life Sci.2019;226:117-129.

Abu Dayyih A, Arafat T. Validation and Determination of 
y Using High Performance Liquid Chromatography / UV / VIS Spectrometry ( HPLC / UV / 

) in Presence of Pomegranate and Liquorice Juices for Pharmacokinetic study.IJBPAS

Q, Zhou H-H, Yin J-Y. Precision Dosing of Warfarin: Open Questions 
Pharmacogenomics J.2019;19(3):219-229. 

Mima M, Mallah E, Abudayyih W, Elhajji F, Salih H, Zakaraya Z. Pharmacokinetics and 
Pharmacodynamics Interaction of Warfarin in the Presence of Beverage Juices (Licorice and 
Pomegranate) in Rat Plasma by Using LC/MS. Lat Am J Pharm.2017;36(6):1181-1192.

Historical Overview. Diabtologia.2017;60(9):1566-1576. 

Khajebishak Y, Payahoo L, Alivand M, Alipour B. Punicic acid: A Potential Co
2 Diabetes Mellitus Management. J Cell Physiol.2019;234(3):2112

Awad R, Mallah EM, Khawaja BA, Dayyih WA, Elhajji F, Matalka K. Pomegranate and 
Pharmacokinetics in Rats. Neuro Endocrinol. Lett.2016;37(

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 
International License 

        SMJ 

8 

. The Effect of Some Fruit Juices on Glimepiride Pharmacokinetic in Rat Plasma by 
Biomed. Pharmacol. 

osystems Simultaneously Loaded with 
29. 

ation of Piracetam in 
y Using High Performance Liquid Chromatography / UV / VIS Spectrometry ( HPLC / UV / 

IJBPAS.2017;6(12): 

f Warfarin: Open Questions 

Mima M, Mallah E, Abudayyih W, Elhajji F, Salih H, Zakaraya Z. Pharmacokinetics and 
sence of Beverage Juices (Licorice and 

92. 

Potential Compound Of 
2019;234(3):2112-2120. 

Awad R, Mallah EM, Khawaja BA, Dayyih WA, Elhajji F, Matalka K. Pomegranate and Licorice 
(3):202-206. 

Commercial 4.0 


