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Abstract:  
There is a lack of reliable hepatoprotective drugs in modern medicine to prevent and treat drug-

induced liver damage. Fruits of Plum (P. domestica), belonging to family Rosaceae are used 

traditionally for their hepatoprotective effect. We wanted to evaluate the hepatoprotective activity 

of Prunus domestica  synergistic hepatoprotection exists with silymarin. 

Materials and Methods: 

Albino rats (150–200 g) were divided into seven groups. Groups 1 and 2 were normal and experiental 

controls, respectively. Groups 3, 4, 5, 6 received the ethanol, methanol, chloroformand petroleum 

ether extract of P. domestica fruits 100 mg/kg BW/day,  and Group 7 positive control silymarin (25 

mg/kg, p.o.) respectively, for 10 days. Hepatotoxicity was induced in all on the eighth day with 

paracetamol 2 g/kg BW/day. The hepatoprotective effect was evaluated by performing an assay of the 

serum proteins, Serum bilirubin, SGPT, SGOT and ALP. The assay results were presented as mean 

and standard error of mean (SEM) for each group. The study group was compared with the control 

group by one-way ANOVA, followed by Dunnett's Multiple Comparison Test. A P-value of <0.01 

was considered significant. 

Results: 

In groups 3, 4, 5, 6 and 7, liver enzymes and bilirubin were significantly (P < 0.01) closer to normal 

than in group 2. In extract treated groups; methanolic exteact of fruits of P. domestica treated rats 

showed significant decrease in SGOT level, SGPT level and ALP level which was less than disease 

control non-treated rats. In extract treated groups; methanolic exteact of fruits of P. domestica treated 

rats showed significant decrease in Serum bilirubin level and significant increased in serum protein 

level which was inversed than disease control non-treated rats  

Conclusion:The P. domestica ethanolic fruit extract shows significant hepatoprotective activity and 

synergism with silymarin. 
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INTRODUCTION 

 

The liver performs the normal metabolic homeostasis of the body as well as biotransformation, 

detoxification and excretion of many endogenous and exogenous compounds, including 

pharmaceutical and environmental chemicals. Drug-induced hepatotoxicity is a major cause of 

iatrogenic diseases, accounting for all hospital admissions.
1
 

Traditional medicine is the sum total of knowledge, skills and practices based on the theories, beliefs 

and experiences indigenous to different cultures that are used to maintain health as well as to prevent, 

diagnose, improve or treat physical and mental illnesses. Herbal treatments are the most popular form 

of traditional medicine. Herbal medicines include herbs, herbal materials, herbal preparations and 

finished herbal products that contain parts of plants or other plant materials as active ingredients.
2
 

However, no scientific data regarding the identity and effectiveness of these herbal products were 

available, except in the treatise of Ayurveda and Unani medicine.
3
 The World Health Organization 

(WHO) has laid emphasis on promoting the use of traditional medicine for health care.
4
 Hence, we see 
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afocus on research on traditional and herbal medicine, especially in developing countries, with 

individual as well as collaborative efforts by national research organizations.
4 

There is an acute necessity of reliable hepatoprotective drugs in modern medical practice. 

Plants and natural products have been used traditionally worldwide for the prevention and treatment 

of liver disease. Scientific research has supported the claims of the medicinal efficacy of several of 

these herbal compounds, as evidenced from the voluminous work on their hepatoprotective 

potentials.
5
 More than 700 mono- and polyherbal formulations from over a hundred different plants 

are available for use.
6 

Prunus domestica (Plum), is a well known medicinal plant, which grows wild as well as in households 

and farms in India. It has been traditionally regarded as possessing rejuvenating, tonic and vitalizing 

properties that contribute to longevity and a healthy life.
7
 Fruits of P. domestica possess expectorant, 

diaphoretic, antiseptic, spasmolytic, stimulant and anticatarrhal properties and are used as cold and 

cough remedies, for fever, pain,
8
 gastrointestinal disorders (like dyspepsia, vomiting), worm 

infestations, skin diseases, snakebite and scorpion sting.
9,10,11 

we wanted to build on these findings in relation to paracetamol-induced hepatotoxicity and observe 

for a synergistic or an additive effect with the combination of Prunus domestica and a standard 

hepatoprotectant. 

Thus, the aim of our study was to:Evaluate the hepatoprotective activity of Prunus domestica fruits on 

paracetamol-induced hepatotoxicity in albino rats as compared with silymarin. 

MATERIALS AND METHODS 

Experimental Animals 

Healthy albino rats of Wistar strain (both male and female), weighing 100–200 g each (obtained from 

Central Animal House, BN College of Pharmacy, Udaipur) were given the standard diet with water ad 

libitum during the entire period of the experiment as per the recommendation of the Committee for the 

Purpose of Control and Supervision of Experiments on Animals (CPCSEA) for laboratory animal 

facilities.
12 

Drugs 

All drug suspensions were prepared for the different groups with 3% (W/V) aqueous suspension of 

gum acacia as vehicle. 

Test drug 

Prunus domestica ethanol, methanol, chloroform and petroleum ether fruit extract (PDE). This was 

prepared as follows: 

The fruits of Prunus Domestica were collected, shade dried for 3 weeks, powdered mechanically and 

sieved through No. 20 mesh sieve. The fruits of Prunus domestica were extracted by successive 

solvent extraction method with the help of soxhlet apparatus. The plant material first extracted with 

petroleum ether for defatted then chloroform, methanol, ethanol. Rotary vacuum evaporator and dried 

at room temperature. The extract obtained with each solvent was weighed and the percentage yield 

was calculated in terms of dried weight of the plant material. The percentage yield of methanolic 

extract was 12.75%W/W. 

Standard hepatoprotective 

Silymarin (SILY) powder (obtained from Micro Labs Ltd., Bangalore, India) was used to make the 

suspension in doses of 25 mg/kg BW for the respective groups following the method of Mankani et 

al. and Mansour et al.
13,14,15 

Hepatotoxin 

Paracetamol (PCM) powder (I.P.) (obtained from Bharat Chemicals, Tarapur, Gujarat, India) was 

used to make the suspension in a dose of 2 g/kg BW for the respective groups. 

Methods 

The experiment was carried out on 30 healthy albino rats for 10 days. Before starting the experiment, 

the animals were allowed to acclimatize to the laboratory environment for 1 week. 

Grouping and Treatment Schedule 

The rats were randomly divided into seven groups of six animals each after weighing, recording and 

numbering. Each group received treatment as follows: 
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Group-1(NC): Received water (5 ml/kg, p.o.) for 7 days once daily, and served as normal control.  

Group-2 (DC): Received received distilled water 5ml/kg b.w. p.o. for 8 days. A single dose of 

paracetamol (2g/kg body weight, i.p.) was given after one hour of vehicle on 7
th
 day, served as disease 

control. 

Group-3 (PD-ETOH): Received methanolic extract (100 mg/kg) b.w. p.o. for 8 days. A single dose of 

paracetamol (2g/kg body weight, i.p.) was given after one hour of vehicle on 7
th
 day, served as 

ethanolic extract treaded. 

Group-4 (PD-MEOH): Received ethanolic extract (100 mg/kg) b.w. p.o. for 8 days. A single dose of 

paracetamol (2g/kg body weight, i.p.) was given after one hour of vehicle on 7
th
 day, served as 

methanolic extract treaded. 

Group-5 (PD-CHCl3): Received Chloroform extract (100 mg/kg) .w. p.o. for 8 days. A single dose of 

paracetamol (2g/kg body weight, i.p.) was given after one hour of vehicle on 7
th
 day, served as 

chloroform extract treaded. 

Group-6 (PD-PET): Received Petroleum ether extract (100 mg/kg) b.w. p.o. for 8 days. A single dose 

of paracetamol (2g/kg body weight, i.p.) was given after one hour of vehicle on 7
th
 day, served as 

petroleum ether extract treaded. 

Group-7 (PD-PC): Received standard drug silymarin (25 mg/kg, p.o.) for 8 days. A single dose of 

paracetamol (2g/kg body weight, i.p.) was given after one hour of vehicle on 7
th
 day,  served as 

positive control 

 

Dosing and Administration of Drugs 

The drug suspensions and the vehicle were administered per orally by an intra-gastric feeding tube at 

a uniform volume of 5 ml/kg BW. 

Induction of Hepatic Injury 

A single dose of paracetamol 2 g/kg BW/day was given to groups on the eighth day of the experiment. 

It was administered after overnight fasting of the animals, i.e. the diet was restricted 12 h prior to the 

administration of paracetamol. However, free access to water was permitted.
16 

Laboratory Assessments 

On the 10
th
 day, blood was collected from the hearts of the animals under light ether anesthesia. The 

blood was kept undisturbed for 30 min and the clot was dispersed with a glass rod. The samples were 

centrifuged for 15–20 min at 2000 rpm to separate the serum and then sent for liver function tests 

(LFT), namely serum proteins, Serum bilirubin, SGPT, SGOT and ALP.
17,18,19 

Statistical Analysis 

Data are expressed as Mean ± SEM and analyzed statistically by One way ANOVA followed by 

Dunnett's Multiple Comparison Test, using Graph Pad Prism Software trial version. IN Dunnett's 

Multiple Comparison Test, Group DC was compared with NC and other treated groups were 

compared with DC. P value considered as P<0.05 Significant (*), P<0.01 Very Significant (**), 

P<0.001 Highly Significant (***). 

 

RESULTS 

As per Table:1 in Paracetamol induced hepatotoxic model the extract treated rats showed significant 

hepatoprotective activity as comppaerd to nontreated hepatotoxic rats. In extract treated groups; 

methanolic exteact of fruits of   P. domestica treated rats showed significant decrease in SGOT level 

(194.5 u/l), SGPT level (94.46 u/l) and ALP level (208.3 u/l) which was less than disease control non-

treated rats 248.0 u/l, 157.7 u/l and 358.5 u/l respectively. In extract treated groups; methanolic 

exteact of fruits of P.domestica treated rats showed significant decrease in Serum bilirubin level 

(0.9697mg/dl) and significant increased in serum protein level (7.343gm/dl) which was inversed than 

disease control non-treated rats 2.857mg/dl and 4.547gm/dl respectively. 

Table 1: Effect of methanolic extract of P. domestica and Silymarin pre-treatment on biochemical 

parameters of the rats intoxicated with Paracetamol. 

 

Group 

No.  

Treatment 

Dose 

AST 

(SGOT) 

ALT 

(SGPT) 

ALP 

(IU/mL) 

Total 

Billirubin 

Total 

Protein 
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(IU/mL) (IU/mL) (mg/dl) (gm/dl) 

1 NC (10mg/dl) 166.1± 

0.5921*** 

63.11± 

0.2515 *** 

192.3±  

1.504*** 

0.3683± 

0.004773 

*** 

9.585±  

0.07628*** 

2 DC (25mg/kg) 248.0± 

0.5584*** 

157.7±  

1.345*** 

358.5±  

0.4955 *** 

2.857± 

0.02472*** 

4.547±    

0.1388*** 

3 PD-ETOH       

(100 mg/Kg) 

181.0± 

0.3699*** 

88.68± 

0.6425*** 

186.0±  

1.174*** 

0.5467± 

0.01256*** 

8.918±   

0.05218*** 

4  PD-MEOH       

(100 mg/Kg) 

194.5± 

1.255*** 

94.46± 

0.5866*** 

208.3±   

0.3220*** 

0.9697± 

0.005959*** 

7.343±    

0.1573*** 

5 PD-CHCl3       

(100 mg/Kg) 

205.8± 

1.509*** 

108.9± 

0.4162*** 

246.2±  

1.481*** 

1.538± 

0.06489*** 

6.342±   

0.06009*** 

6 PD-Pet. Ether       

(100 mg/Kg) 

229.2± 

0.5712 *** 

116.2±  

1.485 *** 

288.1±  

0.4954*** 

2.120± 

0.03733*** 

5.532±    

0.1331*** 

7 PC (25mg/kg) 177.9± 

0.3356*** 

87.09± 

0.4723 *** 

167.8±  

1.079*** 

0.4583± 

0.009458*** 

9.437±   

0.06946 

*** 

 

Statistical Analysis: 

Data are expressed as Mean ± SEM and analyzed statistically by One way ANOVA followed by 

Dunnett's Multiple Comparison Test, using Graph Pad Prism Software trial version. IN Dunnett's 

Multiple Comparison Test, Group DC was compared with NC and other treated groups were 

compared with DC. P value considered as P<0.05 Significant (*), P<0.01 Very Significant (**), 

P<0.001 Highly Significant (***). 

 

DISCUSSION 

The administration of paracetamol to the animals resulted in a significant fall in the levels of total 

serum proteins and albumin globulin ratio and a significant rise in serum ALP, AST and ALT. In 

groups 3, 4, 5, 6 and 7, the toxic effect of paracetamol was partly reversed in the animals. Compared 

with the paracetamol (experimental control) group, the 3 and 4 groups showed a significant increase 

in the serum ALP, AST and ALT levels. Also significant difference was observed in the total protein 

levels in these groups. Group 3 & 4  in comparison with silymarin (standard) showed a significant 

decrease in the serum AST and ALT alone. Thus, group 3 & 4 showed greater hepatoprotection than 

other groups, considering the results of the Liver Function Test.  

PCM, used as a tool to induce hepatotoxicity in experimental animals, leads to covalent bonding of its 

toxic metabolite N-acetyl P bezoquinoneimine to sulfydryl groups of proteins. This causes exhaustion 

of reduced glutathione in the liver, resulting in cell necrosis and lipid peroxidation.
20

 An increase in 

the level of transaminases and ALP is an indication of cellular leakage and loss of functional integrity 

of the hepatic cell membranes.
21,22,23 

Administration of the ethanoilc and methanoilc extract of Prunus domestica fruits showed significant 

hepatoprotective activity, as shown previously in other studies.
10

 Plums are an excellent source of 

vitamin A, calcium, magnesium, iron, potassium and fiber. Plums are free of sodium and cholesterol. 

Like all fruit plums contain a substantial amount of vitamin C.
24,25,26 

The dried fruit, known as prunes, is a safe and effective laxative and stomachic. Plum has active 

constituents named amygdalin and prunasin, those having strong antioxidant and antimicrobial 

properties.
10

 Prunus domestica contains many phenolic and dihydroflavonol compounds showed 

better antioxidant, antiseptic and cell regenerative potentials.
27,28,29

 Moreover, the fixed oil of Prunus 

domestica  contains chologenic acid, which is responsible for its anti-inflammatory activity.
30,31

 

Hence, chologenic acid may also be responsible for reversing the inflammatory features associated 

with hepatic injury thus adding to the hepatoprotective effect. 

CONCLUSION 

Thus, the fruits of Plum (Prunus domestica) have highly significant (P < 0.01) hepatoprotective 

activity. The Prunus domestica group showed better hepatoprotection than the disease control group. 
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Silymarin is a well-known standard hepatoprotective, whereas presence of impurities in the Prunus 

domestica extract may have caused a lower hepatoprotective effect.  

 

 

References:  

 

1. Dossing M, Sonne J. Drug induced hepatic disorders: Incidence, management and 

avoidance. Drug Safety. 1993;9:441–9.  

2. World health organization. WHO media centre. Traditional medicine. WHO Fact sheet 

N°134. [cited in 2008 Dec]. Available 

from: http://www.who.int/mediacentre/factsheets/fs134/en/   

3. Gupta SS. Prospects and perspectives of natural plant products in medicine. Indian J 

Pharmacol. 1994;2:1–12.  

4. Satyavati GV, Gupta A, Tandon N. Medicinal plants of India (II) New Delhi: Indian Council 

of Medical Research; 1987. 

5. Handa SS, Chakraborty KK, Sharma A. Antihepatotoxic activity of some Indian herbal 

formulations as compared to silymarin. Fitoterapia. 1986;57:307.  

6. Ram VJ. Herbal preparations as a source of hepatoprotective agents. Drug News 

Perspect. 2001;14:353.  

7. Ali M. Indigenous traditional drugs: In Textbook of Pharmacognosy. 1st ed. Delhi: CBS 

Publishers and Distributors; 1994. pp. 312–3. 

8. CPCSEA guidelines for laboratory animal facility. Committee for the purpose of control and 

supervision of experiments on animals. Indian J Pharmacol. 2003;35:257–74.  

9. Extraction and extractives. In: Remington’s Pharmaceutical sciences. 14th ed. Easton 

Pennsylvania: Mack Publishing Company; 1965. pp. 1578–93.  

10. Francisc Vasile Dulf, Dan CristianVodnar, Carmen Socaciu. Effects of solid-state 

fermentation with two filamentous fungi on the total phenolic contents, flavonoids, 

antioxidant activities and lipid fractions of plum fruit (Prunus domestica L.) by-products. 

Food Chem, 2016; 209:27-36 

11. Mansour HH, Hafez HF, Fahmy NM. Silymarin modulates cisplatin-induced oxidative stress 

and hepatotoxicity in rats. J Biochem Mole Biol. 2006;39:656–61.  

12. Dhawan BN, Patnaik GK, Kulshereshtha DK, Sarin VK. Absence of hepatoprotective activity 

in Laqobo cashminana: An adulterant to Picrorhiza kurrooa. Indian J 

Pharma. 1991;23(2):121–2.  

13. Reinhold JG. Biuret method. In: Reiner M, editor. Standard Methods of Clinical 

Chemistry. Vol. 1. Ann Arbor: Academic Press, Inc; 1953. p. 88.  

14. King EJ, Abul-Fadl MAM, Walker PG. King-Armstrong phosphatase estimation by the 

determination of liberated phosphate. J Clin Pathol. 1951;4:85.  

15. Reitman S, Frankel S. Colorimetric method for the determination of serum glutamic 

oxaloacetic and glutamic pyruvic transminases. Am J Clin Pathol. 1957;28:56–63.  

16. Burke A, Smyth E, Fitzgerald GA. Analgesic-antipyretic agents: Pharmacotherapy of gout. 

In: Brunton LL, Lazo JS, Parker KL, editors. Goodman and Gilman's The Pharmacological 

basis of Therapeutics. 11th. USA: McGraw Hill; 2006. p. 694.  

17. Poole A, Leslie GB. A practical approach to toxicological investigations. 1st ed. Cambridge: 

Cambridge University Press; 1989. pp. 65–6. 

18. Hayes AW, editor. Principles and methods of toxicology. 2nd ed. New York: Raven Press; 

1989. pp. 599–628.  

19. Hedrick UP. Sturtevant's Edible Plants of the World. Dover Publications 1972 ISBN 0-486-

20459-6 Lots of entries, quite a lot of information in most entries and references. 

20. Grieve A. Modern Herbal. Penguin. 1984 ISBN 0-14-046-440-9 Not so modern (1930's) but 

lots of information, mainly temperate plants. 

http://www.who.int/mediacentre/factsheets/fs134/en/
https://www.sciencedirect.com/science/article/pii/S0308814616305337#!
https://www.sciencedirect.com/science/article/pii/S0308814616305337#!
https://www.sciencedirect.com/science/article/pii/S0308814616305337#!
https://www.sciencedirect.com/science/journal/03088146


JOURNAL OF CRITICAL REVIEWS  
ISSN- 2394-5125       VOL 7, ISSUE 15, 2020 

 

4734 
 

21. Chiej R. Encyclopaedia of Medicinal Plants. MacDonald 1984 ISBN 0-356-10541-5 Covers 

plants growing in Europe. Also gives other interesting information on the plants. Good 

photographs. 

22. Timbrell JA, editor. Principles of biochemical toxicology. 2nd ed. London: Taylor and 

Francis Ltd; 1982. pp. 184–8.  

23. Rakesh Jaiswal, Hande Karaköse, Susanne Rühmann, Katharina Goldner, Michael 

Neumüller, Dieter Treutter, Nikolai Kuhnert. Identification of Phenolic Compounds in Plum 

Fruits (Prunus salicina L. and Prunus domestica L.) by High-Performance Liquid 

Chromatography/Tandem Mass Spectrometry and Characterization of Varieties by 

Quantitative Phenolic Fingerprints. Journal of Agri Food Chem. 2013;61(49): 12020-12031. 

24. M. Sadler, 16 - Authorised EU health claim for dried plums/prunes, Foods, Nutrients and 

Food Ingredients with Authorised EU Health Claims: Volume 2, Woodhead Publishing Series 

in Food Science, Technology and Nutrition, 2015, Pages 299-311. 

25. Ginevra Lombardi Boccia, Massimo Lucarin, Sabina Lanzi, Altero Aguzzi, Marsilio 

Cappelloni utrients. Antioxidant Molecules in Yellow Plums (Prunus domestica L.) from 

Conventional and Organic Productions:  A Comparative Study. J Agri Food 

Chem. 2004;52(1):90-94. 

26. Sen P, Dewan V, Bhattacharya SK, Gupta VS, Maiti PC, Mediratta PK. In brain and 

Psychophyioslogy of stress. New Delhi: ICMR Publication; 1988. p. 245.  

27. Jennifer L. Donovan, Anne S. Meyer, Andrew L. Waterhouse, Phenolic Composition and 

Antioxidant Activity of Prunes and Prune Juice (Prunus domestica), Journal of Agriculture 

and Food Chemistry.1998;46(4)1247-1252. 

28. Cevdet Nergiz, Hasan Yıldız, Research on Chemical Composition of Some Varieties of 

European Plums (Prunus domestica) Adapted to the Aegean District of Turkey, Journal of 

Agriculture and Food chemistry, 1997;45(8):2820-2823. 

29. G. R. Nagarajan, T. R. Seshadri, Flavonoid components of the heartwood of Prunus 

domestica linn, Phytochemistry, 1964;3(4 ):477-484. 

30. Ezinne O. Igwe, Karen E. Charlton, A Systematic Review on the Health Effects of Plums 

(Prunus domestica and Prunus salicina), Phytotherapy research, 2016, 30(5):701 

31. Nobuji Nakatani, Shin-ichi Kayano, Hiroe Kikuzaki, Keiko Sumino, Kiyoshi Katagiri, 

Takahiko Mitani, Identification, Quantitative Determination, and Antioxidative Activities of 

Chlorogenic Acid Isomers in Prune (Prunus domestica L.). Journal of Agriculture and Food 

chemistry. 2000;48(11):5512-5516. 

 

https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Rakesh++Jaiswal
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Hande++Karak%C3%B6se
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Susanne++R%C3%BChmann
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Katharina++Goldner
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Michael++Neum%C3%BCller
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Michael++Neum%C3%BCller
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Dieter++Treutter
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Nikolai++Kuhnert
https://pubs.acs.org/journal/jafcau
https://www.sciencedirect.com/science/article/pii/B9781782423829000165#!
https://www.sciencedirect.com/science/book/9781782423829
https://www.sciencedirect.com/science/book/9781782423829
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Ginevra++Lombardi-Boccia
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Massimo++Lucarini
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Massimo++Lucarini
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Altero++Aguzzi
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Marsilio++Cappelloni
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Marsilio++Cappelloni
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Jennifer+L.++Donovan
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Anne+S.++Meyer
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Andrew+L.++Waterhouse
https://pubs.acs.org/doi/full/10.1021/jf970831x
https://pubs.acs.org/doi/full/10.1021/jf970831x
https://www.ncbi.nlm.nih.gov/pubmed/12590502
https://www.ncbi.nlm.nih.gov/pubmed/12590502
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Cevdet++Nergiz
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Hasan++Y%C4%B1ld%C4%B1z
https://pubs.acs.org/doi/full/10.1021/jf970032e
https://pubs.acs.org/doi/full/10.1021/jf970032e
https://www.sciencedirect.com/science/article/abs/pii/S0031942200880243#!
https://www.sciencedirect.com/science/article/abs/pii/S0031942200880243#!
https://www.sciencedirect.com/science/journal/00319422
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Igwe%2C+Ezinne+O
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Charlton%2C+Karen+E
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Nobuji++Nakatani
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Shin-ichi++Kayano
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Hiroe++Kikuzaki
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Keiko++Sumino
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Kiyoshi++Katagiri
https://pubs.acs.org/action/doSearch?field1=Contrib&text1=Takahiko++Mitani
https://pubs.acs.org/doi/full/10.1021/jf000422s
https://pubs.acs.org/doi/full/10.1021/jf000422s
https://www.ncbi.nlm.nih.gov/pubmed/12590502
https://www.ncbi.nlm.nih.gov/pubmed/12590502

