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Summary

Liver damage due to ingestion or inhalation of hefmxin such as drugs is increasing
worldwide, and conventional drugs used in the manamnt of drug induced liver
damage are mostly inadequate and have serious sadwedfects. In spite of the
tremendous strides in modern medicine, there avesty few drugs that stimulate liver
function, offer protection to the liver from damagehelp regeneration of hepatic cells.
It is necessary to search for herbal drugs whiahdcbe used for the management of liver
damage to replace or complement currently usedsdafglow efficacy and safety.
According to the World Health Organization estiraati, around 80% of the world’s
population depends on herbal medicine for theimpry health care largely due to its
cheapness and wide availability. This present vewieas undertaken to search for the
major herbs used around the world with hepatopteteffects which may be pursued
for their clinical usefulness in the managementfg induced liver damage and other
liver disorders. The search used keywords sucheslsah medicine, hepatoprotective
effects, each crossed with the term drug induoest llamage, with particular emphasis
on experimental models, effective dosage and hppatective effects of these herbal
preparations. The search result revealed twenty-ohethe major herbs with
hepatoprotectiveoroperties which arélacoourtia indica, Annona squamosa, Slybum
marianum, Cichorium intybus, Chamomile capitula, Coccinia grandis, Wedelia
calendulacea, Prostechea michuacana, Cassia roxburghii, Orthosiphon staminens, Ficus
caria, Lepidium sativum, Sargassum polycystum, Capparis spinosa, Allium sativum,
Balanites aegyptiaca, Khala senegalensis, Prosopis Africana, Vitellaria paradoxa,
Bauhinia racemosa and Chamomile capitula (Table 2). Further research is necessary to
elucidate the pharmacological principle of theseb&iewhich will stimulate future
pharmaceutical development of therapeutichigneficial hepatoprotective herbal drugs.
Hepatoprotective herbs could be used as dietayynetyj to existing therapy which will
act as protective mechanisms against the develdpoheinug induced liver damage.
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Introduction

Chronic hepatic diseases is one of the foremodtthpeoblems worldwide, with liver
cirrhosis and drug induced liver injury accountiiog the ninth leading cause of death
amongst the western and developing countries ptpnta (1).About 20,000 deaths are
reported every year due to liver disorders (2). vemtional drugs used in the
management of drug induced liver damage are mastgequate and have serious
adverse effects. It is, therefore, necessary toloexpthe herbal options in the
management of drug induced liver damage to reptageently used drugs of low
efficacy and safety.

Epidemiology and Statistics of Drug induced Liver hjury.

Drug induced liver damage is a health problem waide and is expected to increase as
the number of drugs being consumed increasesalimgjor health issue that challenges
not only health care professionals but also thermheeutical industry and drug
regulatory agencies (3). Drug induced liver injisythe most commonly cited reason for
withdrawal of already approved drugs from the mard. According to the United
States Acute Liver Failure Study Group, drug-inaglleer injury accounts for more than
50% of acute liver failure, with hepatotoxicity c@al by overdose of paracetamol
accounting for 39% and idiosyncratic liver injunggered by other drugs accounting for
about 13% (5). Drug-induced liver toxicity accoufds approximately half of the cases
of acute liver failure and mimics all forms of aewnd chronic liver disease (6). The
reported incidence of anti-tuberculosis drugs imdlubepatotoxicity indicated that the
developing countries are having difficulties in teysatic steps for prevention and
management of tuberculosis drugs induced hepatstpxDespite the frequency of drug
induced liver injury being relatively low, data frothe centers for disease control and
prevention in the U.S reported approximately 16@0vracute cases of liver failure
annually, of which Paracetamol hepatotoxicity actsudior approximately 41% (7).

Herbal Medicine and Hepatoprotection.

Herbal Medicine is a branch of science in whichnplaased formulations are used to
alleviate diseases (8). Several authors have mgporfavourable results with
hepatoprotective herbs (Table 2) either in anintrainohuman studies. Treating drug
induced liver damage with plant-derived compoundsctv are accessible and do not
require laborious pharmaceutical synthesis is Figltiractive (1). Hepatoprotectives are
a class of therapeutic agents that includes manthsgic and natural products used to
protect against hepatic damage induced by varioymg. Natural resources such as
plants are always considered and used in the sdaramew molecules to be used as
drugs. Numerous medicinal plants and their fornest are used for liver disorders in
ethnomedical practice as well as traditional systémedicine in India (9). Plant-based
therapeutic agents like silybin, silymarin froBilybum marianum (milk thistle) are
accepted and used worldwide as hepatoprotective §li§marin is a flavonolignan that
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has been introduced recently as a hepatoproteaggrt. Silymarin is extracted from the
seeds and fruits d&ilybum marianum which is a mixture of three structural components:
Silibinin, Silydianine and Silychristine (9). In dia, about 40 polyherbal commercial
formulations reputed to have hepatoprotective adii@ being used. It has been reported
that 160 phytoconstituents from 101 plants haveatggpotective activity (11). Liver
protective herbal drugs contain a variety of chainiconstituents like phenols,
coumarins, lignans, essential oil, monoterpenesotic@ids, glycosides, flavanoids,
organic acids, lipids, alkaloids and xanthines (P1ant extracts of many crude drugs are
also used for the treatment of liver disorders.r&ots of different plants of about 25
plants have been reported to cure liver disorde2s. (In spite of tremendous strides in
modern medicine, there are hardly any drugs tivaugte liver function, offer protection
to the liver from damage or help regeneration giatie cell (13). There are however,
many drugs employed in traditional system of mewicior liver diseases (14). In the
absence of reliable liver protective drugs in adlitjic medical practices, herbs will play a
good role in the management of various liver dissdmost of which speed up the
natural healing processes of the liver. Scientdialuation of medicinal plants is
important to the discovery of novel drugs and &lelps to assess toxicity risks associated
with the use of either herbal preparations or cativeal drugs of plant origin. There is a
growing interest in herbal remedies because of #f@&ctiveness, minimal side effects in
clinical experience and relatively low cost. Theref studies with plant extracts are
useful to know their efficacy and mechanism of@ctand safety. Natural remedies from
medicinal plants are considered to be effective safd alternative management of drug
induced hepatotoxicity.

The most commonly implicated drugs involved in acliver injury are summarised in
Table 1.

1. Paracetamol

Paracetamol overdose is the leading cause of awdigeed fulminant hepatitis among the
United Statepopulations (15) Traditionally, it is believed that a minimum of7- 10g
of paracetamol is needed to produce hepatic necirosin adult.

2. Augmentin (Amoxicillin/ Clavulanic acid)

According to various registries and retrospectitedies in Augmentin is the most
frequently reported antibiotic associated with dinduced liver injuries (DILI). The
estimated risk of symptomatic hepatitis due to aeign is less than 1 in 100,000
persons exposed. Age is found to be the most impbdeterminant in the biochemical
expression of augmentin-induced hepatotoxicity .(F@jtients younger than 55 years of
age exhibit predominantly hepatocellular damagechvbccurs at 1 week after exposure
to the drug while cholestatic liver injury occurestly at 2-3 weeks and the mixed liver
injury proportionally predominates after 3 weeks.
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Table 1: Commonly — reported drugs associated witlrug induced liver injuries.

Paracetamol

Non-Steroidal Anti-Inflammatory Drugs
Diclofenac

Ibuprofen

Naproxen

Antibiotics

Amoxicillin/Clavulanate (Augmentin)

Flucloxacillin

Erythromycin

Ciprofloxacin

Anti-Tuberculosis Drugs

(Isoniazid, Rifampicin, Pyrazinamide, Anti-RetraliDrugs (E.g Ritonavir)

Immunosuppressant
Azathioprine
Cyclophosphamide

Anti-Arrthymia Drugs
Amiodarone

Anti-Epileptics
Phenytoin
Carbamazepine
Valproic Acid

Psychiatric Drugs
Chlorpromazine
Paroxetine

Source: (15).

3. Anti-tuberculosis drugs

Approximately 10 to 20 % of patients receiving isad will develop mild to moderate
elevation of ALT and about 0.1% develops clinicapétitis(15). The concomitant intake
of rifampicin or pyrazinamide significantly incresssthe risk of liver disease from 2 to 4
%, which can be partly explained by an induction@®fP 450 enzymes. There is a
continuous interest in hepatitis B as a risk fadmr anti-tuberculosis drugs-related
hepatotoxicity (15). (17) reported that 2 to 4 % of patients treateith visoniazid,
rifampicin and ethambutol developed symptomaticatiép of which, more than 35 %
were hepatitis B carriers and about half of thewettsed liver failure subsequently. In
contrast, the mortality rate for non-hepatitis Brieas was less than 4 %. Recent studies
have shown that about 35 to 59 % of hepatitis Biexar will develop abnormal liver
function tests during anti-tuberculosis treatmerd 35 to 50 % of them are symptomatic
(15).

1484



Pharmacologyonline 3: 1481-1490 (2011)  Newsletter Ozougwu, J. C.

4. Thiazolidinediones

Thiazolidinediones are insulin-sensitising agergsduto treat diabetes mellitus through
activation of the gamma isoform of the peroxisomaiferators activated receptor (15).
Troglitazone, the first approved Thiazolidinedioness withdrawn from the market in

2000 following 94 reported cases of liver failufb). An idiosyncratic mechanism of

toxicity was suggested based on the delayed orfis&L D elevation and a lack of dose

effect. Rosiglitazone and pioglitazone were intztl into the market by the time
troglitazone was withdrawn and both did not showraneased risk of ALT elevation in

early clinical trials.

5. Statin

Statins, 3-hydroxy-3-methylglutaryl coenzyme A retdse inhibitors, are commonly
used for hyperlipidaemia and form an important @dre preventative strategy against
cardiovascular morbidity and mortali¢y5). Asymptomatic mild ALT elevation is a class
effect of statins, and it does not indicate liveysfdnction. Clinically significant
hepatotoxicity caused by statins remains extremeslg. Hepatocellular, cholestatic and
mixed patterns of liver injury have been documenta&tihough not evidence-based,
current recommendations discourage the use ohstatipatients with pre-existing liver
disease. But this practice is problematic, becalwgeerlipidaemic patients have a
significant prevalence of underlying NASH resultingan elevated ALT levell5).

Objectives of the Review Study

According to the World Health Organization estimat, around 80 % of the world’s
population depends on an alternative system of airelfor their primary health care. To
rationalize the use of herbs in management of ldisorders, a scientific research on
them is urgently needed. Therapies developed almagrinciples of western medicine
are often limited in efficacy, carry the risk ofvadse effects and are often too costly
especially for the developing world (1). ScientiBwvaluation of medicinal plants are
important to the discovery of novel drugs and &lsips to assess toxicity risks associated
with the use of conventional drugs. In spite of tihemendous strides in modern
medicine, there are hardly any drugs that stimulaéz function, offer protection to the
liver from damage or help regeneration of hepagit (13). Considering the economic
resource constraints and cheapness of herbal geydiis present review study was
designed to review some herbal remedies used arthenavorld for the management
drug induced liver damage. Bearing in mind, thahynaodern pharmaceuticals used in
conventional medicine today for the managementivar Idamage have natural plant
origin. A review of hepatoprotective herbs from 8lig and abroad will be useful to, the
pharmaceutical industry, health care professicaatsbiomedical researchers in the field
of pharmacology and therapeutics to develop hertelicine to manage different kinds
of drug induced liver disorders in man and animals.
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Research Design and Methods

A comprehensive literature search was made froemet and serial materials of Nnamdi
Azikiwe library, University of Nigeria, Nsukka. Dérent scientific Journal articles,
proceedings of learned societies of ethnopharmggaad alternative therapy, World
Health Organization documents and textbooks weresuted vis-a-vis of herbal
medicine and management of drug induced liver damélge search used keywords such
as alternative therapies, hepatoprotective herdsiratividual herb names from popular
sources each crossed with the term drug induced dimmage. Experts in different fields
were contacted to identify studies and hand sedrotikerences of key articles. Studies
were limited to those articles published in the liBhglanguage and restricted to search
on herbs with hepatoprotective effects. The findingre presented in table 2.

Results

The search revealed twenty — one major speciesdifshused around the world with
hepatoprotective effects as gleaned from the stiehterature that is available. Table
2: shows the major herbs used around the world kgffatoprotective effects.

Discussion

Herbal based therapies for hepatoprotection has ineese for a long time and has been
popularized world over by leading pharmaceuticéespite the significant popularity of
several herbal medicine in general and hepatogre¢éekerbs in particular, they are still
unacceptable treatment modalities for liver disssd&he limiting factors that contribute
to this eventually are (i) lack of standardizatafrherbal drugs (ii) lack of identification
of active ingredient(s)/principle (s) (iii) lack abxicological evaluation. These results
from lack of scientific based pharmacological datast of the herbal formulations
cannot be recommended for management of drug iadlicer damage. There is no
doubt that hepatoprotective medicinal herbs migbvigde an important source of new
oral hepatoprotective compounds for developmephasmaceutical entities or as simple
dietary adjuncts to existing therapies . Therededhfor more experimental and clinical
studies on these identified hepatoprotective hédya this search to enable isolation of
their active principle, its mode of action, toxygitdrug interactions and side effects.
Research on hepatoprotective herbs the world eveurrently insufficient and requires
more support from government agencies before tlle ptentials of this type of
treatment can be realized in the management of ohadwgced liver damage the world
over.
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Table 2: Some hepatoprotective herbs that could besed for the management of drug induced liver damagy

Herb’s Scientific Name(s)| Effective dosage Animal odel Effect (s) Reference (s)

1. Flacoourtia indica 1.5g/kg bw Paracetamol induced rat Hepatoprotective | 18

2. Annona squamosa 300 & 350mg/kg bw Isoniazid and  rifampicin-  inducedepatoprotective | 3

hepatotoxic rats.

3. Silybum marianum Polyphenolic extract 25mg/kg Thiocetamide-inducegddtotoxicity in rats| Hepatoprotective | 19

4. Cichorium intybus Polyphenolic extract 25mg/ Thiocetamide-inducedatefoxicity in rats| Hepatoprotective | 19

5. Chamomile capitula Ethanolic extract 400mg/kg p.o. Paracetamol indlieed damage in rats | Hepatoprotective | 2

6. Coccinia grandis Alcoholic extracts at 250mg/kg Gahduced hepatotoxicity Hepatoprotective | 20

7.Wedelia calendulacea Ethanolic extracts CGlinduced acute hepatotoxicity in rats | Hepatoprotective | 21

8. Prostechea michuacana | Methanol, hexane, & chloroformCcl4-induced hepatic injury in albino ratdHepatoprotective | 22
extracts 200, 400 and 600mg/kg | Paracetamol induced hepatotoxicity in rats.

9. Cassia roxburghii Methanolic extract 250mg/kg &CCl,induced hepatotoxicity in rats Hepatoprotective | 23
500mg/kg

10.0rthosiphon staminens | Methanol extract 200mg/kg b.w Paracetamol induegghtotoxicity in rats | Hepatoprotective | 24

11. Ficuscaria Methanolic extracts 500mg/kg b.wccl4 — induced liver damaged rats Hepatoprotective | 25

12. Lepidium sativuim Methanolic extract 200 & Ccl4- induced liver damage in rats. Hepatoprotective | 26
400mg/kg

13.Sargassum polycystum | Ethanol extract 125mg/kg b.w/day D- galactosammuieiced hepatitis in rats | Hepatoprotective | 27
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14. Capparis spinosa 100, 200 & 400mg/kg Ccl4 induced hepatic damaguice Hepatoprotective | 28

15. Allium sativum 2009 garlic/kg diet Experimental lead exposed wisits Hepatoprotective | 29

16. Balanites acgyptiaca 100mg/kg b.w Acetaminophen induced hepatotoxicity Hepatoprotective | 30
wistar albino rats

17. Khala senegalensis 100mg/kg b.w Acetaminophen induced hepatotoxicity Hepatoprotective | 30
wistar albino rats

18. Prosopis africana 100mg/kg b.w Acetaminophen induced hepatotoxicity Hepatoprotective | 30
wistar albino rats

19. Vitellaria paradoxa 100mg/kg b.w Acetaminophen induced hepatotoxicity Hepatoprotective | 30
wistar albino rats

20. Bauhinia racemosa Dose of 50, 100 & 200mg/kg Paracetamol and ccl#iged liver damage Hepatoprotective | 31
in rats.

21. Chamomile capitula 400mg/kg p.o Paracetamol intoxicated albino rats Hepatoprotective | 2
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Conclusions

Therapies developed along the principle of westmedicine are often limited in
efficacy, the incidence of side effects are profband often too costly, especially for
the developing world populations. Physicians antdepts are in need of effective
therapeutic agents with low incidence of side éffeghich several hepatoprotective
herbs potentially hold solutions to. Therefore tirepdrug induced liver damage with
plant derived compounds which are accessible andndb require laborious
pharmaceutical synthesis is highly attractive amoutd be a good direction to go for
future researches. In this review article, an gptehas been made to compile some of
the reported hepatoprotective herbs from aroundylibiee and it will be very useful to
health care professionals, scientists working thle bf pharmacology and therapeutics
to develop herbal medicine to cure different kinflsirug induced liver damage in man
and animals. As we further our understanding obfiewe might begin to develop a
framework for a medical system capable of incorfigathose herbal medicines
proven to be beneficial in alleviating the sufferimflicted on humans by different
diseases.

References

1. Mohamed Saleem, T. S., Madhusudhana, C. C., BatmkS., Rajan, V.S.T., Kumar, K. M. and
Ganthaman, K. (2010), Hepatoproetctive Herbs. Aemgvinternational Journal of Research in
Pharmaceutical Science, 1(1): 51 — 54.

2. Gupta, A.K. and Misra, N. (2006). HepatoprotextActivity of Aqueous Ethanolic Extract of
Chamomile Capitula in Paracetamol intoxicated AtbiRats.Am. J. Pharmacol., Physiol., 1: 17 —
20

3. Saleem, M. T., Christina, A. J., Chidambaramath¥., Ravi, V. and Gauthaman, K. (2008).
Hepatoprotective activity oinnona squamosa (Linn) on experimental animal modéhternational
Journal of Applied Research in Natural Processes, 1(3): 1 — 7.

4. Butura, A. (2008)Drug and Alcohol induced Hepatotoxicity . Ph. D Thesis Department of
Physiology and Pharmacology Karolinska Institus#tckholom, Sweden. 55 pp.

5. Holt, M. A. and Ju, C. (2006). Mechanisms of @®rdinduced liver injury.The American
Association of Pharmaceutical Scientists Journal, 8(1): 6 — 15.

6. Kaplowitz, N. (2001). Drug induced liver disorgeimplications for drug development and
regulation.Drug safety, 24(7): 483 — 490.

7. Norris, P. A. and Lewis, J. H. (2008). Drug indd Liver injury in 2007.Current Opinion in
Gastroenterology, 24(3): 287 - 297.

8. Singh, 1. (2007)Textbook of Human Histology with colour Atlas. 5" edition Jay Pee Brothers
Medical Publishers Itd. 365 pp.

9. Maity, T. K., Veerendra, Y. Nayak, T. G., Rajgam, D., Sengupta, .P, Maiti, B. C. and
Deepak, K.D (2007). Evaluation of hepatoprotectared antioxidant activity oflchnocarpus
frutescens (Linn.) R.Br. on paracetamol -induced hepatotdyidn rats. Tropical Journal of
Pharmaceutical Research, 6 (3): 755 — 765.

10. Fraschini, F., Demartini, G. and Esposti, M0@2). Pharmacology of Silymariglinical Drug
Inventions, 22: 51 - 65.

11. Handa, S. S., Sharma, A. and Chakraborti, K1B86).Fitoterapia, 57: 307 - 351.

12. Sharma, S. K., Ali, M. and Gupta, J. (2002jytochemistry and Pharmacology, 2: 253 - 270.

1489



Pharmacologyonline 3: 1481-1490 (2011)  Newsletter Ozougwu, J. C.

13. Chaterjee, T. K. (2000Medicinal Plants with hepatoprotective Properties. Herbal Options.
Books and Allied (P) Ltd., Calcutta, 155 pp.

14. Chattopadhyay, R. R. (2003). Possible mechaoishepatoprotective activity ofzadirachta
indica leaf extract: Part [lJournal of Ethanopharmacology, 89: 217 - 219.

15. Chau, T. (2008). Drug induced liver injury: Apdate Medical Bulletin, 13: 3 — 10.

16. Lucena, M. I. Andrade, R. J. and Fernandez,0M.(2006). Determinants of the clinical
expression of amoxicillin clavulanate hepatotoyicd prospective series from Spalihepatol ogy,

44: 850 — 856.

17. Wu, J. C,, Lee, S. D., Yeh, P. F.,, Chan, CWang, Y. J., Huang, Y. S., Tsai, Y. T., Lee, B. Y.
Ting, L. P. and Lo, K .J. (1990). Isoniazid rifampinduced hepatitis in hepatitis B carriers.
Gastroenterology, 98: 502 - 504.

18. Nazneen, M., Mazid, M. A., Kundu, J. K., Bach&rC., Begum, F. and Data, B.K. (2009).
Protective effects ofFlacourtia indica aerial parts extracts against paracetamol- induced
hepatotoxicity in ratsJournal of Taibah University of Science, 2: 1 — 6.

19. Madani, H., Talebolhosseini, M., Asgary, S. alatler, G. H. (2008) Hepatoprotective activity
of Slybum marianum and Cichorium intybus against thioacetamide in rd®ak J Nutrition, 7(1):
172-176.

20. Vadivu R, Krithika A, Biplab C, Dedeepya P, 8hd\. and Lakshmi K. S (2008). Evaluation of
hepatoprotective activity of the fruits @bccinia grandisLinn. I. J. Health Res., 1(3): 163-168.

21. Murugaian P, Ramamurthy V, and Karmegam N. §0depatoprotective activity diedelia
calendulacea L. against acute hepatotoxicity in raRes. J. Agri. & Biol. <., 4(6): 685-687.

22. Rosa, M. P, Gutiérrez and Rosario, V. S. (20B@patoprotective and inhibition of oxidative
stress oProstechea michuacana. Rec. Nat. Prod. , 3(1): 46-51.

23. Arulkumaran, K. S, Rajasekaran, A., Ramasamy, Jagadee-san, M., Kavimani S, and
Somasundaram, A. (2009assia roxburghii seeds protect liver against toxic effects of ethand
carbontetrachloride in ratkt J Pharm-Tech Res., 1(2): 273-246.

24. Maheswari, C., Maryammal, R. and VenkatanamayaR. (2008). Hepatoprotective activity of
“Orthosiphon stamineus’ on liver damage caused by paracetamol in raddsdan J Biological
Sciences, 1(3): 105-108.

25. Krishna, M. G., Pallavi, E., Ravi, K. B., Rarhdd. and Venkatesh, S. (2007) Hepatoprotective
activity of Ficus carica (Linn) leaf extract against carbon tetrachloriddticed hepatotoxicity in
rats.DARU, 15(3): 162-167.

26. Afat, I., Abuelgasim, N. H. and Mohammed, A.(B008). Hepatoprotective effect bépidium
sativum damage in rat$esearch Journal of Animal and Veterinary Sciences, 3: 20 - 23.

27. Meena B, Ezhilan, R. A., Rajesh, R., HussainSK Ganesan, B. and Anandan, R. (2008).
Antihepatotoxic potential ofargassum polycystum (Phaeophyceae) on antioxidant defense status
in D- galactosamine-induced hepatitis in réfsican J Biochem. Res., 2(2):051-055.

28. Nasrin, A., Rashidi, I. and Mombeini, A. (200#@patoprotective activity d€apparis spinosa
root Bark against CGl induced hepatic damage in Mickanian Journal of Pharmaceutical
Research, 6 (4): 285 — 290.

29. Ajayi, G. O., Adeniyi, T. T. and Babayemi, D.. @009). Hepatoprotective and some
haematological effects &llium sativum and vitamin C in lead exposed wistar rdtgernational
Journal of Medicine and Medical Sciences, 1 (3): 64 - 67.

30. Ojo, O. O., Nadro, M. S. and Tella, I. O. (2D otection of rats by extracts of some common
Nigerian trees against acetaminophen-induced hepddiy. African Journal of Biotechnology,
5(9): 775 - 760.

31. Gupta, M., Maszumeler, U. K., Kumar, S. T., Gtimy P. and Kumar, R. S. (2004).
Antioxidant and Hepatoprotective effects of Banduniacemosa against paracetamol and
Carbontetrachloride induced liver damage in Ratsnian Journal of Pharmacology and
Therapeutics, 3: 12 - 20.

1490



