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Summary 

 

Liver is one of largest and vital organ of human body and is vulnerable for tissue insult 

continuously. Drug induced hepatotoxicity (DIH) is one of major concern which limit the 

therapy and drugs use. About 2 % of all causes of jaundice in hospitalized patients are 

drug induced. About a quarter of cases of fulminant hepatic failure are thought to be drug 

related. Early detection is needed to identify a drug related hepatic reaction. Severity is 

greatly increased if the drug is continued after symptoms or if the serum liver enzymes 

continue to rise. The antioxidant system of our body tries to maintain homeostasis but 

usually fails and leads to hepatic complication. The DIH can be effectively managed by 

use of natural antioxidants in form of food supplements or polyherbal preparation. Hence, 

present literature of review discuses the role of antioxidants in management of hepatic 

complications. 
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Introduction 

 

Liver regulates various important metabolic functions. Hepatic damage is associated with 

distortion of these metabolic functions (1). Liver disease is still a world wide health 

problem. Unfortunately, conventional or synthetic drugs used in the treatment of liver 

diseases are inadequate and sometimes can have serious side effects. This is one of the 

reasons for many people in the world over including those in developed countries turning 

complimentary and alternative medicine (CAM). Many traditional remedies employ 

herbal drugs for the treatment of liver ailments (2, 3, 4, 5). 

 

 

Liver disease is a broad term describing number of diseases affecting the liver. Many are 

accompanied by jaundice caused by increased levels of bilirubin in the system. The 

bilirubin results from the breakup of the hemoglobin of dead red blood cells; normally, 

the liver removes bilirubin from the blood and excretes it through bile. 

 

 

• Hepatitis, inflammation of the liver, caused mainly by various viruses but also by 

some poisons, autoimmunity or hereditary conditions.  

• Cirrhosis is the formation of fibrous tissue in the liver, replacing dead liver cells. 

The death of the liver cells can for example be caused by viral hepatitis, 

alcoholism or contact with other liver-toxic chemicals.  

• Haemochromatosis, a hereditary disease causing the accumulation of iron in the 

body, eventually leading to liver damage.  

• Wilson's disease, a hereditary disease which causes the body to retain copper.  

• Budd-Chiari syndrome, obstruction of the hepatic vein.  

• Gilbert's syndrome, a genetic disorder of bilirubin metabolism, found in about 5% 

of the population. (6)   

• Non-alcoholic fatty liver diseases. 

 

Hepatitis implies injury to the liver characterized by the presence of inflammatory cells in 

the tissue of the organ. Hepatitis can also be due to toxins (alcohol), other infections or 

from autoimmune process. Among the different types of hepatitis like alcoholic, viral, 

ischemic hepatitis the drug induced hepatitis is the one which mainly limit the use of 

drugs in different therapy. A large number of categories of drugs, if not all are well 

known for causing hepatotoxicity some of them are enlisted in table 1. (7) 

 

 

 



Pharmacologyonline 1: 238-253 (2009)         ewsletter        Ingwale et al. 

 240 

Table 1: The example of different category of drug causing hepatotoxicity. 

Category Examples of drugs 

Antidepressant Amitriptyline 

Antiarrhythmic Amiodarone 

Anesthetic gas Halothane 

NSAIDs Ibuprofen and indomethacin 

Tuberculosis-specific antibiotics Isoniazid (INH), rifampicin, and pyrazinamide 

Antifungal Ketoconazole 

Antihistamine Loratadine 

Antihypertensive Methyldopa, Nifedipine 

Immune suppressant  Methotrexate 

Tetracycline antibiotic Minocycline 

Antibiotic Nitrofurantoin 

Antiepileptics Phenytoin and valproic acid 

Antidiabetic, Troglitazone 

Antiretroviral  Zidovudine 

Anticancer Azathioprine (8) 

 

 

Mechanisms of hepatotoxicity: 

 

Certain drugs will produce predictable liver damage in the majority of cases after 

overdoses. In some cases the mechanism may involve the parent compound; in others a 

metabolite may be responsible. Direct cytotoxicity is known to be the underlying cause of 

liver damage in certain cases whereas in others immunological mechanisms or even a 

mixture of both cytotoxicity and immunogenicity may be involved. The various 

mechanisms according to the type of injury are as follows which limit the use of drug. 

 

1. Interference with bilirubin transport and conjugation:- 

 

A number of drugs interfere with bilirubin transport and lead to elevated plasma bilirubin 

or hyperbilirubinaemia. (9) Novobiocin inhibits Uridyl diphosphate (UDP) glucuronosyl 

transferase and may lead to elevated plasma levels of unconjugated bilirubin especially in 

neonates. (10) 

 

Rifampicin: Rifampicin, the antibiotic used in the treatment of tuberculosis inhibits both 

uptake and excretion of bilirubin in a dose related manner, giving rise to elevated plasma 

levels of both conjugated and unconjugated bilirubin. This is due to blockade of uptake at 

the plasma membrane of the hepatocyte. (9, 11)As well as causing hyperbilirubinaemia, 

rifampicin may also cause overt hepatic damage. (12) The lesion is characterised as 

hepatocellular with centrilobular necrosis which may be accompanied by cholestasis. 

Effects of rifampicin include interference with DNA synthesis and the ability to induce 

hepatic microsomal enzymes and cause proliferation of the smooth endoplasmic 

reticulum.  
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2. Cytotoxic injury:- 

 

Direct, overt damage to hepatic parenchyma may be caused by a number of drugs. It may 

have a variety of underlying mechanisms.  

 

Paracetamol: This minor analgesic causes predictable centrilobular hepatic necrosis in 

both experimental animals and man after overdoses. (13, 14)Doses of 10 g may lead to 

liver damage, and doses greater than 15 g may be sufficient for fatal hepatic damage. 

Liver damage may be detected as raised serum transaminases, Serum glutamate 

oxaloacetate transaminase (SGOT) and Serum glutamate pyruvate transaminase (SGPT) 

which may reach levels of 5000 IU/L.(15) However, bilirubin levels may be only 

moderately elevated.The reactive metabolite N-acetyl-p-benzoquinone imine then reacts 

covalently with cellular macromolecules as revealed by measurement of covalent binding 

of radiolabelled paracetamol to hepatic protein and autoradiographic studies which 

indicate binding primarily in necrotic areas (16) Nucleophiles and increasing glutathione 

levels protects against the hepatic injury.(17)  

 
 

Figure 2: Metabolism of paracetamol showing proposed metabolic activation and its 

involvement in the toxicity. (16) 

 

 

3. Cholestatic injury: 

 
This type of hepatic toxicity may be seen with a number of drugs, and may be either the mild, 

canalicular form or the more severe hepatocanalicular variety. 
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Chlorpromazine: This major tranquilizer is an important cause of drug-induced jaundice. 

The incidence is estimated at between 0.5 and 1% of recipients of therapeutic doses (18) 

although up to 50 % of patients receiving large doses may have minor abnormalities of liver 

function. (19) Jaundice commonly develops after 3 weeks of therapy, with often the 

development of fever, itching, abdominal pain, nausea and anorexia. 

This is often similar to extrahepatic obstructive jaundice, with elevated serum cholesterol and 

alkaline phosphatase levels more than 4 times normal. SGOT and SGPT levels may also be 

moderately raised . Chlorpromazine is an amphipathic, cationic tertiary amine detergent. It is 

highly concentrated in bile during biliary excretion and the concentration in bile may exceed 

that intrinsically toxic in vitro to cell membranes. (20) 

 

Anabolic steroids: Steroids with an alkyl group at C17 (Figure 3) such as methyl 

testosterone may give rise to mild hepatotoxicity (21). This is normally a cholestatic 

injury generally without parenchymal damage (canalicular type). Thus alkaline 

phosphatase is only slightly raised (2 times normal) as are transaminases SGOT but 

jaundice may be marked, with elevated bilirubin levels (30 mg/100ml). 

 

 
Figure 3: Basic structure of steroids related to testosterone. For testosterone R = H. 

 

There are precise structural requirements for the steroids which produce this hepatic 

damage. Thus a C17-methyl substituent is more active than an ethyl or vinyl group (22) 

keto group at C3 confers greater activity than a hydroxyl group and saturation of the A 

ring of the steroid reduces its ability to cause hepatic dysfunction. (23) Although the 

exact mechanism of hepatotoxicity is obscure, anabolic steroids clearly cause a dose 

related blockage of bile secretion. 

 

 

4. Mixed cytotoxic / cholestatic injury: 

  

This type of liver injury covers damage with varying proportions of cytotoxic and 

cholestatic involvement. For example chlorpromazine may cause mixed 

hepatocanalicular jaundice with parenchymal injury as well as cholestasis. Conversely, p-

aminosalicylic acid may cause mixed hepatocellular liver injury. 
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5. Fatty liver (steatosis): 

 

Tetracycline: This antibiotic may cause fatty liver after large (1.5g/day) intravenous 

doses. (23)Histologically hepatocytes are packed with small fat droplets. This 

microvesicular steatosis occurs initially in the centrilobular area. There is little 

inflammation, necrosis or cholestasis . The major effect seems to be inhibition of 

transport of lipid out of the hepatocyte. This effect may be due to the inhibition of protein 

synthesis caused by tetracycline which will inhibit the production of the apolipoprotein 

complex involved in transport of the very low density lipoprotein (VLDL) out of the 

hepatocyte.(24) Alternative or additional mechanisms may involve decreased fatty acid 

oxidation, increased triglyceride uptake or increased fatty acid uptake . (Figure 4) 

 

 
Figure 4: Postulated mechanism for tetracycline induced fatty liver 

 

6. Chronic active hepatitis, cirrhosis and sub-acute necrosis: 

 

Chronic active hepatitis, sometimes associated with cirrhosis is associated with the use of 

a number of drugs such as oxyphenisatin, α-methyldopa, nitrofurantoin and isoniazid. 

Isoniazid has been chosen as the example because the mechanism is at least partially 

understood. 

Isoniazid: Long term administration of the antitubercular drug isoniazid leads to hepatic 

dysfunction in a significant proportion of recipients (10-20%). However, some 0.1-1% of 

patients develops severe hepatic injury. (25) Although this is generally acute 

hepatocellular damage, in about 10 % of cases chronic active hepatitis may develop with 

or without cirrhosis. SGOT and SGPT values are elevated, (up to 10-20 times normal), 

but alkaline phosphatase levels are only moderately raised, except in about 10% of 

patients when mixed hepatocellular jaundice occurs,giving 4 times normal values for 

alkaline phosphatase. Serum bilirubin may therefore also be raised. Preexisting liver 

dysfunction, such as alcoholic cirrhosis, also increases susceptibility. (26)  
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Figure 5: Metabolism of isoniazid showing proposed metabolic activation and its 

involvement in the toxicity. 

               

Also isoniazid hepatotoxicity may be reproduced in experimental animals. (27)The 

mechanism of isoniazid induced hepatic damage involves production of a toxic 

metabolite. The reports of some finding suggested that rapid acetylation might be a 

predisposing factor as it was reasoned that this would produce more of the metabolite 

acetylisoniazid and hence more acetylhydrazine (Figure 5). Acetylisoniazid and 

especially acetylhydrazine are extremely hepatotoxic causing centrilobular hepatic 

necrosis, in experimental animals in which the microsomal enzymes are induced by 

phenobarbitone (28). The hepatotoxicity of acetylisoniazid depends on its metabolism to 

acetylhydrazine. This metabolite in turn is metabolically activated by the microsomal 

enzymes to a reactive acylating species which reacts covalently with liver protein. (29) 

The role of the acetylator phenotype in this is complex, as studies in human volunteers 

indicated that although rapid acetylators produced more potentially toxic acetylhydrazine, 

this was then further acetylated to non-toxic diacetylhydrazine. (30)  

 

 

7. Phospholipidosis: 

 

This syndrome may be caused by a number of different drugs, and various organs may be 

affected. Hepatic phospholipidosis has been caused by the drug Coralgil, a coronary 

dilator, in Japan. (31)The features of this form of hepatic damage are an accumulation of 

phospholipids in hepatocytes, bile duct proliferation and inflammation in the portal area. 

SGOT and SGPT values may be elevated. The lesion may progress to liver cirrhosis and 

have a fatal outcome. The mechanism is thought to involve the formation of complexes 

between lipid micelles or liposomes, and the drug in question. (32)  
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8. Liver tumours: 

 

Anabolic steroids have been implicated as responsible for primary hepatocellular 

carcinomas and adenomas. Similarly use of contraceptive steroids has been connected 

with liver tumours, particularly the oestrogenic components. (33)The mechanism(s) is 

unknown although interference with the metabolism of foreign compounds or bile salt 

derivatives so as to increase their tumourgenicity has been suggested. (34) 

 

 

A free-radical is simply defined as any species capable of independent existence that 

contains one or more unpaired electrons. It may be superoxide (O2 ·, an oxygen centred 

radical), thiyl (RS·, a sulphur-centred radical), trichloromethyl (CCl3 ·, a carbon centred 

radical) or nitric oxide (NO·) in which the unpaired electron is delocalized between both 

atoms. The O2 ·, hydroxyl radicals (·OH) and other reactive oxygen species (ROS) such 

as H2O2 are continuously produced in vivo. (35) Continuous interaction of the animal 

physiological systems with these free radicals generated either indigenously or 

inhaled/ingested from exogenous sources therefore, lead to excess load of free radicals 

and cause cumulative damage of protein, lipid, DNA, carbohydrates and membrane, 

resulting in so-called oxidative stress. Therefore, living creatures have evolved a highly 

complicated defence system with antioxidants composed of enzymes and vitamins 

against oxidative stress in the course of their evolution. These defence systems are mainly 

classified as (i) suppression of generation of ROS, (ii) scavenging of ROS, (iii) clearance, 

repairing and reconstitution of damage and (iv) induction of antioxidant proteins and 

enzymes. Therefore, any additional burden of free radicals, either from an indigenous or 

exogenous source on the animal or human physiological system can tip free radical 

(prooxidant) and anti-free radical (antioxidant) s balance leading to oxidative stress. 

(1)The oxidative stress, defined as the imbalance between oxidants and antioxidants in 

favour of the former potentially leading to damage has been suggested to be the cause of 

aging and various human diseases. (36)  

                

 

 

In food, antioxidants have been defined as a substance that in small quantities is able to 

prevent or greatly retard the oxidation of easily oxidisable materials such as fats.(37) 

However in biological systems the definition for  antioxidants has been extended to any 

substance that when present at low concentration compared to those of an oxidisable 

substrate significantly delays or prevents oxidation of that subtrate like lipids, proteins, 

DNA, & carbohydrates.(38,39) Over the past three decades, free-radical theory has 

greatly stimulated interest in the role of dietary antioxidants in preventing many human 

diseases, including cancer, atherosclerosis, stroke, rheumatoid arthritis, 

neurodegeneration and diabetes. These wide varieties of chronic inflammatory diseases 

form the basis for development of antioxidant based therapeutics. Regardless of their 

initiating pathological events, these diseases share a series of steps that lead to a common 

mechanistic pathway of oxidative stress through regulatory oxidative signals. (40) 
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  Normal physiological balance between oxidants & antioxidants 

                                         (Oxidation & Reduction) 

 

  

                                          Imbalance 

 

 

 Increased free                                                               Decreased  

    radicals                                                                      antioxidant   

 

 

                                              Oxidative  

                                               Stress 

                                                              

 
 

    Emergence of several disorders that appears in the form of different diseases 

    (Free radicals & oxidative stress) have been implicated in the more than 50 

    disease condition 

 

 

 

 

 

  Antioxidant based                                                           Therapeutic  

     approach                                                                        approach 
 

Figure 1: Oxidative stress occurs due either to the increased generation of free radicals or 

compromised and/or decreased antioxidant defence. This imbalance can be managed by 

exogenous supply of antioxidant rich nutrition, natural and/or synthetic antioxidant 

principles-based therapeutic preparations. 

 
 

 

Liver is the most important organ of metabolism and excretion. About 20, 000 deaths 

occur every year due to liver diseases. Hepatocellular carcinoma is one of the ten most 

common tumors in the world with over 2, 50,000 new cases each year. Although viruses 

are the main cause of liver diseases, excessive drug therapy, environmental pollution and 

alcoholic intoxication are not uncommon .Modern drug have very little to offer for 

alleviation of hepatic ailnments whereas most important representatives of 

phytoconstituents used for liver disasese chiefly on regional basis include drugs like 

silymarine( Silybum marianum) and catechin (Anacardium occidentalis) in Europe 

glycyrrhizin(Glycyrrhiza glarbra) in Japan and chizandrins(Schizandra chinesis) in 

china.(41)In India over 40 polyherbal commercial formulations reputed to have 

hepatoprotective action are being used. Scrutiny of the literature indicates that 160 phyto-

constituents from 101 plants families have antihepatotoxic activity. (42) The plants which 

having antioxidant potential are enlisted in Table 3.  
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Table 3: Plants having antioxidant potential 

 

o 

 

ame of plant Family Uses Reference 

1. Aegiceras  

corniculatum 

Aegicerataceae Antiinflammatory,  

hepatoprotective, antioxidant 

(43) 

2. Terminalia chebula Combretsceae Hepatoprotective, 

antioxidant 

(44) 

3. Ichnocarpus 

frutescens 

Apocynaceae Hepatoprotective, 

antioxidant 

(45) 

4. Cassia siamea Fabaceae Insomnia ,asthma, 

antioxidant 

(46) 

5. Bacopa monnieri Schrophulariaceae Hepatoprotective, 

antioxidant 

(47) 

6. Glinus lotoides Aizoceae Anticholesterolemic, 

hepatoprotective, antioxidant 

(48) 

7. Solanum  fastigiatum Solanaceae Hepatoprotective, 

antioxidant 

(49) 

8. Euphorbia 

antiquorum 

Euphorbiaceae Hepatoprotective,antioxidant (50) 

9. Diospyros  

malabarica 

Ebenaceae Hepatoprotective, 

antioxidant 

(51) 

10. Azadirachta  indica Meliaceae Hepatoprotective, 

antioxidant 

(52) 

11. Acalypha  racemosa Euphorbiaceae Hepatoprotective, 

antioxidant 

(53) 

13. Pisonia aculeata Nyctaginaceae Hepatoprotective, 

antioxidant 

(54) 

14. Chamomile capitula Asteraceae Hepatoprotective, 

antioxidant 

(55) 

15. Epaltes divaricata Compositae Hepatoprotective, 

antioxidant 

(56) 

16. Teucrium polium Lamiaceae Hepatoprotective, 

antioxidant 

(57) 

17. Hygrophila  spinosa Acathaceae Hepatoprotective,antioxidant (58) 

18. Cassia occidentalis Leguminosae Hepatoprotective,antioxidant (58,59) 

19. Allium sativum Alliaceae Hypolipidaemic, antioxidant (60) 

20. Phyllanthus niruri Euphorbiaceae Hepatoprotective,antioxidant (61) 

21. Smilax chinensis Liliaceae Hepatoprotective,antioxidant (62) 

22. Capparis spinosa Capparidaceae Hepatoprotective,antioxidant (63) 

23. Annona  squamosa annonaceae Hepatoprotective,antioxidant (64) 

25. Punica granatum Punicaceae Hepatoprotective,antioxidant (65) 
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Silymarin:- 

Silymarin, a flavonolignan from ‘milk thistle’ Silybum marianum (Family: 

Asteraceae/Compositae) is the oldest and thoroughly researched plants in the treatment of 

liver diseases. (66) Silymarin consists of four flavonolignan isomers namely- silybin, 

isosilybin, silydianin and silychristin. Among them, silybin being the most active and 

commonly used. It acts by antioxidative, anti-lipid peroxidative, antifibrotic, anti-

inflammatory, membrane stabilizing, immunomodulatory and liver regenerating 

mechanisms.  

 

 
 

Figure 6: Structures of flavonolignan isomers of silymarin. 

 

MECHAISM OF ACTIO:                                

The preclinical studies using different hepatotoxic substances showed that silymarin has 

multiple actions as a hepatoprotective agent. The antioxidant property and cell-

regenerating functions as a result of increased protein synthesis are considered as most 

important. 

 

(i) Antioxidant properties: Free radicals, including the superoxide radical, hydroxyl 

radical (.OH), hydrogen peroxide (H2O2), and lipid peroxide radicals have been 

implicated in liver diseases. (67) These reactive oxygen species (ROS) are produced as a 

normal consequence of biochemical processes in the body and as a result of increased 

exposure to xenobiotics. (68) The mechanism of free radical damage include ROS- 

induced peroxidation of polyunsaturated fatty acid in the cell membrane bilayer, which 

causes a chain reaction of lipid peroxidation, thus damaging the cellular membrane and 

causing further oxidation of membrane lipids and proteins. Subsequently cell contents 

including DNA, RNA, and other cellular components are damaged. (69)  
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The cytoprotective effects of silymarin are mainly attributable to its antioxidant and free 

radical scavenging properties. Silymarin can also interact directly with cell membrane 

components to prevent any abnormalities in the content of lipid fraction responsible for 

maintaining normal fluidity. (70) 

 

(ii) Stimulation of protein synthesis: Silymarin can enter inside the nucleus and act on 

RNA polymerase enzymes resulting in increased ribosomal formation. This in turn 

hastens protein and DNA synthesis. (71) This action has important therapeutic 

implications in the repair of damaged hepatocytes and restoration of normal functions of 

liver. 

 

 (iii) Anti-inflammatory actions: The inhibitory effect on 5-lipoxygenase pathway 

resulting in inhibition of leukotriene synthesis is a pivotal pharmacological property of 

silymarin. Leukotriene (B4) synthesis was reduced while prostaglandin (E2) synthesis was 

not affected at higher concentrations of use of silibinin. (72)A study which evaluated the 

action of silibinin in isolated Kuppfer cells indicated a strong inhibitory effect on 

leukotriene B4 (LTB4) formation with the IC50 value of 15 µmoles/l. But no effect was 

observed on tumour necrosis factor-alpha (TNF-α) formation. (73)The NF-kB is a key 

regulator of inflammatory and immune reactions. Silymarin is found to suppress both 

NF-kB DNA binding activity and its dependent gene expression induced by okadaic acid 

in the hepatoma cell line HEP G2. But the NF-kB activation induced by TNF-α was not 

affected by silymarin, demonstrating a pathway dependent inhibition by silymarin. (74) 

(iv) Antifibrotic action: Liver fibrosis can result in remodeling of liver architecture 

leading to hepatic insufficiency, portal hypertension and hepatic encephalopathy. These 

processes involve complex interplay of cells and mediators. (75)In the initial phase there 

will be proliferation of hepatic parenchymal cells. The conversion of hepatic stellate cells 

(HSC) into myofibroblast is considered as the central event in fibrogenesis. Silymarin 

inhibits NF-kB and also retards HSC activation. It also inhibits protein kinases and other 

kinases involved in signal transduction and may interact with intracellular signaling 

pathways. (76) 

In conclusion it is clear that liver diseases should be carefully managed because of its 

high incidences and high rate of occurrences, drug induced liver complications are major 

cause, which can be properly manage by use of the antioxidants from food origin. The 

different antioxidant herbs are widely used traditionally a systematic and scientific 

evaluations of these herbs can open new avenues for management of liver complications. 

Hence role antioxidant in management of hepatic complications is an effective tool which 

needed to be redefining.  

 

References 

 

1) Wolf PL. Biochemical diagnosis of liver diseases. Indian J Cli Biochem 1999; 14, 

59–90. 

2) Dhuley GP, Naik SR. Protective effect of Rhinax, a herbal formulation against CCl4 

induced liver injury and survival in rats. J Ethnopharmacol 1997; 56, 159–164. 



Pharmacologyonline 1: 238-253 (2009)         ewsletter        Ingwale et al. 

 250 

3) Venkateswaran S, Pari L, Viswanathan P, Menon VP. Protective effex, a herbal 

formulation against erythromycin estolate-induced hepatotoxicity in rats. J 

Ethnopharmacol 1997; 57, 161–167. 

4) Latha U, Rajesh MG, Latha MS. Hepatoprotective effect of an ayurvedic medicine. 

Indian Drugs 1999;36, 470–473. 

5) Mitra SK, Seshadri SJ et al. Effect of HD-03-a herbal formulation in galactosamine-

induced hepatopathy in rats. Indian J Physiol Pharmac 2000; 44, 82–86. 

6) Parveen MD, Kumar, Michael MD, et al. Clinical Medicine. Philadelphia, PA: W.B. 

Saunders Company.  

7) Bastida G, Nos P, Aguas M, et al. Incidence, risk factors and clinical course of 

thiopurine-induced liver injury in patients with inflammatory bowel disease. Aliment 

Pharmacol Ther 2005; 9: 775–782.  

8) Iron Overload and Hemochromatosis Centers for Disease Control and Prevention.  

9) Kenright S, Levi AJ. Sites of competition in the selective uptake of rifamycin-SV, 

flavaspidic acid, bilirubin and bromoshulphalein.Gut, 1974; 15: 220-226. 

10) Cox RP, Foltz EL, Raymond S, Drewyer R. Novobiocin jaundice. New Engl J Med 

1959; 261:139-141. 

11) Capelle P, Dhumeaux D, Mora M, Feldman G, Berthelot P. Effect of rifampicin on 

liver function in man. Gut 1972; 13: 366-371. 

12) Zimmerman HJ. Hepatotoxicity. New York: Appleton Century-Crofts, 1978.  

13) Boyd EM, Bereczky GM. Liver necrosis from paracetamol. Br J Pharmac1966; 

26:606-614. 

14) James O, Roberts SH, Douglas AP. Liver damage after Paracetamol 

overdose.Comparison of liver function tests,fasting serum bile acids and liver 

histology. Lancet ii 1975: 579-581. 

15) Prescott LF, Wright N, Roscoe P, Brown SS. Plasma paracetamol half- life and 

hepatic necrosis in patients with paracetamol overdose. Lancet i 1971:519-522. 

16) Mitchell JR, Potter WZ, Hinson JA, et al.Toxic drug reactions. In: Concepts of  

Biochemical Pharmacology, eds. New York: Springer-Verlag, 1975b; 28(3): 383-419. 

 

17) Mitchell JR, Thorgiersson SS, Potter WR, Jollow DJ, Keiser H. Acetaminophen 

induced hepatic injury: Protective role of glutathione in man and rationale for 

therapy. Clin Pharmac Ther1974; 16: 676-684. 

18) Zimmerman H, Becker FF. Hepatic injury caused by therapeutic agents. In: The 

Liver, ed. New York: Marcel Dekker, 1974: 225-302. 

19) Ishak KG, Irey NS. Hepatic injury associated with the phenothiazines: Clinico-

pathologic and follow up study of 36 patients. Arch Path 1972; 93: 283-304. 

20) Ros E, Small BM, Carey MC. Effects of chlorpromazine hydrochloride on bile salt 

synthesis, bile formation and  biliary lipid secretion in the rhesus monkey: a model 

for chlorpromazine induced cholestasis. Eur J clin Invest 1979; 9: 29-41. 

21) Klatskin G,  Smith DP, Gerok W, Sickinger KF, Stuttgart FK. Halothane-induced 

hepatitis. In: Drugs and the Liver, ed. Schattaeuer Verlag, 1975: 289-296. 

22) Lennon DH. Relative effects of 17a-alkylated anabolic steroids on 

sulfobromophthalein (BSP) retention in rabbits. J Pharmac exp Ther 1966; 151:143-

150. 



Pharmacologyonline 1: 238-253 (2009)         ewsletter        Ingwale et al. 

 251 

23) Schultz JC, Adamson JS, Workman WW, Norman TD. Fatal  liver disease after 

intravenous administration of tetracycline in high dosage. New Engl J Med 1963; 

269: 999-1004. 

24) Breen KJ, Schenker S, Heimberg M. Fatty liver induced by tetracycline in the rat; 

dose-response relationship and effect of sex. Gastroenterol 1975; 69:714-723. 

25) Black M, Mitchell JR, Zimmerman HJ, Ishak KG, Epler GR. Isoniazid associated 

hepatitis in 114 patients.  Gastroenterol 1975; 69: 289-302. 

26) Mitchell JR, Thorgiersson UP, Black M, et al.Increased incidence of isoniazid 

hepatitis in rapid acetylators: Possible relation to hydrazine metabolites.Clin Pharmac 

Ther 1975a; 18:70-79. 

27) Mitchell JR, Zimmerman HJ, Ishak KG, et al.Isoniazid liver Injury: Clinical 

spectrum, pathology, and probably pathogenesis. Ann intern Med 1976; 84:181-192. 

28) Bahri AK, Chiang CS,Timbrell JA. Acetylhydrazine hepatotoxicity. Tox  appl 

Pharmac 1981; 60: 561-569. 

29) Timbrell JA, Mitchell JR, Snodgrass WR, Nelson SD. Isoniazid hepatotoxicity: The 

relationship between covalent binding and metabolism in vivo. J Pharmac exp 

Ther1980; 213: 364-369. 

30) Timbrell JA, Wright JM, Baillie TA. Monoacetylhydrazine as a metabolite of 

isoniazid in man.Clin Pharmac Ther 1977; 22: 602-608. 

31) Lullman H, Lullmann-Rauch R, Wassermann O. Drug induced  phospholipidosis 

CRC Crit Rev Tox 1975; 4:185-218. 

32) Lullmann H, Lullmann-Rauch R, Bundgaard H, Juul P, Kofod H. Drug induced 

lipidosis: In Drug Design and Adverse Reactions. ed, Copenhagen: Munksgaard, 

1977 : 29-34. 

33) Neuberger JM, Davis M, Williams R.Clinical aspects of oral contraceptive associated 

liver tumours: In Drug Reactions and the Liver. eds, London: Pitman Medical, 1981a: 

271-283. 

34) Goldfarb S. Sex hormones and hepatic neoplasia.Cancer Res 1976; 36:2584-2588. 

35) Tiwari AK. Imbalance in antioxidant defence and human disease: multiple approach 

of natural antioxidants therapy. Curr Sci 2001; 81:1179–1187. 

36) Sies H. Oxidative stress. In: Oxidative Stress. ed. Sies H Academic Press, London, 

1982:1–8.  

37) Chipault JR. Antioxidants for use in food. In: Auto oxidation and Antioxidants .ed. 

Lundberg WO, Interscience, New York, 1962; 2: 477-542. 

38) Halliwell B. How to characterise biological antioxidants. Free radic Res 

Commun1990; 9:1-32. 

39) Frankel EN, Meyer AS. The problems of using one dimensional methods to evaluate 

multifunctional food and biological antioxidants. J Sci Food Agric 2000; 80: 1925–

1941. 

40) http://en.wikipedia.org/wiki/Liver disease.(Accessed on 21/09/2008). 

41) Hikino H. and Kiso Y., Economic and Medicinal Plant Research, Vol. II, Academic 

Press, London 1988;39. 

42) Surendra S, Gavil JN, and Singh VK, Recent progresses in medicinal plants 

phytochemistry and pharmacology,Stadium press,LLC Housten Texas 2003; 2:253-

270 



Pharmacologyonline 1: 238-253 (2009)         ewsletter        Ingwale et al. 

 252 

43) Roome T, Dar A, Ali S, Naqvi S, Choudhary MI A study on antioxidant, free radical 

scavenging, anti-in.ammatory and hepatoprotective actions of Aegiceras 

corniculatum  (stem) extracts. J Ethnopharmacol 2008; 118: 514–521. 

44) .Lee HS, Won NH, Kim KH, et al.Antioxidant Effects of Aqueous Extract of 

Terminalia chebula in Vivo and in Vitro. Biol Pharm Bull 2005; 28(9):1639–1644. 

45) Dash DK, Yeligar VC, Nayak SS, et al. Evaluation of hepatoprotective and 

antioxidant activity of Ichnocarpus frutescens (Linn.) R.Br. on paracetamol-induced 

hepatotoxicity in rats. Tropical J Pharma Res 2007; 6 (3): 755-765. 

46) KaurG, Alamb M, Jabbar Z, Javed K, Athar M.Evaluation of antioxidant activity of 

Cassia siamea flowers. J Ethnopharm 2006; 108:340–348. 

47) Ghosh T, Maity T, Das M, Bose A, Dash D. In Vitro Antioxidant and 

Hepatoprotective Activity of Ethanolic Extract of Bacopa monnieri Linn. Aerial 

Parts. Iranian J Pharmac & Ther 2007; 6:77-85. 

48) Sathiyanarayanan L, Arulmozhi S, Chidambaranathan N. Anticholesterolemic, 

Hepatoprotective and Antioxidant activity of Glinus lotoides linn. against ethanol 

induced liver    damage in rats. Phcog Mag 2006; 2:7. 

49) Sabira SM, Rochab JBT.Antioxidant and hepatoprotective activity of aqueous extract 

of Solanum fastigiatum (false“Jurubeba”) against paracetamol-induced liver damage 

in mice. J Ethnopharm 2008; 120:226–232. 

50) Jyothi TM, Prabhu K, Jayachandran E, Lakshminarasu S, Ramachandra SS. 

Hepatoprotective and antioxidant activity of Euphorbia antiquorum. Phcog Mag 

2008; 4 (13, Supp l). 

51) Monda SK, Chakraborty G, Gupta M, Mazumder UK. Hepatoprotective activity of 

Diospyros malabarica bark In carbon tetrachloride intoxicated rats.Europ Bulletin 

Drug Res 2005; 13. 

52) Chattopadhyay RR, Bandyopadhyay M. Possible mechanism of hepatoprotective 

activity of Azadirachta indica leaf against paracetamol induced hepatic damage in 

rats: Part III. Ind J Pharmacol 2005; 37 (3):184-185. 

53) Iniaghe OM, Malomo SO, Adebayo JO, Aris RO. Evaluation of the antioxidant and 

hepatoprotective properties of the methanolic extract of Acalypha racemosa leaf in 

carbontetrachloride- treated rats. Afr J Biotech 2008; 7(11):1716-1720. 

54) Muthu GP, Balasubramanian R, Raju SK et al. Hepatoprotective and Antioxidant 

Effect of Pisonia aculeata L. against CCl4- Induced Hepatic Damage in Rats. Sci 

Pharm 2008; 76: 203–215. 

55) Gupta AK, Misra N. Hepatoprotective Activity of Aqueous Ethanolic Extract of 

Chamomile capitula in Paracetamol Intoxicated Albino Rats. Am J Pharmac and Tox 

2006; 1 (1): 17-20.  

56) Hewawasam RP, Jayatilaka KAPW, Pathirana C, Mudduwa LKB. Hepatoprotective 

effect of Epaltes divaricata extract on carbon tetrachloride induced hepatotoxicity in 

mice. Ind J Med Res 2004; 120:30-34. 

57) Panovska TK, Kulevanova S, Gjorgoski I, Bogdanova M, PetrushevskaG 

Hepatoprotective effect of the ethyl acetate Extract of Teucrium polium L. against 

carbontetrachloride-induced hepatic injury in rats. Acta Pharm 2007; 57:241–248. 

58) Kshirsagar A D, Purnima A Hepatoprotective and antioxidant effects of Hygrophila 

spinosa (K. Schum) Heine Acanthaceae stem extract. Biosci. Biotechn. Resea. Asia 

2008; 5(2), 657-662. 



Pharmacologyonline 1: 238-253 (2009)         ewsletter        Ingwale et al. 

 253 

59) Usha G, Kasturi M, Hemalatha P Hepatoprotective effect of Hygrophila spinosa and 

Cassia occidentalis on carbon tetrachloride induced liver damage in experimental 

rats. Ind J Clin Biochem 2007; 22 (2): 132-135. 

60) Bozin B, Mimica-Dukic N,Samojlik I, Goran A, Igic R Phenolics as antioxidants in 

garlic (Allium sativum L., (Alliaceae). Food Chem 2008; 111:925–929. 

61) Sabir SM, Rocha JBT.Water-extractable phytochemicals from Phyllanthus niruri 

exhibit distinct in vitro antioxidant and in vivo hepatoprotective activity against 

paracetamol-induced liver damage in mice.Food Chem 2008; 111: 845–851. 

62) Mandal SC, Jana GK, Das S, et al.Hepatoprotective and antioxidant activities of 

Smilax chinensis l. root. Pharmacologyonline 2008;2: 529-535. 

63) Aghel N, Rashidib I, Mombeinia A Hepatoprotective activity of Capparis spinosa 

Root Bark  against CCl4 Induced Hepatic Damage in Mice. Iran J Pharma Res 

(2007); 6 (4): 285-290. 

64) Mohamed Saleem TS, Christina AJM, ChidambAN, Ravi V Gauthaman K. 

Hepatoprotective activity of Annona squamosa Linn. On experimental animal 

model.International  J App Res Nat Prod 2008; 1(3):1-7. 

65) Effect of Soapworts (Saponaria officinalis), Pomegranate Peel (Punica granatum L) 

and Cloves (Syzygium Aromaticum linn) on Mice with CCl4 Hepatic Intoxication. 

World J Chem 2006; 1 (1): 41-46.    

66) Schuppan D, Jia J, Brinkhaus B, Hahn EG. Herbal products for liver diseases: A 

therapeutic challenge for the new millennium. Hepatol 1999; 30: 1099-104. 

67) Miguez MP, Anundi I, Sainz-Pardo LA, Lindros KO. Hepatoprotective mechanism of 

silymarin: no evidence for involvement of cytochrome P4502E1. Chem Biol Interact 

1994; 91: 51-63. 

68) Miller AL. Antioxidant flavonoids: Structure, function and clinical usage. Altern Med 

Rev 1996; 1: 103-11. 

69) Wiseman H. Dietary influences on membrane function: Importance in protection 

against oxidative damage and disease. J Nutr Biochem 1996; 7: 2-5. 

70) Muriel P, Mourelle M. Prevention by silymarin of membrane alterations in acute CCl4 

liver damage. J Appl  Toxicol 1990; 10: 275-9. 

71) Sonnenbichler J, Zetl I. Biochemical effects of the flavonolignan silibinin on RNA, 

protein, and DNA synthesis in rat liver. Progr Clin Biol Res 1986;  213: 319-31. 

72) Saller R, Meier R, Brignoli R. The use of silymarin in the treatment of liver diseases. 

Indian Drugs 2001; 61: 2035-2063. 

73) Dehmlow C, Eahard J, Goot HD. Inhibition of Kupffer cells as an explanation for the 

hepatoprotective properties of silibinin. Hepatol 1996; 23: 749-54. 

74) Saliou C, Rihn B, Cillard J, Okamoto T, Packer L. Selective inhibition of NF-ҝB 

activation by the flavonoid hepatoprotector silymarin in HepG2. FEBS Lett 1998; 

440: 8-12.  

75) Johnson VJ, Osuchowski MF, He Q, Sharma RP. Physiological responses to a natural 

antioxidant flavonoids mixture, silymarin, in BALB/c mice: II. Alterations on thymic 

differentiation correlate with changes in c- myc gene expression. Planta Med 2002; 

68: 961-965. 

76) Gebhardt R. Oxidative stress, plant-derived antioxidants and liver fibrosis. Planta 

Med 2002; 68:289-296. Arzneimittelforschung 1980; 30 : 452-4. 

 


