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Antihepatotoxic effects of major diterpenoid constituents of Andrographis 
paniculata 
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Abstract-The diterpenes andrographolide (I), andrographiside (II) and neoandrographolide (III) 
isolated from Androgruphis paniculuta were investigated for their protective effects on hepatotoxicity 
induced in mice by carbon tetrachloride or rert-butylhydroperoxide (tBHP) intoxication. Pretreatment 
of mice with the diterpenes (I, II & III; lOOmg/kg, i.p.) for 3 consecutive days produced significant 
reduction in malondialdehyde formation, reduced glutathione (GSH) depletion and enzymatic leakage 
of glutamic-pyruvate transaminase (GPT) and alkaline phosphatase (AP) in either group of the toxin- 
treated animals. A comparison with the known hepatoprotective agent silymarin revealed that I 
exhibited a lower protective potential than II and III, which were as effective as silymarin with respect 
to their effects on the formation of the degradation products of lipid peroxidation and release of GPT 
and AP in the serum. GSH status was returned to normal only by III. The greater protective activity 
of II and III could be due to their glucoside groups which may act as strong antioxidants. 

Andrographk paniculata (Acanthaceae) known as Kal- 
megh in India is used as a bitter ingredient in the indigenous 
system of medicine. It is found rn the plains of the West 
Indies. India and Sri Lanka. About 26 different nolvherbal 
formulations of this plant are mentioned in Ay&vlda as a 
popular remedy for ihe treatment of various li;er disorders 
111. Kalmeeh. which consists of the dried leaves and tender 
shbots of tie plant, has aroused considerable interest for 
its beneficial effects in general debility, dysentery. 
dyspepsia, malaria, asthma, bronchitis, filariasis [2] and 
also in infective hepatitis during clinical studies [3]. 

Of the different diterpenes which have been isolated 
from A. paniculuta, andrographolide (I*) is the major 
bicyclic diterpenoid lactone (Fig. 1) whose structure and 
configuration has been determined by a combination 
of NMR. MS, chemical transformations and X-ray 
crystallographic data [4,5]. Previous studies have shown I 
to possess multiple pharmacological activities, such as, 
reduction in hexabarbital or phenobarbital sleeping time 
[6,7], inhibition of drug metabolizing enzymes (81, 
antiperoxidative potential in the liver [9] besides choleretic 
and anticholestatic effects in animals [lo]. These 
investigations have substantiated the therapeutic potential 
of I as a hepatoprotective agent. However, reports are not 
available in literature wherein the liver protective activity 
of A. paniculuta has been attributed to other diterpene 
constituents i.e. andrographiside (II) [I I] and neoandro- 
grapholide (III) [12] both of which are diterpene lactone 
glucosides (Fig. 1). Therefore, the present work was 
conducted to evaluate the hepatic efficacy of all three 
diterpenoids of A. paniculata in different liver damage 
models so that the contribution of each of these constituents 
in its hepatoprotective action could be determined. 

Reduced glutathione (GSH) has been reported to serve 
as either a nucleophile forming conjugates with the active 
metabolites or as a reductant for peroxides and free radicals 
(131. A decrease in GSH level may thus increase 
susceptibility of the tissue to oxidative damage like lipid 
peroxidation. In this study the effects of I. II and III on 
GSHstatus, malondialdehyde (MDA) formation andserum 
indices of hepatotoxicity produced by Ccl, or tert- 

* Abbreviations: tBHP. fert-butylhydroperoxide: MDA, 
malondialdehyde; GSH, reduced glutathione; GPT, 
glutamic-pyruvate transaminase; AP. alkaline phosphatase; 
I, andrographolide; II. andrographiside; III, neoandro- 
grapholide. 
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Fig. 1. 

butylhydroperoxide (tBHP) intoxication in mice were 
investigated. 

Materials and Methods 

For isolation of the diterpenes the dried and powdered 
leaves of A. paniculuta (4 kg) were extracted successively 
with chloroform and methanol in a soxhlet extractor. The 
chloroform extract, on concentration. deposited a solid 
which on crystallization from ethanol gave I as plates 
(2Og). m.p. 230-231”. [a];? - 124.4”(AcOH). The mother 
liquor from chloroform extract was evaoorated to drvness 
aid the residue chromatographed on a’silica gel column. 
The chloroform eluate vielded a further cron of I (5 e). 
Elution with chloroform containing 2% meihanol gave 
III as needles (from methanol; 1.7g). m.p. 166-167”. 
[&]y - 47.1” (pyridine). The methanolic extract after 
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Table 1. Effect of the diterpenes (I, II and III) and silymarin on hepatic lipid peroxidation in 
mice after Ccl, and tBHP intoxication 

MDA formation 
(nmol/g liver/l0 min) 

Group CC& 
Inhibition 

(%) tBHP 
Inhibition 

(%) 

Control 131 2 4.5 150 rt 6.0 
Toxin-treated 159 2 13.8*t - 216 f 19’t - 
I-toxin-treated 108 f 11.6’$8 
II-toxin-treated 103 ” lo*$ 

:z 170 + 29*$0 21 
1412 lo*$ 35 

III-toxin-treated 96 f 11.7’$ 40 132 f 17*$ 39 
Silymarin-toxin-treated 94.5 + 6.1*$ 41 131 f 5.0** 40 

Data represent mean ? SD of five animals in each group. 
* P < 0.05. 
t Comparison with control group. 
$ Comparison with respective toxin-treated group. 
5 Comparison with respective silymarin-toxin-treated group. 

concentration was chromatographed over a column of silica 
gel (two and a half times its weight) and eluted with 
chloroform containing 2% methanol to afford a further 
crop of III (0.9 g). Subsequent elution with a chloroform 
methanol (19: 1) mixture yielded II as needles (2.2 g), m.p. 
192-193’. The diterpenes thus obtained were of high purity 
as checked by their melting points, optical rotations, TLC 
(single spot), IR and ‘H NMR data which corresponded 
to those described in literature. 

Silymarin was provided by Gruppo Inverni Della Beffa 
(Milan, Italy). tBHP was procured from the Sigma Chemical 
Co. (St Louis, MO, U.S.A.). All other chemicals used 
were of LR grade and obtained from reputed Indian firms. 

The present study was conducted on male Swiss mice 
(20-22 g) which were obtained from the Animal House of 
the laboratory and kept in plastic cages bedded with rice- 
husk. They were fed a stock pellet diet ad lib. and allowed 
free access to drinking water. They were kept on a 12/ 
12 hr light/dark cycle. 

The crystals of the diterpenes were ground in a mortar 
to a fine powder. Suspensions of I, II, III and silymarin 
were then prepared in olive oil (2 mg/0.2 mL) and injected 
i.p. to mice at a dose of 100 mg/kg for 3 consecutive days. 
Eight hours after the last administration animals were given 

a single i.p. dose of CC& (10 pL) or tBHP (15 pL) in 0.2 mL 
olive oil. Control mice only received the vehicle. Animals 
were then fasted and 17 hr after intoxication, they were 
anaesthetized with ether to collect their blood from retro- 
orbital sinus. Serum was separated by centrifugation after 
keeping thesamplesat KPfor30 min. After bloodcollection, 
the animals were killed by cervical dislocation, livers were 
excised, perfused with chilled normal saline and weighed. 
Liver homogenates (25%, w/v) were prepared in ice-cold 
50 mM potassium phosphate buffer, pH 7.4. These homo- 
genates were used for the estimation of GSH by the method 
of Moron et al. [14] and assayed for the MDA formation as 
described in the method of Wills [ 151. The activity of alkaline 
phosphatase (AP) was measured by the method of Bessey 
ef al. [16] and GPT was estimated in accordance with the 
procedure given by Reitman and Frankel [ 171. Proteins were 
determinedaccordingtothemethodofLowryeral. [18]using 
bovine serum albumin as a standard. 

Statistical significance of the difference among different 
groups was analysed by Student’s unpaired t-test. 

Results and Discussion 

Table 1 demonstrates the effect of the diterpenoid 
constituents I, II and III of A. paniculata on hepatic lipid 

Table 2. Effect of the diterpenes (I, II and III) and silymarin on hepatic GSH status in mice after 
CC4 and tBHP intoxication 

GSH 
( pmol/g liver) 

Group cc14 
Depletion 

(%) tBHP 
Depletion 

(%) 

Control 7.1 -t 0.43 7.7 -c 0.67 
Toxin-treated 4.5 z 0.48*t 37 5.4 ” 0.42*t 29 
I-toxin-treated 5.6 -+ 0.62'tSI 21 6.3 f 0.77*t$§ 18 
II-toxin-treated 6.5 ? 0.49’t@ 8 6.6 + 0.45'tSI 14 
III-toxin-treated 7.4 2 0.32*$ - 6.9 5 0.41*t$ 10 
Silymarin-toxin-treated 7.5 -+ 0.41’$ - 7.4 rt 0.48*$ 4 

Legends showing different comparisons and P value are the same as for Table 1. 
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peroxidation in mice after Ccl4 and tBHP challenge and 
their comparison with silymarin. The thiobarbituric acid 
reaction with MDA is generally considered to be an 
indicator of the secondary breakdown products of oxidized 
polyunsaturated fatty acids. As can be observed, hepatic 
MDA formation was significantly increased in both 
CCI, and tBHP treated mice. However, intraperitoneal 
administration of I, II and III inhibited hepatic MDA 
formation, respectively, by 32%, 35% and 40% in CC& 
treated mice and by 21%. 35% and 39% in tBHP treated 
animals. On comparing the protective effect of the 
diterpenes on hepatic lipid peroxidation with that of 
silymarin, it was noticed that I was less effective whereas 
II and III offered protection which was comparable to that 
of silymarin in both of the toxic models. 

Intoxication with CC& and tBHP caused significant 
depletion in GSH contents in the liver of mice (Table 2). 
However, pretreatment with I and II prevented the GSH 
depletion by 16% and 29% in CC& treated group and by 
11% and 15% in tBHP treated group, respectively. GSH 
was restored to normal tissue levels only by III and the 
effect produced was comparable to that by silymarin in 
both of the treated groups. 

The data in Table 3 show that the administration of these 
plant products to mice led to a significant inhibition of the 
release of GPT and AP in the intoxicated animals. Only 
II and III reversed the elevated levels to the same extent 
as silymarin in the Ccl., or tBHP administered groups. 

Our observation of increased cytotoxicity in CCll and 
tBHP treated animals with respect to lipid peroxidation, 
GSH depletion and release of serum GPT and AP confirms 
that the mechanism by which these toxins produce hepatic 
necrosis involves metabolic conversion of the drug into 
reactive electrophilic species which may either: (i) abstract 
hydrogen atoms from lipids forming carbon-centred lipid 
radicals to propagate the peroxidation process [19,20] or 
(ii) conjugate with hepatic GSH to produce GSH depletion 
followed by the appearance of cellular damage [21] which 
is indicated by the elevated levels of enzymes in the serum 
(22,231. 

The investigation reported in the paper employed 
administration of the plant products for 3 days prior to the 
hepatotoxin challenge. The selection of the schedule was 
based on data from studies on serum markers of 
hepatotoxicity. The administration of the three diterpenes 
(I, II and III) and silymarin according to this regime 
afforded protection against lipid peroxidation, GSH 
depletion and leakage of GPT and AP in both CC& and 
tBHP induced toxic models thus showing a broad range of 
their inhibitory capacities. Our finding of inhibition in GPT 
and AP levels in the serum following administration of I 
is in agreement with earlier studies reporting that treatment 
with I normalized serum indices of toxicity induced by 
Ccl,, galactosamine or paracetamol 17. 241. The inhibitory 
effect on MDA formation which has been related to the 
membrane-stabilizing or free radical-quenching activities 
of the reference hepatoprotective principle silymarin [25] 
revealed the antioxidant potential of these diterpenes (I, 
II and III). Earlier investigations attributed this effect to 
inhibition by the diterpenes of components of the 
cytochrome P450 system [8]. However, the results of the 
present work demonstrate a relationship of the structure 
of the diterpenoid constituents with their inhibitory activity. 
Although earlier reports have attributed the protective 
action of I to stimulation of hepatic regeneration [24], the 
present study suggests that it is due to antioxidant action 
like that of other plant products [26,27]. The fact that II 
and III showed better protection than I against CC14 and 
tBHP induced toxicity indicated that the glucosidic moiety 
in these molecules might act as powerful antioxidant 
thereby enhancing the rapid inactivation of the liver 
damaging species. 

The present biochemical data reveal the hepatoprotective 
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activity of I, II and III against two well-known hepato- 
toxicants i.e. Ccl0 and tBHP, which is consistent with the 

13. Moldeus P and Quanguan J, Importance of the 

previously reported histopathological results [7] showing 
glutathione cycle in drug metabolism. ~~u~mucoZ T&r 
55: 37-40, 1987. 

that diterpene pretreatment ameliorates toxin-induced 14. Moron MS, Depierre JW and Mannervik B, Levels of 
h~topatholo~cal alterations in the livers of experimental gluta~ione, glutathione reductase and ~utathione S- 
animals. transferase activities in rat lung and liver. B&him 

Biophys Acta 582: 61-18, 1979. 

Detent of Pha~co~ogy ANNA KAPIL* 15. Wills ED, Evaluation of tipid peroxidation in lipids 

and TDepartment of LB. KOUL and biological membranes. In: Biochemical Toxicology. 
Chemistry 8. K. BANERJEEt A Practical Approach (Eds. Snell K and MuIlock B), 

Regional Research ~aborato~ B. D. GUITAR pp. 127-152. IRL Press, Oxford, 1987. 

lammu, India-180 001 16. Bessey OA, Lowry OH and Brock MJ, A method for 
the rapid determination of alkaline phosphatase with 
five cubic m&meters of serum. J Biol Chem 164: 321- 

REFERENCES 329, 1946. 
17. Reitman S and Frankel SA, Calorimetric method for 

1. Handa SS, Sharma A and Chakraborti KK, Natural 
products and plants as liver protecting drugs. Fitoterapia 

the determination of serum glutamic oxaloacetic and 

54: 307-310. 1986. 
glutamic pyruvic transaminases. Am J Cfin Path02 28: 
53-56, 1957. 

2. Nadkarni AK, Indian Materia Medica, Vol. I. p. 101. 
Dhootpapeshwar Prakashan Ltd, Panvel, 1976. 

18. Lowry OH, Rosebrough NJ, Farr AL and Randall RJ, 

3. Chaturvedi GN, Tomar GS, Tiwari SK and Singh KP, 
Protein measurement with the Folin phenol reagent. J 

Clinicat studies on kahnegh (A~drograph~ pact) 
Biol Chem 193: 26.5-275, 1951. 

in infective hepatitis. J Znt Znrl Ayurueda 2: 208-211, 
19. Reinke LA, Towner RA and Janzen EG, Spin trapping 

1983. 
of free radical metabolites of carbon tetrachloride in 
vitro andin viuo: effect of acute ethanol administration. 

4, Bhat VS and Nanavati DD, Andrograph~ par&data 
(kalmegh). Zndian Drugs IS: 187-190, 1978. 

Toxicof Appt Pharmaco~ 112: 17-23, 1992. 

5. Cava MP, Chan WR, Stein RP and Willis CR, 
20. Thornailey P. Trotta RJ and Stern A, Free radical 

~dro~aphotid~~er transformations and stereo- 
involvement in the oxidative phenomenon induced by 

chemical evidence. Tetrahedron 21: 2617-2619,1%5. 
tert-butyl hydro~roxide in erythrocytes. Biochim 

6. Chaudhuri SK, Influence of Andrographis paniculata 
Biophys Acta 759: 16-22, 1983, 

(kahne%) on bile flow and hexabarbitone sleeping in 
21. Rush GF, Gorski JR, Ripple MG, Sowinski J, Bugelski 

experimental animals. Indian 3 Exp BioZt6: 830-832, 
P and Hewitt WR, Organic hydro~~xide-induct 

1978. 
lipid peroxidation and cell death in isolated hepatocytes. 

7. Handa SS and Sharma A, Hepatoprotective activity of 
Toxic01 Appl Pharmacol78: 473-483, 1985. 

A~rograph~ paniculata against carbon tetrachloride. 
22. a z and Mehendab NM, Protection from carbon 

Indian J Med Res (B) 92: 276-283.1990. 
tetrachloride toxicity by prestimuiation of hepato- 

8. Choudhury BR, Haque SJ and Poddar MK, In vivo 
cellular regeneration in partially hepatedomized 

and in vitro effects of kahnegh (Andrograph~ 
gerbifs. Biochem Pharmacol42: 63W, 1991. 

panictdata) extract and andrographolide on hepatic 
23. Joyeux M, Rolland A, Fleurentin J, Mortier F and 

microsomal drug metabolizing enzymes. Planta Med 
Dorfman P, Tert butyl hydroperoxide-induced injury 

53: 135-140, 1987. 
in isolated rat hepatocyte- model for studying anti- 

9. Roy B and Poddar MK, Andrographolide and kahnegh 
hepatotoxic crude drugs. Planta Med 56: 171-174, 

(Andrographis paniculata) extract. In vivo and in vitro 
1990. 

effect on hepatic lipid peroxidation. MethorLF Find fip 
24. Handa SS and Sharma A, Hepatoprotective activity 

Clin Pharmacol6: 481-486, 1984. of andrographolide from A. panicuiata against 

10. Shukla B, Visen PKS, Patnaik GK and Dhawan BN, 
galactosamine and paracetamol-induced toxicity in rats. 

Choieretic effect of an~o~aphoiide in rats and guinea 
Znd .I Med Res 92: 284-292,199O. 

pigs. Planta Med 58: 146-149, 1992. 25. Frimmer M, Symposium on the Pharmacodynamics of 

11. Changqi H, Bingnan Z and Chouping N, Isolation and Silymarin (Eds. Braatz R and Schneider C), pp. 13- 

structure of two new diterpenoid gtucosides from 16. Urban and Schwarzenberg, Munchen, 1976. 

Andrographb paniculata. Yaoxue Xuebao 17: 435-440, 26. Paya M, Halliwell B and Hoult JRS, Interactions of a 

1982. series of coumarins with reactive oxygen species. 

12. Batmain A and Cannoly JD, Minor diterpenoid Scavenging of superoxide, hypochtorous acid and 

constituents of Andrographb paniculata. J Chem Sot hydroxyl radicals. Biochem Pharmacol 441 205-214, 

Perkin I: 1247-1249, 1973. 1992. 
27. Das NP and Rat& AK, Effects of flavonoids on induced 

* Corresponding author. 
non-enzymic Iipid peroxidation. Prog Clin Biol Med 
213: 243-247, 1986. 


