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Isoniazid and rifampicin are first line drugs used for the treatment of tuberculosis but their use is associated 
with potentially serious toxic manifestation in the liver leading to necrosis, cirrhosis and hepatitis causing 
poor patient compliance. The present study was conducted to evaluate hepatoprotective activity of Fumaria 
parviflora leaf extract in isoniazid and rifampicin-induced hepatotoxic rats. Acute toxicity was conducted with 
single oral doses of F. parviflora leaf extracts at 300, 2000 and 5000 mg/kg and rats were observed for changes 
in body weight, haematological parameters, behavioural changes and signs of toxicity. Hepatoprotective 
activity of F. parviflora leaf extract (100, 200 and 300 mg/kg, p.o.) was evaluated on isoniazid and rifampicin 
(50 mg/kg, i.p.) induced hepatotoxic rats using silymarin as a reference drug (100 mg/kg, p.o.). F. parviflora 
leaf extract was found to be safe up to 5 g/kg. From biochemical and histopathological parameters it was 
found that pretreatment of rats with F. parviflora leaf extract an hour prior to start isoniazid and rifampicin 
resulted in a significant decline in the serum levels of aspartate aminotransferase, alanine aminotransferase, 
alkaline phosphatase and total bilirubin as well as normal histology of liver biopsy specimens. It was 
concluded that F. parviflora leaf extract has significant hepatoprotective activity at the dose of 200 mg/kg 
comparable with that of silymarin. The plant extract appeared to have the potential to be used as a dietary 
supplement to antiTB therapy to protect against the hepatotoxicity of isoniazid and rifampicin. 
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Liver is the body’s largest gland, which plays a role 
in digestion, metabolism and storage of nutrients 
within the body, detoxification of drugs and toxins, 
regulation of homeostasis and providing defence 
against diseases[1]. Drug-induced hepatotoxicity has 
become a leading cause of liver maladies accounting 
for 2-5% hospitalizations for jaundice, 40% cases of 
acute hepatitis and 15-30% cases of fulminant hepatic 
failure[2].

Tuberculosis (TB), a deadly infectious disease is one of 
the leading causes of death. Pakistan ranks 5th amongst 
TB high-burden countries worldwide and has annual 
emergence of about 420 000 cases. Isoniazid (INH) and 
rifampicin (RMP), the 1st line drugs for treatment of TB 
are potentially hepatotoxic producing many metabolic 
and morphological aberrations in liver with incidence 
rate of about 2-28%. INH mediated oxidative damage 
is attributed to metabolic conversion of INH to its toxic 
metabolites that is exacerbated by RMP, a cytochrome 
P450 inducer, leading to poor patient compliance and 

emergence of multiple drug resistant TB[3]. In the 
ethnomedical traditional practices numerous medicinal 
plants and their formulations have been employed for 
alleviation of liver disorders. Conventional drugs used 
for the mitigation and cure of liver disorders are still 
inadequate. Plants possessing antioxidant activity are 
primarily sought for liver protective effects. 

Fumaria parviflora lam. (fine leaf fumitory) is a 
herbaceous plant of the genus Fumaria belonging to the 
family Fumariaceae, found in Turkey, Indo-Pakistan 
and Iran. The plant is reported to have many biological 
properties such as in dermatological diseases[4], 
antidiarrheal, antispasmodic, bronchodilator[5], 
hypoglycemic[6], antiinflammatory[7], anthelmintic[8] 
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and male fertility enhancing property[9]. The present 
study was conducted to evaluate acute toxicity and 
hepatoprotective activity of F. parviflora leaf extract 
against INH and RMP-induced liver damage.

MATERIALS AND METHODS

Fresh Leaves of F. parviflora were collected from the 
wheat fields of Bhera, district of Sargodha division. The 
plant was authenticated at the Department of Botany, 
University of Sargodha, Pakistan. A voucher No. 6030 
was preserved in the herbarium, Department of Botany, 
University of Sargodha for future research reference. 
INH (Novartis Pharma Pakistan, Ltd., Batch No. 308), 
RMP (Novartis Pharma Pakistan, Ltd., Batch No. 
J0039) and silymarin (Abbott Laboratories, Pakistan, 
Batch No. 036N) were used in study. The percent 
purity of INH and RMP was ascertained according to 
the method described in British Pharmacopoeia[10] and 
found to be of standard quality. Stock solutions of INH 
and RMP were prepared having 10 mg/ml concentration 
in sterilized distilled water using dimethyl sulfoxide 
(DMSO) as the solvent.

Preparation of plant extract:

Five kilograms of fresh leaves of F. parviflora Lam. 
were washed under running tap water, followed by 
rinsing with distilled water, shade-dried and pulverized 
in a mechanical grinder. Plant powder so obtained was 
subjected to maceration with 70% methanol (BDH 
Labs, CAT No: 443847D) followed by filtration by 
vacuum filter assembly (Sigma Aldrich Z290424) 
using 0.1 µ pore size filter paper. The methanol extract 
obtained was concentrated to dryness using rotary 
evaporator (Buchi Rotavapor R-3) at 50-55°[11]. The 
% yield was calculated to be about 12% (w/w). The 
extract was stored at 4° and dissolved in sterile distilled 
water prior to use.

Experimental animals:

Healthy and active Wistar rats of either sex, weighing 
150-200 g, were purchased from University of Health 
Sciences, Lahore and kept in large propylene cages 
(55×32.7×19 cm) with paddy husk as bedding in 
animal house of Lahore College for Women University, 
Lahore under standard environmental conditions (12 h 
light and dark cycle, 22±3° temperature and 35-60% 
humidity) according to the guidelines provided by 
Institute of laboratory animal research for the care 
and use of laboratory animals[12]. Study protocol was 
approved by research animal care and use committee, 

Institute of Pharmacy, Lahore College for Women 
University, Pakistan (Dir/LCWU/756-AE Dated 4-12-
15). Rats were acclimatized to laboratory condition for 
1 w prior to commencement of experiment. 

Acute toxicity:

Acute toxicity of F. parviflora leaf extract was 
determined in Wistar rats with single oral dose at 
300, 2000 and 5000 mg/kg according to OECD-
423 guidelines[13]. Rats were observed daily for 14 
d for change in mean body weight, haematological 
parameters, behavioural changes and signs of toxicity 
including convulsions, twitching, rigidity, jumping, 
sedation, loss of righting reflex, catatonia, ataxia, 
loss of traction, cyanosis, blanching reddening and 
mortality. Body weights of rats and liver weights were 
recorded in each group on different days and statistical 
means compared for any difference.

Hepatoprotective activity:

Experimental rats (n=30) were divided randomly into 
six groups, each having five rats. Treatment of each 
group carried out was as: group-1 was the control group 
and animals in this group were administered normal 
saline (1 ml, p.o.) once daily for 15 d. Group-2 was 
referred to as the induced group and animals of this 
group received INH and RMP (50 mg/kg each, i.p.) 
once daily for 15 d. Group-3, the reference group, in 
which animals were administered silymarin (100 mg/
kg, p.o.), an hour prior to INH and RMP (50 mg/kg 
each, i.p.), once daily for 15 d. Group-4, the treated 
group A, in which animals were administered dried 
methanol extract of F. parviflora (100 mg/kg, p.o.), 
an hour prior to INH and RMP (50 mg/kg each, i.p.), 
once daily for 15 d. Group-5, was referred to as the 
treated group B, the animals of which received dried 
methanol extract of F. parviflora (200 mg/kg, p.o.), an 
hour prior to INH and RMP (50 mg/kg each, i.p.), once 
daily for 15 d. Group-6, the treated group C in which 
animals were administered dried methanol extract of F. 
parviflora (300 mg/kg, p.o.), an hour prior to INH and 
RMP (50 mg/kg each, i.p.), once daily for 15 d.

Biochemical parameters:

Twenty-four hours post administration of the last dose 
of INH and RMP, blood samples (4 ml) of all rats were 
collected in heparinized tubes by cardiac puncture 
according to guidelines provided by laboratory 
animal science association[14]. The sera separated by 
centrifugation at 3000 rpm for 15 min were assayed for 
estimation of liver marker enzymes including aspartate 
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aminotransferase (AST), alanine aminotransferase 
(ALT), alkaline phosphatase (ALP) and total bilirubin 
in auto-analyser (Humalyzer-3500) by using reagent 
kits for ALT (Lot No. 14405), AST (Lot No. SA-
170), ALP (Lot No. SA-173) and total bilirubin (Lot 
No. 45590) manufactured by Randox and Human 
Diagnostic Division. Standard spectrophotometric 
methods as described by Wilkinson[15] were used to 
estimate ALT and AST in serum by measuring the 
decrease in absorbance of NADH at 340 nm, which is 
oxidized to NAD in the reaction involving conversion 
of L-alanine and L-aspartate to pyruvate and 
oxaloacetate. The ALP was estimated by measuring 
the concentration of p-nitro phenol formed from the 
hydrolysis of p-nitro phenyl phosphate by enzyme in the 
presence of oxidizing agent (Mg+²) and measured by 
absorbance at 405 nm proportional to ALP activity[16]. 
For estimation of bilirubin in serum Jendrassik Grof 
Method was used in which diazotized sulfanilic acid 
in acidic medium was converted to pink coloured 
azobilirubin by bilirubin and absorbance measured at 
578 nm proportional to bilirubin concentration[17].

Histopathological grading:

Rats were euthanized under high dose of anaesthetic 
ether and dissected to expose the liver. Liver specimens 
were removed, labelled, preserved in 10% phosphate 
buffered formalin, dehydrated with 70% isopropyl 
alcohol, impregnated and embedded in molten paraffin 
wax. Paraffin blocks prepared were cut into 3-4 µ 
thick sections using rotary microtome. These sections 
were de-paraffinized and stained with haematoxylin 
and eosin (H and E)[18]. Liver biopsy specimens were 
scored and graded using the Knodell histology activity 
index (HAI)[19].

Statistical analysis:

The obtained data were statistically analysed using one 
way analysis of variance (ANOVA) test to determine 
overall effects of the treatments using statistical package 
SPSS Version 17.0. Post individual comparison was 
carried out with Fisher’s Least Significant Difference 
(LSD) test. Results were presented as mean±SD. 
P≤0.05 were considered statistically significant. 

RESULTS AND DISCUSSION

Single oral administration of F. parviflora leaves extract 
to experimental animals at dose rate of 300, 2000 and 
5000 mg/kg revealed non-significant difference in 
mean body weight and haematological parameters 
among control group and treated groups. Rats treated 

with the extract did not show any behavioural changes 
and no signs of toxicity. No mortality occurred in any 
of treated and control groups over a period of 14 d. 

According to anatomical variable (liver weight/
corporal weight relationship), reference group and 
treated groups A, B and C showed a preserved hepatic 
function, in a clear opposition to the liver damage 
induced by the combination of INH and RMP. On 
statistical analysis of data in different groups at 
selected days non-significant difference was observed 
between controls and treated whereas significant with 
induced group (Table 1). Hepatoprotective activity of 
plant extract was evaluated based upon biochemical 
and histological lesions.

The effect of F. parviflora leaves extract on liver 
biomarkers of experimental rats has been illustrated 
in Table 2. Induced group showed significant increase 
(P<0.05) in serum level of ALT up to 69.4±5.31 IU/l, 
AST up to 69±3.00 IU/l, ALP up to 153±4.69 IU/l and 
total bilirubin up to 1.98±0.34 mg/dl as compared to 
control group. Administration of F. parviflora leaves 
extract at 100, 200 and 300 mg/kg an hour prior to INH 
and RMP resulted in significant decrease (P<0.05) in 
elevated serum level of ALT (61.8±4.38 IU/l at 100 
mg/kg, 29±3.74 IU/l at 200 mg/kg and 30.2±5.06 IU/l 
at 300 mg/kg), AST (60.8±4.20 IU/l at 100 mg/kg, 
29±2.23 IU/l at 200 mg/kg and 26.8±3.63 IU/l at 300 
mg/kg), ALP (88.2±3.03 IU/l at 100 mg/kg, 84±3.16 
IU/l at 200 mg/kg and 88±5.09 IU/l at 300 mg/kg) 
and total bilirubin (1.12±0.59 mg/dl at 100 mg/kg, 
0.62±0.29 mg/dl at 200 mg/kg and 0.60±0.29 mg/dl at 
300 mg/kg). Plant extract at 200 mg/kg was found to 
be more potent than plant extract at 100 mg/kg body 
weight in reducing serum level of ALT, AST, ALP and 
total bilirubin (P<0.05) showing comparable efficacy 
with that of silymarin.

Histopathological findings were enumerated in the 
form of numerical scoring by using the HAI (Table 
3). Histopathological scoring of transverse sections of 
liver biopsy specimens of control group showed intact 
liver architecture with normal hepatocytes and well 
defined nucleus with HAI=0.00±0.00 (fig. 1a) while 
the liver biopsy specimens of induced group showed 
moderate to marked periportal necrosis, moderate 
periportal and bridging necrosis, mild to moderate 
hepatocytes degeneration and fatty changes and 
moderate portal inflammation with HAI=8.4±0.89 (fig. 
1b). Histological examination of transverse sections of 
liver specimens of treated group A showed moderate 
to marked periportal inflammation, mild degeneration 
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Groups Initial body weight 
(g)

Final body weight 
(g)

Body weight gain 
(g)

Liver weight (g) Liver weight/final 
body weight (%)

Control 158.2±5.76 192.4±6.58 34.2±8.32 3.4±0.14 1.77±0.12
Induced 159.4±7.99a 165±7.76a 6±1.41a 4.76±0.21a 2.88±0.06a

Reference 160±6.04* 194±3.08* 34±7.11* 3.39±0.03* 1.75±0.02*
Treated A 156.4±5.59* 199±7.42* 42.6±6.73* 3.79 ±0.17* 1.91±0.09*
Treated B 153.4±4.93* 200.8±8.98* 47.4±7.83* 3.73±0.19* 1.86±0.1*
Treated C 157.8±4.60* 204.2±16.2* 46.4±14.1* 3.82±0.11* 1.88±0.20*

TABLE 1: EFFECT OF F. PARVIFLORA LEAVES EXTRACT ON RELATIONSHIP BETWEEN LIVER WEIGHT 
AND CORPORAL WEIGHT OF CONTROL AND EXPERIMENTAL RATS

Superscript 'a', indicates significantly different from control group at P<0.05. Superscript '*' indicates significantly different from induced 
group at P<0.05

Group
Treatment (mg/kg)

Biochemical parameters
ALT (IU/l) AST ALP Total bilirubin 

(mg/dl)(IU/l) (IU/l)
Control Normal saline (1 ml) 25.8±3.56 24.8±3.11 87.4±4.33 0.52±0.13
Induced INH+RMP(50+50) 69.4±5.31a 69±3.00a 153±4.69a 1.98±0.34a

Reference Silymarin+INH+RMP (100+50+50) 31.6±3.36* 28.8±2.86* 86±4.00* 0.58±0.21*
Treated group A FP+INH+RMP (100+50+50) 61.8±4.38* 60.8±4.20* 88.2±3.03* 1.12±0.59*
Treated group B FP+INH+RMP (200+50+50) 29±3.74* 29±2.23* 84±3.16* 0.62±0.29*
Treated group C FP+INH+RMP (300+50+50) 30.2±5.06* 26.8±3.63* 88±5.09* 0.60±0.29*

TABLE 2: EFFECT OF FUMARIA PARVIFLORA LEAVES EXTRACT ON LIVER BIOMARKERS IN CONTROL, 
INDUCED, REFERENCE AND TREATED GROUPS

Superscript 'a', indicates significantly different from control group at P<0.05. Superscript '*' indicates significantly different from induced 
group at P<0.05

of hepatocytes and fatty changes with HAI=4.4±0.55 
while no pathological lesions were observed in 
histopathological sections of reference group and 
treated groups B and C (fig. 1c, d, e and f).

Drug-induced liver injury has become a critical health 
issue caused by many drugs such as antiretroviral drugs, 
antitubercular drugs, antipsychotics, antihyperlipidemics, 
NSAID’s, and immunosuppressants[20]. The current 
study was conducted to evaluate firstly, the acute 
toxicity followed by appraisal of hepatoprotective 
activity of methanol extract of F. parviflora leaves in 
amelioration of INH and RMP mediated hepatic damage. 

In acute toxicity, the highest dose of the leaf extract 
(5 g/kg) used was proved to be safe without any 
signs of toxicity or mortality observed. According 
to the Organization for Economic Co-operation and 
Development (OECD) guidelines[13] for acute oral 
toxicity study, the plant having LD50 value of 5 g/kg or 
higher is considered as safe or nontoxic. However, in 
present study the dose of 100, 200 and 300 mg/kg was 
selected for evaluation of hepatoprotective activity of 
F. parviflora leaves extract which were far lower than 
the highest dose tested in experiment carried out for 
toxicity study. 

 Hepatotoxicity induced by INH and RMP is 
characterized by increase in serum level of liver 
biomarkers such as ALT, AST, ALP and total bilirubin 
as a result of hepatocellular dysfunction and loss of 
cellular integrity of cell membrane. F. parviflora leaves 
extract mediated suppression of the INH and RMP 
induced increased ALT, AST and ALP activity with 
concurrent depletion of raised total bilirubin in serum 
is an indication of stabilization of plasma membrane 
and biliary tract as well as repair of hepatocellular 
damage caused by INH and RMP[21].

Previous studies have demonstrated the effectiveness 
of aqueous and methanol extract of F. parviflora (500 
mg/kg, p.o.) against PCM-induced hepatotoxicity[22] 
and against nimsulide-induced hepatotoxicity[23] and 
antihepatotoxic activity was appeared to be mediated 
through its stimulatory effect on antioxidant enzymes 
and inhibitory effect on microsomal mediated apoptosis. 
Authors have suggested that the hepatoprotective 
activity of plants is attributed to antioxidant activity of 
isoquinolone alkaloids present in them[24]. Antioxidant 
activity of methanol extract of F. parviflora has 
also been evaluated by Hamedeyazdan concluding 
that the plant extract possesses an ability to provide 
defence against oxidative stress caused by drugs, 
toxins and xenobiotics[25]. High Performance Liquid 
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galactosamine-induced liver damage concluding that 
protopine (10-20 mg/kg, p.o.) plays an important role 
in mediating hepatoprotection[28].

From acute toxicity of F. parviflora leaves extract on 
experimental animals it was found that the plant extract 
is safe up to dosage of 5000 mg/kg suggesting that the F. 
parviflora leaves extract is safe for therapeutic purposes 
with wide safety dosage profile. From the biochemical 
and histopathological evaluation it is concluded that F. 
parviflora leaves extract has significant hepatoprotective 
activity against INH and RMP-induced hepatotoxicity 
and it has shown comparable efficacy with silymarin 
at dose of 200 mg/kg. Therefore it is reasonable to 
conclude that this plant extract has the potential to 
be a nutritional supplement to patients receiving anti-
tubercular therapy to ameliorate the toxic effects of 

Chromatography-diode array detector (HPLC-DAD) 
analysis of four Fumaria species such as F. vaillantii, 
F. parviflora, F. jankae and F. rostellata has revealed 
the presence of many isoquinolone alkaloids in them 
especially protopine, allocryptopine, sanguinarine, 
chelidonine, stylopine, bicuculline, hydrastine and 
cheleritrine. F. parviflora was found to be the richest 
source of protopine containing about 288.27 mg of 
protopine/100 g of plant[26]. Protopine (11 mg/kg, p.o.) 
was found to be potent hepatoprotectant against PCM 
and CCl4-induced hepatotoxicity and hepatoprotective 
potential was due to its inhibitory effect on drugs 
metabolizing enzymes, activation of which leads to 
oxidative stress[27]. In a study by Rathi, protopine 
was isolated from whole plant of F. indica and was 
evaluated for its hepatoprotective potential against 

Groups Histopathological lesions

HAI Mean HAIPeriportal +/- 
bridging necrosis

Intralobular 
degeneration and 

focal necrosis
Portal 

inflammation
Fibrosis

Control group 1 0 0 0 0 0 0.00±0.00
2 0 0 0 0 0
3 0 0 0 0 0
4 0 0 0 0 0
5 0 0 0 0 0

Induced group 1 5 1 3 0 9 8.4±0.89a

2 3 3 3 0 9
3 3 1 3 0 7
4 5 1 3 0 9
5 4 1 3 0 8

Reference group 1 0 0 0 0 0 0.00±0.00*
2 0 0 0 0 0
3 0 0 0 0 0
4 0 0 0 0 0
5 0 0 0 0 0

Treated group A 1 3 1 0 0 4 4.4±0.55*
2 3 1 0 0 4
3 4 1 0 0 5
4 4 1 0 0 5
5 3 1 0 0 4

Treated group B 1 0 0 0 0 0 0.00±0.00*
2 0 0 0 0 0
3 0 0 0 0 0
4 0 0 0 0 0
5 0 0 0 0 0

Treated group C 1 0 0 0 0 0 0.00±0.00*
2 0 0 0 0 0
3 0 0 0 0 0
4 0 0 0 0 0
5 0 0 0 0 0

TABLE 3: HISTOLOGICAL SCORING OF TRANSVERSE SECTIONS OF LIVER SPECIMENS

Values expressed as Mean±SD. Superscript 'a', indicates significantly different from control group at P<0.05. Superscript ' *' indicates 
significantly different from induced group at P<0.05
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INH and RMP. However, the therapeutic efficacy and 
toxicity of active constituents of F. parviflora needs to 
be explored extensively and large scale clinical trials 
are to be conducted to ascertain its safety and efficacy 
in humans.
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