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Abstract

Fumaria indica (Haussk.) Pugsley, Fumariaceae [syn. F. vaillantii Loisel.] is an important medicinal plant known as ‘Fumitory’.

Ethnobotanical and ayurvedic literature reports that the plant is used in treatment of liver diseases as well as diverse pharma-

cological activities. In present work, in vitro hepatoprotective effects of ethanol extract of F. indica (FUP) and alkaloid, protopine

(PRT) on carbon tetrachloride induced oxidative stress has been demonstrated. An isoquinoline alkaloid, protopine was isolated

from ethanol extract of F. indica and characterized by spectral data. Carbon tetrachloride (CCl4) and ethanol has been used as

a hepatotoxin. Cytotoxicity was estimated by quantitating the release of lactate dehydrogenase (LDH) in culture medium along

with antioxidant enzymes namely superoxide dismutase, catalase and glutathione reductase. HPLC profile of FUP and PRT was

developed using water: methanol (7:3) as a mobile phase. CCl4 and ethanol induces 5.5 and 4 times more release of LDH from

the liver cells and twice the amount of lipid peroxidation as compared to the cells from untreated liver tissue. These LDH and lipid

perioxidation activities were reduced significantly in dose dependent manner after addition of FUP and PRT (at doses 0.5 % FUP

and at does 0.025, 0.05 % PRT; p < 0.001). The activity of antioxidant enzymes was found to be elevated in CCl4/ethanol treated

cells. However, after addition of FUP/PRT along with cytotoxicant the activities were lowered significantly. The peak of PRT has

been detected in FUP at retention times 1.670. sBased on these studies it may be precluded that protopine from F. indica, as a

possible therapeutic for preventing oxidative stress in vitro by boosting the antioxidant capacity of the liver.
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Introduction
Fumaria indica (Haussk.) Pugsley, Fumariaceae [syn. F. vaillan-

tii Loisel.] is an important medicinal plant known as ‘Fumitory’.

The plant is a small herb growing as weed in wheat fields af-

ter harvest. It has dissected leaves and pink flowers in racemes.

It is a major constituent of many common Ayurvedic, Unani
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medicinal preparations and marketed polyherbal liver formula-

tions [1, 2]. The ethnobotanical and Ayurvedic literature reports

the whole plant used as diaphoretic, diuretic, aperients, laxative,

alterative, anthelmintic and in obstructions of the liver [3, 4].

Most of the earlier investigations on hepatoprotective effects of

F. indica have been carried out intact animals using different in

vivo animal models [5–7]. In present study to understand proba-

ble mechanism of action, we have used liver slice culture system

to quantify the cytotoxic effects of carbon tetrachloride (CCl4)

and ethanol in terms of the release of lactate dehydrogenase

(LDH) by the cells into the medium. Also the cellular levels of
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the antioxidant enzymes (AOEs), superoxide dismutase, catalase

and glutathione reductase along with lipid peroxidation were de-

termined.

Material and Methods
Plant material

The herbs were collected from wheat fields of Junnar, Pune (Ma-

harashtra, India) during winter season of 2013-2014. The plant

sample was identified, authenticated and deposited in crude drug

repository of Agharkar Research Institute, Pune 411 004; vide

voucher specimen number WP-058.

Extraction

The whole plants were shade dried and coarsely powdered. The

powder was successively extracted with petroleum ether (60-

80oC) and ethanol using Soxhlet apparatus. These extracts were

concentrated at reduced temperature and pressure using rotary

evaporator. Yield of ethanol extract (FUP) was 5.99 % and 13.79

% w/w respectively. In initial screening studies petroleum ether

extract exhibited negligible hepatoprotective activity.

Isolation of Protopine and characterization

Protopine was isolated from whole plant of F. indica [8]. Freshly

collected plant material was dried in shade and powered. The

powdered material (500 g) was extracted with ethanol (1000 mL

× 3) by cold percolation method. The extracts were filtered and

the combined extract was concentrated in vacuo to give a dark

green-brown gummy residue (16.6 g). The residue was dissolved

in a mixture of water (300 mL) and concentrated hydrochloric

acid (10 mL). The solution was kept in refrigerator (4±2ºC) for

3 days and filtered for removal of sediments. The acidic solu-

tion was extracted exhaustively with chloroform (300 mL × 5)

to separate chloroform soluble hydrochloride. Chloroform ex-

tract was discarded. The filtrate was concentrated and repeat-

edly boiled with dilute hydrochloric acid (2 %, 30 mL) and the

solution was extracted with ether to separate ether soluble por-

tion. Ether extract was discarded and the acidic solution was

then basified with excessive potassium hydroxide for precipi-

tation. Precipitates were filtered off after standing for a while,

washed with water and dissolved in a mixture of chloroform and

methanol. Crude protopine (265 mg) was obtained by removal

of solvent under reduced pressure. Repeated crystallization of

the crude product by chloroform and methanol mixture was car-

ried out to obtain pure protopine. The isolated compound was

analyzed by IR, UV, and 1H NMR and identified by comparison

with the available spectral data [9].

HPLC analysis

Instrument : Agilent 1100 series quaternary HPLC with auto

sampler

Column : Zorbax Eclipse, XDB, C8, 4.6 mm x 150 mm,

reverse phase

Detection : UV Detector at 254 nm

Mobile phase : Methanol: Water (20: 80)

Flow rate : 1 mL/min

Standard size injected : 0.25 mg/mL of methanol

Sample size injected : 1 mg/mL of methanol

Injection volume : 5 µL

Each sample was analyzed in triplicate and the peak of PRT      
was identified by comparison of their retention times (rt).

Hepatoprotective Activity

Animals

To assess the hepatoprotective activity, adult albino mice (6–8 
weeks old) of either sex breed in the animal house of Agharkar 
Research Institute, Pune- 411 004, were used for the prepara-

tion of liver slices. The approval for this work, using animals, 
was taken from the Institutional Animal Ethical Committee of 
Agharkar Research Institute, Pune- 411 004 (Registration Num-

ber: 101/199/CPCSEA).

Liver slice culture in vitro

Liver slice culture was maintained following the protocol devel-

oped by Wormser et al [10]. and Invittox protocol No. 42 [11]. 
The mice were dissected open after cervical dislocation, and 
liver lobes were removed and transferred to perwarmed Kred’s 
Ringer Hepes (KRH) (2.5 mM Hepes, pH 7.4, 11 8mM Nacl, 
2.85 mM KCl, 2.5 mM CaCl2, 1.5 mM KH2PO4, 1.18 mM 
MgSO4, 5 mM β-hydroxy butarate and 4.0 mM glucose). The 
liver was cut into thin slices using sharp blade. The slices were 
weighed and the slice weighing between 4 and 6 mg was used 
for the experiment. Each experimental system contained 20–22 
slices weighing together 100-120 mg. These slices were washed 
with 10 mL KRH medium, every 10 min over a period of 1 
h. These were then pre-incubated for 60 min. in small plugged 
beakers containing 2 mL KRH on a shaker water bath at 37oC. 
At the end of pre-incubation, the medium was replaced by 2 mL 
of fresh KRH and incubated for 2 h at 37oC [12].

Experiment Design

These slices were further divided into different groups forming 
individual cultures for the further respective treatments.
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FUP 0.25, 0.5, 1% and PRT 0.025, 0.05, 0.1% (suspended

in 1 % w/v carboxymethylcellulose) were used in determining

hepatoprotective activities.

Group 1- CCl4 induced cytotoxicity: set 1, control, slices in-

cubated in KRH medium; set 2,slices incubated in 15.5 mM

CCl4; set 3 slices incubated in only 0.5 % FUP; set 4 slices in-

cubated in only 0.05 % PRT; set 5, slices incubated in 15.5 mM

CCl4 + different concentration (0.1, 0.25, 0.5 %) of FUP; set

6, slices incubated in 15.5 mM CCl4 + different concentration

(0.01, 0.025, 0.05 %) of PRT; set 7 slices incubated in 15.5 mM

CCl4 + 10 mM ascorbic acid; set 8 slices incubated in only 10

mM ascorbic acid .

Group 2 - Ethanol induced cytotoxicity: set 1, control, slices

incubated in KRH medium; set 2, slices incubated in 112 mM

ethanol [13]; set 3 slices incubated in only 0.5 % FUP; set 4

slices incubated in only 0.05 % PRT; set 5 slices incubated in

112 mM ethanol + different concentration (0.1, 0.25, 0.5 %) of

FUP; set 6 slices incubated in 112 mM ethanol + different con-

centration (0.01, 0.025, 0.05 %) of PRT; set 7 slices incubated in

112 mM ethanol + 10 mM ascorbic acid; set 8 slices incubated

in only 10 mM ascorbic acid .

After the respective treatments all the cultures were incu-

bated in constant temperature water bath at 37ºC for 2 hrs. At

the end of incubation, each group of slices was homogenized in

appropriate volume of chilled potassium phosphate buffer (100

mM, pH 7.8) in an ice bath to give a tissue concentration of 100

mg/mL. The culture medium was collected and used for esti-

mation of lactate dehydrogenase (LDH), which was employed

as a cytotoxicity marker. The homogenates were centrifuged at

10,000 rpm for 10 min at 4ºC and the supernatants assayed for

LDH, catalase, peroxidase and superoxide dismutase. Ascorbic

acid (AA) was used as standard.

Measurement of Lactate dehydrogenase activity and lipid

peroxidation

Lactate dehydrogenase (LDH; EC 1.1.1.27) was estimated [14]

and each unit of enzyme was calculated as 1 µmol of NAD re-

duced per minute. Enzyme units in the medium and in tissue

homogenate were estimated and percent release of enzyme from

liver slices was calculated as the ratio of LDH activity found

in the supernatant to the total LDH (supernatant + homogenate)

activity [10, 14]. Lipid peroxidation was estimated in terms of

thiobarbituric acid reactive substances (TBARS) [15].

Measurement of antioxidant enzymes and proteins

Superoxide dismutase (SOD; EC 1.15.1.1) was assayed spec-

trophotometric method [16]. One unit of enzyme was defined as

the amount of enzyme causing 50% reduction in formazan for-

mation under specified conditions. Catalase (CAT; EC 1.11.1.6)

assay was carried out according to the method of Aebi [17].

One unit of was defined as that amount of the enzyme that

converts 1µmol CCl4 to water in 1 min. Glutathione reductase

(GR; EC 1.6.4.2) activity was measured [18] and one unit of

was defined as that of the enzyme required to oxidize 1µmol

of Nicotinamide adenine dinucleotide phosphate (NADPH) re-

duced to Nicotinamide adenine dinucleotide phosphate (NADP)

per minute. Protein in the tissue homogenate was estimated ac-

cording to the method described by Bradford [19].

Statistical A nalysis

The results of treatment effects were analyzed using one-way

ANOVA test (Graph pad Prism 4) and p-values < 0.001 were

considered as very significant and p-values < 0.05 were consid-

ered as significant.

Results
Characterization of Protopin and HPLC Analysis

Protopine - The corresponding molecular formula and molecu-

lar weight was C20H19NO5 and 353 respectively. 1H NMR (400

MHz, CDCl3): d 1.1-1.6 (8H, m, C7H, C10H, C11H, C12H), 1.91

(3H, s, C20H), 5.94 (1H, s, C18H), 5.96 (1H, s, C19H), 6.66 (1H,

s, C4H), 6.67 (1H, d, J=7.6 Hz,C14H), 6.70 (1H, d, J=7.6 Hz,

C15H), 6.89 (1H, s, C1H). IR (Nujol): nmax 2900 (CH strech-

ing), 1720 (C=O), 1560, 1450 (aromatic) cm−1.

UV λmax (MeOH) nm (log ε): 293 (3.28).

Under optimized conditions HPLC with C18 column and UV

detector at 254 nm using isocratic mixture of methanol and water

as mobile phase gave well resolved symmetric peak for protopin.

The peak of PRT has been detected retention times 1.670 in FUP.

Figure 1 shows the HPLC profile of FUP and PRT.

Release of LDH in liver slice culture

Release of LDH in the liver slice culture medium was used as cy-

totoxicity marker. FUP and PRT were found to be non-toxic in

dose range 0.1-0.5 % and 0.01-0.05 % respectively. Liver slices

from both sets treated with the dose 0.5 % FUP and 0.1 % PRT

showed that the release of LDH percentage was found to be sim-

ilar to control untreated slices. In all further experiments doses

of 0.1-0.5% FUP and 0.01-0.05 % PRT were used.

Liver slices released 5.5 and 4 times more LDH into the

medium in the presence of ethanol and CCl4 respectively. Af-

ter addition of FUP and PRT along with these cytotoxicants in

the medium, the amount of LDH released was reduced signifi-

cant in dose dependent manner (at doses 0.5 % FUP and at does
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Figure 1 HPLC chromatogram of F. indica ethanol extract and protopine. A:Ethanol extract; B: Protopine

0.025, 0.05 % PRT; p < 0.001). The activity was comparable

with ascorbic acid used as standard (Table 1 and 2).

Lipid peroxidation of liver tissue under different condition

CCl4 and ethanol are known to generate oxidative stress in cells,

which can be measured from the extent of lipid peroxidation

in liver tissue. The lipid peroxidation levels were assessed by

TBARS assay and measured in terms of thiobarbituric acid re-

active substances and expressed as µmol of malondialdehyde

formed/100 mg tissue. The amount of lipid peroxidation in-

creased two folds in CCl4 (3.9±0.34) and ethanol(4.1±0.78)

treated liver cells compared to respective control. Liver slice

medium treated with FUP or PRT along cytotoxicants were sig-

nificantly reduced the extent of lipid peroxidation levels (Figure

2 and 3).

Time course of lipid peroxidation was assessed in the pres-

ence of cytotoxic agents alone and together with FUP or PRT.

Cytotoxicants treated liver slices shows increase in lipid perox-

idation parallel with the increase in LDH release. However, in

presence of FUP or PRT along with cytotoxic agents the lipid

peroxidation and LDH release, returned to the control levels

(Figure 2 and 3). Since lipid peroxidation is caused by free rad-

icals, FUP and PRT may be reducing the generated free radicals

substantially.

Antioxidant enzymes (AOEs) activities in liver slice culture

under different conditions

Both CCl4 andethanol induces oxidative stress in the cells by

generation of ROS. Activities of all three AOEs were checked in

liver slice culture treated with CCl4 or ethanol alone, with FUP

or PRT, and alone FUP, PRT. The activities of antioxidant en-

zymes SOD, CAT, GR were found to be increased significantly

in liver slices treated with ethanol / CCl4 (Table 2 and 3). In

case of SOD, the activity increased 2.3 and 2.5 times in the cul-

ture medium treated with CCl4 and ethanol respectively. CAT

showed 3.5 and 2.7-times more activity when treated with CCl4

and ethanol respectively. GR activity increased 2 times more

when either treated with CCl4 or ethanol. When both FUP and

PRT were added along with the toxicants in the medium, the ac-

tivity of three antioxidant enzymes were reduced substantially

comparable to that of untreated cells, especially at the higher

concentration used. Ascorbic acid, used as standard, also showed

reduced antioxidant enzymes activities when added along with

the toxicants.

.

Cytotoxicity was assessed in terms of % lactate dehydroge-

nase (LDH) released, and the response to oxidative stress was

measured in terms of antioxidant enzymes SOD, superoxide

dismutase; CAT, Catalase; GR, Glutathione reductase activity.

Ascorbic acid was used as a standard. Values represent means of

at least three experiments and their standard deviation.

Significantly differ compared with respective CCl4 treated

group, p < 0 05

* Significantly differ compared with respective CCl4 treated

group, p < 0.001, (one- way Anova).

Cytotoxicity was assessed in terms of % lactate dehydroge-

nase (LDH) released, and the response to oxidative stress was

measured in terms of antioxidant enzymes SOD, superoxide

dismutase; CAT, Catalase; GR, Glutathione reductase activity.

Ascorbic acid was used as a standard. Values represent means of

at least three experiments and their standard deviation.

Significantly differ compared with respective CCl4 treated

group, p < 0 05

* Significantly differ compared with respective CCl4 treated

group, p < 0.001, (one- way Anova).
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Figure 2 Time course of % LDH release and extent of lipid peroxidation in liver slice tissue in presence of CCl4 /along with FUP or PRT.

V alues are mean± SEM of f ive experiments. V alues are mean ± SEM of f ive experiments. Lactatedehydrogenase, LDH; lipid perioxidation, LPO;
Carbon tetrachloride, CCl4;ascorbic acid, AA;

Figure 3 Time course of lipid peroxidation of liver slice tissue and LDH release in presence of ethanol/ along with FUP or PRT

V alues are mean ± SEM of five experiments. Lactate dehydrogenase, LDH; lipid perioxidation, LPO; ethanol, Eth; ascorbic acid, AA;
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Table 1 Effect of FUP and PRT on the levels of SOD, CAT and GR in liver slice culturein vitro against CCl4 induced cytotoxicity.

Treatments LDH Units/100 mg tissue

wet wt.

SOD Units/100 mg tissue

wet wt.

CAT Units/100 mg tissue

wet wt.

GR Units/100 mg tissue

wet wt.

Control 6.83±1.16 16.83±1.47 14.00±1.41 0.141±0.012

15.5 mM CCl4 48.33±1.63 55.33±2.25 86.5±1.04 0.488±0.008

AA 7.83±1.16 16.5±2.14 14.33±1.75 0.152±0.007

FUE 6.98±2.09 17.5±0.98 14.0±1.94 0.143±0.013

PRT 7.89±0.81 17.56±1.41 14.83±1.67 0.144±0.002

CCl4 + 0.1 % FUE 38.0±0.89a 37.67±1.63a 47.5±1.04a 0.354±0.005a

CCl4 + 0.25 %

FUE

32.33±1.21a 33.33±0.81a 44.67±0.81a 0.321±0.007a

CCl4 + 0.5 % FUE 26.83±0.75* 28.67±1.03* 39.33±2.80* 0.268±0.008*

CCl4 + 0.01

%PRT

25.83±0.75a 29.83±0.75a 33.5±1.37a 0.272±0.008a

CCl4 + 0.025 %

PRT

22.33±2.48* 25.5±0.54* 30.24±1.09* 0.236±0.008*

CCl4 + 0.05

%PRT

17.83±1.21* 22.17±1.16* 25.74±2.28* 0.206±0.008*

CCl4 + 50 mM AA 13.67±1.03* 15.33±1.63* 19.83±1.83* 0.189±0.018*

Table 2 Effect of FUP and PRT on the levels of SOD, CAT and GR in liver slice culturein vitro against ethanol induced cytotoxicity.

Treatments LDH Units/100 mg tissue

wet wt.

SOD Units/100 mg tissue

wet wt.

CAT Units/100 mg tissue

wet wt.

GR Units/100 mg tissue

wet wt.

Control 7.56±1.19 17.5±1.37 14.67±2.16 0.134±0.019

112 mM Ethanol 46.50±1.87 53.5±1.04 73.83±1.47 0.662±0.013

AA 8.16±1.47 16.67±1.63 14.83±1.16 0.145±0.014

FUE 7.66±1.36 18.03±0.89 15.56±1.47 0.140±0.008

PRT 8.16±1.78 17.66±2.16 14.98±0.89 0.148±0.013

Ethanol + 0.1 %

FUE

35.5±0.54a 42.83±0.75a 48.17±0.75a 0.442±0.004a

Ethanol + 0.25 %

FUE

32.17±1.69a 39.17±0.98a 43.67±1.36a 0.412±0.008a

Ethanol + 0.5 %

FUE

27.83±1.39* 36.00±0.89* 39.33±2.16* 0.36±0.014*

Ethanol + 0.01 %

PRT

26.17±0.40a 33.17±0.75a 34.17±0.75a 0.312±0.013a

Ethanol + 0.025 %

PRT

21.5±0.54* 29.33±0.81* 27.73±0.75* 0.26±0.01*

Ethanol + 0.05

%PRT

17.5±1.04* 21.00±0.75* 25.00±1.41* 0.231±0.008*

Ethanol + 50 mM

AA

14.56±1.14* 13.17±0.75* 13.17±1.47* 0.168±0.017*

Discussion
The liver slice is a microcosm of the intact liver consisting

of highly organized cellular community in which different cell

types are subject to mutual contact. Such culture offers anal-

ysis of hepatotoxic events by measuring the release of LDH

into the medium. Therefore, liver slice culture model is an in

vitro technique that offers the advantages of in vivo as it pro-

vides desirable complexity of structurally and functionally intact

cells [20]. It provides valuable approaches for screening of plant

extracts/fractions for their hepatoprotective activity and elucida-

tion of possible mechanism of actions.

In present work, we have studied the in vitro hepatoprotec-

tive activity of FUP and their isolated PRT. Oxidative stress was

induced by adding cytotoxic agents CCl4 or ethanol to the liver

slice culture. Both pro-oxidants were highly toxic to the treated

cells which increase LDH concentration in the medium as com-

pare to control. On application of FUP or PRT, the cytotoxic

effects were substantially lowered in dose dependent manner by

decreasing LDH concentration probably through the reduction

of oxidative stress. It is clear that the pre-treatment of FUP and

PRT significantly reduces release of LDH from the liver cells

and acts as a hepatoprotective agent.

Activities of antioxidant enzymes such as SOD, CAT, and GR

were measured to assess the oxidative stress in the intact cells.

Oxidative SOD and CAT are known to prevent damage by di-

rectly scavenging the harmful active oxygen species [21]. GR

plays a role in recycling the oxidized glutathione to reduced glu-

tathione, which acts as an antioxidant. The results showed that
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the activities of SOD, CAT and GR significantly increased in

cultures treated with CCl4 and ethanol, indicating that the toxic-

ity of these pro-oxidants led to an oxidative stress in the liver tis-

sue and induced the activity of these antioxidant enzymes. When

FUP and PRT were added along with these pro-oxidants, the ac-

tivity of all three enzymes decreased to significant levels. FUP

and PRT were showed comparably effective in vitro activity as

ascorbic acid in terms of enzymatic assessing hepatoprotection

Conclusion
The results suggest protopine, an isoquinoline alkaloid from F.

indica, may be a possible therapeutic for preventing hepatotoxi-

city in vitro caused by oxidative stress generated due to the pro-

oxidants carbon tetrachlorideand ethanol. The hepatoprotective

activity may be resultant due to free radical scavenging activity

or boosting the antioxidant capacity of the liver.
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