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ABSTRACT

Obijective: To evaluate the anti-stress activity of standardized extract of Fumaria indica (F1) through validated behav-
ioral models of rodents followed by estimation of biochemical changes associated with chronic stress. Methods: Fifty
percent ethanolic extract of FI used in this study was standardized on its contents of fumaric acid and its conjugates
(0.45% and 0.35% respectively). Stressed Charles Foster rats received unpredictable foot shocks (2 mA, 1 hr, 14 days)
through electric grid. FI was given orally as 0.3% carboxymethyl cellulose (CMC) suspension in 100, 200 and 400
mg/kg doses. For comparison, Panax ginseng (PG) extract (100 mg/kg, p.o.) was used as standard adaptogen. Incidence
of gastric ulceration, changes in weight of adrenal and spleen, behavioral depression, cognitive dysfunction test and
suppression of sexual behavior in male rats were used as validated behavioral models. Plasma corticosterone, brain le-
vels of lipid peroxides (LPO), superoxide dismutase (SOD), catalase (CAT) and reduced glutathione (GSH), and ex-
pression of cytokines IL-18, TNF-a and IL-10 in circulating white blood cells (WBC) were quantified for ascertaining
biochemical changes accompanying stress. Results: As compared to vehicle treated stressed rats, the FI and PG treated
rats showed fewer incidence of gastric ulceration, reversal of changes in weight of adrenal gland and spleen, reversal of
behavioral depression, better performance in passive and active avoidance tests for cognitive function and increased
sexual activity. FI and PG significantly decreased chronic unpredictable stress induced elevation of corticosterone, and
both extracts normalized also the abnormal oxidative status of the brain observed in stressed rats. FI treatment also sup-
pressed the elevated level of IL-1f, TNF-a and IL-10 in stressed animals. Conclusions: FI could be another adapto-
genic herb and fumaric acid and its conjugates are possibly involved in observed bioactivity of its extract.
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1. Introduction India for treatments of liver complaints, aches and pains,
diarrhea, fever, influenza and diverse other purposes.
Numerous alkaloids, organic acids, sterols, and other ph-
ytochemicals have been isolated from the plant and di-
verse therapeutically interesting bioactive of its different
types of extracts have also been reported during more
recent years. They include their hepato-protective [2],
hypoglycemic [3], anti-nociceptive and anti-inflamma-
tory [4], anti-oxidant [5], immune-modulatory activities
[6]. Moreover, hypotensive, smooth muscle relaxing,
anticonvulsant and diverse CNS function modulating ef-
fects of protopine, fumariline and other alkaloids enco-
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Fumaria indica Linn. (Syn: Fumaria parviflora, Fum-
ariaceae) is a wildly growing weed found throughout
India and many other parts of the globe. Due to its al-
lelopathic effects on industrial crops and its potential
beneficial effects as animal feed, it is now attracting con-
siderable attractions of modern agricultural and veteri-
nary researchers. It is also known since long to be a me-
dicinal plant to the practitioners of Ayurvedic and Unani
systems of medicine [1]. It is a common ingredient in
several herbal preparations currently commercialized in
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ogical activities of Fumaria indica extracts.

Protopine, along with narlumidine, is quantitatively the
major alkaloidal constituents of Fumaria indica [7] and
this alkaloid is also one of the better pharmacologically
studied constituent of the plant. It has been reported to be
one of the hepato-protective constituents of hydro-alco-
holic extracts of Fumaria indica [8] and its diverse thera-
peutically interesting bioactivities isolated from other me-
dicinal plants are also known. A report revealing antide-
pressant like efficacy of protopine [9], triggered our in-
terest to test antidepressant like efficacy of a hydro-alco-
holic extract of the plant. Although our initial efforts did
not reveal any antidepressants like efficacy of its hydro-
alcoholic extract [10], dose dependant anxiolytic and
other CNS function modulating effects of the extract in a
battery of animal models could easily be detected [11,12].
Critical re-analysis of all available preclinical data on
Fumaria indica, protopine, and other bioactive secondary
metabolite of the plant led to the speculation that thera-
peutically interesting bioactivities of hydro-alcoholic ex-
tracts could as well be due to their stress alleviating prop-
erties. Consequently, efforts were made to test its modu-
lating effects on several neurobehavioral and biochemical
parameters in chronically stressed animals.

2. Materials and Methods
2.1. Animals

Adult Charles Foster albino rats (150 £ 10 g) of either sex
were obtained from the Central Animal House, Institute of
Medical Sciences, Banaras Hindu University, Varanasi,
and were randomly distributed into different experimental
groups. The rats were housed in polypropylene cages at an
ambient temperature of 25°C + 1°C and 45% - 55% rela-
tive humidity, with a 12:12 h light/dark cycle. Animals
were provided with commercial food pellets and water ad
libitum unless stated otherwise. They were acclimatized to
laboratory conditions for at least one week before using
them for the experiments. Principles of laboratory animal
care (NIH publication number # 85 - 23, revised in 1985)
guidelines were always followed, and prior approval of In-
stitutional Animal Ethics Committee (Dean/2009-10/694)
of Banaras Hindu University was obtained.

2.2. Plant Material and Extraction

The plant Fumaria indica was collected locally in Vara-
nasi. It was botanically authenticated by Prof. N. K. Dubey,
Department of Botany, Faculty of Science, Banaras Hindu
University, and a herbarium specimen (specimen voucher,
JAN-2009-01) of the plant was preserved. After shade
drying, extraction of the plant was done with soxhlet ap-
paratus using 50% ethanol (v/v) as solvent [4].

2.3. Chemical Characterization of the Extract

Monomethyl fumarate is one of the very first hepatopro-
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tective component of hydro-alcoholic Fumaria indica
extracts identified [13], and fumaric acid and its esters are
now considered to be potential therapies for multiple
sclerosis [14]. Due to feasibility reasons, the tested Fu-
maria indica extract was provisionally characterized by
its conjugated and free fumaric acid contents using High
Performance Thin Layer Chromatography (HPTLC) and
CAMAG TLC Scanner-III and Camag Linomat applica-
tor IV. Commercially available fumaric acid and di-
methyl fumarate (Sigma-Aldrich, USA) were used as au-
thentic markers. For free fumaric acid quantification, the
test sample and authentic marker (fumaric acid) were
dissolved in methanol, and for estimation of fumaric acid
conjugates, test sample and authentic marker (di methyl
fumarate) were dissolved in 50 ml of SN HCL and re-
fluxed for two hours and then dried over water bath and
re-dissolved in methanol. The samples and the marker
(fumaric acid) were applied to pre-coated silica gel plate
(Merck 60F,s4), and developed in the solvent system
Formic Acid: Chloroform: Butanol: Heptane (12:16:32:44)
up to 90 mm. Developed plates were dried and scanned
under absorbance mode (scanning wavelength 4 260nm),
and calculations were based on the area of peaks of sam-
ple and corresponding authentic marker [15]. The tested
50% ethanolic extract was found to contain 0.45% w/w of
free fumaric acid and 0.35% w/w of fumaric acid conju-
gates (calculated as di-methyl fumarate).

2.4. Drug Treatment

The Fumaric indica extract (FI) was suspended in 0.3%
CMC in distilled water and administered orally (once
daily) for 14 days at three dose levels (100, 200 and 400
mg/kg/day). All such treatments were given 60 min be-
fore the electroshock procedure. Standard anti-stress
agent Panax ginseng (PG; manufactured by Zenith Nu-
trition, Bangalore, India) was similarly administered as
0.3% CMC suspension at dose of 100 mg/kg for 14 days
during the electroshock procedure. Control animals re-
ceived the vehicle (0.3% CMC suspension) for 14 days
without electroshock procedure. In another group, rats
received 0.3% CMC suspension 1 h before the electro-
shock treatments.

2.5. Induction of Chronic Stress

The method of Armando et al. (1993) was used [16]. The
stressed rats were subjected daily to 1 h of foot shock
through a grid floor in a shock chamber for 14 consecu-
tive days. The duration of each shock (2 mA) and the
interval between the shocks was randomly programmed
between 3 and 5 sec and 10 and 110 sec, respectively (in
order to make the shocks unpredictable). Animals were
sacrificed on day 14, 1 h after the last shock procedure,
and on completion of other test procedure involved [17].
These other procedures used to quantify stress-induced
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pathologies are described below.

2.5.1. Gastric Ulceration

The stomachs of rats were removed and split open along
the greater curvature. The numbers of discrete ulcers was
noted by the help of a magnifying glass. The severity of
the ulcers was scored after histological confirmations, 0 =
no ulcers, 1 = changes limited to superficial layers of the
mucosa with no congestion, 2 = half the mucosal thickness
showing necrotic changes and congestion, 3 = more than
two-third of mucosal thickness showing necrotic changes
and congestion, and 4 = complete destruction of the mu-
cosa with marked hemorrhage.

2.5.2. Adrenal Gland and Spleen Weights

The adrenal gland and spleen were removed and weighed.

Organ weights were normalized for the body weights of
the animal by calculating the ratio: mg organ weight/100
g body weight [17].

2.5.3. Behavioral Perturbation
2.5.3.1. Depression
The following two tests were used to assess behavioral
depression:

“Behavioral Despair” Test

Rats were forced to swim individually in a polypro-
pylene vessel (45 x 40 x 30 cm) with a water level of 20
cm, which ensured that the rat’s feet does not touch the
floor of the vessel and that it could not climb out of it.
The rat was allowed to swim for 10 min. Thereafter, dur-
ing the next 5 min, the total period of immobility, charac-
terized by complete cessation of swimming with the head
floating above water level, was noted. This immobility
period, after initial frenzied attempts to escape, was pos-
tulated to represent “behavioral despair” [18].

Learned Helplessness Test

On day 12 of the investigation, rats were subjected to
additional foot shocks (60 scrambled shocks, 15 sec du-
ration, 0.8 mA, and every min) in a two compartment
jumping box with the escape door to the adjoining un-
electrified compartment closed. Duration of this training
was | h. On day 14, i.e. 48 h later, they were subjected
again to avoidance training, using the same apparatus but
keeping the escape route to the unelectrified chamber
open. During this avoidance training the rats were placed
in the electrified chamber and allowed to acclimatize for
5 min before being subjected to 30 avoidance trials, with
an inter-trial interval of 30 sec. During the first 3 sec of
the trial, a buzzer stimulus (conditioned stimulus, CS)
was presented followed by electroshock (unconditioned
stimulus, UCS) (0.8 mA) delivered via the grid floor for
the next 3 sec. The avoidance response was characterized
by escape to the adjoining “safe” chamber during CS.
Failure to escape during UCS within 15 sec assessed as
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“escape” failure which is postulated to indicate despair or
depression [19].

2.5.3.2. Cognitive Dysfunction
The following two tests were used to assess the effect of
stress on retention of a learned task as memory:

Active Avoidance Test

Rats were trained for an active avoidance task before
subjecting them to stress. During training, the rats were
placed in the right electrified compartment of a shuttle
box and allowed to acclimatize for 5 min. Thereafter, the
rats were subjected to 15 sec of a buzzer stimulus (condi-
tioned stimulus) which was followed by electric shock (1
mA, 50 Hz) given through the grid floor (unconditioned
stimulus). On day 1of the experiment, the rats were given
at least 10 trials, with an inter-trial interval of 60 min,
until they reached the criterion of 100% avoidance re-
sponse of jumping to the unelectrified left chamber of the
shuttle box during conditioned stimulus. The test was
repeated on day 14 in order to assess the retention of the
active avoidance learning [20].

Passive Avoidance Test

The test apparatus used was a rectangular box (45 x 30
x 40) with an electrified grid floor. An 8 cm high plat-
form (17 x 12 ¢cm) was fixed to the centre of the floor. A
rat was placed on the platform and allowed to step down.
On day 1 of the experiment, i.e. 24 h after the first expo-
sure to the chamber, the rat was again placed on the plat-
form and on stepping down, received foot shock (0.75
mA, 2 sec) through the grid floor. Every rat was given
such consecutive trials until the latency of step down had
stabilized. The test was repeated on day 14 of the experi-
ment, which enabled quantification of the retention ca-
pacity of the memory of the learned task [21].

2.5.3.3. Sexual Behavior

Male rats used in this study were individually placed
together with 2 oestrinised (sequentially treated with oe-
stradiol valerate 5 pg/rat, followed by hydroxyprogest-
erone 1.5 mg/rat, s.c., 48 h later) female rats in cage situ-
ated in a dimly lighted room for 10 min. The total num-
bers of mounts were counted [22].

2.5.4. Biochemical Parameters Estimation

2.5.4.1. Plasma Corticosterone

Plasma corticosterone was estimated using ELISA kit
(Assay Design, USA). Immediately after the last stress
regimen, animals were sacrificed by decapitation and
blood was collected in EDTA coated tubes kept in ice
and centrifuged at 1000 x g for 20 min at 4°C. Plasma
was separated and aliquots were stored at —70°C for cor-
ticosterone estimation. Manufacturer’s instructions were
followed for quantification of plasma corticosterone us-
ing ELISA kit.
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2.5.4.2. Antioxidant Activity in Brain Tissue Homogenate
For these studies, the rats were sacrificed by decapitation
after last foot shock treatment on day 14. Brain tissue
were removed, weighed and homogenized as 1:10 in ice-
cold 50 mM potassium phosphate buffer (pH 7.4) con-
taining 1 mM EDTA. Protein was estimated using the
method of Lowry et al.,, 1951 [23]. Other parameters
quantified are described as follows:

Lipid Peroxides (LPO)

Lipid peroxidation was quantified by measuring the
level of malonaldehyde (MDA) according to the method
of Ohkawa et al., 1979 [24]. 100 ul tissue homogenate
was added to 50 pl of 8.1% sodium dodecyl sulfate, vor-
texed and incubated for 10 min at room temperature. 375
ul of 20% acetic acid and 375 pl of thiobarbituric acid
(0.6%) was added and placed in boiling water bath in
sealed tubes for 60 min. The samples were allowed to cool
at room temperature. Thereafter 1.25 ml of butanol: pyrid-
ine (15:1) was added, vortexed and centrifuged at 2000 x g
for 5 min. Optical density of five hundred micro liters of
the pink colored organic layer was measured at 532 nm
on a spectrophotometer using. 1,1,3,3-Tetra-ethoxypro-
pane was used as standard for MDA, and its concentra-
tion was expressed as n mol MDA/mg protein.

Superoxide Dismutase (SOD)

SOD activity was estimated by following the method
of Kakkar et al., 1984 [25]. The inhibition of reduction of
nitro blue tetrazolium (NBT) to blue colored formozan in
presence of phenazine metha sulphate (PMS) and NADH
was measured at 560 nm using n-butanol as blank. One
unit of enzyme activity was defined as the amount of
enzyme that inhibits rate of reaction by 50% in one min
under the defined assay conditions and the results were
expressed as units (U) of SOD activity/mg protein.

Catalase (CAT)

Catalase activity was assayed by the method of Sinha
(1972) [26]. The reaction mixture contained 1.0 ml of
0.01 M phosphate buffer. 0.1 ml of brain homogenate and
0.4 ml of 2M H,0,. The reaction was stopped by the ad-
dition of 2.0 ml of dichromate acetic acid reagent (5%
potassium dichromate and glacial acetic acid mixed in 1:3
ratio). Absorbance of reaction mixture was read at 620
nm. CAT activity was expressed as U/min/mg protein.

Glutathione (GSH)

One ml of brain homogenate was precipitated with 1.0
ml sulfosalicylic acid (4%). The samples were kept at 4°C
for 1 h and then subjected to centrifugation at 1200 x g
for 15 min at 4°C. The assay mixture contained 0.1 ml fil-
tered aliquot, 2.7 ml phosphate buffer (0.1 M, pH 7.4) and
0.2 ml DTNB (0.4% in phosphate buffer 0.4 M, pH 7.4)
in a total volume of 3.0 ml. The yellow colour developed
was read immediately at 412 nm. The results were ex-
pressed as puM GSH/mg protein [27].
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2.5.4.3. Cytokines in Blood Cells

RNA Isolation: Rat whole blood (1 ml) was mixed with 4
ml of RBC lysis buffer (155 mM NH,CI, 12 mM NaHCO;,
0.1 mM EDTA) and incubated at room temperature for 10
min to lyse the red blood cells (RBCs). The remaining
white blood cells (WBCs) were washed with phosphate
buffer saline (PBS) and lysed in TRI Reagent™ (Sigma-
Aldrich, USA). The total RNA was isolated from this
lysate according to manufacturer’s instructions. The qual-
ity of RNA was assessed by running the RNA samples on
1% denaturating formaldehyde-agarose gel. The RNA was
quantified using Nano Drop Spectrophotometer (Thermo
Scientific, USA) and equal amount of total RNA from
each rat was pooled in each study group.

2.5.4.4. Reverse Transcription-Polymerase Chain Reaction

(a) cDNA Preparation: In order to avoid amplification
of contaminating genomic DNA, total RNA was treated
with RNase-free DNase (New England Biolabs, USA).
DNase treated RNA (2 pg) was reverse transcribed by
using a high capacity cDNA reverse transcription kit
(Applied biosystems, USA). Briefly, 10 pl of nuclease
free water containing 2 pg of RNA was added to 10 ul of
RT mix containing 2 pl of RT random primer (10X), 0.8
ul of NTPs mix (100 mM), 2 pl of RT buffer (10X), 1
pl of MultiScribe™ Reverse Transcriptase (50 U/ul) and
1 ul of human placental ribonuclease inhibitor (10 U/ul).
The samples were then incubated at 25°C for 10 min.
followed by incubation at 37°C for 2 h. The reverse tran-
scriptase was then inactivated by heating the reaction
mixture at 85°C for 5 min.

(b) PCR: The gene specific primers were either syn-
thesized at Integrated DNA Technologies (USA) or were
purchased from New England Biolabs (USA). Primer
sequences and corresponding product size are mentioned
in Table 1. The PCR reaction was carried out in a ther-
mal cycler (Applied biosystems, USA) in a 15 pl final
volume containing 0.5 pl of cDNA, 1.5 plof PCR buffer
(10X), 0.15 pl of Taq polymerase (5 U/ul), 0.9 pl of
MgCl, (25 mM), 0.3 pl of each forward and reverse pr-
imer (10 pM). After an initial denaturation step at 94°C
for 5 min, temperature cycling was initiated. Each cycle
consisted of denaturation step at 94°C for 30 sec., an-
nealing at primer specific temperatures for 30 sec. and
extension at 72°C for 30 sec. After 35 cycles, a final ex-
tension at 72°C for 7 min. was done. PCR products were
separated on 2% agarose gel and visualized using eth-
idium bromide staining. The density of each band was
measured using densitometric software provided with
Alpha Imager gel documentation system (Alpha Imager,
India). The cytokine mRNA expressions were expressed
as a ratio of cytokine band intensity to GAPDH house-
keeping control.
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Table 1. Primers used for RT-PCR analysis.

I\?c;. Gene Primer Sequence Reference Product Size (bp) Annealing Temperature
L mee RIOOMMTCSIOONET
2w BIGOGMGTOMONCTITOT
S cracTioacAGIGCTGATaTAC Y O] 337bp o4
4. GAPDH Proprietary Sequence 327 bp 55°C

2.6. Dose Finding Experiments in Unstressed
Animals

These experiments were carried out using 20, 60 and 180
mg/kg (p.o.) doses of FI. Antidepressants like activities
were tested in both rats and mice after its acute doses in
forced swim test model [18], whereas anxiolytic activity
was assessed only in rats, using suppressed feeding la-
tency test and social interaction test [28] and after its
single as well as seven daily oral doses.

2.7. Statistical Analysis

The data are expressed as means £ SD for each treatment
group. The data obtained from each response measures
were subjected to Kruskal-Wallis one way analysis of var-
iance (ANOVA) and inter group comparisons was made
by Mann-Whitney-U-test (two-tailed) for only those resp-
onses which yielded significant treatment effects in the
ANOVA test.

3. Results
3.1. Body Weights and Gastric Ulceration

During the 14 days of chronic stress the vehicle treated rats
lost their body weights, whereas weight gains were obse-
rved in the unstressed vehicle treated ones. As summarized
in Table 2, stress induced body weight losses in the FI and
PG treated groups were significantly lower than that of the
vehicle treated stressed one. However, this effect of FI was

not dose dependant, and both the plant extracts tested did
not completely reverse the stressed-induced effects on body
weight losses. Moreover, although the effects of FI on str-
ess-induced gastric ulceration were dose dependant, its obs-
erved dose effect relationship for this effect was not very
steep, and even after the highest dose of FI tested it did not
completely protected all animals against stress induced
ulcers. Observed effects of PG (100 mg/kg) on gastric ul-
cers were more pronounced than that of the maximally ob-
served one after the highest FI (400 mg/kg/day) dose as
mentioned in Table 2.

3.2. Adrenal Gland and Spleen Weight

Table 3 summarizes the observed variation of adrenal and
spleen weights in different experimental groups. Chronic
stress induced adrenal hypertrophy and hypotrophy of the
spleen. The two higher FI doses (200 and 400 mg/kg/day)
and PG (100 mg/kg/day) completely reversed these stress
induced effects, and no statistically significant differences
between the mean values of these two groups and that of
the vehicle treated unstressed control group were observed.
Statistically significant beneficial effects of the lowest FI
dose tested (100 mg/kg/day) on both the stress induced pa-
thologies was partial only. These observations reveal again
that the standard herbal adaptogen PG used in this study is
somewhat more potent than FI. They suggest though, that
minimal effective doses of FI for affording protection against
stress induced pathologies will be lower than 100 mg/kg/day.

Table 2. Effect of Fumaria indica on body weights and chronic stress induced gastric ulceration in rats.

Treatment Dose (mg/kg) Change in body weight (g)  Ulcer incidence (%) Number of ulcers Severity of ulcers
Vehicle - 3.00 = 1.41 00 00 00
Vehicle + Stress - —7.66 = 2.06 100 11.16 £ 1.72 26.50 £ 4.18
FI + Stress 100 —-3.00 £ 1.26" 67 6.16£0.98" 1433 +£2.73"
FI + Stress 200 —2.66+1.63 50" 5.16+1.16™ 10.33 £2.06™
FI + Stress 400 —233+4.36" 50 5.83+1.32" 8.83+2.63"
PG + Stress 100 -3.16 £ 1.32" 33" 330£1.217 6.66+1.96"

FI = Ethanolic extract of Fumaria indica, PG = Panax ginseng, n = 6 in each group, 'p < 0.05 in comparison to Vehicle, ~and “p < 0.05 and 0.01 respectively

in comparison to Vehicle + Stress.
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Table 3. Effect of Fumaria indica on chronic stress induced change in weight of adrenal gland and spleen.

Treatment Dose (mg/kg) Weight of Adrenal Gland (mg/100 g of body weight) Weight of Spleen (mg/100 g of body weight)
Vehicle - 32.16 +4.53 160.502 + 9.20
Vehicle + Stress - 52.50 + 4.63" 116.16 £ 13.34
FI + Stress 100 41.83 £3.06 138.16 +9.10°
FI + Stress 200 38.16 £2.63" 143.33 + 13.80"
FI + Stress 400 36.83 +3.60 151.83 +11.09°
PG + Stress 100 35.83+2.85" 148.16 £ 6.79°

FI = Ethanolic extract of Fumaria indica, PG = Panax ginseng, n = 6 in each group, p < 0.05 in comparison to Vehicle, 'p < 0.05 in comparison to Vehicle +

Stress.

3.3. Stress Induced Behavioral Perturbations

Earlier behavioral observation in our laboratories revealed
dose dependant anxiolytic and memory function improv-
ing effects of FI. But even after its highest doses tested
(400 mg/kg/day) it had no effects in several animal models
for antidepressants [10-12]. However, depression is one of
the major psychopathologies resulting from chronic stress,
and antidepressant like effects of PG and other herbal ada-
ptogens in stressed animals are also known. Consequently,
the effects of FI on stress-induced depression and cogni-
tive abnormalities were tested. In addition, effects of the
extract on chronic stress induced sexual behavior were
also tested. Observations made during these efforts are su-
mmarized as follows:

3.3.1. Behavioral Despair Test

Immobility period, i.e. an indicator of depression, was
significantly higher in the vehicle treated and chronically
stressed group than in all others. No statistically signifi-
cant differences between the mean immobility periods of
the two lower dose (100 or 200 mg/kg/day) of FI treated
and the non-stressed group were observed. However,
these values for the 400 mg/kg/day FI, or 100 mg/kg/day
PG, treated groups were significantly lower than that of
the vehicle treated non-stressed group (p < 0.001 for both
the treated groups). These observations clearly demon-
strate dose dependant antidepressant like efficacy of FI in
ch- ronically stressed animals, and that even its lowest
dose regimen tested (100 mg/kg/day) completely pro-
tected the animals against stress induced behavioral de-
spair. The results are depicted in Figure 1.

3.3.2. Learned Helplessness Test

Results and statistical analysis of the observations made
in this test are summarized in Table 4. Escape failures
and avoidance responses in the vehicle treated chroni-
cally stressed rats were the highest and the lowest res-
pectively than those of all other groups. Daily treatments
with FI, or with PG, completely blocked both the quanti-
fied stress-induced behavioral abnormalities induced in
the vehicle treated stressed animals. In this test, the per-
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formances of the PG and FI (400 mg/kg/day) treated
groups were significantly better than those of the vehicle
treated control animals not subject to chronic stress. In
view of the fact that FI is ineffective (even after 400
mg/kg/day doses) as an antidepressant in unstressed ani-
mals [10], the observed effects seems to be due to its
stress-alleviating properties.

200 - "

180 A _I_

160

_ = =
'S
=)
|

Immobility period (sec)
[y} A N X O N
S O o O o O O

Vehicle Vehicle + FI-100 + FI-200 + FI-400 + PG-100 +
Stress Stress Stress Stress Stress

FI= Ethgnolic extract of Fumaria indica, PG = Panax ginseng, n = 6 in each
group, p < 0.01 in comparison to Vehicle, 'p < 0.05 in comparison to
Vehicle + Stress.

Figure 1. Effect of Fumaria indica on chronic stress induced
increase in immobility period.

Table 4. Effect of Fumaria indica on chronic stress induced
changes in learned helplessness test.

Dose Escape failures  Avoidance response

Treatment (mg/ke) N) ™)
Vehicle - 19.50 + 1.87 10.50 + 1.87
Vehicle + Stress - 24.83 +1.94 5.16+1.94"
FI + Stress 100 19.16 +2.317 10.83 £2.31%
FI + Stress 200 16.66 +2.16" 1333+ 2.16
FI + Stress 400 15.13 +3.07° 14.66 + 3.03"
PG + Stress 100 16.66 +2.33" 13.33+2.33"

FI = Ethanolic extract of Fumaria indica, PG = Panax ginseng, n = 6 in each
group, p < 0.05 in comparison to Vehicle, p < 0.05 in comparison to Vehi-
cle + Stress.
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3.3.3. Active Avoidance Test

Number of avoidance responses of the vehicle treated st-
ressed rats were significantly lower than those of the cor-
responding non-stressed ones. This stress-induced deficit
in memory retention was dose dependently prevented by
FI treatments. Dose-effect relationship of FI observed in
this test was similar to those observed in other behavioral
models using stress animals, and the magnitude of ob-
served effect of PG (100 mg/kg/day) were as almost iden-
tical that of the highest FI doses (400 mg/kg/day). Results
of this test are summarized in Figure 2.

3.3.4. Passive Avoidance Test

Mean step down latencies of the stressed and vehicle
treated group was lower than that of the corresponding
unstressed one. Observations summarized in Figure 3
demonstrate that stress-induced amnesia was signific-
antly less pronounced in the FI, or PG treated groups.
Efficacy of PG (100 mg/kg/day) in this test was almost
equal to those of the higher two FI doses (200 and 400
mg/kg/day).

3.3.5. Sexual Behavior

In comparison to the non-stressed ones, sexual behavior
of chronically stressed male rats was significantly de-
pressed. The mean number of mounts of the vehicle
treated stressed group was almost half of that of the ve-
hicle treated control group (Figure 4). FI treatments dose
dependently reversed this stress induced effect, and the
observed magnitude of effect of PG (100 mg/kg/day) was
almost identical to that of the highest FI dose studied
(400 mg/kg/day).

3.4. Biochemical Observations

3.4.1. Plasma Corticosterone
As shown in Figure 5, chronic stress significantly in-
creased the plasma corticosterone level (p < 0.001; in
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Figure 2. Effect of Fumaria indica on chronic stress induced
memory deficits in active avoidance response in rats.
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comparison to normal rats). This stress-induced effect
was significantly suppressed, but not completely reversed,
by FI or PG treatments. Mean plasma cortisone levels of
all plant extracts treated groups were significantly higher
than those of the vehicle treated unstressed group (p <
0.05 at least in all cases), and clear dose dependency of
the FI effects was observed.
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Figure 3. Effect of Fumaria indica on chronic stress induced
memory deficits in passive avoidance response in rats.
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Figure 4. Effect of Fumaria indica on chronic stress induced
suppression of sexual behavior in male rats.
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3.4.2. Anti-Oxidant Activity

Concentrations of lipid peroxides (as judged by MDA
concentrations) and glutathione (GSH) and of the enzy-
matic activities of superoxide dismutase (SOD) and cata-
lase (CAT) quantified in the brain homogenates of differ-
ent treatment groups are summarized in Table 5. Mean
brain homogenate MDA level of the vehicle treated st-
ressed group was significantly higher than that of the cor-
responding unstressed group. This stress induced eleva-
tion of lipid peroxides was significantly lower in all he-
rbal extracts treated groups (p < 0.001 in all cases). The
estimated MDA levels for the PG (100 mg/kg/day) and
the two higher dose (200 and 400 mg/kg/day) FI treated
groups were statistically not significantly different from
that of the vehicle treated unstressed group.

Stress induced elevation of MDA level in the vehicle
treated group was accompanied by lower levels of GSH,
SOD and CAT (in comparison to the vehicle treated un-
stressed group). Analogous were also the cases for the two
lower dose (100 and 200 mg/kg/day) FI treated groups.
However, the mean values of all these three parameters in
PG and all FI treated groups were significantly lower than
those of the vehicle treated stressed group (Table 5). The
observed dose dependency of FI for its antioxidative activ-
ity was quite similar to those encountered in behavioral st-
udies in stressed animals.

3.4.3. Blood Cell Cytokines

As shown in the gel picture (Figure 6(a)), stressful situa-
tion used in this study up regulated the expression of both
pro-inflammatory (TNF-a, IL-1§) and anti-inflammatory
(IL-10) cytokines in WBC of stressed animals. It is app-
arent from Figure 6(b), that this up-regulation was more
prominent for TNF-a (6.7 fold) followed by IL-10 (3.2
fold) and IL-15 (1.4 fold). Surprisingly though, using the
analytical method, no cytokine expression could be de-
tected in the parallely run sample of an animal from the FI
(100 mg/kg/day) treated group (Figure 6(a)). Although
these observations suggest that down regulation of cyto-
kines could be involved the mode of action FI, further
more detailed experiments using more sensitive analytical

methods will be necessary for confirming this possibility.

3.5. Dose Finding Experiments in Unstressed
Animals

Critical analysis of the dose effect relationship of FI in
animal behavioral models revealed that its maximal possi-
ble efficacy in most of them can be achieved after its 200
mg/kg/day dosing schedule, and that after 100 mg/kg/day
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Figure 6. (a) Gel picture showing expression of various cyto-
kines and house keeping gene GAPDH, in different experi-
mental conditions; (b) Effect of Fumaria indica on mRNA
expression of various cytokines in chronic stressed rats.

Table 5. Effect of Fumaria indica on anti-oxidant status of rat brain in foot-shock induced chronic stress.

Treatment Dose (mg/kg) MDA (n mole/mg) SOD (U/mg) CAT (U/min/mg) GSH (micro mole/mg)
Vehicle - 9.33 +1.09 4.55+0.27 4523 +3.34 3.20+0.21
Vehicle + Stress - 1539+ 1.26™ 2.60+021™ 32.03£3.91™ 1.26+0.07™
FI + Stress 100 11.41 + 118" 3.79 £0.13"1 38.89 £2.58'" 1.93 +0.15™"
FI + Stress 200 10.09 + 1.63" 4.03+0.31" 38.94£2.27' 2.09+ 0.05"
FI + Stress 400 10.60 + 10477 4.22 + 0.4 40.63 + 1.64'" 2.81+0.117
PG + Stress 100 9.93 +0.82"" 4.42 £0.19' 41.91 + 338" 3.00+0.15""

FI = Ethanolic extract of Fumaria indica, PG = Panax ginseng N = 6 rats in each group, ~ p < 0.001 compared to contro

0.01 compared to stress.
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1, 'p < 0.001 compared to stress, 'p <
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more than 50% of its efficacy is achieved. Consequently,
some efforts were made to more precisely define its min-
imum effective doses in a few behavioral models using
unstressed animals and its lower doses. During such ex-
periments no effects of single oral doses (20, 60 or 180
mg/kg) of FI were observed in forced swim test in rats and
mice for antidepressants, or in novelty induced feeding
and social interaction tests in rats for anxiolytics (results
not shown). However, after its 7 repeated daily dose (180
mg/kg/day) significant anxiolytic like efficacy was obse-
rved in both the mentioned rat models for anxiolytics.
Thus it becomes apparent that antidepressants like effects
of FI observed in chronically stressed animals is mainly
due to its modulating effects on stress induced pathologies.

4. Discussion

Homeostatic survival mechanism of all living organisms
regulates their internal environment, and helps maintain a
stable healthy condition. Imbalance in this survival mec-
hanism is caused or followed by stress induced responses
involving diverse neuro-endocrine and biochemical mec-
hanism. Stomach ulcers are ultimate responses in variety
of stress triggered health conditions and it has been pro-
posed that stress induces hyperactivity of paraventricular
nucleus (PVN) in the hypothalamus. Since gastric muco-
sal blood flow is an important part of defensive mecha-
nism of gastric mucosa, its disturbance results in genesis
of ulcers. In our study, FI or PG treatments significantly
reduced the incidences and severities of ulcers caused by
chronic unpredictable stress. But these treatments only
partially compensated for the accompanying body weight
losses. Alterations in adrenal gland and spleen weights,
as well as body weight loses are some other consequ-
ences of chronic stress [29]. Although both FI and PG
had only partial beneficial effects on stress induced body
weight loses, they completely reversed the stress induced
adrenal hypertrophy and spleen hypotrophy. Hypertrophy
of adrenal gland is an adaptive mechanism for compen-
sating increased corticosterone demand of the body nec-
essary for stress alleviation mechanism.

In our earlier studies, even after highest dose of FI
tested (400 mg/kg/day), no antidepressant like activity of
FI was observed in unstressed animals [10]. On the con-
trary, even the lowest dose of FI (100 mg/kg/day) rev-
ersed completely the exaggerated depressive responses
observed in chronically stressed animals, and after its
higher doses its efficacy increased only slightly. Thus, it
seems reasonable to assume that its 100 mg/kg/day dose
is sufficient for counteracting the behavioral abnormali-
ties induced by the chronic stressful condition used, and
that biological mechanism involved in its mode of action
are those vulnerable to chronic unpredictable stress.

Unlike its antidepressants like activity, anxiolytic and
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cognitive function improving effects of FI were observed
also in non stressed animals [10-12]. The reported results
of the dose finding experiments during this study reaf-
firm that its anxiolytic like efficacy can be observed after
its repeated daily doses only. Thus, it seems reasonable
to assume that repeated daily FI treatments likely to pri-
marily modulates the biological mechanisms involved in
anxiety, and that its observed beneficial effects on mem-
ory function could be the consequences of its anxiolytic
like activity. It has been reported that protopine, i.e. one
of the major bioactive alkaloidal components of Fumaria
indica, which by virtue of its inhibitory effects on sero-
tonin and noradrenaline transporters could have benefi-
cial against cognitive functions and depression [9]. In
light of the recent report demonstrating adaptive transloc-
ation of serotonin transporters after unpredictable chronic
mild stress [30], it could as well be that the antidepress-
ants like effects of FI observed in stress animals is due to
the effects of low dose protopine on the serotonin transpo-
rters in a new location. Moreover it is possible that its bio-
activities are modulated by other components of FI. Fur-
ther efforts are necessary for clarifying these possibilities.

Antioxidative and other therapeutically interesting bio-
activities of fumaric acid has been known since long, and
during more recent years several clinical trials have dem-
onstrated immunomodulatory and neuronal functions mo-
dulating effects of its esters [31]. Our observations rev-
ealed that elevated levels of lipid peroxides, and the lower
ones of GSH, CAT and SOD, in chronically stressed rats
were all reversed by FI treatments. These observations
might indicate that fumaric acid and its conjugates present
in the extract (ca 0.8% in total) could as well be involved
in these effects of FI.

It remains certain that antidepressant and memory en-
hancing effects of FI observed in chronically stressed rats
are accompanied by its protective effects against deregu-
lations of oxidative status in the brains due to unpredict-
able chronic stress. Involvement of oxidative processes
in the etiologies of anxiety, depression, and other psy-
chopathologies have been known since long [32], and
beneficial effects of a few naturally occurring antioxid-
ants against such disorders have also been clinically de-
monstrated [33]. It has been reported indeed that inhibit-
tion of nuclear factor NF-kB activity could be a feasible
means for ameliorating stress-induced behavioral pertur-
bations [34], and that fumaric acid conjugates suppress
activities of nuclear factors [35]. Therefore, it is not un-
likely that fumarates present in FI could as well be its
major bio-active ingredient. If such would indeed be the
case, it can be expected that FI also could lead to down
regulation of cytokine expressions. Consequently, we es-
timated expressions of pro-inflammatory cytokines TNF-
o and IL-18 and anti-inflammatory cytokines IL-10 in
circulating WBCs in peripheral blood of vehicle or FI
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treated stressed animals. Results of the experiments re-
vealed that all cytokines (pro-inflammatory cytokines
TNF-a and IL-14 and anti-inflammatory cytokines IL-10)
expressions in a vehicle treated stressed rats were much
higher than those of a vehicle treated unstressed one, and
that the stress-induced effects were completely suppr-
essed by the lowest dose (100 mg/kg/day) of FI. IL-10
level is known to peak up later in inflammation and sup-
press the pro-inflammatory cytokines like TNF-a and IL-
1/ which peak up shortly after inflammation but no such
observation could be made in our case as samples were
not collected at multiple time points. Although, these
observations could indicate possible involvement of cy-
tokines and inflammatory processes in the modes of ac-
tions of FI, further studies with lower doses and more
sensitive methods are warranted.

Observations reported in this communication were
made in the realm of a recently initiated project directed
toward identifying promising Ayurvedic herbs potentially
useful for helping patients with mental health problems.
Selections of plants and pharmacological models for this
project are made after thorough literature survey on av-
ailable preclinical information on readily acquirable Ay-
urvedic plants commonly used in multi-herbal prepara-
tions commercialized as ayurvedic remedies. Initially, se-
veral older reports revealing psychopharmacological ac-
tivities of protopine and other Fumaria indica alkaloids
triggered our interest in screening FI for its potential an-
tidepressant and anxiolytic like activities. These efforts
soon revealed that it possesses anxiolytic and memory fa-
cilitating activities and that it is inactive in several behav-
ioral models commonly used for identifying antidepres-
sants [10-12]. Encouraged by its observed big safety mar-
gin [36,37] and presence of higher contents of fumaric
acid and its conjugates in the extract, we became intere-
sted in testing its therapeutic potentials against psycho-
logical comorbidities often encountered in aged or chro-
nically ill patients. Observation reported in this paper str-
ongly suggest that Fumaria indica is another herbal ada-
ptogen specially useful for combating co-morbid anxiety
and cognitive dysfunctions commonly encountered in a
vast majority of patients suffering from diverse chronic
diseases caused by systemic inflammations.

Our observations clearly demonstrate protective effects
of FI against chronic stress induced ulcer and diverse
other pathologies including those involving the malfunc-
tions of the central nervous system. Although further dose
response and mechanistic studies are necessary for proper
development of the tested extract, it remains certain that
its pharmacologically active doses will be lower than 100
mg/kg, and that repeated daily doses of the extract will be
necessary for therapeutic purposes. Since Fumaria indica
is a wildly growing weed offering such a broad spectrum
of therapeutic possibility, its further pharmacological ex-
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ploration could lead to more affordable and effective th-
erapies for the more economically underprivileged popu-
lations. In case such efforts would eventually lead to the
identification of fumaric acid and its conjugates as its
psychoactive constituents, this know how could be used
for identifying novel pharmacological targets and mecha-
nisms involved in diverse co-morbidities often encoun-
tered in a vast number of chronically ill patients. It cannot
be overemphasized that Fumaria indica is a cheap as well
as safe source for fumarates with known therapeutically
interesting immune function modulating properties, and
the list of therapeutic potentials of fumaric acid and its
conjugates is still growing. For example, during the co-
urse of our efforts, a report [38] pointing out therapeutic
potential of fumaric acid esters against Huntington’s dise-
ase appeared. Thus, the observations reported in this com-
munication can be considered as preliminary experiment-
tal evidences to our conviction that fumaric acid, or its
esters, present in FI could as well be involved in its ob-
served adaptogenics like effects.

5. Conclusion

Our findings strongly suggest that Fumaria indica could
be an economical source for obtaining a pharmacologi-
cally and phyto-chemically better standardized herbal
adaptogen potentially useful for combating co-morbid
mental health problems arising from uncontrollable en-
vironmental stress. Apart from protopine and other psy-
choactive alkaloids, fumaric acid and its conjugates
could also be involved in stress alleviating effects of hy-
dro alcoholic extracts of the herb. In any case, oxidative
mechanisms seem to be involved in the observed effects
of such extracts.
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