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Abstract

Background: Delayed gastric emptying play an important role in the pathology of functional dyspepsia. Owing to
their functional attributes in alleviating the gastrointestinal disorders, single or polyherbal formulations have gained
attention to treat the symptoms of functional dyspepsia. We have investigated the safety and efficacy of a novel
formulation of Ferula asafoetida oleo resin and standardized Silybum marianum extract (Asdamarin).

Methods: The effect of asdamarin on delayed gastric emptying was investigated in Sprague Dawley rats using
phenol red method. The acute and sub-acute oral toxicity was evaluated in wistar rats following OECD guidelines
425 and 407 respectively. The data were analyzed by one-way ANOVA using GraphPad Prism 5.0 software.

Results: Oral administration of Asdamarin dose-dependently improved the delay in gastric emptying as evident
from the significant increase in the gastrointestinal transit time (p < 0.001). The LD50 of asdamarin was estimated to
be more than 2000 mg/kg. Further, in the 28-day sub-acute toxicity study, the administration of 250, 500 and 1000
mag/kg of Asdamarin did not significantly altered the feed and water consuption, body weight change, biochemical
and haematological parameters compared to control animals. Macroscopic and histopathological examination of
vital organs revealed no toxic signs.

Conclusion: The preliminary data from the present study provides the first evidence on the possible effectiveness
of novel formulation of F. Asafoatida and S. marianum extracts in alleviating the associated symptoms of functional
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dyspepsia. The toxicity data indicated that Asdamarin can be considered safe up to 1000 mg/kg dose.

Background

Dyspepsia is an umbrella term used to characterize
abdominal pain centered in the epigastrium, sometimes
combined with other gastrointestinal complaints. Func-
tional dyspepsia is a common gastrointestinal disorder
associated with decrement in the quality of life [1]. FD is
characterized majorly by the disturbances in the gastric
emptying and motility [2]. There is accumulating evidence
that distinct subgroups of uninvestigated dyspepsia exist
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in the general population, suggesting the requirement for
separate evaluation and treatment strategies [3, 4]. Treat-
ments for FD include acid suppressing medicines (proton
pump inhibitors), Selective Serotonin re-uptake inhibitors
(SSRIs) and drugs affecting gastric motility such as dom-
peridone and mosapride [5]. Medicinal plant preparations
have gained increasing attention in the treatment of FD
due to their potential health benefits and safety [5-7].
Most of the herbal remedies for treating FD symp-
toms worldwide are combinations of several medicinal
plants [8].

Ferula asafoetida belonging to the family Umbelliferae
is a perennial plant valued for its oleo-gum-resin (exu-
dates obtained from the rhizome) used in traditional
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medicine in different parts of the world for many treat-
ing several ailments which include treatment of condi-
tions such as asthma, bronchitis, stomach ache, ulcer,
intestinal parasites and epilepsy [9-11]. Asafoetida is
used mainly for the stomach related ailments and diges-
tion in Ayurveda. Higwastaka, a popular polyherbal for-
mulation of Asafoetida is used as digestive. Asafoetida
along with other dietary spices facilitates digestion by
promoting the activities of digestive enzymes in pancreas
and small intestine, stimulating the bile acid production
[12]. Asafoetida in combinational herbal preparations
has been studied extensively for stomach related ail-
ments. Gopi et al. showed that asafoetida encapsulated
in turmeric nanofibers demonstrated positive effects by
attenuating the disease activity in a rat model of ulcera-
tive colitis [13]. A combination of asafoetida and fenu-
greek fibres exhibited significant stomach protection in
ethanol-induced ulcer model rats [14]. Further, in vitro ex-
periment on guinea pig and rat isolated ileums demon-
strated the antispasmodic activity of asafoetida [15, 16].

Silybum marianum (Fam. Asteriaceae) commonly
known as milk thistle is a medicinal plant valued for its
potential health benefits long since. Experimental and
clinical evidence suggest that the plant is used exten-
sively for treating liver disorders due to its potential
antioxidant and hepatoprotective effects [17]. It has been
also studied for hypoglycemic and antidiabetic activities
[18]. The pharmacological benefits of milk thistle have
been largely studied in various experimental models.
Milk thistle exerted anti-inflammatory effects in NASH
model rats [19]. In another study, rats fed with high fat
diet exhibited significant amelioration of non-alcoholic
fatty liver disease (NAFLD) following a 6-week treatment
with silybin, the active principle of milk thistle [20].

Animal models have been extensively used to study
various aspects of FD, and to identify therapeutic inter-
ventions [21]. Delayed gastric emptying is one of the
major pathophysiological disturbance of FD which can
be studied using animal models such as rodents [22].
Here we have evaluated the effect of a combination of
asafoetida and S. marianum extracts (Asdamarin) on
gastrointestinal motility using in vivo model rats. Asda-
marin is a proprietary blend of F. asafoetida (oleo-gum-
resin) CO, extract and S. marianum (milk thistle)
extract in the ratio of 1:3. The present study was
designed to evaluate the efficacy of Asdamarin in im-
proving the delayed gastric emptying, and to investigate
it’s in vivo toxicity.

Methods

Asdamarin

The investigational herbal formulation, Asdamarin was
supplied by the Department of Quality Control, Vidya
Herbs (P) Ltd.
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High performance liquid chromatography (HPLC) analysis
The HPLC analysis was performed on a C18 column
(4.6 x 150 mm, Phenomenex Kinetex) at a UV detection
of 288 nm (HPLC-LC 2010HT). The mobile phase of
methanol/0.5% phosphoric acid/water was flowed at 1.0
mL/min through the column.

Chemicals and animals

Phenol red powder were purchased from Sigma (St
Louis, MO). Wistar rats (6—8 weeks) and male Sprague
Dawley (SD) rats (190-200g) were procured from au-
thorized suppliers of laboratory animals — Biogen,
Bangalore, India (Reg No. 971/PO/RcBiBt/S/2006/
CPCSEA). The animals were placed in polypropylene
cages and housed in a room under controlled atmos-
phere (temperature, 22 +3°C, humidity, 30-70%; 12h
light/dark cycle). During a 1-week acclimatization
period, all rats consumed a commercial diet and tap
water ad libitum. The animal studies were performed
after due clearance from the Institutional Animal Ethics
Committee (VHPL/PCL/IAEC/05/18) independently
formed by CPCSEA (Committee for the purpose of con-
trol and supervision of experiments on animals, a statu-
tory committee established under the Prevention of
Cruelty to Animals Act, 1960 in India).

Determination of gastric emptying by phenol red method
Twenty-four male SD rats were divided into four groups
of six animals each. Group I was control group adminis-
tered with physiological saline; Group II animals were
given physiological saline for seven days and on the 8th
day reference drug Domiperidone was administered.
Group III and IV were administered orally with two test
doses of Asdamarin (50 and 100 mg/kg) for seven days.
On day 8, 2h later to the respective treatments gastric
emptying was measured using phenol red method as
described previously [1]. 18-h fasted rats were adminis-
tered intragastrically with 1.5% carboxymethyl cellulose
sodium salt containing 0.05% phenol red (0.5mL/
mouse). Rats were sacrificed after 20 min by ketamine/
xylazine (80 mgkg '/10mg/kg ') overdose. Stomach
was harvested, and gastric content collected. The gas-
tric content was treated with 10mL of 0.1M
NaHCOj; and centrifuged at 3000 rpm for 15 min. The
amount of phenol red in the supernatant was deter-
mined based on the absorbance at 570 nm measured
using a microplate reader (Multiskan EX, Thermo
Scientific). The amount of phenol red from an animal
sacrificed immediately after the above-mentioned ad-
ministration procedure was used as the standard
sample. Gastric emptying was calculated using the
formula: (1-amount of phenol red in the test sample/
amount of phenol red in the standard sample) x 100.
Percentage of gastrointestinal transit time (GIT) was
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determined using the formula: (Total length of small
intestine of rat/Length of phenol red movement in
the intestine) x 100.

Acute oral toxicity of Asdamarin

Asdamarin was evaluated for acute oral toxicity at the
dose level of 2000 mgkg ' in accordance with OECD
(Organization for Economic Cooperation and Devel-
opment) guideline 425 [23]. Five female wistar rats
were housed in a cage prior to dosing. A limit test
was performed where the first animal was adminis-
tered orally with the upper limit dose of 2000 mgkg™*
b.w. and observed for 24h. Depending upon the
survival, other four animals were given the limit dose
and observed for mortality. The animals were ob-
served individually after dosing once during the first
30 min, periodically during the first 24 h, with special
attention given during the first 4h, and daily there-
after for a total of 14 days.
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Sub-acute oral toxicity

Fifty (25 male and 25 female) healthy wistar rats aged 6—
8 weeks were used for evaluating the sub-acute oral
toxicity of Asdamarin. The study was performed in com-
pliance with OECD guideline No. 407 [24]. The animals
were divided into five groups of 10 animals each (5
males and 5 females). Group I animals received 0.9%
normal saline (control), group II, III and IV received
250, 500 and 1000 mgkg™ ‘asdamarin on daily basis for
28 days. In order to monitor reverse sign of any toxicity
a satellite group was included as group V. This group
was administered with 1000 mgkg™ ' Asdamarin daily for
28 days, and there was no further treatment for 14 days
before the end of study. Visual observations for mortal-
ity, behavioural pattern and clinical signs of illness were
made daily during the study period. Body weight of
animals in each group was assessed on weekly intervals
and, feed and water consumption were assessed daily
for the entire period. At the end of study, overnight
fasted rats were anesthetized by ketamine/xylazine
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Fig. 1 HPLC chromatogram of (a) Silibinin (98%) and (b) Asdamarin
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Fig. 2 Effect of Asdamarin on (a) gastric emptying and (b) percentage gastrointestinal transit time (GIT) in SD rats. Values are expressed as
mean + SEM (n = 6). Data were analyzed by one way ANOVA followed by Dunnet’s t test. ***p < 0.001 compared to control group

Table 1 Effect of Asdamarin on mean feed consumption (g) in rats

Sex Day Control 250 mg/kg 500 mg/kg 1000 mgrkg 1000 mg/kg reversal

Male 7 17.83+£0.95 168+ 042 1831107 1819+ 061 21.7 £ 086
14 188 +£0.36 17.72+093 2213+07 20.12+058 24.36 = 047
21 20.84 + 046 193+0.24 2464+ 057 2144 +0.72 2392 +£0.14
28 21.54+£1.03 2009+ 047 2403+054 22831069 233 £ 066
35 - - - - 19.78 £ 0.29
42 - - - - 23.95 + 035

Female 7 14.62 £0.30 14.18 £ 046 1386 +0.35 1261+0.90 14.00 £ 0.82
14 1583 £ 057 1643+ 048 1515+033 1717 +£034 1690 £ 1.27
21 15.77 £0.87 15.81+033 1511+ 054 17.12+0.30 17.63 £ 0.28
28 1635+ 0.68 17.74+0.68 1722+039 1889+052 1963 £ 1.11
35 - - - - 20.69 = 049
42 - - - - 18.88 £ 1.08

Values are expressed as mean + s.e.m. (n =10 for each group). Data were analyzed by one-way Anova. *p < 0.05 were considered as statistically significant

compared to control
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Table 2 Effect of Asdamarin on average water consumption (mL) in rats

Sex Day Control 250 mg/kg 500 mg/kg 1000 mg/kg 1000 mg/kg reversal

Male 7 2846+ 094 2749+ 0.99 3571+£1.08 308+ 1.15 36.63 £ 1.81
14 3446 +1.35 3246 +£3.27 39.54 +2.68 36.51+0.96 3857 + 243
21 3546 +2.50 30.57£1.10 44.74 £ 0.65 4169+ 1.53 39.06 + 1.14
28 30.69 + 146 3274+ 149 30.14 £ 0.55 428+1.72 3866 + 1.79
35 - - - - 37.09 £ 227
42 - - - - 36.94 + 1.05

Female 7 3051+£1.14 2577+1.19 2646 +2.84 29.29+1.31 2763 £ 313
14 29.6 +£29.69 244 +28.03 288+ 30.11 332+3554 28.00 + 29.09
21 32.00 +29.89 2700+ 24.17 276+ 2560 3500+ 34.17 36.2 + 30.14
28 3283+£283 368+ 243 3594 +£191 3826 +220 37.11 £ 2.06
35 - - - - 4031 + 337
42 - - - - 27.17 213

Values are expressed as mean *s.e.m. (n = 10 for each group). Data were analyzed by one-way Anova. *p < 0.05 were considered as statistically significant

compared to control

(80 mgkg™'/10 mg/kg™ ') overdose. Blood samples of
the animals were collected via cardiac puncture in
tubes containing ethylenediaminetetraacetic acid (EDTA)
and tested for haematological and biochemical parame-
ters. The organs were excised, and relative weights of vital
organs were determined using the formula, 100 x (organ
weight/body weight).

Major organs such as liver, kidneys, brain, spleen and
heart were preserved in 10% buffered formalin for histo-
logical examination. The tissue samples were fixed in 4%
formalin, dehydrated with a graded alcohol series, em-
bedded in paraffin, and then cut into 5um thickness.
The sections were stained with hematoxylin and eosin
(H&E, Sigma Aldrich, St. Louis, MO, USA). The images
were captured using a microscope (Leica, Germany).

Statistical analysis

The data were analyzed using GraphPad Prism version
5.0. The values were recorded as mean *s.e.m. and
analyzed statistically using one-way ANOVA followed
by Tukey test. p<0.05 was considered statistically
significant.

Results

HPLC analysis of Asdamarin

Asdamarin was characterized for the presence of
silymarin (not less than 25%). It contains combination
of flavonoids such as Silybin A, Silybin B, Taxifolin,
Silychristin, Silydianin, Isosilybin A and Isosilybin B
(Fig. 1).
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Fig. 4 Effect of 28-day treatment with Asdamarin on body weight of female rats. Values are expressed as mean +s.em. (n=5). *p < 0.05 were

Effect of Asdamarin on gastric emptying

The percentage gastric emptying was assessed after 20
min of phenol red meal administration in rats. The gas-
tric emptying was lower in control animals (64.94%)
while the animals in Domperidone treated group showed
an increase in percentage of gastric emptying (78.86%).
Rats treated with 50 and 100 mg/kg doses of Asdamarin
exhibited increased percentage of gastric emptying (69.8
and 74.79% respectively) as compared to control
(Fig. 2a). However, the data were not statistically
significant.

Further, in the present study gastrointestinal transit
(GIT) was found to be increasing significantly in the ex-
tract and standard drug treated rats as compared to con-
trol. The GIT was 55.19% in control group. There was a
significant increase in GIT among the animals treated
with single dose of Domperidone (p <0.001). Asdamarin
administered rats showed significant improvement in

the GIT dose dependently (p<0.001). The GIT was
68.9 and 70.28% respectively for 50 and 100 mg/kg
Asdamarin (Fig. 2b).

Acute oral toxicity

In the present study, single dose administration of Asda-
marin (p.o.) in female rats at 2000 mg/kg did not induce
any changes in the behavioural, motor and neuronal
functions. Asdamarin treatment had no effect on
mortality, body weight change or gross observation.
Hence, the lethal dose of Asdamarin might be higher
than 2000 mg/kg.

Sub-acute oral toxicity

Body weight, food and water consumption

28-day oral administration of Asdamarin did not alter
the feed and water consumption in rats compared to the
respective control animals (Tables 1 and 2). Further

Table 3 Relative organ weights of rats treated with Asdamarin for 28 days

Sex Organ Control Asdamarin (mg/kg, BW)
250 mgrkg 500 mg/kg 1000 mg/kg 1000 R mg/kg
Male Brain 0.808 + 0.05 0.795 £ 0.03 0.659 + 0.006% 0.714 + 0.042 0686 + 0.014
Heart 0368 + 0.03 0.337 £ 001 0308 + 0.006 0326 + 0016 0303 + 0.004
Liver 3613 £0.14 3.360 = 0.13 3511 +£0.126 3815+ 0.126 2456 = 0.047
Spleen 0486 + 0.09 044 + 0.02 0.399 + 0.036 0447 + 0.04 0.392 + 0.03
Kidneys 0339 £ 001 0335 £ 0.02 0308 £ 0.019 0341 £ 0015 0.284 + 0.009
Female Brain 0.930 = 0.033 0.858 + 0.022 0914 = 0.028 0.913 £ 0.019 0.874 = 0.032
Heart 0403 = 0.026 0.388 + 0.021 0.385 + 0.0187 0.396 + 0.007 0336 £ 0.013
Liver 3349 + 0331 3.199 + 0.150 3.054 + 0228 3.150 + 0.089 2627 + 0.084
Spleen 0.520 £ 0.061 0465 + 0.076 0448 = 0.036 0.523 = 0.045 0.325 +£ 0.026
Kidneys 0.503 = 0.025 0515+ 0.015 0.505 = 0.022 0.521 + 0.008 0455 + 0.024

Values are expressed as mean + s.e.m. (n = 10 for each group). *p < 0.05 were considered significant using one-way Anova. * denote significant difference

compared to control
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there was neither mortality nor significant changes in the
body weights of rats treated with 250-1000 mg/kg Asda-
marin in comparison with control group (Figs. 3 and 4).
Physical observations indicated no toxic signs in the fur,
skin, eyes, tremors, salivation and behavioural patterns of
rats at the tested doses. No abnormal gross findings were
observed in the necropsies of Asdamarin treated rats at all
the test doses. Overall, no adverse events were recorded
during the toxicity evaluation of Asdamarin.

Relative organ weights
The results of relative organ weight measurement are
shown in Table 3. The 28-day treatment with Asdamarin

Table 4 Effect of Asdamarin on haematological parameters in rats
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did not significantly alter the relative organ weights of
male and female rats compared to the control group.

Haematology and clinical biochemistry analysis

The effect of 28-day treatment with Asdamarin on
haematological parameters is presented in Table 4. Ex-
cept for the marginal changes in some of the parameters,
the haematological assessment showed no significant
change in the treatment groups as compared to con-
trol. Further, Asdamarin administration exerted no
significant changes in the biochemical analyses such
as renal (urea and creatinine) and liver function (ala-
nine aminotransferase, aspartate aminotransferase and

Unit Control Asdamarin (mg/kg, BW)
250 500 1000 1000 Reversal
Male
Haemoglobin g/dL 16.78 + 0.56 17.60 + 0.27 1540 + 0.66 16.06 + 0.56 16.26 £ 0.51
RBC 106/uL 9.848 + 1.25 855+ 0.15 7.72 £ 024 797 £03 797 £ 027
HCT % 4398 + 0.66 4566 + 0.53 4040 £ 1.08 4124 + 184 41.00 + 1.26
MCV fL 5198 + 1.03 5354+ 1.16 5248 £ 1.33 51.80 = 0.85 5152 £ 082
MCH Pg 19.74 + 039 20.56 + 041 19.86 £ 03 2012+ 020 2034 £ 032
MCHC g/dL 38.10 £ 1.06 3850 = 0.22 38.04 £ 1.06 3896 + 043 39.60 = 0.35
Platelets 103/pL 2706 + 2178 3074 +16.85 313.0 £ 16.88 3136+ 10.16 3114 + 2048
WBC 103/L1L 2206 + 087 1922 £3.12 1946 £ 1.29 19.62 + 2.76 2004 + 2.11
Lymphocytes % 9092 = 1.66 88.74 = 0.88 93.84 £ 0.62 9394 = 0.76 90.20 = 147
Monocytes % 318 £ 041 342 +0.19 235+0.16 227 £0.14 297 £ 030
Neutrophils % 4.54 +1.08 6.38 + 0.7 2.80 = 041 282 +0.56 556 + 1.08
Eosinophils % 133 £0.17 143 = 0.07 099 + 0.07 0.95 + 0.06 125+ 0.12
Basophils % 0.06 + 0.02 0.06 + 0.02 0.06 + 0.02 0.06 + 0.02 0.06 £ 0.02
Clotting time Seconds 330+ 14.59 3260 + 449 39.80 + 21.67 25.00 + 4.50 2740 + 597
Female

Haemoglobin g/dL 1668 + 0.57 1548 + 030 1664 + 0466 1550 + 0.59 1542 £ 0.34
RBC 10%/uL 757 £026 767 £0.21 713 +024 6.93 + 0.62 745 +0.10
HCT % 4398 + 1.66 39.22 £ 053 38.78 £ 1.03 36.84 = 3.15 3936 £ 0.72
MCV fL 5814 + 122 5428 £1.18 56.74 £ 0.83 6032 = 1.09 56.90 = 0.33
MCH Pg 22.00 + 029 20.16 + 039 2048 + 0.31 2138+ 159 2064 + 027
MCHC g/dL 37.90 £ 0.36 3942 £ 0.26 39.74 £ 031 40.18 £ 2.81 39.14 = 0.35
Platelets 103/pL 310.8 £ 40.08 3452 +12.87 300.0 + 28.68 3388 +41.25 2728 £18.13
WBC 10%/uL 11.02 £ 1.71 828+ 1.25 840+ 138 936+ 1.53 936+ 158
Lymphocytes % 91.28 = 1.66 94.30 = 0.24 94.64 £ 0.79 93.04 = 0.58 9218 +£ 1.82
Monocytes % 2954 + 052 218 £ 0.11 219 £0.34 2016 + 0.24 2.70 £ 052
Neutrophils % 4.50 + 0.97 258+0.12 322+£033 308 +028 396 + 1.21
Eosinophils % 125+ 022 0.92 £ 0.04 092 £ 0.15 085+ 0.10 113 £ 0.21
Basophils % 0.06 + 0.02 0.06 + 0.02 0.06 £ 0.02 0.06 + 0.02 0.06 + 0.02
Clotting time Seconds 64.2 £ 19.90 330+ 546 2640 + 3.09 3900 + 11.79 53.80 + 14.61

Values are expressed as mean + s.e.m. (n =10 for each group). *p < 0.05 were considered significant using one-way Anova
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alkaline phosphatase) parameters, total protein and al-
bumin (Table 5).

Histopathology

The histopathological examination of vital organs
showed no toxic signs. The treatment with 1000 mg
kg 'did not induce any changes in the cellular architec-
ture of the examined tissues of male and female rats.
Figures 5 and 6 shows the normal tissue morphology
and absence of any gross lesions in organs.
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Discussion

We have investigated the efficacy of a combination of
herbal extracts such as F. asafoetida and S. marianum
(Asdamarin) in mitigating the delayed gastric emptying
associated with functional dyspepsia, using phenol red
method in rats. In accordance with Rome III criteria,
FD is categorized based on the symptoms into post-
prandial distress syndrome (PDS) and epigastric pain
syndrome (EPS) [4]. Gastric emptying is the natural
process of clearing the content of the stomach after
food consumption, and transferring to the small

Table 5 Effect of Asdamarin on serum biochemical parameters in rats

Unit Control Asdamarin (mg/kg)
250 500 1000 1000 Reversal
Male
ALT 1U/L 209.2 £ 69.38 2120 + 60.64 1468 £ 7.14 219.0 + 46.85 66.0 £ 6.88
AST IU/L 2969 £ 53.02 2796 + 4344 2286 +10.88 2388 + 25.25 2084 + 20.78
ALP U/L 2769 £ 39.06 246.1 + 554 2214 + 2971 207.2 £ 1854 299.3 + 39.60
Total Protein g/dL 6.20 £ 0.39 1208 + 337 80+ 136 590 + 133 852 + 046
Albumin mg/dL 360 £ 0.19 458 +0.76 524 £137 6.62 = 1.59 4.06 £ 0.25
Glucose mg/dL 1157 £ 6.16 1351 £ 795 9222 +16.19 1313 £ 19.92 1149 + 10.15
Total bilirubin mg/dL 024 + 024 024 £ 0.02 0.26 £ 0.04 0.74 £ 031 0.26 £ 0.024
Direct bilirubin mg/dL 012 £ 0.02 0.10 £ 0.03 0.160 + 0.04 0.14 = 0.05 0.120 £ 0.02
Urea mg/dL 3743 £5.72 3517 £ 332 33.83 £3.83 4817 + 430 54.67 £ 6.33
Creatinine mag/dL 0.64 £ 0.07 0.79 £ 031 218+ 1.14 1.74 £ 091 0.84 £ 0.05
Cholesterol mg/dL 53.03 £7.22 5713 £ 534 63.78 + 2.80 5857 +21.28 78.85 £ 640
Triglycerides mg/dL 5257 £ 1457 5134 + 1032 6643 + 9.29 58.75 + 20.85 70.86 + 6.37
HDL mg/dL 43.08 + 4.87 4799 + 3.80 50.11 + 1.60 5353 +6.99 68.72 + 594**
Calcium mg/dL 987 £0.78 1937 £ 9.54 1260 £ 3.15 14.56 + 4.40 10.96 + 0.55
Phosphorous mg/dL 1732 + 6,07 2404 + 685 2238 £ 3.1 26.08 + 11.58 21.34 £ 1660
Female

ALT IU/L 7440 £+ 4.88 105.0 £ 1544 1014 + 1046 108.6 = 16.59 522 £7.14
AST 1u/L 1706 + 7.69 1804 + 1546 1785 £ 1791 189.0 + 23.67 1755 £ 9.74
ALP 1U/L 160.0 + 17.89 190.5 + 31.15 142.7 £ 646 1846 + 34.12 1654 + 187
Total Protein g/dL 1390 + 1.24 14.1 £ 1.56 11.48 £ 1.00 11.84 £ 1.59 1058 + 1.14
Albumin mg/dL 4.08 £ 0.08 3.86 = 0.09 3.720 £ 0.31 3.82 +£0.198 366 £ 0.19
Glucose mag/dL 107.7 £ 9.17 1178 + 2254 1211 £ 1132 110.1 + 3412 1099 + 6.27
Total bilirubin mg/dL 028 £ 0.04 034 +0.14 036 = 0.09 0.26 = 0.07 032 = 0.037
Direct bilirubin mg/dL 0.16 £ 0.02 0.18 £ 0.08 0.24 + 0.05 0.14 +£ 0.02 0.16 £ 0.02
Urea mag/dL 1232 £ 13.82 1078 £ 17.75 150.7 £ 36.99 130.7 £ 12.54 5149 + 3.86
Creatinine mg/dL 043 £ 0.04 1.09 = 0.66 1.83 £ 1.21 1.04 £ 017 0.69 = 0.1
Cholesterol mg/dL 69.58 + 839 55.86 + 496 5324 £ 6.20 63.03 + 854 61.76 + 3.76
Triglycerides mag/dL 65.15 £ 1215 4465 £ 13.84 5312 +£10.79 44.05 £ 2335 101.7 £ 29.26
HDL mg/dL 64.70 £ 5.65 6044 + 552 6244 + 6.70 68.13 = 3.76 74.76 £ 3.92
Calcium mg/dL 941 £0.19 844 + 042 9.54 £ 0.90 7.35 £ 265 933 £0.13
Phosphorous mg/dL 2302 +2.88 14.90 + 5.17 1328 £ 531 22.70 + 6.80 2442 + 42

Values are expressed as mean + s.e.m. (n = 10 for each group). *p < 0.05 were considered significant using one-way Anova. **p < 0.01 Vs. control
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Fig. 5 Effect of 1000 mg kg~'of Asdamarin on histology of vital organs of male rats. a and (b): brain; (c) and (d): liver; (€) and (f): heart; (g) and (h):
spleen; (i) and (j): kidney. cv, central vein; DCT, distal convoluted tubule; PCT, proximal convoluted tubule

intestine [2]. PDS pathogenesis involves delay in gas-
tric emptying and impaired gastric acclimatization
[25]. Delayed gastric emptying and gastrointestinal
motility are the main contributors to the gastrointes-
tinal problems such as functional dyspepsia and nau-
sea. Amelioration of gastrointestinal functions by
mitigating the gastric emptying is an effective strategy
to treat FD [25]. In the present study a 7-day pre-
treatment with Asdamarin dose-dependently improved
the gastric emptying rats. Gastric hypomotility in-
volves dysfunction of serotonergic receptors 5- HT3/
5- HT4 receptors [26]. It could be possible that the
active constituents in Asdamarin modulate these re-
ceptors to exert its efficacy. We also found that Asda-
marin significantly increased the intestinal transit in
rats. Several prokinetic drugs of synthetic origin have
similar mode of action [27]. However, the associated
side effects of these medications cannot be ignored
[28, 29]. In the light of these facts, the present study
provide evidence on the efficacy of Asdamarin as a
functional ingredient which could be explored in the
treatment of FD.

We have further evaluated the toxicity of Asdamarin
in rats. Single high dose (2000 mgkg™') administration
of Asdamarin had no adverse effect on the rats after a
14-day observation. Sub-acute administration of Asda-
marin did not induce any clinical signs of toxicity or
mortality in the rats of either sex. There was no signifi-
cant change in the food and water consumption by the
rats throughout the study. Alterations in food and water
consumption due to loss of appetite are often correlated
to the decrement in body weight [30]. Furthermore,
there was no significant change in the Asdamarin treated
rats compared to the control group. Body weight
changes are generally corroborated with the health
status of an individual [31]. The data obtained from the
present study clearly indicate that repeated oral con-
sumption of Asdamarin does not have any adverse ef-
fect on the body metabolism. No significant changes
were recorded in the relative organ weights of rats
suggesting that Asdamarin had no effect on the nor-
mal growth. It was correlated well with the gross ob-
servation and the histopathology findings. There were
no major haematological and biochemical changes in
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Fig. 6 Effect of 1000 mg kg~ 'of Asdamarin on histology of vital organs of female rats. a and (b): brain; (c) and (d): liver; (€) and (f): heart; (g) and
(h): spleen; (i) and (j): kidney. cv, central vein; DCT, distal convoluted tubule; PCT, proximal convoluted tubule

rats of either sex administered with the test doses of
Asdamarin.

Conclusion

Asdamarin is a unique herbal ingredient associating two
well-known plants, together contributing to improve-
ment in gastric emptying. The present study also pro-
vides preliminary evidence on the possible use of
Asdamarin in treating the symptoms of FD such as de-
layed gastric emptying. No lethality or toxic signs were
evident following acute and sub-acute administration of
Asdamarin indicating the safety of the formulation.
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