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ABSTRACT

Cardoguard, an ayurvedic polyherbal medicine, currently used for hypertension, showed efficacy in
experiments on rats. Further, recent studies have shed light on its mechanism of action. The
formulation containing 6 traditional medicinal plants as ingredients was not subjected to toxicity
evaluation under controlled conditions. Therefore, in the present study, a sub-acute toxicity
evaluation was carried out. The sub-acute toxicity study (29 days) in rats did not show any toxic
symptoms at 25 mg/kg (which is 4 times higher than the extrapolated therapeutic dose) of
Cardoguard as judged from serum biochemical parameters, hematological parameters, behaviour of
animals, weight as well as histology of liver, kidneys and heart. However, a marginal decrease in
body weight of female rats was observed. At very high doses (50 and 100 mg/kg) serum protein
(albumin and globulin) decreased. At these doses, total cholesterol and LDL cholesterol were also
decreased in male and female rats which are considered as beneficial effects. In male rats alone, at
100 mg/kg group a small statistically significant decrease in serum urea was observed. Thus the
formul ation appears to be very safe.
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INTRODUCTION
In India, traditional health care like AyurvedadBa and local health traditions have strong presenc
since antiquity. The Ayurvedic system of medicim@inated in India more than 2000 years ago and is
still being practiced. The major limitation in tidespread acceptance of Ayurvedic medication és th
lack of scientific validation for safety and effain light of modern science. Detailed scientstadies
in light of modern medical science will help to oseme this lacuna and establish international
acceptability.
Hypertension affects a considerable percentagkeofiddle aged population worldwide and is a legdin
risk factor for cardiovascular diseases, strokeladiey failuré, Various drugs and regimens have been
formulated for the control of hypertension. In neicgears there is a revival of interest in traditib
systems of medicine at a global level.

Cite this article: Yuvaraj, P., Louis, T. and Madhavachandran, V.s&ize of adverse toxic effects of
Cardoguard, an Ayurvedic anti-hypertensive formalgtin sub-acute toxicity evaluation in ratst. J. Pure
App. Biosci. 3(6): 156-167 (2015)doi: http://dx.doi.org/10.18782/2320-7051.2161

Copyright © December, 2015; JPAB 156



Madhavachandranet al Int. J. Pure App. Biosci. 3 (6): 156-167 (2015) ISSN: 2320 — 7051
There is growing evidence to show that low levdlsaveral biologically active phytochemicals prasen
in polyherbal phytomedicines can additively or sgistically act at several targets involved in sedise
condition and cure the disease with minimal or withside effects compared to high doses of a single
compound acting on a specific crucial target. Thances of developing toxic manifestations are nore
the latter case.

Cardoguard is an antihypertensive medicine forredldty Nagarjuna Herbal Concentrates Kérala,
India. It is a polyherbal formulation containifRpulwolfia serpantina root, Terminalia chebula fruit,
Terminalia bellarica fruit, Terminalia arjuna bark,Embelica officinalis fruit andBoerhavia diffusa whole
plant. The drug is being prescribed by the physi@ Nagarjuna Herbal Concentrates Ltd. and isdou
to be very effective in the reduction of blood jm@® in human subjects.

A prospective clinical study was conducted in 24dryensive individuals by the physicians of the
Nagarjuna Ayurvedic Group. The mean systolic andstdlic blood pressures before initiation of
treatment were 166.92 £ 17.89 mm Hg and 118.83.212thm Hg respectively. The patients were treated
with Cardoguard for 15 days. The patients were @symatic, and the systolic and diastolic blood
pressures dropped to 138.75 + 15.41 mm Hg and 98.33.51 mm Hg respectivelyuiipublished
observations).

Studies have shown that Cardoguard attenuatesivegamotropic response of rat papillary muscle to
reactive oxygen speciesFurther, Cardogurd treatment resulted in the tvadiom dependent vaso-
relaxation of rat aorfa Recently, the efficacy of Cardoguard in the preion of cardiac remodeling was
evaluatel Cardoguard prevents cardiac remodeling and araedi® left ventricular cardiac
hypertrophy(LVH) in spontaneously hypertensivestateft ventricular hypertrophy (LVH) is a
modifiable risk factor, and regression of LVH redsiche propensity for adverse cardiovascular events
LVH strongly predicts cardiovascular morbidity aoderall mortality in hypertensive patieht<Cardiac
output increased in response to treatment with @garard. Immunostaining for the phosphorylated
components of major signaling pathways associaiéd ypertrophy shows that prevention of LVH by
Cardoguard is possibly mediated through inhibitbdrextracellular signal-regulated kinases and fmote
kinase G signaling pathways

Although insights were obtained on the mechanismaaifon of this ayurvedic type of polyherbal
formulation, toxicity, if any, of this medicine wa®t evaluated. Although the ingredients of cardwdu
are well known traditional medicinal plants and afehe ingredient$hyllanthus embilica fruit is an
ingredient of diet, when a new poly herbal formigliatis developed as a therapeutic agent, thereeed

to evaluate its toxicity, if any, because in rameseas molecular interactions and formation of new
compounds and/or disappearance of anticipated comasocan lead to adverse reactions. Therefore, the
present study was undertaken to evaluate sub-tmtiy, if any, of Cardoguard in rats.

MATERIALS AND METHODS
Cardoguard
Cardoguard is prepared using six medicinal plantergbelow. The plants were identified, collected,
dried, powdered separately, weighed and mixed hemmgsly with buffer and binding materials,
granulated together and made into capsules by NexgaHerbal Concentrates Lt@um acacia was used
as the binding material. The capsule has the fatigwomposition:

Rauwolfia serpentina root (Sarpagandha/lndian Snakeroot) (120 mg)
Terminalia arjuna bark (Arjuna/Myrobalan) (40 mg)
Boerhavia diffusa whole plant (Punarnava/Spreading Hogweed) (40 mg)
Terminalia chebula fruit (Hareethaki/Chebulic myrobalan) (40 mg)
Terminalia belerica fruit (Vibheetaki/Beleric myrobalan) (40 mg)
Emblica officinalis fruit (Amlaki/Indian gooseberry) (40 mg)
Animals

Male andfemale Wistar albino rats (140 to 160 g) fed addad diet and watead- libitum in the animal
house facility of our Institute and maintained undgandard laboratory conditions were used for
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evaluation of toxicity, if any. Institute Animal Bits Committee (approved by CPCSEA) monitors
experiments on animals.

Toxicity evaluation in male and female rats

For evaluation of sub-acute toxicity of the drug¥ animals were randomized and divided into 4 gsoup
each containing 6 male rats. One group was kepbmasol and groups 2, 3, 4 received 25, 50 and 100
mg/kg of the drug homogenate respectively. The édation in 2% gum acacia was administered daily
for 29 days (p. 0.). Control group received 2% qoacia in an identical manner. [Human dose: 420 mg/
patient; based on surface area of rat this is edgriv to approximately 6 mg/ kg of adult rat].

Similarly another set of experiment was done ugénggale rats.

The behavior of the animals was observed dailyLfbr for 29 days. Initial and final body weighigater

and food intake, and state of stool were observBEte animals were sacrificed on théh:ﬂhy. Blood
samples were collected with EDTA and plain tubeBTE tubes stored in refrigerator until analysis,
plain tubes centrifuged and serum was separateddsto refrigerator until analysis. Liver, heartdan
kidneys were dissected out, weighed and observegdthological and morphological changes. These
organs were subjected to histo-pathological studigi paraffin sections, processed and stainet wit
hematoxylin and eosin, were observed for histoglatiical changes.

Hematological and serum biochemical parameters wetermined. Hemoglobin was measured using
haemoglobinometer with comparison standards. Amiiof serum glutamate pyruvate transaminase
(SGPT) and serum glutamate oxaloacetate transaen{8830T) were assayed by the method of Reitman
and Frankef, and alkaline phosphatase by determining hydrolysieehol with antipyriné Urea and
cholesterol were determined by conventional metfod®erum lipid parameters, proteins, etc were
measured using standard assay kits. Total leukaoytat and differential counts were done as desdrib
elsewherg’,

RESULTS
Feeding for 29 days, daily with the herbal drug, (28 or100 mg/kg) did not result in any conspicuous
toxic symptoms. The general behavior of the arsmehs not altered. In the case of male rats, body
weights as well as weight of organs were not sicguittly altered by the drug administration (Tabje 1
However, in the case of females, there was a simatlsignificant reduction in the body weight which
was less pronounced in the highest dose treatetaén{Table 1).
In females, like body weight decline, organ weigltese also decreased. There was a marginal decrease
in the weight of heart in 25 or 50 mg/kg treated,rhut there was no significant decrease at 10Bgng
The weight of kidneys was also decreased in thetddefemale rats. The decrease in liver weight was
significant at 50 mg/kg only (Table 2). However,emhthe organ weights were expressed per 100 g body
weight, there was no significant change in the Wedf organs in the treated groups when compared to
that in control group (Table 2).
State of the fecal droppings, and food & waterkiata(Table 3) were not altered by the drug treatrimen
both male and female rats.
The effect of Cardoguard on serum biochemical patara in male rats is shown in Table 4. Activités
serum GPT, GOT and alkaline phosphatase were guifisantly changed by the treatment. Serum levels
of urea was decreased in the highest dose (100gingéated group. Serum levels of creatinine, gdaco
total bilirubin, total lipids, high density lipoptein (HDL) and triglycerides were not significantly
influenced by the drug treatment. Total serum ddtel®l, as well as LDL cholesterol, was decreared i
50 and 100 mg/kg drug treated groups. Total prptalbumin and globulin were slightly, but
significantly, decreased in the high doses (5008 thg/kg) treated rats. However, the ratio of allsum
and globulin was not significantly altered. Thuse drug did not show any conspicuous toxicity ie th
serum biochemical parameters. The decrease insthodé¢and urea may be beneficial.
The effect of Cardoguard on serum biochemical patara in female rats is shown in Table 5. Actigitie
of serum GPT, GOT and alkaline phosphatase weresigatficantly changed by the treatment. Serum
levels of creatinine, urea, glucose, total bilirybtotal lipids, high density lipoprotein (HDL) and
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triglycerides were not significantly influenced the drug treatment. Total cholesterol, as well B4 L
cholesterol in the serum, was decreased in 50 &@dmg/kg drug treated groups. There was no
significant decrease at 25 mg/kg drug treated groatal protein, albumin and globulin were slighthyt
significantly, decreased in the highest dose (1@fkg) treated rats. However, the ratio of albumin
globulin was not significantly altered. Thus, thenges in serum biochemical parameters in feméde ra
were almost like those in male rats. The majordéhce is the decrease in urea observed in thedoigg
treated male rats. This decrease was not obsanibe females.

There was no change in the hemoglobin levels andCWBunts in the treated groups compared to
untreated control group both in males and femdlablé 6).

Effect of the drug treatment on differential coisgiven in Table 7. There was no significant cleairy
the differential count expect a marginal increasenéutrophils and a decrease in lymphocytes at the
highest dose (100 mg/kg) studied. The same patpatiourred in female rats also (table not giveeher

Table 1. Effect of Cardoguard treatment on body wejht of male and female rats

Weight of male rats (in gram) Weight of female rdtsgram) |
Groups Initial Final Weight gain Initial Final Weight gaim
Control 157.0 = 246.3 £ 89.4+ 142.3 + 193.4 48.3+
7.6 9.9 14.3 5.2 8.7 8.8
Cardoguard
Treated
25 mg/kg 168.3 + 265.9 £ 87.2+ 1420+ 168.2 + 26.2 +
17.0 17.9 155 8.8 9.5* 2.2
50 mg/kg 142.3 + 250.5 % 823+ 142.0 + 166.4 = 24.4 +
13.6 30.8 19.7 3.2 10.7* 10.9*
100 mg/kg 1775+ 272.7 £ 95.0 = 140.8 + 168.6 = 319+
19.0 21.1 7.3 6.9 13.7* 9.0
F value 1.82 1.38 0.51 0.547 5.65 6.82
P value 0.20 0.30 0.69 0.66 0.012 0.006

Values are Mean + SD, n=6 animals
*, P<0.05 (compared to control)

Table 2. Effect of Cardoguard treatment on weight bliver heart and kidneys of male and female rats

Weight of male rat organs (in gram) Weight of feenadt organs (in gram)
Groups Liver Heart Kidneys Liver Heart Kidneys
Control 8.01 + 0.75 % 156 + 6.86 + 0.59 + 1.28 +
0.86 0.05 0.16 0.25 0.04 0.06
[3.25] [0.30] [0.63] [3.54] [0.31] [0.66]
Cardoguard
Treated
25 mg/kg 9.06 + 0.77 + 1.62+ 6.07 £ 0.52 + 1.09+
0.34 0.03 0.13 0.45 0.02* 0.05*
[3.41] [0.29] [0.61] [3.61] [0.31] [0.65]
50 mg/kg 8.55 0.76 = 158 + 5.90 £ 0.53 1.07 =
0.71 0.07 0.12 0.39* 0.02* 0.07**
[3.42] [0.30] [0.63] [3.55] [0.32] [0.65]
100 mg/kg 8.99 + 0.76 + 1.63+ 6.33 ¢+ 0.56 + 110+
0.66 0.06 0.10 0.45 0.01 0.07*
[3.31] [0.28] [0.60] [3.75] [0.33] [0.65]
F value 2.1 0.067 0.271 4.459 4.04 8.51
P value 0.156 0.976 0.845 0.025 0.034 0.003
Values are Mean * SD, n=6 animals
* P <0. 05; **, P< 0.01 (compared to control)
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Table 3. Effect of Cardoguard treatment on food andvater intake in male and female rats

M ale Female

Food intake Water intake Food intake Water intake

[g/day/rat] [ml/day/rat] [g/day/rat] [ml/day/rat]
Control 16.0 32.3 11.9 17.5
Cardoguard
Treated
25 mg/kg 16.1 37.5 09.6 18.8
50 mg/kg 15.3 37.8 07.9 17.4
100 mg/kg 15.6 325 09.5 16.1

Values are mean of 6 animals in each group. Foddheater intake for 6 animals was taken together for

24 hrs [on the 28day of treatment].

Table 4. Effect of Cardoguard treatment on serum lbchemical parameters in male rats

Biochemical Parameters Groups Fand P
Control Cardoguard Treated (mg/kg) value
25 50 100
Total protein (g/dl) 6.23 £ 0.40 5.83+0.31 5.35 +0.39* 5.31 £ 0.40* F:5.37,
P:.014
Albumin (g/dl) 3.97 £ 0.06 3.89+0.08 3.73 £0.14* 3.72+0.13* F:5.31
P:.015
Globulin (g/dl) 2.26£0.35 1.93+£0.23 1.86 £0.21* 1.57 £0.14* F:4.35
P:.024
Albumin /globulin (ratio) 1.79+£0.25 2.04+£0.20 212 +0.55 2.45+0.50 F.1.83
P .196
Glucose (mg/dl) 91.48 +6.54 94.35 + 6.88 97.28+4.46 | 97.90+5.48 F:1.0
P: .43
SGPT (U/L) 47.65+4.79 45.78 £5.22 4143 £1.67 | 40.23+4.39 F:2.09
P:.148
SGOT (U/L) 63.28 £3.22 66.10 £ 9.02 73.20+6.89 | 66.83+6.24| F:1.59
P:.244
AP (KA Units) 9.75+0.42 9.43+0.80 9.75+0.58 9.82+0.75 F:.28
P:.840
Total bilirubin (mg/dl) 1.25+0.06 1.14 +0.15 1.04£0.12 1.51+0.25 F: 6.37
P:.008
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Urea (mg/dl)

Creatinine (mg/dl)

Total lipids (mg/dl)

Total cholesterol (mg/dl)

HDL (mg/dl

LDL (mg/dl)

Triglycerides (mg/dl)

39.16 + 1.82

1.65+0.14

392.9+18.0

122.5+ 2.87

32.57+3.01

60.88 +5.26

1454 +6.6

38.77 +2.03 35.88 £2.43
1.57+0.15 1.69+0.15
358.9+245 3724 +£21.2
118.0+ 2.97 102.5+3.68*
32.67 +3.15 30.28 +3.09
57.50 + 8.28 | 48.22 +£5.38*

134.9+10.8 140.1+3.9

33.75%£1.62*

1.63+0.11

357.4+9.6

98.1+3.96*

34.29+3.01

43.51+5.11*

1478 +5.7

F:4.15
P:.021
F: .60
P:.630
F:2.95
P:.075
F: 4.86
P:.019
F:1.11
P:0.38
F:4.42
P:.026
F:2.51

P:.120

Values are Mean * SD, n=6 animals

*, P <0.05 (compared to control)

Table 5. Effect of Cardoguard treatment on serum biochemicaparameters in female rats

Biochemical Parameters Groups Fand P
Control Cardoguard Treated (mg/kg) value
25 50 100
Total protein (g/dl) 5.86+ 0.30 5.79+0.18 5.59+0.22 5.27+0.16* F:5.81
P:.011
Albumin (g/dl) 3.68+0.14 | 3.51+0.08 3.64 +£0.09 3.48 £ 0.11* F:4.04
P:.032
Globulin (g/dI) 219+0.39 | 2.28+0.15 1.92+0.24 1.78 £ 0.06* F: 3.48
P:.050
Albumin /globulin (ratio) 1.73+£0.31 | 1.54+0.09 1.92+0.31 1.96 +0.06 F.2.84
P:.083
Glucose (mg/dl) 96.9+5.6 103.9+ 3.4 103.0+3.3 102.6 £2.3 F: 2.60
P:.086
GPT (U/L) 39.9+21 39.7+2.2 37.6+2.8 37.8+3.3 F:.840
P:.500
GOT (U/L) 61.8+3.4 64.5+4.3 66.0+5.0 66.8+4.1 F: 2.96
P: .096
AP (KA Units) 10.8+ 0.55 9.80+0.61 | 10.28+0.74 9.85+0.83 F:1.92
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Total bilirubin (mg/dl)

Urea (mg/dl)

Creatinine (mg/dl)

Total lipids (mg/dl)

Total cholesterol (mg/dl)

HDL (mg/dl’

LDL (mg/dl)

Triglycerides (mg/dl)

1.4+0.17

346+20

1.59+0.03

395.7+20.9

118.8+10.9

36521

53.0+10.0

146.6+10.1

P:.180
1.45+0.27 1.34+0.11 1.23+0.14 F:1.076
P:.416
33.0+0.6 33.7x14 33.3£0.8 F: 1.153
P: .368
1.55+0.19 1.53+0.11 1.61 £0.07 F:.348
P:.791
368.1+22.5 | 363.4112.7 364.8+15.1 F:2.79
P:.086
115.4+ 8.4 106.5+4.5 102.9 £5.3* F: 3.766
P:.041
35.7+2.7 35.2+23 39.0+1.6 F: 2.368
P:.122
49.9+10.8 41.8 + 4.5 34.5 +5.6* F:4.14
P:.031
149.4+ 4.3 147.6+ 4.6 147171 F:.128
P:.942

Values are Mean +* SD, n=6 animals
* P <0.05 (compared to control)

Table 6. Effect of Cardoguard treatment on hemogloblin and total leukocyte count in

male and female rats

Males Females
Haemoglobin WBC Haemoglobin WBC
(mg/dl) (mm® x10°) (mg/dl) (mm®x10°)

Control 14.00+0.34 12.73 +0.36 14.20 £+ 0.12 632+ 0.39
Cardoguard
Treated
25 mg/kg 14.23+0.28 13.25 +0.52 14.15+0.13 12.98 +0.26
50 mg/kg 14.10+0.12 12.98 +0.17 14.16 +0.13 12.80 +0.23
100 mg/kg 14.33 £ 0.05 13.30 +0.66 14.21 +0.08 13.13 +0.22
F value 1.57 1.31 0.25 2.34
P value 0.25 0.32 0.86 0.13

Values are Mean +* SD, n=6 animals
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Neutrophils Eosinophils Basophils Lymphocytes Moytes
Control 64.00 £1. 83 3.40+0.41 >1 31.25+1.50 4.78+ 0. 96
Cardoguard
Treated
25 mg/kg 66.50 £ 1. 91 3.05+0.53 >1 30.50 £1. 00 3.00+1.15
50 mg/kg 67.25+2. 06 3.22+0.91 >1 29.25+2.98 3.50+1.00
100 mg/kg 69.50 £ 1. 92* 3.11+0. 38 >1 26.25+ 1. 50* 4.25+0.92
F 5.51 1.1 5.38 2.32
P .013 NS NS .014 NS

Valuesare Mean * SD, n=6 animals
* P <0.05 (compared to control)

Histo-pathological studies
Histo-pathological studies of liver, kidney and et the light microscopical level, did not rewaly
significant alterations [Fig. 1-3].

Fig.1: 1.A. Co
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1B. High dose (100 mg/kg) Cardoguard treated maleat liver showing normal histo-architecture
(stained with H&E)

Fig 2: 2 A. Control female rat heart showing normalhisto-architecture (stained with H&E)
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2 B. High dose(100 mg/kg) Cardogurd treated femalet heart showing normal histoarchitecture
(stained with H&E)

Fig. 3: 3 A. Control female rat kidney (LS) showingnormal histo-architecture (stained with H&E)
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3 B. High dose (100 mg/kg) Cardoguard treated femalrat kidney (LS) showing normal histoarchitecture
(stained with H&E)

DISCUSSION
The sub-acute toxicity study (29 days) in ratsmid show any toxic symptoms at 25 mg/kg (which is 4
times higher than the extrapolated therapeutic Jdos€ardguard. Thus, this study strengthens tht fa
that the polyherbal formulation prepared from @litianal medicinal plants is very safe.
A marginal decrease in body weight of females,males, was observed. This could be due to a margina
increase in the metabolic rate; this remains tacdigirmed. At high doses (50 and 100 mg/kg) total
cholesterol and LDL cholesterol were also decreasechales and females, which are considered as
beneficial effects. At these doses, serum pratgioumin and globulin) was slightly decreased itthbo
males and females.
In male rats alone, at 100 mg/kg group a smallissizdlly significant decrease in serum urea was
observed. This marginal decrease may not have @wsrse effect in the physiology. This may indicate
an improvement in urea filtration by kidney. Inghionnection it should be noted that the individual
plants which form ingredients of Cardoguard arevkmado have several beneficial pharmacological
properties.
Boerhavia diffussa is reported to have hepatoprotective action agaamkation, anti-oxidant property and
diuretic action®> Terminalia arjuna and Terminalia chebula are known to posses cardio-protective and
anti-oxidant propertié§®° Terminalia arjuna is reported to have hypocholesterolemic activisg®d The
poly phenols fromEmbelica officinalis are known to have powerful antioxidant acti¢it§/- Rauwolfia
serpentina root is reported to cause generalized vasodilativith a lowering of blood pressure,
depressant action on the cerebral centrés efthe toxicity study also suggests that in additmits anti-
hypertensive properly, the polyherbal phytomedicireey have other health promoting properties. Human
clinical trials are warranted to establish thesalthebenefits. When taken all together, the drogears
to be very safe and further studies including clwalstandardization and fixing expiry date may lead
international acceptability to this valuable hereddicine.
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