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Abstract 
Purpose: Present study was designed to determine the 
phytochemical constituents of Kuruthi azhal chooranam  

(KAC) and its acute and 28-day repeated oral toxicity. 
 Materials/Methods: Phytochemical analysis was carried 
using standard protocols. Acute toxicity was conducted 
by administering KAC at 2000mg/kg as per OECD test 
guideline 423. In 28-day repeated oral toxicity, rats were 
orally administered with KAC at 3 dose levels (600, 900 
and 1200 mg/kg/day) and observed as per OECD test 
guideline 407. Results: Qualitative analysis reveals the 
presence of complex phytoconstituents like phenol, 
tannins, saponins, glycosides, alkaloids, quinines, 
anthraquinones and flavonoids. Antioxidant vitamins like 
C and D was also found to be in appreciable quantity. 
KAC at 2000mg/kg produced no treatment related toxic 
signs or mortality during the study. In 28-day repeated 
toxicity, no significant differences in body weight, 
haematological, electrolyte and biochemical parameters 
were observed between control and KAC rats. Relative 
organs weights, gross pathology and histopathological 
examination revealed no abnormalities with KAC 
treatment. Conclusion: Results of the present study 
suggest that LD50 of KAC >2000mg/kg and NOAEL 
>1200mg/kg/day in rats. The data also provided 
satisfactory preclinical evidence on its oral safety to 
support its use as a therapeutic agent in the treatment of 
hypertension. 
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1. Introduction  
 

 

Herbal medicine plays an important role in the 
healthcare of many developing countries because 
of distinct benefits such as the presence of diverse 
bioactive compounds that can act synergistically to 
treat contagious diseases. Unfortunately, they are 
not encouraged at substantial level in developed 
countries because many of them were not 
scientifically proved for their safety and efficacy 

profiles. The knowledge, innovations and practices 
of traditional and indigenous medicine has been in 
forefront of international developments. Siddha 
system is a traditional medical system practiced 
mainly in South India and is increasingly 
recognized as an alternate approach. Promising 
studies have been conducted in recent days to 
reveal the potential of siddha preparations in the 
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treatment of skin diseases, arthritis, psoriasis and 
inflammatory disorders (Alam et al., 1988; 
Rajendran et al., 2008; Akila and Manickavasagam, 
2012; Baskar et al., 2013). Siddha medicine 
believes that formulation process is more important 
for its efficacy whereas allopathic believes in the 
chemical constituents of efficacy. Cuminum 
cyminum has been in traditional practice in South 
India for more than 50 years for the treatment of 
hypertension (Kalaivani et al., 2013). 

  
Kuruthi azhal chooranam (KAC) is a unique 
formulation consisting of Cuminum cyminum L., as 
the major ingredient and 11 other active 
constituents such as Citrus medica L., Saccharum 
officinarum L., Mukia maderaspatna (L.) M.Romer, 
Phyllanthus emblica L., Solanum trilobatum L., 
Azadirachta indica A. Juss. Leucas aspera (Wild) 
Link, Allium cepa L., Cyamopsis tetragonoloba L., 
Taub, Zingiber officinale Rosc,and Coriandrum 
sativum L. These individual herbs have numerous 
pharmacological properties from antioxidant to 
anti-cancer activities (Goel et al., 1990; Rebey et 
al., 2012; Bedri et al., 2013; Kalaivani et al., 2013; 
Jeena et al., 2013; Tripathi et al., 2013). Several 
therapeutic effects in the absence of toxicity can be 
achieved with plant drug combinations due to their 
diverse pharmacological actions with the safety 
assessment which is pertinent. After understanding 
the potential of individual herbs the present 
investigation was designed to evaluate the 
phytochemical content and to screen for its toxicity 
profile after acute and 28-day repeated oral 
exposure of their formulation which is first of its 
kind.   
 
2. Material and Methods 
 
 2.1. Chemical and reagents  
Gallic acid and Quercetin were purchase from 
Sigma Chemicals, USA. Diagnostic biochemical 
kits were purchased from Accurex Biomedical Pvt. 
Ltd., India. All other chemicals and reagents unless 
mentioned were of analytical grade.  
 
2.2. Authentication and Preparation of formulation 
KAC was prepared using 12 ingredients, Cuminum 
cyminum L., Citrus medica L., Saccharum 
officinarum L., Mukia maderaspatna (L.) M.Romer, 
Phyllanthus emblica L.,Solanum trilobatum L., 
Azadirachta indica A. Juss. Leucas aspera (Wild) 
Link, Allium cepa L., Cyamopsis tetragonoloba L., 
Taub, Zingiber officinale Rosc, and Coriandrum 
sativum L., procured from Cheiyar area, 
Kanchipuram. All the individual herbs were 
authenticated at Siddha Central Research Institute 
(SCRI) by Dr. Sasikala Ethirajulu, Assistant 

Director/ Pharmacognosist. 1 kg of finely 
powdered cumin seeds was processed with 1.5 
litres of lemon juice and the obtained slurry was 
allowed to lyophilize using freeze dryer ALPHA 1-
2 LD plus Martin Christ. Then to the powder 
individual juices of sugar cane, musumusukkai, 
Indian gooseberry, thuthuvalai, neem bark, 
thumbai, small onion, cluster beans and zinger 
coriander were added and lyophilized after addition 
of individual juices. The final lyophilized fine 
powder of KAC was used for further studies.               
 
2.3. Animals and Husbandry  
Male and female Sprague Dawley (SD) rats 
weighing 130-160g were obtained from Central 
Animal Facility, Sri Ramachandra University, 
Chennai, India. Animals were housed individually 
in polypropylene cages in a well ventilated room 
(air cycles: 15/min; 70:30 exchange ratio) under an 
ambient temperature of 22±3°C and 40–65% 
relative humidity, with a 12-h light/dark artificial 
photoperiod. They were provided with food 
(Nutrilab Rodent, Tetragon Chemie Pvt Ltd, India) 
and purified water ad libitum. All the animals were 
acclimatized for a period of 7 days to the laboratory 
conditions prior to experimentation. Guidelines of 
“Guide for the Care and Use of Laboratory 
Animals” (Institute of Laboratory Animal 
Resources, National Academic Press 1996; NIH 
publication number #85-23, revised 1996) were 
strictly followed throughout the study. Institutional 
Animal Ethical Committee (IAEC), Sri 
Ramachandra University, Chennai, India approved 
the study (IAEC/XIX/SRU/132/2010). 
               
2.4. Phytochemical screening and quantification of 
secondary metabolites  
Lyophilised KAC was subjected to preliminary 
phytochemicals analysis performed using standard 
protocols (Harborne, 1973; Trease and Evans, 
1989; Sofowara, 1993). Total phenol, tannin and 
flavonoids content were quantified following the 
standard methods (Schander, 1970; Chang et al., 
2001; McDonald et al., 2001). Total antioxidant 
and reducing capacity was also measured (Prieto et 
al., 1999; Koleva et al., 2002). The samples were 
analysed in triplicates.              
 
2.5. Acute oral toxicity  
Acute oral toxicity was conducted in accordance 
with Organization for Economic Cooperation and 
Development (OECD) test guideline 423 (adopted 
– December, 2001) with slight modification. 
Young adult female (non-pregnant and nulliparous) 
SD rats of 120-130g body weight were used for the 
study. Seven days after acclimatization, the animals 
were randomized as control and treatment groups.  
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Figure 1: Histopathological evaluation of brain, heart, liver, kidney, stomach and spleen in control and KAC treated 
experimental animals 

Organs Control (0.5% CMC) NIS-KAC (1200mg/kg) NIS-KAC Satellite (1200mg/kg) 

Brain 

   

Heart 

   

Liver 

 

Kidney 

  

Stomac
h 

  



Ph ton                                                                                                                                                                  1284                                                                                                                             
 

Spleen 

 
Control group received 0.5% carboxy methyl 
cellulose (CMC) and treatment group was 
administered with KAC at 2000mg/kg body weight 
prepared in 0.5% CMC at a single oral dose using 
oral gavage. Following 30 min, 1, 2 and 4h after 
administration, observations such as mortality, 
morbidity and clinical signs of toxicity were 
recorded on day 1 and thereafter for next 13 
consecutive days. Body weight was recorded 
weekly once, animals were necropsied at the end of 
experimental period and organs were observed for 
gross pathological changes.             
 
2.6. Repeated dose 28-day oral toxicity study 
28-day repeated oral toxicity was conducted in 
accordance with OECD test guideline 407 (adopted 
– April 2006) with slight modifications. Young 
adult SD rats weighing 120-140g of both sex were 
used for the study. Animals were divided into six 
groups of 10 animals (5 male and 5 female) each. 
Group I served as vehicle control which received 
0.5% CMC; group II received KAC - 600 mg/kg, 
group III received KAC - 900mg/kg and group IV 
KAC - 1200 mg/kg of KAC. Satellite groups of 
Group V and VI were treated with vehicle and 
KAC high dose of 1200 mg/kg to determine the 
delayed occurrence, or persistence of, or recovery 
from toxic effects. All animals in control and 
treatment groups were treated once daily for 28 
days and the satellite group was observed for 
another 14 days without treatment. Toxic 
manifestations such as signs of toxicity, mortality 
and morbidity were monitored daily throughout the 
study period. Body weight changes and feed and 
water intake was monitored once in a week. At the 
end of the experimental period, blood was collected 
from overnight fasted rats through retro-orbital 
puncture under diethyl ether anaesthesia with and 
without anticoagulant for haematological, 
electrolytes and biochemical parameters. Following 
blood collection, the animals will be necropsied for 
gross and histopathological examination. 
  
Hematological parameters like WBC, RBC, HGB, 
HCT, MCV, MCH, MCHC and platelet were 
analysed using fully automated hematology 

analyser (PE 6000). Plasma was separated and used 
for the estimation of glucose, triglyceride, 
cholesterol, creatinine, urea and total protein with 
standard diagnostic kits using semi-automatic 
biochemical analyser (Star-21 Plus, India). 
Enzymes such as alkaline phosphatase (ALP), 
aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), and other constituents 
were also estimated in plasma. Electrolytes such as 
total calcium, potassium, sodium, chloride and pH 
was measured using electrolyte analyzer (Acculyte-
5P).              
 
2.6.1. Histopathology examinations of organs 
Terminal necropsy was done on all animals on day 
29 except the satellite which was done on day 42. 
After blood collection, animals were anesthetised 
with diethyl ether and necropsied. Vital organs like 
brain, heart, liver, kidneys, stomach and spleen 
were observed for gross lesions and organs like 
brain, heart, liver, kidneys, spleen, testes, ovaries 
and adrenals were weighed for relative organ 
weights. Tissues of control and high dose treated 
animals were fixed in 10% formalin and sections of 
5–6 mm were routinely stained with haematoxylin 
and eosin (H & E) and examined under a light 
microscope (Olympus CHO2). Any changes in the 
treatment group were compared with the control 
group. 
 
2.7. Statistical analysis 
Data was presented as mean ± standard error of 
mean (SEM). Data were subjected to statistical 
analysis using Student‘t’ test using GraphPad prism 
4.0 to determine significant difference between the 
means. p≤0.05 was considered as the statistically 
significant. 
 
3. Results 
 
3.1. Preliminary phytochemical screening 
Results of phytochemical screening of formulation 
were shown in Table 1. Active constituents like 
phenol, tannin and flavonoid was found to be 
present in higher amounts when compared to other 
tested constituents. 
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Table 1: Preliminary phytochemical analysis of KAC 
 
. 
 
 
 
 
 
 
 
 
 

+: Present in low range; ++: Present in moderate range; 
+++: Present in high range; - : Absent 
 
3.2. Quantitative determination of phytochemicals 
and Vitamins 
Content of phenol, tannin, and flavonoids were 
recorded in Table 2. KAC was found to contain the 
higher amount of phenol (18.56±1.16 mg/g 
extract), tannin (1.46±0.03 mg/g extract) and 
flavonoid (5.47±0.47 mg/g extract). Reducing 
power was found to present in higher amounts 
(43.12±3.23 mg extract equiv/100µg of Vit C) 
when compared to total antioxidant (mg extract  
 

equiv/100µg of Vit E).  
 
Table 2: Quantitative determination of secondary 
metabolites and vitamins 

KAC  
Secondary Metabolites (mg/g) 
Total Phenol  18.56±1.16 
Tannins  1.46±0.03 
Flavonoids  5.47±0.47 
Vitamins 
Reducing capacity   
(mg extract equiv/100µg of Vit C) 

43.12±3.23 

Total antioxidant  
(mg extract equiv/100µg of Vit E) 

10.12±1.31 

Values are expressed as mean ± SEM, n =3 
 
3.3. Acute oral toxicity study 
In the present study, acute toxicity of KAC was 
performed following the OECD test guideline 423. 
KAC at 2000mg/kg, b.wt did not produce mortality 
or treatment related signs of toxicity in the animals 
during 14 days observeation. There were no loss in 
body weight in the vehicle or KAC administered 
rats (Table 3). Further, the gross necropsy revealed 
no abnormalities in the internal organs of the 
experimental animals. 

Table 3: Acute oral toxicity of KAC in experimental animals - Body weight changes 
Group  Treatment    Body weight (g) 

0th Day 1st Day 2nd Day 7th Day 14th Day 
I  Control  126.00±1.15  118.67±0.67  121.90±4.00  119.67±8.69  136.00±7.37 
II  Treatment  126.33±2.85  119.33±1.45  119.00±3.06  132.00±2.08  147.00±11.24  

Values are expressed in mean±SEM; n=3 animals/group 
 
3.4. Repeated dose 28-days study 
In 28-day repeated dose toxicity study, rats 
received KAC at 600, 900 and 1200mg/kg body 
weight/day orally for 28 days. Neither signs of 
toxicity nor mortality were observed in the KAC 
administered groups throughout the study period. 
No abnormal home cage activitities, behavioural 
responses or neurological symptoms were observed 
before and after the exposure of KAC. Body weight 
gain was found to be high in the low dose 
(600mg/kg b.wt) treated animals but there was no 
significant difference between the control and low 
dose treatment. The other groups were comparable 
with the vehicle treated rats (Table 4). The results 
of feed consumption of control and KAC treated 
rats are shown in Table 5. There was no significant 
difference in feed consumption was observed 
between the vehicle and KAC treated animals 
throughout the study (Table 5). 
 
3.4.1. Measurement of haematological, serum 
electrolytes, biochemical parameters and relative 
organ weight 
Haematological results were summarised in the 
Table 6. No significant differences in any of the 
tested haematological parameters were observed 
between the vehicle and the KAC treated rats. 

Administration of KAC for a period of 28 days did 
not produce any significant changes in the plasma 
biochemical parameters such as glucose, 
cholesterol, triglyceride, bilirubin and liver and 
kidney marker parameters like alanine amino 
transferase (ALT), alkaline phosphatise (ALP), 
gamma glutamyl transferase (GGT), albumin, total 
protein, urea and creatinine, at any of the tested 
dose levels when compared to the vehicle treated 
rats (Table 7). There were no significant changes in 
the serum Na, K, Ca, Cl, and pH between the 
vehicle and KAC treated animals (Table 8). 
Administration of KAC had no treatment related 
changes in relative organ weight of control and 
high dose treated animals (Table 9). 
 
3.4.2. Histopathology 
Macroscopic and pathological examination of the 
organs did not reveal any abnormal changes. 
Histopathological examinations of the tissues 
revealed no abnormalities in control and high dose 
KAC treated experimental animals. 
Histopathological photographs of brain, heart, 
liver, kidneys, stomach and spleen of control, high 
dose KAC treated and satellite groups were shown 
in Fig. 1. Histopathological examinations of organs 
of satellite control and high dose animals also 
revealed no changes in the architecture and found  

KAC 
Phenol +++ 
Tannin +++ 
Saponins + 
Glycosides + 
Sugars - 
Alkaloids + 
Quinones + 
Flavones ++ 
Anthroquinones + 
Terpenoids - 
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to be normal.  
 
Table 4: Effect of KAC on body weight changes of control and KAC treated experimental animals 

Values are expressed in mean±SEM; n=10 animals (5/sex); Statistical analysis was performed using Student‘t’ test using 
GraphPad prism 4.0 
 
Table 5: Effect of KAC on cumulative feed consumption of control and KAC treated experimental animals 

Group Treatment Cumulative feed consumption (g) 
1st Week 2st Week 3st Week 4st Week 5th Week 6th Week 

I Control (0.5% CMC) 60.12±6.30 65.72±5.83 89.62±0.93 90.94±3.13   
II KAC (600mg/kg 

p.o/day) 
68.86±5.40 72.32±3.35 92.92±2.33 103.52±6.14   

III KAC (900mg/kg 
p.o/day) 

56.12±7.00 63.82±0.75 89.32±3.89 92.75±9.03   

IV KAC (1200mg/kg 
p.o/day) 

72.04±2.29 66.38±5.96 95.78±1.62 95.02±0.92   

Satellite Group 
V Control (0.5% CMC) 67.28±9.49 60.93±6.17 79.64±6.81 92.93±2.46 89.26±37

9 
90.62±5.7
3 

VI KAC (1200mg/kg 
p.o/day) 

64.64±4.30 74.30±6.30 76.66±4.30 92.76±2.67 91.63±4.7
1 

90.85±6.2
1 

Values are expressed in mean±SEM; n=10 animals (5/sex); Statistical analysis was performed using Student‘t’ test using 
GraphPad prism 4.0 
 
Table 6: Effect of KAC on haematological profile of control and KAC treated experimental animals 
Group Treatment WBC 

(10*3/
uL)  

RBC 
(10*6/uL) 

HGB 
(g/dl) 

HCT 
(%) 

MCV 
(fL) 

MCH 
(pg) 

MCHC 
(g/dl) 

PLT 
(10*3/uL) 

I Vehicle 
(0.5% 
CMC) 

7.08±1
.65 

2.89±0.10 9.77±0.79 11.76±0
.27 

40.37±0
.25 

72.86±5.
48 

152.45±3
.68 

385.80±9.
44 

II KAC 
(600mg/kg 
p.o/day) 

7.95±0
.31 

3.90±0.57 14.10±0.72 17.39±2
.36 

45.05±0
.29 

54.54±5.
16 

80.02±6.
00 

261.60±4.
26 

III KAC 
(900mg/kg 
p.o/day) 

6.10±0
.29 

4.67±1.13 14.69±0.05 24.65±2
.44 

44.81±0
.25 

30.68±2.
39 

68.84±1.
00 

267.00±8.
83 

IV KAC 
(1200mg/k
g p.o/day) 

6.72±0
.43 

4.46±0.85 12.53±2.96 19.71±4
.22 

44.54±0
.23 

28.39±0.
77 

64.13±0.
01 

265.30±0.
36 

Satellite 
Group 

V Vehicle 
(0.5% 
CMC) 

7.19±2
.13 

3.08±0.65 14.28±0.01 12.28±2
.77 

38.38±0
.04 

26.97±4.
41 

53.67±2.
82 

441.98±0.
41 

VI KAC 
(1200mg/k
g p.o/day) 

12.40±
1.16 

5.99±0.45 14.44±0.19 31.67±7
.23 

50.63±0
.63 

30.66±1.
12 

61.26±5.
29 

363.21±8.
62 

Values are expressed in mean±SEM; n=10 animals (5/sex); Statistical analysis was performed using Student‘t’ test using 
GraphPad prism 4.0 
 

Group Treatment Body Weight (g) 
 1st Week 2st Week 3st Week 4st Week 5th Week 6th Week 

I Control 
(0.5% CMC) 

127.80±5.08 131.16±7.20 151.88±10.69 164.12±9.71   

II KAC 
(600mg/kg 
p.o/day) 

134.20±2.44 153.46±9.49 180.26±3.79 197.58±11.06 

III KAC 
(900mg/kg 
p.o/day) 

133.80±8.17 137.62±10.6
7 

154.00±13.41 170.46±7.78 

IV KAC 
(1200mg/kg 
p.o/day) 

135.90±3.34 147.72±7.20 166.92±3.78 179.20±6.07 

Satellite Group 
V Control 

(0.5% CMC) 
131.60±2.33 134.04±9.49 156.92±0.30 176.68±0.14 189.60±4.9

8 
179.20±6.0
7 

VI KAC 
(1200mg/kg 
p.o/day) 

133.50±6.58 140.80±11.1
6 

156.59±11.63 179.36±15.16 192.66±14.
26 

208.24±10.
86 
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Table 7: Effect of KAC on plasma biochemical parameters of control and KAC treated experimental animals 
Group Treatment Glucose 

(mg/dl) 
Cholesterol 
(mg/dl) 

Triglyceride 
(mg/dl) 

T. Protein 
(gm/dl) 

Urea 
(mg/dl) 

Albumin 
(gm/dl) 

I Control (0.5% 
CMC) 

86.14±0.87 75.59±1.02 48.05±3.16 6.09±0.12 41.53±2.28 1.71±0.10 

II KAC (600mg/kg 
p.o/day) 

90.00±5.91 62.85±4.72 49.66±3.97 6.10±0.19 37.71±0.13 2.71±0.03 

III KAC (900mg/kg 
p.o/day) 

85.23±3.88 75.87±3.36 46.95±0.85 6.06±0.01 40.64±4.01 2.50±0.19 

IV KAC (1200mg/kg 
p.o/day) 

81.67±4.09 86.84±6.59 45.38±7.20 5.92±0.02 35.37±0.19 2.74±0.04 

Satellite Group 

V Control (0.5% 
CMC) 

92.26±1.38 69.25±7.25 79.70±4.19 5.71±0.09 43.71±0.48 1.34±0.14 

VI KAC (1200mg/kg 
p.o/day) 

89.10±1.36 64.04±8.61 81.27±0.82 6.08±0.01 44.08±0.74 1.31±0.06 

Values are expressed in mean±SEM; n=10 animals (5/sex); Statistical analysis was performed using Student‘t’ test using 
GraphPad prism 4.0 
 
Group Treatment Creatinine 

(mg/dl) 
T.Bilirubin  
(mg/dl) 

ALT 
(IU/l) 

ALP 
(IU/l) 

GGT 
(IU/l) 

I Vehicle (0.5% CMC) 0.57±0.00 0.97±0.01 35.75±0.27 378.78±35.59 6.05±0.27 
II KAC (600mg/kg p.o/day) 0.49±0.01 0.62±0.03 34.07±4.87 394.9±33.06 4.26±0.74 
III KAC (900mg/kg p.o/day) 0.40±0.02 0.61±0.10 31.15±2.14 381.6±12.70 4.27±0.29 
IV KAC (1200mg/kg 

p.o/day) 
0.43±0.05 0.76±0.01 43.77±1.30 378.9±20.00 4.35±0.10 

Satellite 
Group 
V Vehicle (0.5% CMC) 0.83±0.01 0.94±0.11 59.28±0.09 454.20±24.11 4.76±0.67 
VI KAC (1200mg/kg 

p.o/day) 
0.75±0.00 1.04±0.02 56.58±0.53 529.01±24.62 3.84±0.22 

Values are expressed in mean±SEM; n=10 animals (5/sex); Statistical analysis was performed using Student‘t’ test using 
GraphPad prism 4.0 
 
Table 8: Effect of KAC on Serum Electrolyte of control and KAC treated experimental animals 

Group Treatment Serum electrolytes (mmol/l) 
Total 
calcium 

Potassium Sodium Chloride pH 

I Control (0.5%CMC) 2.72±0.09 4.41±0.15 154.29±1.13 98.14±1.15 7.72±0.01 
II KAC (600mg/kg 

p.o/day) 
3.66±0.03 4.68±0.10 148.32±2.79 102.89±4.69 7.77±0.02 

III KAC (900mg/kg 
p.o/day) 

2.69±0.08 3.95±0.09 151.72±2.98 104.89±3.42 7.46±0.02 

IV KAC (1200mg/kg 
p.o/day) 

2.52±0.03 4.83±0.13 147.07±3.86 93.89±2.44 7.49±0.01 

Satellite Group 
V Control (0.5%CMC) 2.29±0.05 4.27±0.12 149.67±4.82 108.25±4.63 7.61±0.02 
VI KAC (1200mg/kg 

p.o/day) 
3.71±0.11 3.18±0.22 142.98±3.71 99.53±3.67 7.28±0.01 

Values are expressed in mean±SEM; n=10 animals (5/sex); Statistical analysis was performed using Student‘t’ test using 
GraphPad prism 4.0 
 
Table 9: Effect of KAC on relative organ weight of control and KAC treated experimental animals 
Group Treatment Relative Organ Weight (g) 

Brain Heart Liver Kidney Spleen Testes Ovaries Adrenal
s I Vehicle 

(0.5% 
CMC) 

1.12±0.
04 

0.46±
0.02 

4.71±0.
30 

1.00±0.
05 

0.54±0
.03 

1.47±0.
15 

0.06±0.
01 

0.03±0.
01 

II KAC 
(600mg/kg 

0.98±0.
08 

0.50±
0.08 

3.77±0.
32 

0.84±0.
07 

0.41±0
.04 

1.11±0.
20 

0.08±0.
01 

0.03±0.
01 
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p.o/day) 
III KAC 

(900mg/kg 
p.o/day) 

1. 
12±0.07 

0.51±
0.03 

4.88±0.
33 

1.05±0.
06 

0.55±0
.06 

1.68±0.
19 

0.07±0.
01 

0.03±0.
01 

IV KAC 
(1200mg/k
g p.o/day) 

1.08±0.
06 

0.45±
0.03 

4.20±0.
26 

0.95±0.
06 

0.53±0
.04 

1.42±0.
09 

0.07±0.
01 

0.04±0.
01 

Satellite Group 
V Vehicle 

(0.5% 
CMC) 

1.16±0
.01 

0.52±0.
01 

3.82±0.
04 

0.89±0.
01 

0.52±0.
01 

1.53±0.
01 

0.06±0.0
3 

0.04±0.0
1 

VI KAC 
(1200mg/
kg 
p.o/day) 

0.79±0
.01 

0.46±0.
01 

4.26±0.
05 

0.77±0.
02 

0.43±0.
01 

0.88±0.
23 

0.11±0.0
4 

0.03±0.0
1 

Values are expressed in mean±SEM; n=10 animals (5/sex); Statistical analysis was performed using Student‘t’ test using 
GraphPad prism 4.

5. Discussion 
 
Despite the usage of the plants in folklore medicine 
over ages, only recently pharmacology and 
toxicology of these plants begun to receive 
attention. Phenol, tannins and Flavonoids possess a 
wide spectrum of biological actions such as 
hypoazotaemic, hypotensive, oestrogenous, 
spasmolytic, cholagogue, anti-inflammatory and 
antioxidant activities (Oladele et al., 1995). The 
present study demonstrated a lack of toxicity after 
the oral administration of KAC at a dose of 2000 
mg/kg in the acute toxicity study and the repeated 
oral administration at a dose of 1200 mg/kg/body 
weight/day, the highest dose tested in the 28-day 
toxicity study both at gross and histopathology 
level.  
 
Haematopoietic system serves as an important 
target for toxic chemicals and a sensitive marker 
(Irisappan et al., 2013) for the evaluation of 
toxicity. Haematological profile of experimental 
animals showed no significant difference between 
the control and treatment group of the both sex in 
tested parameters. These results indicate that KAC 
did not affect haematopoiesis, the formation of 
blood cellular components. 
 
Toxic substances accumulate in liver for 
detoxification, liver function tests therefore may 
provide useful information in assessing the toxic 
effects of medicinal plants on liver. Cholesterol 
level was found to be unaltered which ultimately 
reflects the normal functioning of liver, the site of 
biosynthesis of fat, cholesterol and the proteins 
which transport lipid into blood. Increase levels of 
AST, ALT, ALP, and GGT in blood are associated 
with the damage of hepatic cells. (Witthawaskul et 
al., 2003). Bilirubin elevation in plasma is the 
indication of liver damage or could be due to 
biliary duct obstruction (Rasekh et al., 2008). 
Determination of plasma albumin can act as a 

criterion for assessing synthetic capacity of the 
liver, since they are synthesized in hepatocytes. 
Decrease in plasma proteins therefore tends to 
reflect chronic hepatic damage (Rasekh et al., 
2008). These parameters were unaltered in the 
current study indicating that the treatment with 
high dose of KAC revealed to be non toxic to 
hepatocytes which was further supported by the 
concurrent histopathology. 
 
Renal dysfunction could be evaluated by means of 
urea, creatinine and electrolytes like sodium, 
potassium and chloride (Rebecca et al., 200). 
Increase blood creatinine is an indicator of damage 
to the hepatocytes resulting from renal toxicity 
(Hassan et al., 2007; Rhiouani et al., 2008). In the 
present study the data showed that there were no 
significant difference between the control and KAC 
treated rats which were evidenced by the 
histopathological evaluation of kidney which had 
normal architecture. The safety assessment findings 
of KAC were in concordance with those of other 
researches (Rasekh et al., 2008 Turki et al., 2010; 
Mukinda et al., 2010; Phool et al., 2013) for plants 
products.  Since, the toxicity studies in 
experimental animals cannot always be totally 
extrapolated to humans (VanMiert, 1989) 
additional 90 day repeated oral toxicological 
evaluations need to be performed to define a safe 
dose and to evaluate the possible toxic effects of 
the formulation. 
 
Conclusion 
 
In conclusion, the present investigation revealed 
that after 28 day oral treatment with KAC exhibited 
no treatment-related toxicological and 
histopathological abnormalities in rats at the tested 
dose levels. The data suggests that any potential 
accumulation of active constituents resulting from 
KAC consumption does not lead to toxicity. The 
doses of KAC in rats were far greater than any 
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doses anticipated for human consumption. It is 
likely that no acute or repeated dose toxicological 
risk would occur with doses of KAC consumption. 
 
Research Highlights 
 
1. KAC was found to posses high phenol, tannins 
and flavonoids content. It also posses high anti-
oxidant capacity as well. 
 
2. Acute oral toxicity of KAC did not produce any 
mortality and related signs of toxicity 
 
3. 28-day repeated oral toxicity of KAC revealed 
that the drug was found to be safe up to 1200mg/kg 
when administered for 28 days in rats. 
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