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RESEARCH ARTICLE

Acute and Subacute Toxicity Studies on Vetiver Oil in Rats
Summary

Acute and Subacute Toxicity Studies on
Vetiver Oil in Rats

The Vetiver plant,Vetiveria zizanioides linn. [Gramineae], is 
widely known from ancient ages. The vetiver oil is native of India. 
The medicinal and commercial importance of the oil has been 
known since ancient days. In the present study, an experimental 
approach is applied to vetiver oil to elicit toxic responses over an 
exposure period of 90 days. Since no data are available in this 
regard, it was thought worthwhile to undertake acute and subacute 
toxicity studies in male and female rats. Acute toxicity 
determination indicated that vetiver oil has LD50 values of 2985.38 
mg/kg. The drug is practically non-toxic at oral doses. To carry 
out the subacute toxicity studies, the oil was administered to rats 
for 45 and 90 days, and the blood samples drawn from animals 
were subjected to full biochemical and hematological investigations. 
It was found that prolonged exposure of rats to vetiver oil exerted 
a mild hematotoxic effect and may alter lipid metabolism.
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INTRODUCTION

The Vetiver plant is densely tufted perennial grass, 

with aromatic roots and rhizomes1.

 The vetiver oil (VO), commonly known as khus, is 

obtained by distillation of its roots and is used 

commercially2. The oil is extensively used in perfum-

ery, cosmetics and scenting soaps and is also used as 

a carminative in flatulence. Apart from the oil being 

used in obstinate vomiting, the constituents of VO, 

i.e. zizanol and epizizanal, exhibit insect repellant 

activity. It is also used as stimulant, diaphoretic, and 

in rheumatism, lumbago and sprain3. The oil is re-

ported to have antiseptic and preservative property4. 

A constituent of VO, Khusitoneol, exhibited juvenile 

hormone activity against mustard aphid5 (liahis 

erysmi). Comparatively very little research has been 

carried out in our country on this plant and, moreover, 

the essential oils have been used with greater diligence
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in food as compared to cosmetics. In the present study, 

an experimental approach was applied to VO to elicit 

toxic response over an exposure period of 90 days. 

These studies are important as they help in evaluating 

both the functional and morphological changes in the 

experimental animals. Since no data are available in 

this regard, it was thought worthwhile to undertake 

the acute and subacute toxicity studies for 90 days.

MATERIALS and METHODS

The VO was purchased from Rajesh Chemicals, Mum-

bai. The emulsion of VO was prepared using Tween 

80 as the emulsifying agent. As VO is an essential oil, 

the standard ratio of 4:2:1 (oil/emulsifying 

agent/water, respectively) was used for preparing 

the o/w emulsion of the oil. The milky white emulsion 

so obtained was diluted with distilled water so that 

the concentration of VO obtained was 1g/ml of emul-

sion. This emulsion was used for the further studies 

(both intraperitoneal [i.p.] and oral administration) 

and was freshly prepared when required.

 In the present study, an attempt was made to deter-

mine the toxicity (acute and subacute) data of VO. 

The following experimental protocol was therefore 

designed to allow a systematic approach to the study.

Acute toxicity studies 

The acute toxicity studies (LD50 determination) were 

carried out by the method described by Miller and 

Tainter6,7, in which albino mice of either sex weighing 

between 20-25 g were divided into six groups con-

taining 10 animals each. The control group received 

0.5 ml of Tween 80 + distilled water and one of the 

test group received one dose of the emulsion in the 

dose of 5000 mg/kg body weight, then subsequently 

the doses of the test sample were decreased to bear 

a ratio of 1/√2 (3536, 2500, 1768, 1250, 884 mg/kg 

body weight) to its antecedent dose and administered 

separately to the other test groups till all the animals 

expired in treated groups. This was followed for oral 

routes. After the test sample administration, the ani-

mals in groups were observed for awareness, interac-

tivity, posture, muscle tone, reflexes and death. The 

animals were under continuous observation for the 

first two hours and then frequently for four hours. 

The number of dead and surviving animals after 24 

hours was recorded.

The LD50 was calculated graphically and theoretically. 

First, the percentage of death was computed and then 

the corrected percent for 0% and 100% using the 

relevant formula below: 

For 0% death = 100 x (0.25/n)

For 100% death =100 x [(n- 0.25)/n]

Where n is the number of animals in each group. 

Corrected percentage was then transformed into the 

probit values by referring to the table for 

“transformation of percentage to probits”. A graph 

of percentage death (in probits) was plotted against 

log dose. The dose corresponding to probit 5 was 

read to be LD50. 

Subacute toxicity studies8, 9

Healthy albino rats (150-225 g) of either sex were 

allowed free access to food and water at all times 

during the duration of the study. VO emulsion pre-

pared as stated above was administered orally, once 

daily to 10 rats for 90 days. One hundred rats were 

randomly divided into two sets each of 50 animals, 

i.e. Set 1 and Set 2. Set 1 animals were further subdi-

vided into 5 groups of 10 rats each and similarly for 

Set 2. Group I animals of both sets served as control 

and received Tween 80 + distilled water (2 ml). The 

remaining 4 groups (II, III, IV, V) of each set were 

orally administered the VO emulsion for 45 and 90 

days, respectively, at the dose rate of 1500 mg/kg/day, 

which corresponded to their respective dose ranges. 

On the 46th day, all the rats of Set 1, i.e. Groups I, II, 

III, IV and V, respectively, 10 animals in each group, 

were anesthetized with anesthetic ether and blood 

was then collected into test tubes containing disodium 

EDTA by cutting the carotid artery. Whole blood and 

plasma were used for hematological and biochemical 

studies, respectively. On the 91st day, 10 rats from 

each group of Set 2 were cut open for blood collection.
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Their liver, kidneys, spleen and adrenals were excised 

and their weights determined. The various parameters 

examined were as follows:

a) Hematological parameters

Hemoglobin (Hb)10, total leukocyte count (TLC)11, 

differential count including total lymphocyte, poly-

morphonuclear leukocytes, and eosinophil counts12, 

platelet count13, prothrombin time14, and packed cell 

volume (PCV)15 were determined by standard tech-

niques.

b) Biochemical parameters

Plasma glucose16, cholesterol17, total protein18, urea19, 

creatinine20, albumin21, bilirubin22, and SGOT23 (se-

rum glutamic oxaloacetic transaminase), and SGPT23 

(serum glutamic pyruvic transaminase) activities were 

determined by using the commercially available 

standard kits (Star Diagnostic, India).

c) Relative organ weights9

Liver, kidneys, spleen and adrenals were excised, 

mopped with filter paper, and weighed, and the 

relative organ weights were calculated and expressed 

as mg or g percent of body weight.

Statistical analysis

The data were decoded and analyzed and expressed 

as mean ± S.D. The differences between groups were 

tested by one way analysis of variance (ANOVA). A 

difference of P < 0.05 was considered to be statistically 

significant.

RESULTS and DISCUSSION

The results for acute toxicity studies (LD50  determi-

nation) are tabulated as shown in Table 1 and Graph 

1. The toxicity determinations were carried out in 

which % mortality observed was 0, 0, 20, 40, 80 and 

100%, respectively, for the doses corresponding to 

884, 1250, 1768, 2500, 3536 and 5000 mg/kg, respec-

tively. When a plot of log dose (on X axis) vs. % 

mortality (on Y axis) was plotted, a line was obtained, 

which at probit 5 extrapolated to a value of 3.475 on 

X axis, which in turn corresponds to the value of 

2985.38. Thus the LD50 of VO was found to be 2985.38 

mg/kg of the body weight. The drug is practically 

non-toxic at oral doses, supporting the fact that it was 

widely used in ancient ages. 

Behavioral pattern

Some characteristic behavioral aspects distinguished 

the test animals with respect to the control group. It 

was observed that administration of the drug (oral) 

caused slight central nervous system depressant effect 

in the test group animals. Furthermore, there was a 

decrease in locomotion of the test animals irrespective 

of the mortality. A characteristic symptom observed

FABAD J. Pharm. Sci., 31, 71-77, 2006

Table 1.	 Miller & Tainter method of estimation of 		
LD50

Group

I
II
III
IV
V
VI

Dose/mg/kg
p.o.
884
1250
1768
2500
3536
5000

Log Dose

2.9464
3.0969
3.2474
3.3979
3.5485
3.6989

Dead
Total

0
0
2
4
8
10

Percentage
dead

0
0
20
40
80
100

Corrected 
%
2.5
2.5
20
40
80

97.5

Probit

3.04
3.04
4.16
4.75
5.85
6.96

Graph 1.	Log dose (on X axis) vs. % mortality (on Y 	
axis) was plotted.
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was that the animals moved towards the corners of 

the trays. Most of the mortalities occurred in this 

region only.

To carry out the subacute toxicity studies, four dose 

levels of VO were selected, namely 100 mg/kg dose, 

250 mg/kg (low dose), 500 mg/kg (intermediate 

dose), 1000 mg/kg (high dose) and 1500 mg/kg 

(maximum dose). In the present study, VO was ad-

ministered for 45 and 90 days to two sets, each of 50 

albino rats. The adverse effect if any on the growth 

of the animals was assessed. The treated groups of 

either sex were observed daily for any signs of toxicity 

and/or mortality. None of the rats exhibited any 

behavioral responses in any dose group, and there 

were no changes in fur coating, eyes or mucus mem-

brane. No adverse respiratory or somatomotor activity 

was observed in any treatment groups in either sex. 

The experimental animals demonstrated slight in-

crease in body weight (Table 2), which was statistically 

insignificant. This effect of the oil may be due to its 

non-nutritional value. 

Result of hematological estimation for 46 days (Table 

3) revealed significant increase in Hb content and 

differential polymorphonuclear leukocytes (neutrophil 

count), whereas it failed to affect PCV%, TLC, lym-

phocyte count, eosinophil count, platelet count or 

prothrombin time. The increase in Hb content may 

be due to the effect of the oil on erythrogenesis. The 

increase in polymorphonuclear leukocytes (neutrophil 

count) may be due to increased adrenal cortex activity 

as revealed by increase in adrenal gland weight. It is 

already reported that injection of adrenalin and in-

creased adrenalin cortex activity are responsible for 

leukocytosis.

VO administration in rat caused slight reduction in 

Hb content, PCV% and TLC, whereas it significantly 

augmented neutrophil and lymphocyte count in the 

90-day subacute study (Table 4). The fluctuation in 

the Hb contents may be due to the effect of this herbal 

product on the hemopoietic system.

Results of biochemical studies showed significant 

augmentation of SGPT level in the 45- day subacute 

study (Table 5); surprisingly, the oil did not show any 

significant toxic effects in the 90-day subacute study 

(Table 6). The significant increase in SGPT in the

Table 2.	 Change in body weight of rats following 		
treatment with different doses of VO

Groups

Control (I)
Low dose 250 mg/kg (II)
Intermediate dose 500 mg/kg (III)
High dose 1000 mg/kg (IV)
Maximum dose 1500 mg/kg (V)
ANOVA

Body Weight (g)

Initial

168.3±4.8
156±15.5
196±34.1
180±18.0

170.8±15.8
NS

After 90 days treatment

174.1±14.6
163.3±14.2
202.5±25.4

184.1±9
179±13.4

NS

Table 3.	 Results of hematological estimation for 45 days

Groups

Control (I)

Low dose
250 mg/kg   (II)
Intermediate dose
500 mg/kg (III)
High dose
1000 mg/kg (IV)
Maximum dose
1500 mg/kg   (V)

Hb%

9.3 ± 0.2

9.1 ± 0.2

10 ± 5

9.7 ± 0.26

9.8 ± 0.1

PCV%

28.3 ± 0.7

28.3 ± 0.3

30.6 ± 0.8

30 ± 0.5

30.3 ± 0.6

Total count
Cells/cm

8463.3 ± 76

9066.6 ±583.3

8590 ± 185.3

8986.6 ± 32

8583.3 ±236.5

Platelet Count
Lac/cm

3.1 ± 0.1

3.5 ± 0.3

3.7 ± 0.11

3.7 ± 0.15

3.7 ± 0.15

Prothrombin
Time(sec)

28.3 ± 0.17

27 ± 1.1

27.6 ± 0.6

29.3 ± 0.3

28 ± 0.5

Differential Count

Polymorph

10.6 ± 1.9

24.3 ± 1.8

22.3 ± 0.8

22.3 ± 0.7

28.6 ± 3.3

Lymphocyte

84.6 ± 1.3

70.6 ± 1.3

69 ± 1.5

66.6 ± 0.8

64.6 ± 2.9

Eosinophil

4.6 ± 0.6

5 ± 0.5

8.6 ± 0.7

1.3 ± 0.5

6.6 ± 0.8

ANOVA	 F=74.3			 F=5.3	
P<0.01	 NS	 NS	 P<0.025	 NS	 NS	 NS	 NS

P<0.05 when compared to corresponding control group.

p<0.05 when compared to correspanding control group.
NS= Statistically not significont.
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Table 4.	 Hematological results concerning to 90 days of treatment

Groups

Control (I)

Low dose
250 mg/kg   (II)
Medium dose
500 mg/kg (III)
High dose
1000 mg/kg (IV)
Maximum dose
1500 mg/kg (V)

Hb%

12.1 ± 0.05

14 ± 0.05

11.1 ± 0.4

11.4 ± 0.2

11.8 ± 0.25

PCV%

37 ± 1.1

37 ± 1.1

33 ± 3

35.6 ± 1.5

40.3 ± 0.7

Total count
Cells/cm

7366.6 ± 167.7

4416.6 ± 194.5

6000 ± 152.7

6900 ± 346.4

6166.6 ± 316.7

Platelet Count
Lac/cm

1.4 ± 0.04

5 ± 0.1

1.7 ± 0.2

1.7 ± 0.15

1.3 ± 0.04

Prothrombin
Time (sec)

20.3 ± 0.6

20.6 ± 1.1

19.3 ± 0.4

19 ± 0.5
20.3 ± 0.6

Differential Count

Polymorph

18.6 ± 1.4

18 ± 1.1

32.6 ± 1.4

22.3 ± 4.7

18.3 ± 0.8

Lymphocyte

73.3 ± 1.4

79 ± 1

63.3 ± 2.3

71 ± 2.6

76.3 ± 1.1

Eosinophil

8 ± 2

3 ± 0.5

4 ± 1.1

6.6 ± 1.9

5.3 ± 0.0

ANOVA	 F=11.06	 F=4.1	 F=11.85	 F=6.9	 F=5.4	 NS	 NS	 NS	
P<0.01	 P<0.05	 P<0.01	 P<0.01	 P<0.025

P<0.05 when compared to corresponding control group.

Table 5.	 Biochemical parameters corresponding to 45 days of treatment

Groups

Control (I)

Low dose
250 mg/kg   (II)
Intermediate dose
500 mg/kg (III)
High dose
1000 mg/kg (IV)
Maximum dose
1500 mg/kg   (V)

Glucose
mg%

140.6 ± 0.9

150 ± 0.5

155 ± 0.5

160.6 ± 0.9

170.6 ± 0.9

Urea
mg%

25.6 ± 0.9

25 ± 0.5

26 ± 0.7

26.3 ± 0.7

24.3 ± 0.8

Bilirubin
mg%

0.65 ± 0.0

0.6 ± 0.05

0.5 ± 0.0

0.6 ± 0.05

0.9 ± 0.0

Creatinine
mg%

0.9 ± 0.0

1.06 ± 0.0

0.9 ± 0.0

1.0 ± 0.05

1.0 ± 0.05

ANOVA	 NS	 NS	 NS	 NS	 F=43	 NS	 NS	 NS	 F=11.9					
P<0.01				 P<0.01

P<0.05 when compared to corresponding control group.

Cholesterol
mg%

130 ± 2.8

145 ± 2.8

150 ± 2.8

170 ± 2.8

172.5 ± 0.0

Total protein
g %

6.95 ± 0.0

7.3 ± 0.15

7.2 ± 0.05

5.6 ± 0.05

7.13 ± 0.05

Albumin
mg%

3.75 ± 0.0

3.2 ± 0.1

4 ± 0.15

3.4 ± 0.1

3.1 ± 0.05

SGOT
unit

70 ± 0.0

16.6 ± 2

43.3 ± 3.4

95 ± 2.8

70 ± 1.5

SGPT
unit

16.5 ± 0.0

23.6  ± 1.1

16.6 ± 0.6

29 ± 1.5

24.6 ± 1.4

Table 6.	 Biochemical parameters corresponding to 90 days of treatment

Groups

Control (I)

Low dose
(250 mg/kg) (II)
Intermediate dose
(500 mg/kg) (III)
High dose
(1000 mg/kg) (IV)
Maximum dose
(1500 mg/kg) (V)

Glucose
mg%

141.1 ± 5.2

132 ± 4.0

131 ± 2.08

154.6 ± 10.7

133.3 ± 16.5

Urea
mg%

25.6 ± 0.1

27.3 ± 1.3

26 ± 1

27.6 ± 1.2

29.3 ± 1.2

Bilirubin
mg%

0.8 ±0.0

0.8 ± 0.05

0.6 ± 0.05

0.6 ± 0.05

0.5 ± 0.05

Creatinine
mg%

0.9 ± 0.05

0.9 ± 0.05

0.9 ± 0.05

0.9 ± 0.05

1.0 ± 0.05

ANOVA	 NS	 NS	 NS	 NS	 NS	 NS	 NS	 NS	 NS

Cholesterol
mg%

148.3 ±5.8

158.6 ± 6.8

146.6 ± 6.3

148.3 ± 15.5

143.3 ± 9.2

Total protein
g%

7.2 ± 0.2

7.3 ± 0.26

6.6 ± 0.4

7.1 ± 0.2

8.1 ± 0.17

Albumin
mg%

3.5 ± 0.05

3.5 ± 0.26

3.4 ± 0.05

3.1 ± 0.05

3.2 ± 0.1

SGOT
unit

4.1 ± 5.1

38 ± 3.2

32 ± 1.1

70.6 ± 10.6

32.6 ± 5.6

SGPT
unit

17 ± 1.5

16 ± 2.3

20 ± 1.1

12.6 ± 1.4

15 ± 1.5
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present study may be due to presence of the highest 

amount of SGPT activity since it is reported that the 

liver has the highest amount of activity. Nevertheless, 

since SGPT is not specific for liver diseases, its quan-

titation is used as part of a battery of enzyme assays 

for diagnosis of liver diseases. 

The slight and significant increase in glucose and 

cholesterol concentration may be due to the hypera-

drenal activity as reflected by the enlargement of 

adrenals noted in the present study. Hyperadrenal 

activity is associated with increased synthesis and 

release of adrenocortical and medullary hormones, 

which are known to possess lipolytic effect and mo-

bilize the fats from adipose tissue. 

Thus, these results depict that prolonged exposure 

of rats to VO exerts mild hematotoxic effect and may 

slightly alter lipid metabolism. As is evident from 

clinical chemistry parameters, no significant changes 

where observed in comparison to the controls, thus 

confirming the absence of adverse effects on hepatic 

function.

Subacute toxicity studies on the drug in rats did not 

show any significant effects in the behavioral profile 

in experimental animals. Thus, while it can be inferred 

from the present study that VO is devoid of toxic 

effects in rats, further detailed studies are necessary 

to explain the increase in adrenal gland weight.
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