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Abstract

Ocimum sanctum (OS) has been mentioned in Indian system of traditional medicine to be of value in the treatment of diabetes mellitus.
We have previously shown that OS shows a dose-dependent hypoglycemic effect and prevented rise in plasma glucose in normal rats. It also
showed significant antihyperglycemic effect in STZ-induced diabetes. The present study was undertaken to assess the effect of OS on three
important enzymes of carbohydrate metabolism [glucokinase (GK) (EC 2.7.1.2), hexokinase (HK) (EC 2.7.1.1) and phosphofructokinase
(PFK) (EC 2.7.1.11)] along with glycogen content of insulin-dependent (skeletal muscle and liver) and insulin-independent tissues (kidneys
and brain) in STZ (65 mg/kg) induced model of diabetes for 30 days. Administration of OS extract 200 mg/kg for 30 days led to decrease
in plasma glucose levels by approximately 9.06 and 26.4% on 15th and 30th day of the experiment. Liver and two-kidney weight expressed
as percentage of body weight significantly increased in diabetics (P < 0.0005) versus normal controls. OS significantly decreased renal
(P < 0.0005) but not liver weight. Renal glycogen content increased by over 10 folds while hepatic and skeletal muscle glycogen content
decreased by 75 and 68% in diabetic controls versus controls. OS did not affect glycogen content in any tissue. Activity of HK, GK and PFK
in diabetic controls was 35, 50 and 60% of the controls and OS partially corrected this alteration.
© 2003 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

In the recent years traditional or complementary medicine
has seen an upsurge and according to two studies, almost
48.5% Australian respondents, and 34% of American re-
spondents had used at least one form of unconventional
therapy including herbal medicine (Eisenberg et al., 1993;
Maclennan et al., 1996).

Diabetes is a serious metabolic disorder with micro
and macrovascular complications that results in significant
morbidity and mortality. The increasing number of ageing
population, consumption of calories rich diet, obesity and
sedentary life style have led to a tremendous increase in the
number of diabetics world-wide. The current treatment al-
though provide good glycemic control but do a little in pre-
venting complications. Besides, these drugs are associated
with side effects (Rang et al., 1991). Moreover, providing
modern medical healthcare across the world (especially in
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developing countries such as India) is still a far-reaching
goal due to economic constraints. Thus, it is necessary that
we continue to look for new and if possible more effica-
cious drugs and the vast reserves of phytotherapy may be
an ideal target.

Ocimum sanctum (OS) is considered a sacred plant in the
Hindu culture and known as “Tulsi” or “Tulasi” in Hindi or
Holy Basil in English. It is a tropical annual herb, up to 18
inches tall and grows into a low bush and is a member of the
family Lamiaceae (Labiatae). The plant grows wild in India
but is also widely cultivated in home and temple gardens.
Apart from the religious significance, it also has a long his-
tory of medicinal use and is mentioned inCharak Samhita,
the ancient textbook ofAyurveda. “Indian Medicinal Plants”
Wagner et al. (1994)mention the use of Basil leaves for a
variety of conditions such as catarrhal bronchitis, bronchial
asthma, dysentery, dyspepsia, skin diseases, chronic fever,
hemorrhage, helminthiasis and topically for ring worms
(Singh et al., 1980; Warier, 1995; Kirtikar and Basu, 1993).
Fresh leaves taken with black pepper are used as a prophylac-
tic measure for malaria (Dastur, 1962). It has been shown to
be effective as antistress and adaptogenic and attenuates the
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stress-induced changes (Bhargava and Singh, 1981; Singh
et al., 1991a,b). In addition a number of studies have shown
that leaves of OS possess hypoglycemic/antihyperglycemic
in experimental animals (Joglekar et al., 1959; Dhar et al.,
1968; Chattopadhyay, 1993; Rai et al., 1997). In addition,
a randomized placebo-controlled, single blind trial of holy
basil leaves in patients with noninsulin-dependent diabetes
mellitus has shown that the administration of plant extract
significantly decreases the fasting and postprandial plasma
glucose levels (Agrawal et al., 1996).

Vats et al. (2002)previously shown that single adminis-
tration of 100, 200 and 400 mg/kg of alcoholic extract of
OS leaves causes 7.64, 17.18 and 19.78% decrease in glu-
cose levels in normal rats and also produce a dose-dependent
reduction in plasma glucose at 60 and 120 min in OGTT
conducted in rats. In addition, 3 weeks of daily oral treat-
ment with extract in alloxanized (45 mg/kg) rats caused
a significant reduction in plasma glucose levels by 11.35,
26.04, 35.72%, respectively, in rats receiving 100, 200 and
400 mg/kg of the extract. However, the duration of this study
was only 21 days and the degree of hyperglycemia was
only mild (200 mg/dl). Since diabetes is a chronic disorder
requiring long-term therapy, we felt that there was a need
to assess the effect of OS for a longer duration and in a
more severe form of diabetes (plasma glucose >300 mg/dl)
and for a longer duration. Moreover, no work has been re-
ported till this date as to how the hypoglycemic and an-
tihyperglycemic action of OS is mediated. Therefore, this
study was undertaken to assess the effect of OS on three
important enzymes of carbohydrate metabolism [glucok-
inase (GK) (EC 2.7.1.2), hexokinase (HK) (EC 2.7.1.1),
and phosphofructokinase (PFK) (EC 2.7.1.11)] and glyco-
gen content of insulin-dependent (skeletal muscle and liver)
and insulin-independent tissues (kidneys and brain) in STZ
(65 mg/kg) induced model of diabetes for 30 days.

2. Materials and methods

2.1. Preparation and dose of extracts

Leaves ofOcimum sanctum were purchased from the local
market and identified by Dr. E.R. Nayar of National Bureau
of Plant Genetics Resources, Indian Council of Agriculture
Research (NBPGR/NHCP-2002-23/666). Preliminary phy-
tochemical evaluation of the OS leaves yielded moisture con-
tent of 84.1%, dry matter 15.9% (fiber 28%, protein 18.2%,
mineral constituent 0.2%, alkaloidal content 0.21%, volatile
oil 0.7%). Ethanolic extracts of OS was given in the dose of
200 mg/kg body weight.

2.2. Animals

Male albino rats (150–200 g) were obtained from the ex-
perimental animal facility of the All India Institute of Med-
ical Sciences after obtaining approval from ‘Institute Ethics

Committee’. Before initiation and during the experiment,
rats were fed standard chow diet. After randomization into
various groups, the rats were acclimatized for 2–3 days in
the new environment before initiation of experiment. Ani-
mals had free access to food and drinking water till before
30 min of sampling.

2.3. Experimental design

All the animals were randomly divided into three groups
with six animals in each group. Group I (CNT) were nor-
mal and used as controls. Group II and Group III were
made diabetic by a single intraperitoneal injection of Strep-
tozotocin (65 mg/kg; Sigma, USA) and served as diabetic
control and treatment groups, respectively. Rats exhibiting
plasma glucose levels >300 mg/dl, 48 h after administration
of STZ were included in the study. Treatment (OS extract
200 mg/kg/day orally by gavage) was started from 10th day
of STZ administration.

2.4. Sample collection

2.4.1. Blood sample
It was collected retro-orbitally from the inner canthus of

the eye under light ether anesthesia using capillary tubes
(Micro Hematocrit Capillaries, Mucaps). Blood was col-
lected in fresh vials containing sodium fluoride and sodium
oxalate as anti-coagulant/anti-glycolytic agents and plasma
was separated in a T8 electric centrifuger (Remi Udyog,
New Delhi) at 2000 rpm for 2 min.

2.4.2. Collection of organs
After 30 days of daily feeding of extracts orally (40 days

after STZ), the animals were euthanized by overdose of in-
traperitoneal anesthesia and blood and tissue samples were
collected.

2.5. Biochemical and enzymatic estimations

2.5.1. Plasma glucose
Glucose levels were estimated by commercially avail-

able glucose kits based on glucose oxidase method (Trinder,
1969) (Autopak®, Bayer Diagnostics, Baroda).

2.5.2. Hepatic phosphofructokinase activity (EC 2.7.1.11)
The liver homogenate was prepared by grinding frozen tis-

sue in ratio of 1:4 in 50 mM imidazole, 5 mM EDTA, 5 mM
EGTA, 100 mM NaCl and 30 mM beta-mercaptoethanol (pH
7). The homogenate was centrifuged at 12,000×g for 15 min
and supernatant was removed and stored in ice until assay.
The phosphofructokinase activity was assayed spectropho-
tometrically by the method ofRacker (1947).

2.5.3. Hepatic glucokinase activity (EC 2.7.1.2)
The above-mentioned sample was used and enzyme ac-

tivity was based on spectrophotometric method assaying
glucose phosphorylation described byPilkis (1975).
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2.5.4. Skeletal hexokinase activity (EC 2.7.1.1)
The enzyme activity was determined by the method of

Chou and Wilson (1975)and was based on the reduction of
NADPH coupled with hexokinase measured spectrophoto-
metrically at 340 nm.

2.5.5. Glycogen content
The tissue sample was digested in hot concentrated 30%

KOH, precipitated with ethanol, hydrolyzed and finally de-
termined as glucose in the hydrolyzate as reducing sugar
(Hassid and Abraham, 1957).

2.5.6. Statistical analysis
All results are expressed as the mean± S.D. The re-

sults were analysed for statistical significance by one-way
ANOVA test using computerised software, Microcal Origin
version 2.9, Northampton, USA.

3. Results

3.1. Glucose levels

Plasma glucose levels on day zero showed no significant
intra-group variation. Forty-eight hours after administration
of STZ, they increased by more than four folds (P < 0.001)
while non-diabetic controls remained unchanged (Table 1).
Oral administration of the extract decreased plasma glu-
cose levels by 9.06 and 26.4% on the 15th and 30th day
of the experiment, respectively (P < 0.01 andP < 0.0001,
respectively).

Table 1
Effect of 30 days administration of OS extract on glucose levels (mg/dl) in STZ (65 mg/kg) diabetic rats

Group Basal Treatment (started on 10th day of STZ administration)

0 day 15th day 30th day

CNT 78.76± 5.38 (n = 10) 81.29± 5.44 (n = 10) 82.11± 4.81 (n = 10) 84.39± 6.77 (n = 10)
DCNT 77.90± 4.21 (n = 10) 325.43± 18.95∗ (n = 8) 318.28± 18.76∗ (n = 7) 321.53± 16.52∗ (n = 6)
OS 82.26± 5.74 (n = 10) 324.64± 18.31 (n = 8) 293.46± 17.78∗ (n = 8) (9.06%) 253.08± 31∗∗ (n = 6) (22.04%)

CNT: normal control; DCNT: diabetic control. Values are given as mean± S.D. for number of animals indicated. Value in parenthesis indicates the
percentage lowering of plasma glucose in comparison to the previous reading. Diabetic control was compared with normal control at the corresponding
time-interval and treated group was compared with basal values at 10th day. Values are statistically significant at∗P < 0.01 and∗∗P < 0.0001.

Table 2
Effect of 30 days administration of OS extract on body, liver and kidney weight in STZ (65 mg/kg) diabetic rats

Groups Body weight Liver weight Kidney weight

0 day 15th day 30th day Absolute LW/100 g BW Absolute KW/100 g BW

CNT 163.1± 7.88 191.4± 9.14 213.2± 6.98 7.62± 0.68 3.53± 0.25 1.54± 0.08 0.71± 0.02
DCNT 163.9± 10.98 165.7± 3.94a,∗∗∗ 168.7± 5.06a,∗∗∗ 7.45 ± 0.38 4.36± 0.16∗∗∗ 1.56 ± 0.04 0.92± 0.02∗∗∗
OS 162.9± 9.8 170.6± 11.5b,∗∗∗ 181.71± 13.04b,c,∗,∗∗∗ 7.95 ± 0.49 4.34± 0.11 1.60± 0.13 0.87± 0.03∗∗

Abbreviations as forTable 1. Values are given as mean± S.D. Value in parenthesis indicates the percentage increase or decrease vs. controls. Values are
statistically significant at∗P < 0.05, ∗∗P < 0.005, and∗∗∗P < 0.0005.

a Diabetic control was compared with normal control at the corresponding time-interval.
b Treated group was compared with normal controls.
c Treated group was compared with diabetic controls.

3.2. Body weight, renal and liver weight

Table 2shows the effect of feeding OS extract on body
weight, renal and liver weight of STZ diabetic rats. Re-
sults showed no significant intra-group variation in the basal
body weight. Diabetic controls did not gain any significant
weight during the 30-day experimental period while normal
controls and OS treated rats gained significant weight (P <

0.0005 andP < 0.05, respectively). However, the increase
in treated rats was significantly lower than normal controls
(P < 0.0005). Absolute weights of livers and kidneys were
not significantly different among any of the experimental
groups. When liver and two-kidney weight were expressed
as percentages of body weight. There was a significant in-
crease in diabetic rats (P < 0.0005) versus normal controls
and this alteration in the renal weight but not in liver weight
was significantly reduced (P < 0.005) by OS treatment.

3.3. Glycogen content

Hepatic and muscle glycogen content decreased signif-
icantly by 75 and 68%, respectively while renal glycogen
content increased by over 10 folds in diabetic controls as
compared to non-diabetic (Table 3). OS had no effect on
glycogen content of any tissue. Brain and heart glycogen
content was unchanged in all the groups.

3.4. Hepatic enzymes

The values of PFK, GK and HK decreased by approx-
imately 40, 50 and 65%, respectively, in diabetic controls
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Table 3
Effect of 30 days administration of OS extract on glycogen content (mg/g tissue) of various tissues of STZ (65 mg/kg) diabetic rats

Groups Brain (mg/g) Kidney (mg/g) Heart (mg/g) Muscle (mg/g) Liver (mg/g)

CNT (n = 10) 0.40± 4.76 0.83± 0.22 1.81± 0.32 8.71± 1.22 52.55± 5.22
DCNT (n = 6) 0.43± 6.41 11.5± 2.99∗∗ (↑1280%) 1.85± 0.58 2.81± 1.26∗∗ (↓68%) 13.25± 3.99∗∗ (↓75%)
OS (n = 6) 0.41± 5.55 9.79± 2.76 1.9± 0.25 3.07± 1.26 14.5± 4.33

Abbreviations as forTable 1. Values are given as mean± S.D. for number of animals indicated. Value in parenthesis indicates the percentage increase
or decrease vs. controls. Diabetic control was compared with normal control at the corresponding time-interval and treated group was compared with
diabetic control. Values are statistically significant at∗∗P < 0.0005.

Table 4
Effect of 30 days administration of OS extract on levels of three impor-
tant enzymes (in percent) involved in carbohydrate metabolism in STZ
(65 mg/kg) diabetic rats

Enzyme CNT (n = 10) DCNT (n = 6) OS (n = 6)

PFK 100 59.07∗∗∗ 75.57∗∗∗
GK 100 48.69∗∗ 63.72∗∗
HK 100 35.22∗∗∗ 44.8∗∗

Abbreviations as forTable 1. Values are given as mean±S.D. for number
of animals indicated. Value in parenthesis indicates the percentage increase
or decrease vs. controls. Diabetic control was compared with normal
control at the corresponding time-interval and treated group was compared
with diabetic controls. Values are statistically significant at∗∗P < 0.001,
and ∗∗∗P < 0.0001.

versus normal controls and OS significantly increased PFK
(P < 0.0001), GK (P < 0.001) and HK (P < 0.001) values
(Table 4).

4. Discussion

Hypoglycemic and antihyperglycemic effects of alco-
holic extract of OS in normal and chemically (alloxan
45 mg/kg) induced model of mild diabetes (plasma glu-
cose >200 mg/dl) for 3 weeks in rodents have already been
shown (Vats et al., 2002). The main goal of the present
study was to (a) determine the antihyperglycemic effect of
alcoholic OS extract in moderate form of diabetes (plasma
glucose >300 mg/dl), (b) to study this effect for longer dura-
tion, i.e. 4 weeks, (c) to ascertain if OS modulates glycogen
content of insulin-dependent (skeletal muscle and liver) and
-independent tissues (kidneys and brain), and lastly (d) to
assess the effect of OS on the three key enzymes involved
in carbohydrate metabolism (PFK, GK, HK). The present
study is important, as this is the first biochemical inspection
of the effects of OS on the gluconeogenic enzymes and
glycogen content in experimental type-1 diabetes.

Feeding of OS extract (200 mg/kg) for 30 days failed to
achieve euglycemia but caused a significant (P < 0.01) re-
duction in glucose levels by 10% in comparison with the
basal levels. Moreover, a 10% reduction in plasma glucose
levels in this study is much lesser than reported in our pre-
vious study where almost 25% reduction in glucose level
was achieved in alloxan (45 mg/kg) induced diabetes. It has
been shown that the destruction of�-cells of the pancreas is

directly proportional to the dose of the diabetogenic agent
(Junod et al., 1969). Since antihyperglycemic response of OS
is different in the two models (alloxan-45 mg/kg and STZ
65 mg/kg) of varying intensity of hyperglycemia (plasma
glucose >200 and >300 mg/dl, respectively), it implies that
the antihyperglycemic effect of OS is at least partially depen-
dent upon insulin release from the pancreas, as the extract
showed a greater antihyperglycemic effect in milder form of
diabetes but a lower response in moderate form of diabetes.
Such a response has also been seen previously with extracts
of Eugenia jambolana (Grover et al., 2000) andMomordica
charantia (Rathi et al., 2002).

During the experimental period the normal controls
showed an approximately 30% gain in the body weight. On
the other hand diabetic controls showed no significant gain
in body weight over the same time period. Failure to gain
body weight in animals administered STZ has already been
reported (Chen and Ianuzzo, 1982; Raju et al., 2001). OS
treated rats showed higher and significant gain in the body
weight in comparison to diabetic controls but was lower
than in the normal controls.

STZ-induced diabetic animals tend to show renal hyper-
trophy. The entry of glucose in renal tissue is not dependent
on action of insulin and, therefore, in the event of hyper-
glycemia there is an increase in the entry of glucose (Belfiore
et al., 1986). This has been postulated to cause increased
intra-renal glycogen deposition, which leads to glycosylation
of basement membrane collagen in the kidney (Anderson
and Stowring, 1973). This is reflected in present finding as
the diabetic rats showed a 29% increase in two-kidney ver-
sus body weight ratio in comparison to controls as well as
a 13 fold increase in renal glycogen content. Rise in renal
weight as well as renal glycogen content has been reported
previously (Anderson and Stowring, 1973) though in previ-
ous studies (Rasch, 1980; Nielsen et al., 1999) the degree
of renal hypertrophy was much higher in comparison with
the present study. The reason for this disparity in the present
and the past results can be attributed to the difference in the
duration of the studies, i.e. 1 month versus 6 and 2 months,
respectively. OS significantly lowered this renal hypertrophy
but could not normalise it (Table 2). This may be because of
failure of OS to achieve euglycemia. Brain and heart glyco-
gen content remained unaltered in the experimental groups
and this is in agreement with our earlier findings (Grover
et al., 2000; Rathi et al., 2002).
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The literature regarding the effect of diabetes on liver
weight is contradictory as some workers have shown an in-
crease in hepatic weight in animals (Chen and Ianuzzo, 1982;
Sadique et al., 1987; Murphy and Anderson, 1974) as well
as humans (Van Lancker, 1976) while others have reported
no change (Gupta et al., 1999). In the present case diabetic
rats showed significantly higher liver weight/100 g body
weight and this ratio was not altered by OS. Exact reasons of
hepatic hypertrophy are not known, however fat deposition
has been proposed to be the cause (Sadique et al., 1987).

Activities of GK and PFK have been shown to be very
sensitive signs of the glycolytic pathway (Murphy and
Anderson, 1974) and this is decreased in diabetic state
(Grover et al., 2000; Rathi et al., 2002). Administration
of insulin causes normalisation of the enzymatic activi-
ties (Weber et al., 1966) and, therefore, measurement of
the activity of these enzymes represents a method to as-
sess peripheral utilisation of glucose. In the present study
levels of glycolytic enzymes in liver and skeletal muscle
were decreased in the diabetic controls. This reaffirms our
previous findings (Grover et al., 2000; Rathi et al., 2002)
as well as those of others (Raju et al., 2001) that relative
deficiency of insulin in chemical model of Type I diabetes
causes suppression of the PFK, HK and GK activities.
Maximum suppression was seen in the skeletal HK activity
followed by hepatic GK and PFK activity. Administration
of OS extract increased significantly the activity of all the
three enzymes towards normal controls suggesting that the
antihyperglycemic action seen is the result of an increased
glucose utilisation at the level of skeletal muscle as well
as liver. However, it is not possible to deduce from the
present finding that the increase in glycolytic enzymatic
activity seen in the OS fed rats occurred secondary to the
OS mediated release of insulin or whether a component of
OS had insulinomimetic action. Since STZ diabetes is an
insulin deficient model, the probability of insulinomimetic
effect seems more probable.

Glycogen is the primary intracellular storable form of
glucose and its levels in various tissues especially skeletal
muscle are a direct reflection of insulin activity as insulin
promotes intracellular glycogen deposition by stimulating
glycogen synthase and inhibiting glycogen phosphorylase.
Since STZ causes selective destruction of�-cells of islets of
Langerhans resulting in marked decrease in insulin levels, it
is rational that glycogen levels in tissues (skeletal muscle and
liver) decrease as they depend on insulin for influx of glu-
cose (Whitton and Hems, 1975; Golden et al., 1979; Bishop,
1970). Moreover, this alteration in muscle and hepatic glyco-
gen content is normalised by insulin treatment (Weber et al.,
1966; Steiner and King, 1964). Results showed that hepatic
and skeletal glycogen content decreased drastically in dia-
betic controls by almost 3/4th of their basal levels. This has
also been reported earlier (Hikino et al., 1989). OS showed
a trend towards an increase in glycogen content but the ef-
fect was not significant, even though it significantly raised
the levels of HK and GK. Since the OS extract prevented

the loss of body weight (or catabolism) seen in diabetic con-
trols, it is possible that it may have increased the glycogen
content in muscle and liver but the same was utilised for
energy expenditure instead of being stored.

The current study provides some useful insight into the
molecular effect of feeding alcoholic extract of OS. Va-
riety of studies using different animals models of stress
suggest that OS can ameliorate physiological responses to
stress there by enabling the body to cope with stress. A
number of studies have also demonstrated that sacred basil
possesses good antioxidant activity (Shyamala and Devaki,
1996; Ganasoundari et al., 1997a,b; Ganasoundari et al.,
1998). Thus, the antihyperglycemic activity of OS supple-
mented with its adaptogenic and anti-oxidant activity will
be an ideal multi-pronged treatment for managing diabetes,
as it will target the stress, catabolism and glycemia asso-
ciated with the disease. Moreover, the safety of OS is evi-
dent from the long history of safe traditional uses in India
(Wagner et al., 1994) and its high LD50 value (4508±80 mg
of ethanolic extract in mice). Though anti-fertility includ-
ing abortifacient and anti-spermatogenic effects have been
described (Seth et al., 1981; Khanna et al., 1986), these oc-
curred at very high doses (equivalent to a daily dose of 50 g
or more in humans). Thus,Ocimum sanctum needs clinical
evaluation before being named as an antidiabetic herb.

References

Agrawal, P., Rai, V., Singh, R.B., 1996. Randomized placebo-controlled,
single blind trial of holy basil leaves in patients with noninsulin-
dependent diabetes mellitus. International Journal of Clinical Pharma-
cology and Therapeutics 34, 406–409.

Anderson, J.W., Stowring, I., 1973. Glycolytic and gluconeogenic en-
zyme activities in renal cortex of diabetic rats. American Journal of
Physiology 224, 930–936.

Belfiore, F., Rabuazzo, A.M., Iannello, S., 1986. Anabolic response of
some tissues to diabetes. Biochemistry Medicine Metabolism and Bi-
ology 35, 149–155.

Bhargava, K.P., Singh, N., 1981. Anti-stress activity ofOcimum sanctum.
Indian Journal of Medical Research 73, 443–451.

Bishop, J.S., 1970. Inability of insulin to activate liver glycogen transferase
D phosphatase in the diabetic pancreatectomized dog. Biochimica
Biophysica Acta 208, 208–218.

Chattopadhyay, R.R., 1993. Hypoglycemic effect ofOcimum sanctum leaf
extract in normal and streptozotocin diabetic rats. Indian Journal of
Experimental Biology 31, 891–893.

Chen, V., Ianuzzo, C.D., 1982. Dosage effect of streptozotocin on rat
tissue enzyme activities and glycogen concentration. Canadian Journal
of Physiology and Pharmacology 60, 1251–1256.

Chou, A.C., Wilson, J.E., 1975. Carbohydrate metabolism. In: Wood,
W.A. (Ed.), Methods in Enzymology, vol. XLII. Academic Press, New
York, USA, pp. 20–21.

Dastur, J.F., 1962. Medicinal Plants of India and Pakistan. DB Taraporevala
Sons & Co., Bombay, India, p. 43.

Dhar, M.L., Dhar, M.M., Dhawan, B.N., 1968. Screening of Indian plants
for biological activity. Part I. Indian Journal of Experimental Biology
6, 232–247.

Eisenberg, D.M., Kessler, R.C., Foster, C., 1993. Unconventional al
medicine in the United States. Prevalence, costs, and patterns of use.
New England Journal of Medicine 328, 246–252.



160 V. Vats et al. / Journal of Ethnopharmacology 90 (2004) 155–160

Ganasoundari, A., Zare, S.M., Devi, P.U., 1997a. Modification of bone
marrow radiosensensitivity by medicinal plant extracts. British Journal
of Radiology 70, 599–602.

Ganasoundari, A., Devi, P.U., Rao, M.N., 1997b. Protection against
radiation-induced chromosome damage in mouse bone marrow byOci-
mum sanctum. Mutation Research 373, 271–276.

Ganasoundari, A., Devi, P.U., Rao, B.S., 1998. Enhancement of bone
marrow radioprotection and reduction of WR-2721 toxicity byOcimum
sanctum. Mutation Research 397, 303–312.

Golden, S., Wals, P.A., Okajima, F., 1979. Glycogen synthesis by hepa-
tocytes from diabetic rats. Biochemistry Journal 182, 727–734.

Grover, J.K., Vats, V., Rathi, S.S., 2000. Anti-hyperglycemic effects of
Eugenia jambolana andTinospora cordifolia in experimental diabetes
and their effects on key metabolic enzymes involved in carbohydrate
metabolism. Journal of Ethnopharmacology 73, 461–470.

Gupta, D., Raju, J., Prakash, J., Baquer, N.Z., 1999. Change in the lipid
profile, lipogenic and related enzymes in the livers of experimental
diabetic rats: effects of insulin and vanadate. Diabetes Research and
Clinical Practice 46, 1–7.

Hassid, W.Z., Abraham, S., 1957. Chemical procedures for analysis of
polysaccharides. In: Methods in Enzymology, vol. III. Academic Press,
New York, USA, pp. 34–37.

Hikino, H., Kobayashi, M., Suzuki, Y., Konno, C., 1989. Mechanism
of hypoglycemic activity of aconitan A, a glycan fromAconitum
carmichaeli roots. Journal of Ethnopharmacology 25, 295–304.

Joglekar, G.V., Chaudhary, N.Y., Aiman, R., 1959. Effect of indigenous
plant extracts on glucose-absorption in mice. Indian Journal of Physi-
ology and Pharmacology 3, 76–77.

Junod, A., Lambert, A.E., Stauffacher, W., 1969. Diabetogenic action of
streptozotocin: relationship of dose to metabolic response. Journal of
Clinical Investigation 48, 2129–2139.

Khanna, S., Gupta, S.R., Grover, J.K., 1986. Effect of long term feeding
of tulsi (Ocimum sanctum Linn.) on reproductive performance of adult
albino rats. Indian Journal of Experimental Biology 24, 302–304.

Kirtikar, K., Basu, B., 1993. Indian Medicinal Plants. Periodical Expert
Book Agency, New Delhi, India, pp. 3–6.

Maclennan, A.H., Wilson, D.H., Taylor, A.W., 1996. Prevalence and cost
of alternative medicine in Australia. Lancet 347, 569–573.

Murphy, E.D., Anderson, J.W., 1974. Tissue glycolytic and gluconeogenic
enzyme activities in mildly and moderately diabetic rats. Influence of
tolbutamide administration. Endocrinology 94, 27–34.

Nielsen, B., Gronbaek, H., Osterby, R., Orskov, H., Flyvbjerg, A., 1999.
The calcium channel blocker nitrendipine attenuates renal and glomeru-
lar hypertrophy in diabetic rats. Experimental Nephrology 7, 242–250.

Pilkis, S.J., 1975. Carbohydrate metabolism. In: Colowick, S.P., Kaplan,
N.O. (Eds.), Methods in Enzymology, vol. XLII. Academic Press, New
York, USA, pp. 31–32.

Racker, E., 1947. Spectrophotometric measurement of hexokinase and
phosphohexokinase activity. Journal of Biological Chemistry 167, 843–
854.

Rai, V., Iyer, U., Mani, U.V., 1997. Effect of Tulasi (Ocimum sanctum)
leaf powder supplementation on blood sugar levels, serum lipids and
tissue lipids in diabetic rats. Plant Foods and Human Nutrition 50,
9–16.

Raju, J., Gupta, D., Rao, A.R., 2001.Trigonellafoenum graecum (fenu-
greek) seed powder improves glucose homeostasis in alloxan diabetic
rat tissues by reversing the altered glycolytic, gluconeogenic and li-
pogenic enzymes. Molecular and Cellular Biochemistry 224, 45–51.

Rang, H.P., Dale, M.M., Ritter, J.M., 1991. The endocrine system phar-
macology. In: Pharmacology. Longman Group Ltd., UK, pp. 504–508.

Rasch, K., 1980. Prevention of diabetic glomerulopathy in streptozotocin
diabetic rats by insulin treatment. Albumin secretion. Diabetologia 18,
413–416.

Rathi, S.S., Grover, J.K., Vats, V., 2002. Anti-hyperglycemic effects of
Momordica charantia and Mucuna pruriens in experimental diabetes
and their effect on key metabolic enzymes involved in carbohydrate
metabolism. Phytotherapy Research 16, 236–243.

Sadique, J., Begum, V.H., Thenmozhi, V., Elango, V., 1987. Hypoglycemic
effect of cottonseed aqueous extract in alloxan induced diabetes melli-
tus in rats. Biochemical Medicine and Metabolic Biology 38, 104–110.

Seth, S.D., Johri, N., Sundaram, K.R., 1981. Antispermatogenic effect of
Ocimum sanctum. Indian Journal of Experimental Biology 19, 975–
976.

Shyamala, A.C., Devaki, T., 1996. Studies on peroxidation in rats ingest-
ing copper sulphate and effect of subsequent treatment withOcimum
sanctum. Journal of Clinical Biochemistry and Nutrition 20, 113–119.

Singh, N., Nath, R., Gupta, M.L., 1980. An experimental evaluation of
anti-asthmatic potential ofInula racemosa. Quarterly Journal of Crude
Drug Research 18, 86–96.

Singh, N., Mishra, N., Srivastava, A.K., 1991a. Effect of antistress plants
on biochemical changes during stress reactions. Indian Journal of
Pharmacology 23, 137–142.

Singh, N., Verma, P., Mishra, N., 1991b. A comparative evaluation of
some antistress agents of plant origin. Indian Journal of Pharmacology
23, 99–103.

Steiner, D.F., King, J., 1964. Induced synthesis of hepatic uridine diphos-
phate glucose glycogen glycosyltransferase after administration of in-
sulin to alloxan diabetic rats. Journal of Biological Chemistry 239,
1292–1298.

Trinder, P., 1969. Determination of blood glucose using an oxidase-
peroxidase system with a non-carcinogenic chromogen. Journal of
Clinical Pathology 22, 158–161.

Van Lancker, J.L., 1976. Molecular and Cellular Mechanism in Diseases.
Springer-Verlag, Heidelberg, New York, p. 497.

Vats, V., Grover, J.K., Rathi, S.S., 2002. Evaluation of antihyperglycemic
and hypoglycemic effect ofTrigonella foenumgraecum, Ocimum sanc-
tum and Pterocarpus marsupium in normal and alloxanized diabetic
rats. Journal of Ethnopharmacology 79, 95–100.

Wagner, H., Norr, H., Winterhoff, H., 1994. Plant adaptogens. Phy-
tomedicine 1, 63–76.

Warier, P.K., 1995.Ocimum basilicum Linn. In: Warrier, P.K., Nambiar,
V.P.K., Ramankutty, C. (Eds.), Indian Medicinal Plants. Orient Long-
man Limited, Madras, India, pp. 160–163.

Weber, G., Lea, M.A., Fisher, E.A., 1966. Regulatory pattern of liver
carbohydrate metabolizing enzymes; insulin as an inducer of key gly-
colytic enzymes. Enzymology Biology Clinics (Basel) 7, 11–24.

Whitton, P.D., Hems, D.A., 1975. Glycogen synthesis in the perfused liver
of streptozotocin-diabetic rats. Biochemistry Journal 150, 153–165.


	Ethanolic extract of Ocimum sanctum leaves partially attenuates streptozotocin-induced alterations in glycogen content and carbohydrate metabolism in rats
	Introduction
	Materials and methods
	Preparation and dose of extracts
	Animals
	Experimental design
	Sample collection
	Blood sample
	Collection of organs

	Biochemical and enzymatic estimations
	Plasma glucose
	Hepatic phosphofructokinase activity (EC 2.7.1.11)
	Hepatic glucokinase activity (EC 2.7.1.2)
	Skeletal hexokinase activity (EC 2.7.1.1)
	Glycogen content
	Statistical analysis


	Results
	Glucose levels
	Body weight, renal and liver weight
	Glycogen content
	Hepatic enzymes

	Discussion
	References


