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Abstract. Ocimum sanctum L. (OS) leaves have been shown to 
exert diverse potential benefits in a variety of stress conditions. 
The present study was conducted to elucidate the effects of the 
fixed oil extracted from OS leaves on the blood glucose levels 
and serum lipid profile of streptozotocin‑induced diabetic rats. 
In addition, the anti‑oxidative activity of OS leaves to protect 
various organs including the liver, kidney and heart was investi-
gated. The fixed oil of the OS leaves was extracted using hexane, 
and the various fatty acid contents of the oil were determined 
using gas chromatography‑mass spectrometry. Male Wistar 
rats were allocated into three groups (n=7 per group): Normal 
control rats, diabetic rats and diabetic rats fed daily with the 
fixed oil for three weeks. The results showed that α‑linolenic 
acid was the primary fatty acid contained in the fixed oil of OS. 
After 3 weeks of diabetic induction, the rats exhibited increased 
blood glucose levels and serum lipid profile, in addition to 
elevated serum levels of aspartate aminotransferase (AST), 
alanine aminotransferase (ALT), lactate dehydrogenase (LDH), 
creatine kinase MB subunit (CK‑MB), creatinine and blood 
urea nitrogen (BUN). The fixed oil significantly decreased the 
elevated levels of blood glucose, the serum lipid profile and the 
levels of serum creatinine and BUN (P<0.001), without exerting 
significant effects on the elevated serum levels of AST, ALT, 
LDH and CK‑MB. Furthermore, the fixed oil increased the 
diabetically‑reduced levels of serum insulin and decreased the 
rat kidney weight. Fixed oil suppressed the elevated thiobar-
bituric acid reactive substances (TBARS) level and increased 
the activity of various antioxidative enzymes in the rat renal 
tissue. By contrast, the fixed oil had no effect on the elevated 
TBARS level and the inhibited activity of the antioxidative 
enzymes in the rat liver and cardiac tissues. Histopathological 

results indicated that the fixed oil preserved the renal tissue 
against oxidative stress in diabetes. In summary, the results of 
the present study suggest that the fixed oil extracted from OS 
leaves exerted anti‑hyperglycemic, anti‑hyperlipidemic and free 
radical scavenging effects in diabetic rats, thus providing renal 
protection against diabetes. The α‑linolenic acid contained in 
the fixed oil may be responsible for these effects.

Introduction

Diabetes mellitus (DM) is a group of metabolic disorders 
characterized by hyperglycemia over a prolonged period. The 
primary causes of DM are insulin deficiency or dysfunction, 
which impair the metabolism of carbohydrates, lipids and 
proteins, leading to oxidative stress and resulting in chronic 
health complications such as diabetic nephropathy, neurop-
athy, hypertension and cardiovascular disease  (1,2). It has 
been estimated that the number of individuals with DM will 
increase to 360‑380 million between 2025 and 2030 (3). The 
World Health Organization previously reported that DM was 
one of the ten leading causes of mortality globally between 
2000 and 2012 (4). Although cardiovascular diseases, such as 
ischemic heart disease, have been the most significant causes 
of mortality over the past decade, the mortality rate associated 
with diabetic patients is continuously rising at an increased rate 
compared with cardiovascular diseases (4). Therefore, it has 
been clearly shown that DM is currently among the most chal-
lenging global health problems. Extensive interventions have 
been recommended for the treatment of DM, including diet 
control, exercise and hypoglycemic drugs, particularly insulin. 
However, diet control and exercise may not be successful 
interventions due to the modern lifestyle. Numerous factors 
may lead to patient noncompliance, including the undesirable 
side effects of the drug treatments coupled with the difficult 
treatment schedules and the expense and safety of long‑term 
use  (5). Therefore, the search for medicinal plants with 
anti‑hyperglycemic and anti‑oxidative activities and limited 
side effects remains a major challenge. 

Numerous medicinal plants have been identified that exhibit 
anti‑oxidative and anti‑hyperglycemic activities (6‑8). Among 
them, Ocimum sanctum L. (OS) is promising as it is routinely 
used in cooking vegetables, and also has been recommended 
for the treatment of a number of diseases by local people in 
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various countries  (9,10). Previous studies have shown that 
OS is safe for consumption as it contains no genotoxic or 
organotoxic effects (11,12). In addition, OS has been reported 
to possess therapeutic value for the treatment of a number of 
diseases, including bronchitis, diarrhea and dysentery (9,13). 
Our previous study showed that a diet containing 2% OS leaf 
powder resulted in a significant reduction in blood glucose 
levels in streptozotocin‑induced DM rats (14). The administra-
tion of aqueous and alcoholic extracts of OS leaves also resulted 
in reduced blood glucose levels in streptozotocin‑induced DM 
rats (15,16), and prevented insulin resistance in normal rats fed 
with a fructose diet (17). Prior studies have suggested that OS 
leaf extracts possess anti‑hyperglycemic activity, in addition 
to protecting organs against various stress conditions such as 
hyperlipidemia (6), inflammation (18), cancer (19) and heavy 
metal toxicity  (20,21). Furthermore, an aqueous extract of 
OS leaves has been shown to promote antioxidative activity, 
thus protecting various organs against DM (16,22). OS leaves 
are known to be a rich source of volatile and fixed oils. Our 
previous study showed that volatile and fixed oils extracted 
from OS leaves decreased the serum lipid profile and protected 
the hearts of rats fed with a high fat diet (23,24). However, the 
anti‑hyperglycemic, anti‑hyperlipidemic and organ protective 
effects of the fixed oil extracted from OS leaves against DM 
have not yet been investigated. It is known that the liver and 
kidney are the primary organs at risk in patients with DM. 
Therefore, the majority of previous studies have focused on 
the hepatic and renal protective activities of various medical 
plants in DM (8,16,20,25). However, DM may damage the 
heart in addition to the liver and kidneys (26). Furthermore, 
DM has a high correlation with cardiovascular diseases (27). 

Therefore, the present study was conducted to elucidate the 
anti‑hyperglycemic, anti‑hyperlipidemic and anti‑oxidative 
activities of the fixed oil extract of OS leaves, and to evaluate 
the ability of this extract to protect various vital organs 
including the liver, kidneys and heart in DM rats. In addition, 
the chemical composition of fixed oil was determined.

Materials and methods

Extraction of fixed oil from OS leaves. Fresh OS leaves were 
obtained from the National Institute of Thai Traditional 
Medicine, the Ministry of Public Health (Nonthaburi, 
Thailand), and were cut into small pieces (1 cm). The separated 
leaves were washed and air‑dried at room temperature, and 
ground to powder using a blender (Phillips Avance HR2097/00; 
Phillips, Amsterdam, Netherlands). Fixed oil was extracted 
from the OS leaves using a Soxhlet extractor (Soxtherm 
Multistat/SX PC; C. Gerhardt GmbH & Co., Königswinter, 
Germany) with hexane as the solvent, as previously described 
by the Association of Official Analytical Chemists (28). The 
sample was filtered and evaporated. The extraction solvent 
was removed by rotary evaporation (Buchi  R‑124; Buchi 
Labortechnik, Flawil, Switzerland). In cases where the extrac-
tion solvent contained OS powder, the extraction solvent was 
filtered through a Whatman paper no. 1 (GE Healthcare Life 
Sciences, Little Chalfont, UK) prior to evaporation. From 
100 g of dried OS leaf powder, the percentage yield of OS 
fixed oil was 1.046 g%. The OS fixed oil was collected and 
stored at 4˚C.

Identification of fatty acids in OS fixed oil using gas 
chromatography‑mass spectrometry (GC‑MS). Fatty acids 
were transformed into methyl esters according to the ISO 
procedure (29). The fatty acid methyl esters (FAMEs) were 
analyzed by GC‑MS, using a 5840A gas chromatograph 
(Hewlett‑Packard, Palo Alto, CA, USA) equipped with a flame 
ionization detector for electron‑impact mass spectrometry, 
and an integrator. The 1.5‑µl FAME sample was injected, and 
separation was conducted using a Agilent J&W DM‑23 capil-
lary column (30 m length, 0.25 mm i.d., and 0.25 mm film 
thickness of 5%; DEGS; Agilent Technologies, Santa Clara, 
CA, USA). The carrier gas was helium (pressure, 19 psi) with a 
split ratio of 50:1. The carrier gas and the column flow rate was 
62.9 ml/min. The oven temperature was initially maintained at 
80˚C, then increased to 180˚C at 10˚C/min and finally main-
tained at 220˚C for 7 min. The temperature of the injection port 
and the detector were set at 300˚C. The fatty acids were identi-
fied by comparing their retention times with those of standards 
(Sigma‑Aldrich, St. Louis, MO, USA). The content of each fatty 
acid was expressed as a percentage of the total fatty acid profile.

Animal preparation. In total, 21 male Wistar rats (age, 8 weeks; 
weight, 200‑250 g) were purchased from the Animal Center 
of Salaya Campus, Mahidol University (Bangkok, Thailand). 
The rats were cared for in accordance with the principles and 
guidelines of the Institutional Animal Ethics Committee of 
Rangsit University (Pathumtani, Thailand), which is under the 
National Council of Thailand for Laboratory Animal Care. 
The rats were housed under a 12‑h light‑dark cycle at 25±2˚C 
and fed with standard rat food and tap water ad libitum. DM 
was induced with an intraperitoneal injection of streptozotocin 
(STZ; Sigma‑Aldrich) dissolved in citrate buffer (pH 4.5) at a 
dose of 65 mg/kg. At 5 days after STZ injection, fasting blood 
glucose was measured, and only rats with a blood glucose level 
of ≥200 mg/dl were included in the study. 

Experimental design. Three groups of 7 rats each were estab-
lished as follows: i) Normal control rats; ii) normal untreated 
DM rats; and iii) DM + fixed oil rats.

In our previous study it was observed that supplementa-
tion with 2% dried OS leaf powder in the diet for three weeks 
induced anti‑hyperglycemic and lipid‑lowering effects in DM 
rats (14). The average dried OS leaf powder consumption was 
4.45 g/kg/day. Therefore, the daily dose of OS fixed oil admin-
istered in the present study, calculated based on our previous 
data, was ~46.54 mg/kg/day.

Following diabetic induction, DM rats were administered 
OS fixed oil by intragastric intubation once a day for three 
weeks. Blood was collected weekly from rat tail veins to deter-
mine blood glucose levels. Body weight and food consumption 
were determined once a week.

Determination of serum lipid profile, serum insulin and 
biochemical evaluation of liver, kidney and cardiac injury. 
Following the OS fixed oil administration period, the rats were 
fasted overnight and anesthetized by an intraperitoneal injec-
tion of zolitil (40 mg/kg; Virbac, Carros, France) and xylazine 
(3 mg/kg; L.B.S. Laboratory Ltd., Bangkok, Thailand). Blood 
was collected from the abdominal vein to determine serum 
insulin and lipid profile levels, including total cholesterol, 
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triglyceride, low‑density lipoprotein cholesterol (LDL‑C), and 
high‑density lipoprotein cholesterol (HDL‑C). Liver function 
was evaluated by determining the serum levels of alanine 
aminotransferase (ALT) and aspartate aminotransferase (AST). 
In addition, cardiac injury was evaluated by measuring serum 
lactate dehydrogenase (LDH) and creatine kinase MB subunit 
(CK‑MB) levels. Kidney function was evaluated by measuring 
the serum levels of creatinine and blood urea nitrogen (BUN).

Determination of lipid peroxide and the activity of anti‑
oxidative enzymes in the liver, kidney and heart. Following 
the experimental period, the rats were fasted overnight and 
anesthetized using zolitil (40 mg/kg) and xylazine (3 mg/kg). 
Subsequently, the jugular vein was cannulated and perfused 
with ice‑cold normal saline to remove the red blood cells. 
When all organs looked pale, the liver, kidney and heart were 
excised, cleaned and weighed. All organs were stored at ‑80˚C 
until required for further analysis.

Determination of tissue lipid peroxide content. All organs 
were homogenized with 0.1 M phosphate buffer (pH 7.4). 
Lipid peroxides in the liver, kidney and heart were assessed 
using thiobarbituric acid reactive substances (TBARS), as 
previously described (30). TBARS was expressed in nmol 
malondialdehyde (MDA)/mg protein, using 1,1,3,3‑tetraethoxy 
propane as a standard. Tissue protein levels were determined 
using Lowry's method, as previously described (31).

Determination of the activity of antioxidative enzymes in the 
various tissue samples. The levels of a number of antioxida-
tive enzymes, including glutathione peroxidase (GPx), catalase 
(CAT) and superoxide dismutase (SOD) were determined. The 
liver, kidney and cardiac tissue homogenates were prepared by 
homogenizing the tissues in 0.1 M phosphate buffer (pH 7.4). 
The homogenate was then centrifuged at 832 x g at 4˚C for 
10 min. The supernatant was collected and centrifuged again 
at 7,800 x g at 4˚C for 30 min. The supernatant fraction was 
collected and further centrifuged at 136,000 x g at 4˚C for 
60 min. The final supernatant was analyzed to estimate the GPx, 
CAT and SOD activities, using the procedures described by 
Tapple (32), Luck (33), and Winterbourn et al (34), respectively.

Evaluation of tissue morphology. According to the experi-
mental results, OS fixed oil only protected the kidney against 
DM. Therefore, only the histopathological appearance of 
renal tissue was evaluated. Following the study, kidneys were 
removed and washed with normal saline. All kidneys were 
longitudinally sectioned and fixed in 10% neutral‑buffered 
formalin. Subsequently, the kidney samples were dehydrated 
and prepared under routine paraffin embedding protocol (35). 
The samples in paraffin blocks were serially sectioned at 5 µm, 
deparaffinized and stained with conventional hematoxylin and 
eosin (H&E) stain (Bio‑Optica Milano SpA, Milan, Italy).

Biochemical assay for blood glucose, total cholesterol, 
triglyceride, HDL‑C, LDL‑C, AST, ALT, creatinine, BUN, 
LDH, CK‑MB and serum insulin. Blood glucose levels were 
determined using a blood glucose strip (Abbott Laboratories 
Ltd., Maidenhead, UK). The concentrations of total cholesterol, 
triglyceride and HDL‑C were assayed by using the cholesterol 

(cat. no. 10028) and triglyceride (cat. no. 10724) enzymatic assay 
kits (Gesellschaft für Biochemica und Diagnostica GmbH, 
Wiesbaden, Germany). In order to measure the serum choles-
terol and triglyceride levels, 10 µl serum was added to 1 ml of 
assay reagent, the samples were incubated at 37˚C for 5 min, 
and then the absorbance was measured at 500 nm (for serum 
lipid profile: Genesys 20 spectrophotometer, model 4001/4, 
Thermo Fisher Scientific, Inc., Haverthill, MA, USA; for other 
serum levels: UV spectrophotometer, model  UV-2501PC, 
Shimadzu Co., Ltd., Kyoto, Japan). The serum levels of the 
various parameters were calculated according to the manufac-
turer's instructions in the assay kits.

For HDL‑C determination, 200 µl serum was added in 
500 µl of precipitating reagent, mixed and incubated at room 
temperature for 10 min. The samples were then centrifuged 
at 4,000 x g for 10 min and 200 µl supernatant was collected 
and used to determine the HDL‑C using assay reagent. 
Subsequently, LDL‑C was calculated using the following 
equation: LDL‑C = [TC‑(HDL‑C)] ‑ (triglyceride/5). 

The serum levels of AST, ALT, creatinine, BUN, LDH 
and CK‑MB were measured using various enzymatic kits. In 
order to determine the AST and ALT levels (AST assay kit, 
cat. no. 12011; ALT assay kit, cat. no. 120120; Gesellschaft Für 
Biochemica und Diagnostica GmbH), 200 µl serum was added 
to 1 ml of working reagent, the samples were incubated at 37˚C 
for 1 min, and then the absorbance was measured at 340 nm 
every 1 min for 3 min. 

The assay kits used for creatinine (cat.  no.  CR 510), 
urea (cat. no. UR 446), LDH (cat. no. LD 401) and CK‑MB 
(cat. no. CK 1296) were purchased from Randox Laboratories 
Ltd. (London, UK). For serum creatinine and urea determina-
tion, 10 µl serum was added to 1 ml of working reagent and 
the samples were incubated at 37˚C for 30 sec. The absorbance 
of the creatine sample was read immediately and 2 min later 
at 492 nm, while that of urea was read immediately and 1 min 
later at 340 nm. The serum BUN level was then calculated by 
dividing the serum urea level by 2.14, which is the conversion 
factor derived based on the molecular weights of BUN and 
urea. For serum LDH and CK‑MB determination, 20 and 40 µl 
serum, respectively, was added to 1 ml of working reagent, 
and the samples were incubated at 37˚C for 30 sec and 10 min, 
respectively. The absorbance at 340 nm was measured imme-
diately and every 1 min for 3 min for LDH, and immediately 
and after 5 min for CK‑MB. 

Serum insulin was assayed using a radioimmunoassay 
kit (cat.  no.  TKIN1; Diagnostic Product Co., Ltd., Los 
Angeles, CA, USA). Briefly, 200 µl serum was added to the 
Coat‑A‑count tube (included in the kit), followed by 1 ml 
125I‑Insulin, and then the sample was mixed and incubated 
overnight at 15‑28˚C. The remaining insulin was decanted, the 
sample tubes were inverted and then counted in a γ counter 
for 1 min (Genesys Gamma 1, Laboratory Technologies Inc., 
Elburn IL, USA), according to the manufacturer's instructions.

Statistical analysis. Values are presented as the mean ± stan-
dard error of the mean. The results were analyzed by one‑way 
analysis of variance. Duncan multiple rank test was performed 
to determine statistical significance among groups using SPSS 
software, version 11.5 (SPSS, Inc., Chicago, IL, USA). P<0.05 
was considered to indicate a statistically significant difference.
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Results

Fixed oil composition, body weight and food intake. Saturated 
and unsaturated fatty acids were identified in the OS fixed oil, 
as shown in Fig. 1 and Table I. The predominant fatty acid 
identified in the fixed oil was α‑linolenic acid (60.60%). Fig. 2 
shows the percentage body weight gain and food intake of 
all groups. Body weight gain of the untreated DM rats was 
significantly reduced compared with the normal control rats 
throughout three weeks (P<0.05 at the first week and P<0.001 
at the second and third weeks). The reduction in body weight 
gain was more prominent in the DM rats treated with the OS 
fixed oil. Food intake was significantly increased in DM rats 
(P<0.001), and was slightly lowered at the second and third 
week in the DM rats treated with the OS fixed oil. 

Blood glucose, serum insulin, lipid profile, and organ weight 
and function. Fixed oil significantly reduced high blood 
glucose of DM rats throughout three weeks of treatment 
(Fig.  3; P<0.001). Serum insulin levels were significantly 
decreased in the DM rats (P<0.001), an effect which was more 
marked in DM rats treated with the OS fixed oil (Table II). 
Liver, kidney and heart weight were significantly increased in 
the untreated DM rats (Table II; P<0.001). Only the high level 

Figure 2. Differences in percentage body weight gain and food intake in normal rats and DM rats treated with or without fixed oil extracted from 
Ocimum sanctum L. for three weeks. *P<0.05 and ***P<0.001, vs. normal group; #P<0.05, ##P<0.01 and ###P<0.001, vs. DM group. DM, diabetes mellitus.

Figure 1. Gas chromatogram of fatty acids extracted from Ocimum sanctum L. leaf fixed oil.

Table I. Fatty acid compositions in the fixed oil extracted from 
Ocimum sanctum L. leaves.
 
Fatty acid 	 Molecular formula	 %

Palmitic	 16:0	 15.65
Stearic	 18:0	   3.08
Oleic	 18:1 (n‑9) cis	   2.81
Linoleic	 18:2 (n‑6) cis	 17.86
α‑Linolenic	 18:3 (n‑3)	 60.60
  

Figure 3. Alterations of blood glucose in normal rats and DM rats treated 
with or without fixed oil extracted from Ocimum sanctum L. for three weeks.  
***P<0.001, vs. normal group; #P<0.05, ##P<0.01 and ###P<0.001, vs. DM 
group. DM, diabetes mellitus.
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of kidney weight was attenuated in the DM rats treated with 
the OS fixed oil. Total cholesterol, triglyceride and LDL‑C 
were significantly increased (P<0.001), whereas HDL‑C was 
reduced in the untreated DM rats (Table III; P<0.05). The high 
serum lipid profile was markedly reduced, whereas HDL‑C 
was slightly increased in the DM + OS fixed oil rats. Serum 
levels of AST, ALT, LDH, CK‑MB, creatinine and BUN in the 
untreated DM rats were significantly increased compared with 
the normal control rats (Table IV). Only high serum levels of 
creatinine and BUN were reversed in DM + fixed oil rats.

Lipid peroxide and antioxidant levels. The high level of 
tissue lipid peroxide as indicated by TBARS was significantly 
increased (P<0.001), whereas GPx (P<0.05), CAT (P<0.001) 
and SOD (P<0.001) activities were significantly decreased, in 
the liver tissue of the untreated DM rats (Table V). TBARS and 
CAT were increased, whereas no significant changes in GPx 
and SOD activity were observed in the cardiac tissue of the 
untreated DM rats. The OS fixed oil treatment had no effect on 
TBARS or the activities of any antioxidative enzymes in the 
liver and cardiac tissues. However, renal TBARS was increased, 
while the activities of GPx and SOD were decreased, without 
significant changes of CAT activity, in the untreated DM rats. 

The OS fixed oil treatment appeared to reduce the elevated 
level of TBARS to below normal levels, and normalized the low 
levels of GPx and SOD activities, while markedly increasing 
CAT activity in the renal tissue of the DM + fixed oil rats.

Histopathological examination. Fig. 4 shows the histopatholog-
ical examination of renal tissues in all groups. The renal tissue 
of normal rats exhibited normal cortex and medullar features 
(Fig. 4A). The renal glomeruli and intact lining epithelium of the 
Bowman's capsule were normal. The glomerular capillary loops 
were lining with normal mesangial cells, which exhibited basic 
appearance of the loops. The quantities of vascular endothelial 
and mesangial cells were within normal limits. Furthermore, the 
proximal convoluted tubules were preserved and contained with 
the luminal spaces indicated by well‑differentiated columnar 
epithelial cells. The renal tissue of the DM rats showed moderate 
to severe multifocal necrosis, with interstitial infiltration of 
mononuclear cells (Fig. 4C and D). The glomerular membranes 
were thickened, with interposition of mesangial cells between 
two layers. There was an increased mesangial cellularity and 
matrix. Furthermore, the proximal convoluted tubules exhib-
ited numerous cellular vacuolizations within the cytoplasm 
of the epithelial cells lining the proximal convoluted tubules. 

Table II. Alterations of serum insulin, and liver, kidney and heart weight in the three groups.
 
Group	 Serum insulin (µU/ml)	 Liver weight (g/kg)	 Kidney weight (g/kg)	 Heart weight (g/kg)
 
Normal	 5.98±0.26	 34.9±1.3	  6.43±0.11	   3.5±0.07
DM	  3.22±0.18a	  52.3±2.0a	 13.3±0.7a	  4.0±0.1a

DM + fixed oil	    4.50±0.24a,b	  51.0±1.4a	   11.8±0.2a,b	  4.1±0.1a

 
Data are presented as the mean ± standard error of the mean. aP<0.05 vs. normal group; bP<0.05 vs. DM group. DM, diabetes mellitus.
 

Table III. Differences in the serum lipid profile in the three groups.
 
Group	 Total cholesterol (mg/dl)	 Triglyceride (mg/dl)	 HDL‑C (mg/dl)	 LDL‑C (mg/dl)
 
Normal	 49±1	 55±3	 26±1	 12±1
DM	  93±7a	  92±7a	  20±1a	  55±6a

DM + fixed oil 	    70±4a,b	  45±8b	 23±2	    39±3a,b

 
Data are presented as the mean ± standard error of the mean. aP<0.05 vs. normal group; bP<0.05 vs. DM group. HDL‑C, high‑density lipopro-
tein‑cholesterol; LDL‑C, low‑density lipoprotein‑cholesterol; DM, diabetes mellitus.
 

Table IV. Differences in ALT, AST, LDH, CK‑MB, creatinine and BUN in serum of rats in the three groups.
 
Group	 AST (U/l)	 ALT (U/l)	 LDH (U/l)	 CK‑MB (U/l)	 Creatinine (mg/dl)	 BUN (mg/dl)
 
Normal	  82±7	 36±3	 279±46	 420±49	 0.92±0.07	 14.4±0.5
DM	   132±12a	   75±11a	  545±34a	  593±47a	  2.18±0.22a	  25.2±0.5a

DM + fixed oil	 138±6a	 79±5a	  452±63a	  603±40a	  1.27±0.18b	   20.2±0.7a,b

 
Data are presented as the mean ± standard error or the mean. aP<0.05 vs. normal group; bP<0.05 vs. DM group. AST, aspartate aminotrans-
ferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase; CK‑MB, creatine kinase MB subunit; BUN, blood urea nitrogen; DM, 
diabetes mellitus.
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Predominant clusters of large vacuoles were observed in certain 
tubular epithelial cells. Cellular swelling of the tubular epithe-
lium is noticeable without its luminal space. In the DM + fixed 
oil rat tissues, general renal appearance was improved (Fig. 4B). 

Glomeruli remained defined, mesangial cells showed reduced 
proliferation and the cellular matrix showed decreased accumu-
lation. The cytoplasmic vacuolization was markedly reduced in 
the epithelium of the proximal convoluted tubules.

Table V. Effect of fixed oil of Ocimum sanctum L. leaves on lipid peroxide and antioxidative enzymes activity in the rat liver, 
heart and renal tissues. 
 
Group	 TBARS	 GPx	 CAT	 SOD
 
Liver
  Normal	 1.05±0.05	 1.01±0.06	 254±27	 112±10
  DM	  1.34±0.03a	  0.61±0.06a	 138±9a	  51±7a

  DM + fixed oil	  1.29±0.03a	  0.72±0.02a	 166±10a	  54±4a

Heart
  Normal	 0.72±0.03	 0.27±0.01	 9.2±0.8	 41±5
  DM	 0.98±0.03a	 0.25±0.01	 19.9±0.8a	 40±5
  DM + fixed oil	 0.93±0.02a	 0.28±0.02	 21.0±0.9a	 45±4
Kidney
  Normal	 1.02±0.03	 1.02±0.02	 4.99±0.38	 52±4
  DM	 1.20±0.05a	 0.80±0.06a	 4.71±0.24	 31±4a

  DM + fixed oil	   0.89±0.02a,b	 1.13±0.11b	 76.4±9.5a,b	 45±5b

 
Data are presented as the mean ± standard error of the mean. aP<0.05 vs. normal group; bP<0.05 vs. DM group. TBARS, thiobarbituric acid 
reactive substances (nmole MDA/mg protein); GPx, glutathione peroxidase (mmole/min/mg protein); CAT, catalase, (mmole/min/mg protein); 
SOD, superoxide dismutase (units/mg protein); DM, diabetes mellitus.
 

Figure 4. Histopathological appearance of renal tissues from the various groups (scale bar, 25 µm). (A) Renal tissue of the control group rats exhibited normal 
kidney glomeruli and epithelium of the Bowman's capsule. Parietal podocytes were forming and intact in the Bowman's capsule (arrows). The proximal convoluted 
tubules were preserved and contained with their luminal spaces by well‑differentiated columnar epithelial cells (L). (B) For diabetes mellitus (DM) rats treated with 
Ocimum sanctum L. fixed oil, the general renal appearance was improved, and the glomeruli remained defined. The mesangial cells and cellular matrix showed 
reduced proliferation and accumulation, respectively. The cytoplasmic vacuolizations were markedly reduced in the epithelium of the proximal convoluted tubules. 
(C) Renal glomeruli and (D) renal tubules. The glomerular membranes exhibited thickening, with interposition of mesangial cells between two layers, which resulted 
in increased mesangial cellularity and matrix. In (C), parietal podocytes were detached in dilated Bowman's capsule. Furthermore, the proximal convoluted tubules 
exhibited numerous cellular vacuolizations (*) and predominant clusters of large vacuoles were observed in certain tubular epithelial cells (arrows).

  A   B

  C   D
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Discussion

In addition to cancer and cardiovascular diseases, diabetes 
mellitus (DM) has become a major global health problems in 
the 21st century, due to the gradually and continuous increased 
in the number of diabetic patients (3,4). Due to the wide range 
of affected organs and its influence on multiple organ systems, 
DM may lead to serious health complications and potentially 
mortality. Although a number of interventions are recommended 
for the management of DM, patients are often unsuccessful 
at following the regimes due to lifestyle and undesirable side 
effects, cost and the safety of the long‑term use of synthetic 
drugs (5,36). Therefore, novel treatments that fulfil the required 
safety and efficiency of life‑long treatments are needed. It has 
been widely accepted that medicines of herbal origin may be 
useful in treating various diseases, as many contain bioactive 
photochemical ingredients that may function as effective, safe 
and cheap therapeutic compounds (7,16). Ocimum sanctum L. 
(OS), commonly used as a cooking vegetable, has shown its 
potency as a therapeutic herb and has already been proven to be 
safe for long term consumption, as mentioned earlier. A number 
of experimental studies have evaluated the anti‑diabetic activity 
of OS using alcoholic and aqueous extracts of its leaves (15‑17). 
However, OS leaves are enriched in volatile and fixed oils. To 
the best of our knowledge, no previous studies have investi-
gated the anti‑diabetic and anti‑oxidative effects of fixed oil 
extracted from OS leaves. The present study showed that the 
fixed oil extract of OS decreased the elevated blood glucose 
levels and serum lipid profile in DM rats (Fig. 3 and Table III). 
These results are consistent with those of our previous study, 
which demonstrated the anti‑hyperlipidemic activity of OS 
fixed oil in rats fed with a high fat diet (24). The lipid‑lowering 
effect of OS may be a beneficial property for the prevention of 
cardiovascular disease in DM. 

β‑cells are known to be highly susceptible to cytotoxic 
agents such as streptozotocin (STZ) (37). STZ induces DM 
by the rapid depletion of β‑cells, leading to a reduction in 
insulin secretion. Insulin is a vital hormone for the main-
tenance of normal levels of blood glucose and lipids. The 
present results indicated that the low level of serum insulin 
in DM rats could be raised by treatment with OS fixed oil. 
Therefore, the anti‑hyperglycemic and lipid‑lowering abilities 
of OS fixed oil may be associated with its ability to improve 
pancreatic β‑cell function. α‑Linolenic acid, the primary fatty 
acid contained in OS fixed oil, is speculated to be the active 
ingredient underlying these activities, which is supported by 
several studies (38,39). In a previous study, α‑linolenic acid 
agonist administration significantly decreased plasma glucose 
and augmented insulin release in mice (38). Furthermore, a 
diet rich in α‑linolenic acid has been shown to improve insulin 
sensitivity by increasing GLUT4 protein content in the gastroc-
nemius muscle membranes of STZ‑induced diabetic rats (38).

Lipid peroxidation is a free radical‑mediated process that 
occurs following oxidative stress. If this process is localized in 
biological membranes it may cause a variety of types of cellular 
membrane damage, including change in membrane fluidity, 
increased membrane permeability and finally membrane 
rupture (40). Therefore, free radicals serve a crucial function in 
the induction of a variety of stress‑related diseases. In order to 
prevent the cellular deterioration induced by free radicals, cells 

possess an antioxidant defense system. An elevation of blood 
glucose induces oxidative stress, resulting in an increased 
production of oxygenated free radicals and decreased antioxi-
dant enzyme activities (6,41). This may result in intracellular 
structure modification, and ultimately affect normal cellular 
function, leading to pathogenesis and the development of 
diabetic complications (41,42). The present results show that 
DM impaired the liver, kidney and cardiac functions of the DM 
rats, as indicated by the augmentation of serum levels of AST, 
ALT, creatinine, BUN, LDH and CK‑MB (Table IV). In addi-
tion, TBARS levels were significantly increased, whereas the 
activities of various antioxidative enzymes were significantly 
suppressed in the liver, heart and renal tissues of untreated DM 
rats (Table V). These results demonstrate that three weeks of 
diabetic induction is sufficient to cause oxidative stress and 
damage to the liver, heart and renal tissues of rats. 

Notably, the TBARS level was increased without signifi-
cant differences in GPx and SOD, whereas CAT was markedly 
increased in the cardiac tissue of untreated DM rats. It has 
been reported that during periods of elevated oxidative stress, 
cells protect themselves by increasing activity of various 
antioxidative enzymes (6,43). Therefore, the augmentation 
of cardiac CAT activity without changes in GPx and SOD 
activity is potentially a compensatory response against the 
oxidative stress induced by DM (43,44). However, the enhance-
ment of cardiac CAT activity may not markedly protect the 
heart against oxidative stress, as levels of cardiac TBARS 
remained elevated. This suggests that numerous free radicals 
were generated in the rat cardiac tissue, which could not be 
eliminated through increasing CAT activity alone.

The OS fixed oil exerted no hepatoprotective or cardio-
protective effects against DM, as indicated by the unchanged 
elevations in the serum levels of AST, ALT, LDH and CK‑MB, 
in addition to TBARS levels and the activities of the various 
anti‑oxidative enzymes (Tables IV and V). The results of our 
previous study suggested that OS fixed oil exerted a cardio-
protective effect in rats fed with a high fat diet (24); however, 
fixed OS oil appeared to have no effect in diabetic rats in 
the present study. This may be due to the difference in the 
severity of stress exposure. The hearts of the DM rats in the 
present study were exposed to hyperglycemic and hyperlip-
idemic conditions, whereas the hearts of the high fat‑fed rats 
were exposed to hyperlipidemia only (24,45). In contrast to 
the liver and heart tissues, OS fixed oil normalized GPx and 
SOD activities and markedly promoted CAT activity, which 
subsequently decreased the high level of TBARS, in renal 
tissue. These results indicate that the OS fixed oil exerted a 
free radical scavenging activity, providing renal protection 
against DM. This hypothesis is supported by the normal 
general appearance of the rat renal tissue, as shown by histo-
pathological analysis (Fig. 4). 

Notably, the OS fixed oil exerted a marked anti‑oxidative 
capacity in the renal tissue of the DM rats; by normalizing 
the reduced levels of GPx and SOD, in addition to enhancing 
the CAT activity to a higher than normal level. This may be 
the reason why the OS fixed oil suppressed the renal TBARS 
levels to below normal levels (Table V). The α‑linolenic acid 
contained in the OS fixed oil may be responsible for the renal 
protective activity against DM. It has been shown that a high 
α‑linolenic acid diet ameliorated diabetic nephropathy in 
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rats (46) and prevented high glucose‑induced renal tubular 
cell damage by reducing the production of reactive oxygen 
species  (47). The present results suggest that fixed oil 
extracted from OS leaves may be of therapeutic use as an 
anti‑hyperglycemic and lipid‑lowering agent, in addition to 
being a cytoprotective agent for the prevention of renal injury 
as a result of DM. As the present study was performed in rats 
with STZ‑induced DM, which is type 1 DM, the effect of OS 
fixed oil in type 2 DM requires further investigation.

In conclusion, treatment with the fixed oil extracted 
from OS leaves for three weeks significantly lowered the 
diabetically‑elevated blood glucose levels and serum lipid 
profile, while increasing serum insulin levels in STZ‑induced 
DM rats. The OS fixed oil exhibited a free radical scavenging 
activity, which provided renal protection against DM via 
the suppression of high TBARS levels, and by enhancing 
the activity of various antioxidative enzymes in the rat renal 
tissue. Histopathological studies showed that the OS fixed oil 
protected rat renal tissues against DM. The α‑linolenic acid 
contained in OS fixed oil may be mechanistically involved in 
its anti‑hyperglycemic, anti‑hyperlipidemic and renal protec-
tive activities against DM.
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