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Abstract 
The present study was conducted to investigate the effect of aqueous extracts of Ocimum sanctum 
L. leaves on blood glucose, serum lipid profile and anti-oxidative activity to protect various risk 
organs in DM rats. Ocimum sanctum L. leaves were extracted using water, then the total phenolic 
content was determined. Three groups of male Wistar rats were used including normal control 
rats, DM rats and DM rats daily fed with aqueous extracts of Ocimum sanctum L. leaves (AQOS) for 
three weeks. DM rats were induced by intraperitoneal injection of streptozotocin (65 mg/kgbw). 
The results show that three weeks of diabetic induction increased blood glucose, serum lipid pro- 
file and serum levels of AST, ALT, ALP, LDH, CK-MB, creatinine and BUN. AQOS significantly de- 
creased blood glucose, serum lipid profile and serum levels of AST, ALT, ALP, LDH, CK-MB, creati- 
nine and BUN. The low level of serum insulin was also raised by AQOS. AQOS suppressed high 
TBARS level and raised the activities of antioxidant enzymes in the liver, kidney and cardiac tis- 
sues. Histopathological results show that AQOS preserved the liver, kidney and myocardial tissues. 
It can be concluded that AQOS had anti-hyperglycemic, anti-hyperlipidemic, and free radical sca- 
venging effects providing organ protection from diabetes. The phenolic compounds contained in 
AQOS might be responsible for these activities. 
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1. Introduction 
Diabetes mellitus (DM) is a chronic metabolic disease characterized by high blood glucose levels, and often as- 
sociated with dyslipdemia and oxidative stress which can affect nearly every organ systems in the body. The 
primary cause of DM is either insulin deficiency or insulin dysfunction which impairs metabolism of carbohy- 
drates, lipids and proteins, leading to long term health complications such as diabetic nephropathy, neuropathy, 
hypertension, and cardiovascular disease (CVD) [1] [2]. DM is rapidly becoming a global health issue that may 
overtake cancer during the next two decades. Moreover, its morbidity and mortality rate is continuously in- 
creasing. It has been reported that the number of people who have diabetes will increase to 360 - 380 million in 
2025-2030 [3]. To treat DM, hypoglycemic drugs, especially insulin, are recommended. However their undesir- 
able side effects, cost, safety on long-term use, and simplicity of administration have been an issue [4]. These 
factors do not fulfill conditions for patients’ compliance. Therefore, physicians are searching for medicinal 
plants capable of curing diabetes. There are several kinds of medicinal plants that exhibit antioxidant and anti- 
hyperglycemic activities. Among them, Ocimum sanctum L. (OS) is very promising as it is routinely used as 
cooking vegetable, and also has been recommended for the treatment of several diseases by local people in var- 
ious countries. Recent work of its consumption has shown that OS had no genotoxic or organ toxic effects [5]. 
OS has been reported to possess therapeutic value for the treatment of several diseases [6] [7]. 1% - 2% of OS 
leaf powder in the diet caused a significant reduction of blood glucose in streptozotocin-induced DM rats [8] [9]. 
Aqueous extract of OS leaf extracts also delayed insulin resistance in normal rats fed with fructose diet [10], and 
also decreased blood glucose level in streptozotocin-induced DM rats [11] [12]. OS leaves possess not only anti- 
hyperglycemic activity but also organ protective effect against various stress conditions such as hyperlipidemia 
[13], inflammation [14] carcinogens [15], heavy metal [16] [17] and isoproterenal-induced myocardial necrosis 
[18]. It is known that the liver and kidney are the primary risk organs in diabetes. Therefore most researchers 
have focused on hepatic and renal protective activities of various medical plants in diabetes. However, diabetes 
impairs not only the liver and kidney but also the heart [19]. Diabetes has a high relevance with cardiovascular 
diseases including hypertension and ischemic heart disease [20]. Since our previous study showed that OS leaf 
powder in the diet reduced blood glucose and serum marker enzymes of liver and kidney function in streptozo-
tocin-induced DM rats [9]. However, what kinds of chemical constituents in OS leaves responsible for its effects 
has not yet been undertaken. Moreover, no evidence to support its anti-oxidative activity to protect heart against 
diabetes is currently known. OS leaves have been reported to contain several chemical constituents such as 
phenolic compounds and fatty acids [6] [21] [22]. Moreover, aqueous extracts of OS leaves has been reported to 
express strong antioxidant activity both in vivo and in vitro studies [23] [24]. Therefore the present study was 
conducted to elucidate anti-hyperglycemic, anti-hyperlipidemic and anti-oxidative activities to protect various 
vital organs in DM rats treated with aqueous extracts of OS leaves. 

2. Materials and Methods 
2.1. Extraction of Ocimum sanctum L. Leaves 
OS fresh leaves were obtained from the Institute of Thai Traditional Medicine, the Ministry of Public Health of 
Thailand. Fresh leaves of OS were washed in tap water and then cut into small pieces. The cut leaves were then 
cleaned and dried at room temperature. Dried leaves of OS were ground into fine powder and extracted by water. 
The aqueous extracts were then frozen and dried, and dark-brown powder was obtained. After the extraction 
process, the percent yield of OS extracts was 13.25 g from 100 g of dried OS leaf powder. The aqueous extracts 
were collected and stored at 4˚C before determination of their phenolic content. 

2.2. Determination of Total Phenolic Content in Ocimum sanctum L. Leaf Extracts 
The total phenolic content of OS leaf extract was determined using the Folin-Ciocalteu method. 0.1 ml of 10 
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mg/ml (w/v) of OS extract was added to 1 ml of 7% Na2CO3 solution and mixed thoroughly; 0.1 ml of Folin- 
Ciocalteu reagent was then added to the mixture. Distilled water was added to reach 2.5 ml, then the mixture 
was allowed to stand for 90 min with intermittent shaking. The absorbance was measured at 750 nm in a 
Benchmark plus microplate spectrophotometer (Bio-Rad Laboratories (UK) Ltd). The total phenolic content was 
determined from the standard gallic acid calibration curve, and it was expressed as mg of gallic acid equiva- 
lent/g of dry weight of the OS extracts. 

2.3. Animal Preparation  
Male Wistar rats weighing between 200 - 250 g were purchased from the Animal Center, Salaya Campus, Ma-
hidol University, Thailand. The rats were cared for in accordance with the principles and guidelines of the Insti-
tutional Animal Ethics Committee of Rangsit University, which is under The National Council of Thailand for 
Laboratory Animal Care. The rats were housed in a 12-hr light-dark cycle room with controlled temperature at 
25˚C ± 2˚C and fed with standard rat food and tap water ad libitum. Type I DM was induced by intraperitoneal 
injection of streptozotocin (STZ) dissolved in citrate buffer pH 4.5 at a dose of 65 mg/kgbw. Five days after 
STZ injection fasting blood glucose was measured, and only those rats with blood glucose ≥ 200 mg/dl were in- 
cluded in the study. 

2.4. Experimental Design 
Three groups of seven rats each were established including. 

Group 1: normal control rats; 
Group 2: normal DM rats;  
Group 3: DM rats treated with aqueous extract of OS leaves (AQOS).  
From our previous study, a supplementation of 2% (w/w) dried OS leaf powder in the rats’diet for three 

weeks showed anti-hyperglycemic effects in DM rats [9]. The average amount of dried OS leaf powder con-
sumed by each rat was approximately 4.45 g/kgbw/day. Therefore the daily dose of AQOS administered in this 
study was calculated based on these values, and was approximately 590 mg/kgbw/day. After diabetic induction, 
DM rats were fed with AQOS by intragastric intubation once a day for three weeks. Blood was collected from 
rat’s tail to determine blood glucose weekly. Both body weight and food intake were also determined once a 
week. 

2.5. Determination of Serum Lipid Profile, Insulin and Biochemical Evaluation of Liver, 
Kidney and Cardiac Injury 

At the end of the study, the rats were fasted overnight and were anesthetized by intraperitoneal injection with 
zolitil (40 mg/kgbw) plus xylazine (3 mg/kgbw). Blood was collected from the abdominal vein to determine se- 
rum insulin and serum lipid profile including total cholesterol, triglyceride, low density lipoprotein cholesterol 
(LDL-C), and high density lipoprotein cholesterol (HDL-C). Liver function was evaluated by assessing serum 
alanine aminotransferase (ALT), aspartate aminotransferase (AST), and alkaline phosphatase (ALP) levels. Car- 
diac injury was also evaluated by measuring serum lactate dehydrogenase (LDH) and creatine kinase MB sub- 
unit (CK-MB) levels. Kidney function was evaluated by measuring serum creatinine and BUN (blood urea ni- 
trogen). 

2.6. Determination of Lipid Peroxide and the Activity of Antioxidant Enzymes in the Liver, 
Kidney and Heart 

At the end of the study, the rats were fasted overnight and were anesthetized by zolitil (40 mg/kgbw) plus xyla- 
zine (3 mg/kgbw). Then the jugular vein was cannulated to perfuse ice-cold normal saline to remove the red 
blood cells. When all organs looked pale, the liver, kidney and heart were isolated, cleaned and weighed. All 
organs were kept at −80˚C until further analysis was done as following. 

2.6.1. 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 with thiobarbituric acid reactive substances (TBARS) as previously described [25]. TBARS 
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was expressed in nmole of malondialdehyde (MDA)/mg protein using 1,1,3,3-tetraethoxy propane as standard. 
Tissue protein levels were determined by Lowry’s method [26]. 

2.6.2. Determination of the Activities of Tissue Antioxidant Enzymes  
Tissue antioxidant enzymes including glutathione peroxidase (GPx), catalase (CAT) and superoxide dismutase 
(SOD) were determined. Liver, kidney and cardiac tissue homogenates were prepared by homogenizing the tis- 
sues in a 0.1 M phosphate buffer pH 7.4. The homogenate was then centrifuged at 3000 rpm, 4˚C for 10 min. 
The supernatant was collected and centrifuged again at 7800 g, 4˚C for 30 min. The supernatant fraction was 
collected and further centrifuged at 136,000 g, 4˚C for 60 min. The final supernatant was then analyzed for es-
timation of GPx, CAT and SOD activities using the procedures described by Tapple [27], Luck [28], and Win-
terbourn et al. [29] respectively. 

2.7. Evaluation of Tissues Morphology 
The liver, kidney and heart were isolated, cleaned, dried, and then fixed in a buffer solution of 10% neutral buf-
fered formalin. As for histopathological observations, longitudinal sections of the myocardial tissue were cut at 
the macroscopic lesions. As for the liver and kidney, sections were cut through the macroscopic lesions as well. 
The sections were further cut to 5 µm thickness, and stained with haematoxylin and eosin (H&E) [30].  

2.8. Biochemical Assay 
Blood glucose was determined using blood glucose strip (Medisense UK Ltd, Abbott Lab, UK). The total serum 
levels of total cholesterol, triglyceride and HDL-C were assayed by using an enzymatic kit (Gesellschaft Für 
Biochemica und Diagnostica GmbH, Germany). LDL-C was calculated by using the equation: LDL-C = 
[TC-(HDL-C)]-(triglyceride/5). The serum levels of AST, ALT, creatinine, BUN, LDH and CK-MB were 
measured by using an enzymatic kit (Randox Laboratories, UK). Serum insulin was assayed by RIA method 
(Diagnostic Product, Co., Ltd, LA, USA). 

2.9. Statistical Analysis 
All values were presented as means ± SEM. The results were analyzed by ANOVA. Duncan multiple rank test 
was performed to determine statistical significance among groups by using SPSS software version 11.5. Signif- 
icant difference was accepted at P < 0.05. 

3. Results 
The total phenolic content in AQOS was 90.4 ± 4.5 mg gallic acid equivalent/g of dried OS leaf extract. Figure 
1 shows percent of body weight gain and food intake of all groups. Body weight gain of untreated DM rats was 
significantly lowered than that of normal rats throughout three weeks. The decreased body weight gain was 
raised in DM rats treated with AQOS. Food intake was significantly increased in DM rats, and was slightly lo- 
wered at the third week in DM rats treated with AQOS. AQOS slightly but significantly reduced high blood 
glucose of DM rats throughout three weeks of treatment (Figure 2). Serum insulin level was significantly de- 
creased in DM rats but it was significantly raised in DM rats treated with AQOS (Table 1). Total cholesterol, 
triglyceride and LDL-C were augmented without significant change of HDL-C in untreated DM rats (Table 1). 
The high serum lipid profile was markedly and significantly depressed after AQOS treatment. Serum levels of 
AST, ALT, ALP, LDH, CK-MB, creatinine and BUN in untreated DM rats were significantly higher than that of 
normal rats (Table 2). The high serum levels of AST, ALT, ALP, LDH and CK-MB were reversed in DM rats 
treated with AQOS. AQOS also significantly decreased the high serum levels of creatinine and BUN.  

The high level of tissue lipid peroxide as presented by TBARS was significantly increased whereas GPx, 
CAT and SOD activities were significantly decreased in the liver tissue of untreated DM rats (Table 3). AQOS 
treatment decreased the high level of TBARS, and normalized GPx and CAT activities without significant effect 
on SOD activity in the liver tissue. Renal TBARS level was raised in untreated DM rats. In contrast, both GPx 
and SOD activities were significantly suppressed whereas no significant reduced of CAT activity was observed 
in renal tissue of untreated DM rats. AQOS treatment normalized the high level of TBARS whereas it raised 
GPx and CAT activities without significant effect on SOD activity in the renal tissue. For cardiac tissue of  
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Figure 1. Percent of body weight gain and food intake of normal rats and DM rats treated with or without aqueous extracts 
of Ocimum sanctum L. leaves (AQOS) throughout three weeks. Data are presented as mean ± SEM. Values with dif- ferent 
superscripts in the same week are significantly different at P < 0.05. 
 

 
Figure 2. Changes of blood glucose of normal rats and DM rats treated with 
or without aqueous extracts of Ocimum sanctum L. leaves (AQOS) through- 
out three weeks. Data are presented as mean ± SEM. Values with different 
superscripts in the same week are significantly different at P < 0.05. 

 
Table 1. Changes of serum insulin and serum lipid profile in normal rats and diabetic rats treated with or without aqueous 
extracts of Ocimum sanctum L. leaves (AQOS). 

Group Serum insulin  
(μU/ml) 

Total cholesterol 
(mg/dl) 

Triglyceride  
(mg/dl) 

HDL-C  
(mg/dl) 

LDL-C  
(mg/dl) 

Normal 6.39 ± 0.3a 55 ± 3a 61 ± 6a 20 ± 1a 22 ± 2a 

DM 3.37 ± 0.19b 109 ± 9b 205 ± 18b 19 ± 2a 49 ± 9b 

DM + AQOS 4.51 ± 0.31c 71 ± 7a 106 ± 10c 21 ± 2a 29 ± 5a 

Data are presented as mean ± SEM. Values with different superscripts in the same column are significantly different at P < 0.05. 
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Table 2. Changes of alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), lac-
tate dehydrogenase (LDH), creatine kinase MB subunit (CK-MB), creatinine and BUN in serum of normal rats and diabetic 
rats treated with or without aqueous extracts of Ocimum sanctum L. leaves (AQOS). 

Group AST (U/L) ALT (U/L) ALP (U/L) LDH (U/L) CK-MB (U/L) Creatinine (mg/dl) 

Normal 68 ± 4a 25 ± 1a 113 ± 7a 169 ± 19a 343 ± 33a 0.59 ± 0.03a 

DM 155 ± 34b 77 ± 14b 439 ± 61b 390 ± 56b 495 ± 36b 0.86 ± 0.08b 

DM + AQOS 67 ± 7a 37 ± 4a 217 ± 29a 253 ± 28a 379 ± 31a 0.51 ± 0.04a 

Data are presented as mean ± SEM. Values with different superscripts in the same column are significantly different at P < 0.05. 
 

Table 3. Effect of aqueous extracts of Ocimum sanctum L. leaves (AQOS) on lipid 
peroxide and antioxidant enzymes activity in hepatic, kidney and cardiac tissues. 
(TBARS, thiobarbituric acid reactive substances (nmole MDA/mg protein); GPx, 
glutathione peroxidase (µmole/min/mg protein); CAT, catalase, (µmole/min/mg pro-
tein); SOD, superoxide dismutase (units/mg protein). 

Group TBARS GPx CAT SOD 

Liver     

Normal 0.97 ± 0.04a 1.03 ± 0.06a 265 ± 26a 125 ± 17a 

DM 1.30 ± 0.05b 0.64 ± 0.07b 127 ± 15b 48.6 ± 7.6b 

DM + AQOS 1.10 ± 0.01c 0.98 ± 0.03a 227 ± 22a 54.2 ± 7.5b 

Kidneys     

Normal 0.96 ± 0.02a 1.03 ± 0.02a 4.87 ± 0.42a 58.8 ± 4.6a 

DM 1.16 ± 0.03b 0.82 ± 0.07b 4.60 ± 0.45a 29.3 ± 4.7b 

DM + AQOS 0.92 ± 0.04a 1.11 ± 0.04a 6.65 ± 0.70c 27.4 ± 1.5b 

Heart     

Normal 0.70 ± 0.02a 0.28 ± 0.02a 8.71 ± 0.9a 36.9 ± 6.5a 

DM 0.96 ± 0.03b 0.26 ± 0.01a 21.2 ± 3.6b 37.9 ± 4.7a 

DM + AQOS 0.85 ± 0.02c 0.30 ± 0.02a 20.2 ± 1.4b 60.5 ± 5.6c 

Data are presented as mean ± SEM. Values with different superscripts in the same column are signifi-
cantly different at P < 0.05. 

 
untreated DM rats, both TBARS and CAT activities were significantly increased without significant changes of 
both GPx and SOD activities. AQOS treatment attenuated the high level of TBARS and significantly raised 
SOD activity without changes of both GPx and CAT activities. Tissue morphological appearances in normal rats 
and DM rats treated with or without AQOS were shown in Figures 3-5. From histopathological analysis, the 
normal hepatocytes had centrally round nuclei and flat endothelial cells around the central vein and sinusoid 
(Figure 3(A)). For DM rats, there were hepatocyte degenerations with cytoplasmic vacuolization (Figure 3(B)). 
Some of hepatocyte around central vein demonstrated hepatic cell degeneration and necrosis (loss of nucleus). 
However, the endothelial lining of the central vein exhibited less cell injury and fewer fat vacuoles in hepato-
cytes. Nearly general normal appearance of hepatocytes with less fat vacuole was shown in DM rats treated with 
AQOS (Figure 3(C)). No remarkable lesions were shown in renal tissue of normal control rats (Figure 4(A)). 
Renal tissues of DM rats showed mild to moderate mesangial cells proliferation and cellular matrix expansion. 
Multifocal degenerations and necrosis of distal convoluted tubular epithelial cells were also observed (Figure 
4(B)). AQOS treatment improved the renal tissue with less congestion and less proliferation of mesangial cells 
(Figure 4(C)). Also, renal tubular cells were quietly reversed to normal. Myocardiocytes of normal rats had 
oval-elongated nuclei centrally and a homogeneous cytoplasm (Figure 5(A)). The DM rats exhibited a moderate 
dilation and thinning of the right ventricle wall with mild cardiac hypertrophy of the left ventricle. Multifocal 
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Figure 3. Histopathological appearance of hepatic tissues of normal control rats (A), 
DM rats (B), and DM rats treated with AQOS (C) (H&Ex400). Hepatocytes of the 
normal control rat exhibited centrally round nuclei (arrow) that are arranged in regu-
lar hepatic cords from central vein (CV). Flatted endothelial cells were observed at 
the wall of central vein and luminal surface of hepatic sinusoid (arrowheads). Liver 
tissue of DM rats demonstrated hepatocyte degenerations with cytoplasmic vacuoli-
zation (arrows). Some of hepatocytes depositing around the central vein also exhi-
bited cellular necrosis or degenerations (arrowheads). Minimal injury of endothelial 
cells lining the central vein was observed. Hepatic tissue of the DM rats treated with 
AQOS revealed general normal histology with less fat vacuoles (arrow) (C). 

 

   
Figure 4. Photomicrographs exhibiting histopathological appearances of kidney tis-
sues of normal control rats (A), DM rats (B), and DM rats treated with AQOS (C) 
(H&Ex400). Non-remarkable lesions were shown in kidney tissue of the normal con-
trol rats. For DM rat, mild to moderate mesangial cell proliferation and cellular ma-
trix expansion was noticeable. Focal degenerations and cellular necrosis of epithelial 
cells of distal convoluted tubules were remarkable (arrows). General appearance was 
quite normal with mild proliferation of mesangial cell without cellular matrix expan-
sion in DM rats treated with AQOS. 

 

   
Figure 5. Histopathological appearance of the cardiac tissues of normal control rats 
(A), DM rats (B), and DM treated with AQOS (C) (H&Ex400). Cardiac tissue of 
control rat had non remarkable lesions. Normal myocardial cell morphology with 
oval-elongate were observed (arrowheads). For DM rats, multifocal myocardium de-
generations and cellular necroses were noticeable (arrows). General improvement of 
myocardial cell morphology with less degenerations and cellular necrosis (arrow) 
(C). 

 
vacuolar degeneration and necrosis were seen in the myocardiocyte of DM rats (Figure 5(B)). After AQOS 
treatment, the general appearance of myocardiocytes was markedly improved with less focal vacuolar degenera- 
tion and necrosis (Figure 5(C)). 

4. Discussion 
Similar to the other serious diseases such as cancer, DM is poised to become one of the largest global health 
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problems in the 21st century because of its influences on multiple organ systems leading to serious complications. 
Owing to undesirable side effects, cost and safety on long-term use of synthetic hypoglycemic drugs, searching 
for new medicine to fulfill the requirement for life-long treatment is necessary. During the past decade, it is 
widely accepted that medicines of herbal origin play an essential role in treating diverse diseases since they are 
enriched of bioactive photochemical ingredients that might offer effective safe, and cheap therapy. Ocimum 
sanctum L. (OS), commonly used as a cooking vegetable, has shown its potency as a therapeutic herb and safe 
for long term consumption as mentioned earlier. The present study shows that AQOS decreased the high blood 
glucose and serum lipid profile in DM rats (Figure 2 and Table 1). Its lipid-lowering effect might be a benefi-
cial property in preventing cardiovascular disease in diabetes. AQOS has been reported to induce glucose-sti- 
mulated insulin release in isolated pancreatic β-cells [31]. Therefore, the anti-hyperglycemic and lipid-lowering 
activities of AQOS should be due to its effect to improve pancreatic β-cells function. This is supported by an in-
creased serum insulin level in DM rats treated with AQOS.  

Increased oxidative stress and lower antioxidant enzyme activities have been known to be the significant 
causes of cellular injury in variety of stress conditions. An elevation of blood glucose induces oxidative stress, 
resulting in an increased production of oxygenated free radicals. This leads to intracellular structure modifica- 
tion, and finally affects for proper cell functioning [32] [33]. This process is the initiating event leading to pa- 
thogenesis and development of diabetic complications. To prevent damage by free radicals, cells have to devel- 
op antioxidant defense system. As mentioned earlier, diabetes impairs not only the liver and kidney but also the 
heart. Numerous studies have revealed that OS leaves had organ protective activities against various stress con- 
ditions including hyperlipidemia, heavy metal exposure and cancer [13] [15] [16]. Our results show that diabetes 
impaired liver, kidney and heart functions as expressed by an augmentation of serum levels of AST, ALT, ALP, 
creatinine, BUN, LDH and CK-MB (Table 2). TBARS levels were significantly increased whereas the activities 
of antioxidant enzymes were significantly decreased in the liver and renal tissues of untreated DM rats (Table 3). 
AQOS treatment suppressed high serum levels of AST, ALT, ALP, creatinine and BUN. It also suppressed the 
high level of TBARS, and raised GPx and CAT activities in both the liver and renal tissues. These reflect that 
three weeks of diabetic induction induces oxidative stress to impair the liver and renal tissues, and AQOS had a 
free radical scavenging activity which provides organs protection against diabetes. Supporting for this interpre- 
tation is that nearly general normal appearances of the liver and renal tissue were shown by histopathological 
study (Figure 3, Figure 4). 

Interesting to note that TBARS level was raised without significant changes of both GPx and SOD whereas 
CAT was extremely increased in cardiac tissue of untreated DM rats. It has been reported that during an elevated 
oxidative stress, cells try to protect themselves by increased activities of various antioxidant enzymes. Therefore 
the augmentation of cardiac CAT activity might be compensatory response against oxidative stress from dia- 
betes [34] [35]. Though AQOS treatment had no effect to promote GPx and CAT activities, it markedly en- 
hanced SOD activity to alleviate the high level of TBARS in cardiac tissues, which then finally improved car- 
diac injury from diabetes as shown by histopathological examination (Figure 5). 

Of particular interest is that AQOS raised renal CAT activity and cardiac SOD activity to the level that were 
higher than that of normal level. The real mechanism why the activities of these antioxidant enzymes were mar- 
kedly higher than that of normal rats cannot yet be explained by the present study. It is known that SOD neutra- 
lizes superoxide anions to hydrogen peroxide which is broken down by CAT and GPx, and then prevents further 
generation of free radicals. As shown in Table 3, the elevation of cardiac CAT activity in untreated DM rats 
might not have a powerful capacity to protect heart against oxidative stress from diabetes since high levels of 
cardiac TBARS was remained. This means that a lot of free radicals were produced in cardiac tissue of DM rats. 
AQOS markedly enhance cardiac SOD activity in order to catalyze excess free radicals produced in cardiac tis- 
sue of DM rats. Similarly, an elevation of renal GPx activity alone in DM rats treated with AQOS might not be 
able to get rid of excess free radicals, thus an extremely powerful capacity of renal CAT should be necessary. It 
can be clearly shown from the present study that AQOS may be of therapeutic importance, not only as an anti- 
hyperglycemic and lipid-lowering agent but also as a cytoprotective agent to protect the liver, heart and renal 
injury from diabetes.  

The present results show that AQOS contained a significant amount of phenolic compounds. Several lines of 
evidences showed that plants with phenolic compounds had anti-hyperglycemic, anti-lipidemic and anti-oxida- 
tive activities to protect risk organs from diabetes [36] [37]. This reflects that phenolic compounds in AQOS 
might be responsible for those actions in DM rats. However, it has not yet been known what kinds of phenolic 
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compounds in AQOS that were responsible for those actions, hence, they should be further identified. OS leaves 
are not only safe to consume but they are also easily to be cultivated and routinely used as cooking vegetable in 
various countries. Our study shows that AQOS had several outstanding effects in DM rats. Therefore AQOS 
may be developed to be drug of choice to treat diabetic patient. This should be further studied. 

5. Conclusion 
It can be concluded that treatment of AQOS for three weeks significantly lowered blood glucose and serum lipid 
profile whereas it raised serum insulin level in DM rats. AQOS had a free radical scavenging activity which 
provided organ protection from diabetes by suppression of high TBARS levels and enhancement of the activities 
of antioxidant enzymes in the liver, kidney and cardiac tissues. Histopathological study shows that AQOS pro- 
tected the liver, kidney and myocardial tissues from diabetes. The phenolic compounds contained in AQOS 
might be responsible for the anti-hyperglycemic, anti-hyperlipidemic and protective activities against diabetes. 
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