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ABSTRACT 
This study was aimed to evaluate the antidiabetic and antioxidant potentials of dose dependent carbohydrate nature 
of lyophilized tulsi leaf powder (LTLP) and in comparison, with standard drug glibenclamide (2.5 mg/kg BW/day) 
on alloxan monohydrate induced diabetic male albino rats. Diabetes was induced in male Wistar rats by the 
administration of alloxan monohydrate at 100 mg/kg of body weight. After 48 h, rats with fasting blood glucose 
levels of 200 mg/dL and above were considered diabetic and used for the study. Wistar albino rats were divided into 
five groups of 10 animal each viz. Group I rats non-diabetic (normal control), Group II consisted of diabetic control 
rats that received no treatment, Group III rats diabetic conventional treated (treated with Glibenclamide) and Groups 
of IV and V rats diabetic treated (supplementation with graded doses of LTLP, 50 and 100mg/ kg, BW/ day, 
respectively). Blood samples were collected at days 14 and 28 post-treatment for haematological and serum insulin 
parameters. At the end of the experimental period (28 days), the liver and skeletal muscle tissues were collected for 
the assessment of activities of carbohydrate metabolic enzymes and glycogen content. The intestine was collected, 
and intestinal homogenate was prepared to analyse the intestinal enzymatic and non-enzymatic antioxidants 
activities. To assess the protective potentials of LTLP, the histopathological studies on liver and pancreas in diabetic 
induced rats were performed. The results established that graded doses of LTLP supplementation in alloxan induced 
diabetic rats significantly (P ≤ 0.05) altered blood glucose levels, hematological and serum chemistry profiles, 
glycogen content and carbohydrate metabolic enzyme activities in liver and skeletal muscle towards the control 
levels. Treatment with LTLP produced significant (P ≤ 0.05) recovery in the levels of enzymic and non-enzymic 
antioxidant markers of intestinal homogenate when compared with diabetic control and Glibenclamide drug. 
Histopathological investigations revealed that microscopic architecture of liver and pancreatic improvised in LTLP 
treated diabetic rats with respect to diabetic control. These findings showed clearly indicates that carbohydrate 
nature of LTLP may be utilized as important source of natural antioxidants with antidiabetic and antihyperlipidemic 
potential and can be used as an herbal medicine for diabetes. 
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INTRODUCTION 

Diabetes Mellitus (DM) is a metabolic 
disease characterized by alterations in glucose, lipid, 
with variation of protein, carbohydrates, and fat 
metabolism, resulting in hyperglycemia and 
inadequate insulin production, action, or both1. 
Effective treatment of DM is an important task for 
the medical community because most of the currently 
available drugs have various adverse effects. This 
became more apparent following World Health 

Organization recommendations regarding the need to 
develop and evaluate better pharmacological agents 
for improving insulin secretion, enhancing insulin 
sensitivity, preventing beta (β) cells destruction, 
promoting β-cells regeneration or repair interrupting 
pathways leading to various complications of 
diabetes2. Hence, regardless of the presence of these 
hypoglycemic pharmacological drugs, 
supplementation of herbal based drugs to treat 
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diabetes is now a promising and novel treatment 
strategy due to its safe and non-toxic nature3. Many 
treatments that include the use of medicinal plants 
and their products are suggested and believed to 
contain chemical substances such as flavonoids, 
carotenoids, terpenoids, glycosides, alkaloids with 
potential curative effects and considered an excellent 
source for alternative medicine to treat diabetes by 
virtue of their active phytochemical constituents4. 
The benefits of a natural medicinal product may be 
due to a single phytocompound or, more preferably, a 
synergistic effect of multiple 
phytochemicals. Although synthetic oral 
hypoglycemic agents/insulin are a popular diabetes 
therapy and are effective in controlling 
hyperglycemia, they have significant side effects and 
do not significantly modify the course of diabetic 
complications5.  

Ocimum sanctum L. (Tulsi, a Lamiaceae 
family) is one of the most versatile medicinal plants 
having a wide spectrum of biological activity and 
several reviews summarized the various therapeutics 
role of tulsi and considerable progress achieved on 
pharmacological potential and medicinal application 
of tulsi in the last five decades5-7. Based on traditional 
healers make use of tulsi leaves to treat diabetes, the 
leaf extracts of tulsi have been shown to have anti-
hyperglycaemic effects by increasing the insulin 
secretion from isolated islets, perfused pancreas and 
clonal pancreatic β–cells8-9. According to scientific 
reports indicated tulsi leaves has hypoglycaemic 
influence to regulate the essential biochemical 
parameters and had beneficial effects on blood 
glucose levels and significantly lower HbA1c levels 
in diabetes patients10-11, and significant elevation in 
body weight gain and antidiabetic activity due to the 
enhancement of glucose metabolism12-14 in 
experimentally induced diabetic rats. Oral effective 
dose of tulsi leaf extract in alloxan-induced diabetic 
rats normalized the altered levels of blood glucose 
and serum insulin14-15suggested that it plays a 
significant role in management of DM. Preceding 
experimental studies demonstrated that LTLP 
revealed as a good natural antioxidant source by 
means of protecting the liver from CCl4-induced 
hepatic damage16 and appears to be possible different 
mechanisms like free radical scavenging as well as 
immune modulation to bring about the wound healing 
effects in rats17. It is suggested that such responses 
could be due to the presence of various 
phytoconstituents as aqueous extracts of tulsi leaves 
(dried or fresh) identified chemical compositions 
containing indicated ursolic acid flavonoids such as 
apigenin, polyphenols, anthocyanins and luteolin, 
eugenol, thymol, sesquiterpenes and monoterpenes, 
glycosides, steroids, sterols6. Therapeutic potential of 

all or some of these bioactive compounds may be 
responsible for hypoglycemic, antidyslipidemic and 
known to possess potent lipid lowering and 
antioxidant activities7. Despite the introduction of 
hypoglycaemic agents from natural and synthetic 
sources, diabetes and its secondary complications 
continue to be a major medical problem. Based on 
the current available data on the alternative herbal 
treatment for diabetes, the present experimental 
studies have, therefore, been intended to determine 
antidiabetic and antioxidant activities of LTLP 
supplementation in alloxan-induced diabetic rats. 
MATERIALS AND METHODS 
Preparation of lyophilized tulsi leaf powder 
(LTLP)  

Plant material tulsi leaves were collected 
from local and was authenticated by department of 
Botany, Government First Grade College, Hubballi. 
The voucher specimen no (GFGC/2011/47) was 
deposited at the herbarium of the Botanical 
department. An aqueous extract was prepared from 
tulsi leaves. Tulsi leaves were collected and then 
lyophilized following extraction procedure published 
earlier18. Briefly, tulsi leaves were ground in the 
presence of distilled water and then filtered. The 
filtrate was then centrifuged at 5000 rpm for 10 min 
at 4°C and supernatant was collected. The filtrate was 
washed with chloroform in (1:1; v/v) proportion, 
centrifuged at 3000 rpm for 20 min, to remove fat-
soluble ingredients. The aqueous phase (upper phase) 
was collected, lyophilized, and kept at -20°C until 
use. Working concentrations of LTLP (50, 100, 250, 
500 and 1000mg /ml) were freshly prepared before 
use. 
Chemical nature ingredients of LTLP 

The chemical nature of ingredients of LTLP 
was studied for the presence of lipid, protein, and 
carbohydrate. Preparation of Fehling’s solution for 
the carbohydrate estimation was performed as 
described elsewhere18-19. Fehling’s solution was 
prepared by mixing copper sulfate (34.65g in 500 ml) 
solution and alkaline tartrate (125g of potassium 
hydroxide and 173g Rochelle salt in 500 ml) solution. 
To prevent deterioration, these solutions were 
preserved separately in a rubber-stoppered bottle and 
mixed in equal volumes when needed for use. For 
carbohydrate estimation, to the warm Fehling’s 
solution, LTLP was added, and the mixture was 
heated after each addition.  

The production of yellow or brownish-red 
cuprous oxide indicates that reduction has taken 
place. The differences in colour of the cuprous oxide 
precipitates under different conditions are apparently 
due to difference in the size of the particles, the more 
finely divided precipitates having a yellow colour, 
while the coarser ones are red20.  
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Animals  
Wistar male albino rats weighing 200-220g 

were obtained from the rat colony maintained in the 
department and were acclimatized for 10 days under 
standard housing conditions (26°±2°C; 45-55% RH 
with 12:12 h light/dark cycle). The animals were 
maintained on a standard diet and water was given ad 
libitum and habituated to laboratory conditions for 48 
h prior to the experimental protocol to minimize any 
non-specific stress. The animals were maintained 
under standard conditions in the animal house 
approved by Committee for the Purpose of Control 
and Supervision on Experiments on Animals 
(CPCSEA) and necessary approval from the 
Institutional Animal Ethics Committee (IAEC) was 
obtained before undertaking animal experimentation. 
Acute Toxicity  

Studies Acute oral toxicity study was 
performed as per OECD-404 guidelines21. 10 male 
albino rats/group were used for the study. Group 1 
was control group and other groups were that of 
LTLP at different doses (250, 500 and 1000mg/kg 
BW, respectively). Single dose of the LTLP was 
separately administrated orally to each animal. The 
animals were fasted overnight prior dosing. Food was 
withheld for a further 3 to 4 hours after dosing. 
Observations were done on mortality and behavioral 
changes of the rats following treatment for 24 hours. 
The acute toxicity LD50 was calculated at the statistic 
mean of the dose that resulted in 100% lethality and 
that cause no lethality at all. 
Experimental protocol  
Antidiabetic analysis 

Diabetes was induced in male albino rats by 
a single intraperitoneal (I.P.) injection of freshly 
prepared solution of alloxan monohydrate (120 
mg/kg) in normal saline. Forty-eight hours after 
induction, fasting blood glucose level was assessed 
using one touch Accuchek active Glucometer (Roche, 
USA) and rats with fasting blood glucose higher than 
200 mg/dL were selected for the antidiabetic study. A 
total of 50 rats were randomly allotted to five groups 
of 10 animals each. Group I animals were not 
diabetic and received vehicle + normal saline and 
served as control, Group II animals were diabetic rats 
and did not receive any treatment, Group III 
comprised diabetic rats that received glibenclamide at 
2.5 mg/kg and Groups IV and V received the graded 
doses of LTLP (50 and 100mg/ kg, BW/ day), 
respectively. All treatments were done daily via the 
oral route and lasted for 28 days. Blood glucose level 
and weight of rats were measured weekly, and blood 
was collected for haematology and serum for 
biochemical assays on days 14 and 28 post-treatment.  
Measurement of fasting blood glucose and body 
weight  

Fasting blood glucose was determined at 
intervals of 7 days during the 28-day experimental 
period using one touch Accuchek active Glucometer 
(Roche, USA). Body weight of animals was also 
determined at intervals of 7 days using a weighing 
balance.  
Hematological analysis and Serum preparation 

Blood was collected for haematological 
evaluation on days 14 and 28 post-treatment. Under 
mild ether anesthesia, from each rat, 5 ml of fresh 
whole blood was collected through the retro-orbital 
venous plexus. Of the 5 ml of blood, 2 ml was used 
for haematological analysis. Blood was collected 
immediately into tubes containing EDTA for analysis 
of hematological parameters viz. hemoglobin 
concentration (Hb), total red blood cells (RBC), 
packed cell volume, mean corpuscular volume 
(MCV), mean corpuscular hemoglobin (MCH), mean 
corpuscular hemoglobin concentration (MCHC), total 
white blood cells (WBC), neutrophils, lymphocytes, 
eosinophils, monocytes, basophiles, and total platelet 
count using automated hematology analyzer (Sysmex 
KX-21, Japan). The remaining 3 ml of blood was also 
collected into sterile tubes and left for about 30 min 
to clot. The clotted blood was thereafter centrifuged 
at 4000 rpm for 10 min. Serum was harvested into 
sample bottles and stored at -20°C until the time of 
analysis for insulin assay and protein concentrations 
in the serum.  
Preparation of tissues homogenate 

After collection of blood from each of the 
animals, all the rats were sacrificed under light ether 
anesthesia after the 28thday of the treatment and a 
portion of the relevant organs like liver, skeletal 
muscle and intestine were dissected out and stored at 
-200C until all the organs have been collected from 
all animals. Liver and skeletal muscle were used for 
biochemical analysis of glycogen content and the 
activities of carbohydrate metabolic enzymes in the 
respective tissue sample. A portion of the intestine 
was harvested on ice, rinsed, and homogenised in 
aqueous potassium buffer (0.1 M, pH 7.4), the 
homogenate was centrifuged at 10000 rpm (4°C) for 
10 min to obtain the post-mitochondrial fraction 
(PMF) and used for determination of antioxidant 
enzymes and non-enzymatic antioxidants. 
Biochemical assays  
Serum chemistry profile  

A portion of each blood sample was 
collected (on days 14 and 28 post-treatment) into 
plain bottles and thereafter centrifuged to obtain 
serum which was used to estimate the lipid profiles 
such as total cholesterol, triglycerides (TGs) and 
high-density lipoproteins (HDL) and low-density 
lipoproteins (LDL), using commercial kits (Excel 
Diagnostics Pvt. Ltd) and following standard 
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procedures as outlined by the producer. The levels of 
serum insulin were determined using an ELISA kit 
specific for rat insulin (Invitrogen Insulin Rat ELISA 
Kit) according to the manufacturer’s instructions. The 
level of insulin in serum was expressed in μIU/ml. 
Glycogen content in liver and skeletal muscles  

Glycogen content in liver and skeletal 
muscle were measured according to the standard 
method22. Liver and skeletal tissues were 
homogenised separately in hot 80% ethanol at the 
tissue concentration of 100 mg/ml and then 
centrifuged at 8000×g for 20 min. The residue was 
collected, dried over a water bath, and then extracted 
at 0°C for 20 min by adding a mixture of 5 ml water 
and 6 ml of 52% perchloric acid. The collected 
material was centrifuged at 8000×g for 15min and the 
supernatant was separated. From the recovered 
supernatant 0.2 ml was transferred in graduated test 
tube and made to 1 ml volume by the addition of 
distilled water. Graded standards were prepared using 
0.1, 0.2, 0.4, 0.6, 0.8 and 1.0 ml of a working 
standard solution and volume of all these standards 
were made up to 1 ml using distilled water. Anthrone 
reagent (4ml) was added to all test tubes and the 
tubes were then heated in a boiling water bath for 8 
min. After these tubes were allowed to cool at room 
temperature and the intensity of the green to dark 
green colour of the solution recorded at 630 nm. 
Glycogen content of the tissue samples was 
determined from a standard curve prepared with 
standard glucose solution. The amount of glycogen in 
tissue sample was expressed in microgram of 
glucose/ milligram of tissue. 
Carbohydrate metabolic enzymes activities in 
liver and skeletal muscles   
Glucose-6-phosphatase (G-6-Pase) activity 

G-6-Pase activity of liver and skeletal 
muscle was measured according to the standard 
protocol23. Tissues were homogenised separately in 
ice cold of 0.1M phosphate buffer saline (pH 7.4) at 
the tissue concentration of 50 mg/ml. In a calibrated 
centrifuge tube, 0.1 ml of 0.1M G-6-Pasesolution and 
0.3 ml of 0.05M maleic acid buffer (pH 6.5) were 
taken and brought to 370C in water bath for 15min. 
The reaction was stopped with 1ml of 10% 
trichloroacetic acid (TCA) followed by chilling in ice 
and centrifuge at 3000 × g for 10min. The optical 
density was taken at 340nm. The enzyme activities 
from each tissue were expressed as milligram of 
inorganic phosphate liberated/ gram of tissue. 
Glucose-6-phosphate dehydrogenase (G-6-PDase) 
activity 

G-6-PDase activity of liver and skeletal 
muscle was measured according to the standard 
protocol24. Tissues were homogenised separately in 
ice cold, 0.1M phosphate buffer saline (pH 7.4) at the 

tissue concentration of 50 mg/ml. In a 
spectophotometric cuvette, 0.3 ml of 1M Tris–
chloride buffer (pH 7.5), 0.3 ml of 2.5 × 10−2M G-6-
Pase, 0.1 ml of 2 × 10−3 M NADP and 0.3 ml of 0.2M 
MgCl2 and 0.3 ml of ice-cold tissue homogenate were 
taken. The rate of change of absorbency at 340nm 
was recorded. One unit of enzyme activity define as 
that quantity which catalyses the reduction of 1μM of 
NADP/ minute. 
Hexokinase (HK) activity 

HK activity in liver and skeletal muscles 
tissues was determined 
spectrophotometrically25. Briefly, the assay mixture 
contained 3.7mM glucose, 7.5mM MgCl2, 11mM 
thioglycerol, and 45mM HEPES (4-(2-hydroxyethyl)-
1-piperazineethane-sulfonic acid) buffer; 0.9mL of 
this mixture and 0.03mL of 0.22M adenosine 
triphosphate was mixed well in a cuvette; 0.1mL of 
the tissue supernatant was then added into the cuvette 
and absorbance noted. The enzyme activity was 
determined based on reduction of NADPH coupled 
with HK which was measured spectrophotometrically 
at 340nm. 
Determination of intestinal enzymatic and non-
enzymatic antioxidants activities 
Hydrogen peroxide (H2O2) generation 

H2O2 generation was determined according 
to Woff26. To 2.5ml of 0.1M potassium phosphate 
buffer (pH 7.4), 0.250ml of ammonium ferrous 
sulphate (AFS), 0.1ml of sorbitol, 0.1ml of xylenol 
orange (XO), 0.025ml of H2SO4 and 0.050ml of 
intestinal PMF was added. The mixture was mixed 
thoroughly by vertexing until it foamed, and a light 
pink colour of the reaction mixture was observed. 
The reaction mixture was subsequently incubated at 
room temperature for 30 min. The absorbance was 
assessed at 560nm, using distilled water as blank. 
The H2O2 generated was extrapolated from the H2O2 
standard curve.  
Thiobarbituric acid reactive substances 

Thiobarbituric acid reactive substance was 
quantified as malondialdehyde (MDA) in the 
intestinal PMF. MDA was determined by 
spectrophotometry of the pink coloured product of 
thiobarbituric acid (TBA) reactive substances 
complex. Briefly, 0.4ml of the intestinal PMF was 
mixed with 0.5 ml of 30% TCA and 0.5 ml of 0.75% 
TBA prepared in 0.2 M HCl were added to 1.6 ml of 
Tris-KCl. The reaction mixture was incubated in the 
water bath at 80°C for 45 min, cooled on ice and 
centrifuged at 4000 rpm for 15 min. The absorbance 
of the resulting pink solution was measured against a 
reference blank of distilled water at 532nm. The 
intestinal PMF was calibrated using the MDA as a 
standard and the results was expressed as the amount 
of free MDA produced. The MDA level was 
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determined according to the method of Varshney and 
Kale27. Lipid peroxidation in units/mg protein was 
calculated with a molar extinction coefficient of 1.56 
× 105 m/cm.  
Reduced glutathione concentration 

The intestinal reduced glutathione (GSH) 
was estimated by the method of Jollow et al28. The 
assay is based on the oxidation of GSH by 5,5’-
dithiobis (2-nitrobenzoic acid) (DTNB). DTNB and 
glutathione (GSH) react to generate 2-nitro-5-
thiobenzoic acid (TNB) which has yellow colour. 
Therefore, GSH concentration can be determined by 
measuring absorbance at 412nm. Briefly, 0.5 ml of 
4% sulphosalicylic acid (precipitating agent) was 
added to 0.5ml of intestinal PMF and centrifuged at 
4000 rpm for 5 min. To 0.5ml of the resulting 
supernatant, 4.5ml of Ellman’s reagent (0.04 g of 
DTNB in 100 ml of 0.1M phosphate buffer, pH 7.4) 
was added. The absorbance was read at 412nm 
against distilled water as blank prepared under the 
same conditions.  
Total cellular thiols concentrations 

These were measured as protein and non-
protein thiols concentrations by the method of Sedlak 
and Lindsay29. Briefly, an aliquot of the intestinal 
PMF was treated with 6% trichloroacetic acid. 
Following centrifugation, the supernatant and the 
pellet dissolved in 2 ml of 0.4 M Tris–HCl buffer 
containing 10% SDS, were reacted with DTNB and 
the absorbance was measured at 412nm. A 
calibration curve was obtained using reduced 
glutathione (GSH) as standard and the protein and 
non-protein thiol contents were expressed as 
μmol/mg protein.  
Superoxide dismutase (SOD) activity  

The level of SOD activity was determined 
by the method of Misra and Fridovich30. Briefly, 
100mg of epinephrine was dissolved in 100ml 
distilled water and acidified with 0.5ml concentrated 
hydrochloric acid. This involves inhibition of 
epinephrine autoxidation, in an alkaline medium at 
480nm in a UV vial spectrophotometer. 
Approximately 0.01ml of intestinal PMF was added 
to 2.5ml of 0.05M carbonate buffer (pH 10.2), 
followed by the addition of 0.3ml of 0.3 mM 
adrenaline. For the determination of specific activity 
of SOD in intestinal PMF, the rate of autoxidation of 
epinephrine was noted at 30 seconds intervals in all 
groups. The enzyme activity was expressed in 
arbitrary units considering inhibition of autoxidation, 
as one unit of SOD specific activity. 

 
  SOD activity                  SOD activity (U/ml 
(U/mg protein) =        ────────────────   

      Concentration protein (mg/ml)                           
 

Glutathione peroxidase (GPx) activity 
The intestinal GPx activity was also 

measured according to Beutler et al31. The reaction 
mixtures contained 0.5 ml of potassium phosphate 
buffer (pH 7.4), 0.1 ml of sodium azide, 0.2 mL of 
GSH solution, 0.1ml of hydrogen peroxide (H2O2), 
0.5 ml of PMF and 0.6 ml of distilled water. The 
mixture was incubated in the water bath at 37°C for 5 
min and 0.5 ml of TCA was added and centrifuged at 
4000 rpm for 5 min. 1 ml of the supernatant was 
taken and 2 ml of K2PHO4 and 1 ml of Ellman’s 
reagent were added. The absorbance was read at 412 
nm using distilled water as blank. The activities were 
expressed as µg of GSH consumed/ min/mg protein. 
Glutathione-S-transferase (GST) activity  

For quantification of GST activity, 
spectrophotometric method of Haque et al32 was 
used. The reaction assay consisted of 0.1mL tissue 
homogenate, 1.67mL of 0.1M sodium phosphate 
buffer pH6.5, 0.2mL of 1mM GSH and 0.025mL of 
1mM 1-chloro-2,4-dinitrobenzene (CDNB). Change 
in absorbance was spectrophotometrically measured 
at 340nm and activity of GST was expressed as 
nmoles of CDNB conjugates formed/ min/mg protein 
using molar extinction coefficient of 9.6 x 03M-1cm-1. 
Histopathology of liver and pancreas 

Animals were sacrificed and small pieces of 
liver and pancreas were collected in 10% formalin for 
proper fixation. These tissues were processed and 
embedded in paraffin wax. Sections of 5µm in 
thickness were made, stained with haematoxylin and 
eosin and the sections were observed under light 
microscope for histopathological changes. 
Statistical analysis  

Data were analyzed using one way analysis 
of variance (ANOVA) using the Graph Pad Prism 
software method, followed by either Dunnet test or 
Turkey’s multiple comparison tests by comparing all 
treated groups against controls. Values represented 
are mean ± SEM (n=10). P ≤ 0.05 is considered to 
indicate a significant difference between 
experimental and controls. 
RESULTS  
Chemical nature of LTLP 

Using Fehling’s test, the nature of the tulsi 
leaves extract was found to be carbohydrate in nature. 
Carbohydrates having a free or potentially free 
aldehyde or ketone group have the assets of readily 
reducing the ions of certain metals such as copper, 
bismuth, mercury, iron, and silver. The best 
extensively used tests for sugar are based on this 
property. For instance, when blue cupric hydroxide 
suspended in an alkaline medium is heated, it is 
converted into insoluble black cupric oxide. Though, 
in the presence of reducing agents such as certain 
sugars, the cupric hydroxide is reduced to insoluble 
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yellow or red cuprous oxide20. Based on the above 
property, the chemical nature of tulsi leaves extract 
was studied using Fehling’s test. The production of 
yellow or brownish-red cuprous oxide stated that 
reduction has taken place. The variance in colour of 
cuprous oxide precipitate under different settings was 
seemingly because of differences in the particles size, 
the more finely divided precipitates having yellow 
colour while the coarser ones were red. This test was 
found to be positive, representing that the tulsi leaves 
extract is carbohydrate in nature. 
Acute toxicity study 

In acute toxicity study, no adverse reactions 
or behavioral changes were observed after each 
graded doses of LTLP administration during the 
entire period of experimentation. No substantial 
changes in overall feed and water consumption rates 
suggesting that this LTLP had no effect on normal 
growth of rats. The outcomes suggested that the oral 
LD50 of dosages of LTLP preparations was greater 
than 1000mg/kg. 
Effect of LTLP on blood glucose and body weight 
of alloxan-induced diabetic rats  

Alloxan monohydrate induces 
hyperglycaemia in rats. The LTLP caused a 
significant (P ≤ 0.05) decrease in the fasting blood 
glucose of treated rats (Figure 1A) when compared 
with the diabetic control and the glibenclamide-
treated group. This decrease was comparable with 
that of the normal control. Also, graded doses of 
LTLP-treated groups showed statistically significant 
(P ≤ 0.05) increases in weight gain at the end of 28 
days when compared with diabetic control (Figure 
1B). 
Effect of LTLP on haematological parameters in 
alloxan-induced diabetic rats  

The induction of diabetes caused statistically 
significant (P ≤ 0.05) reductions in the PCV and Hb 
of diabetic rats compared with the normal control. 
However, treatment with graded doses of LTLP 
resulted in a significant increase in the values of these 
parameters when compared with the diabetic 
untreated group (Figure 2A and B). The RBC values 
of LTLP-treated rats showed a nonsignificant 
increase when compared with the diabetic control 
group (Figure 2C). Concerning haematometric 
indices, a significant increase in the MCHC in graded 
doses of LTLP-treated rats when compared with the 
diabetic control and glibenclamide-treated groups 
(Figure 2F). However, there were no significant 
differences in the values of MCV and MCH (Figure 
2D and E).  Platelet count of LTLP-treated diabetic 
rats exhibited significantly (P ≤ 0.05) decreased when 
compared with the diabetic control and 
glibenclamide-treated rats and was comparable with 
that of the normal control (Figure 3A). Total WBC 

and differentials were increased in diabetic rats when 
compared with normal control. Administration of 
LTLP resulted in a decrease in the total white blood 
cells (TWBC) and lymphocyte counts (Figure 3B and 
C). The neutrophil count in untreated diabetic group 
showed significant increase when compared with the 
normal control and the diabetic groups with graded 
doses of LTLP-treated rats (Figure 3D). Eosinophil 
count was significantly reduced in the untreated 
diabetic rats when compared with the normal control 
and the LTLP-treated groups (Figure 3F). There were 
no significant changes in the monocyte counts 
(Figure 3E). 
Effect of LTLP on serum insulin and lipid profile 
of alloxan-induced diabetic rats  

Alloxan induced diabetic animal displayed a 
significant elevation (P ≤ 0.05) in the levels of serum 
insulin (Figure 4A), the lipid profiles such as TGs, 
cholesterol, and decrease (P ≤ 0.05) in high density 
lipoprotein (HDLs) levels in comparison to the 
control group. However, treatment of diabetic groups 
with glibenclamide and LTLP (50mg/kg and 100 
mg/kg) respectively, significantly (P ≤ 0.05) reversed 
in these parameter levels towards normal (Figure 4B-
D). There were no significant changes in the levels of 
low-density lipoproteins (LDLs) when compared 
with the normal control and the diabetic groups with 
graded doses of LTLP-treated rats (Figure 4E). 
Effect of LTLP on glycogen content and 
carbohydrate metabolic enzymes activities in liver 
and skeletal muscle of alloxan-induced diabetic 
rats  

Glycogen content in hepatic and skeletal 
muscle were decreased in the alloxan induced 
diabetic group in comparison with the non-diabetic 
control group animals. The administration of graded 
doses of LTLP or glibenclamide to the diabetic 
animals to diabetic animals shows a significant 
(P<0.05) recovery in the glycogen content towards 
the control level (Figure 5A). The induced diabetic 
animal displayed a significant elevation in G-6-Pase 
activity (Figure 5B) along with a diminution in the 
activities of G-6-PDaseand HK(Figure 5C and D) in 
the liver and skeletal muscle in comparison to the 
control group. From comparative analysis it has been 
indicated that administration of the graded doses of 
LTLP or glibenclamide to the diabetic animals 
resulted in significant protection and the levels of 
these parameters were resettled towards the control 
group. There was no significant difference in the 
levels of these parameters between the LTLP-treated 
group and the glibenclamide treated group. 
Effects of LTLP on intestinal antioxidant enzymes 
and non-enzymatic antioxidants 

Study revealed that induction of diabetes 
with alloxan monohydrate led to a significant (P ≤ 
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0.05) increase in the H2O2 and MDA levels of the 
intestinal tissue. However, treatment with graded 
doses of LTLP (50 mg/kg and 100 mg/kg) led to a 
significant (P ≤ 0.05) reduction in the level of H2O2 

generated and MDA content in the intestinal tissue 
(Figure 6A and B). A significant (P ≤ 0.05) reduction 
of thiol content and GSH levels were seen in 
intestinal homogenate of diabetic untreated rats when 
compared with control, while treatment with LTLP at 
dose of 100 mg/kg triggered significant (P ≤ 0.05) 
elevation in these parameters relative to untreated 
diabetic rats, the same result was observed for 
glibenclamide (Figure 6C-E). Further, a significant (P 
≤ 0.05) reduction in the activities of SOD, GPx and 
GST were observed in the diabetic untreated rats, 
while treatment with LTLP led to a significant 
increase (P ≤ 0.05) in these enzyme activities when 
compared with the normal control and untreated 
diabetic rats (Figure 7A-C). 
Histopathology of the liver and pancreas  

Histopathological changes in liver and 
pancreases were observed after Hematoxylin and 
Eosin (H&E) staining in all groups of animals 
(Figures 8 and 9). In the histopathological 
investigations, the liver of control rats was found to 
be divided into the classical hepatic lobules; each 
formed of cords of hepatocytes radiating from the 
central vein to the periphery of the lobule. The cell 
cords were separated by narrow blood sinusoids 
(Figure 8A). The alloxan induced diabetic rats 
displayed periportal necrosis of the hepatocytes near 
the portal areas. The liver also showed dilated and 
congested portal vessels as well as areas of 
inflammatory cell infiltration. Histopathological 
changes including presence of congested central 
veins, degenerated and irregular-shaped hepatocytes, 
cloudy swelling, and vacuolization of cytoplasm 
(Figure 8B).  However, in diabetic rats treated with 

standard glibenclamide and graded doses of LTLP 
has reduced the severity of these changes. Sections 
obtained from glibenclamide and graded doses of 
LTLP groups showed normal hepatocytes with partly 
recovered normal arrangement hepatocytes and less 
congestion of central veins indicating a restoration of 
normal liver architecture (Figure 8C-E). 

In pancreas sections of control group rats 
showed the normal appearance of acinar cells and 
Islet β-cells. The islets appeared lightly stained than 
the surrounding acinar cells. The acinar cells are 
formed of pyramidal cells with basal nuclei and 
apical acidophilic cytoplasm (Figure 9A). In diabetic 
control shows pathological changes of both exocrine 
and endocrine components. The acinar cells were 
swollen, and small vacuoles were observed in almost 
all acinar cells. Interlobular ducts were lined with 
flattened epithelium. Islet β-cells are almost in 
varying sizes, few and far between and presence of 
fibrosis and disarrangement of cells (Figure 9B).  
Diabetic rats that received glibenclamide and graded 
doses of LTLP (50 and 100mg/ kg, BW/day) showed 
moderate normal proportion of acinar cells and the 
Islet β-cells were smaller in volume with mild 
pathologies (Figure 9C-E). On the other hand, 
compared with the control group, these treated 
groups depicted evidence of cellular regeneration 
among the islets of Langerhans. Marked 
improvement of the cellular injure as evident from 
the partial restoration of islet cells, reduced β-cell 
damage, more symmetrical vacuoles, and an increase 
in number of islet cells. Atrophic change of the acinar 
cells was less severe and the border between exocrine 
and endocrine portions became more distinct. 
Diabetic rats that received LTLP (100mg/ kg, BW/ 
day) was considered the group that was improved the 
most (Figure 9E). 
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Figure 1: Effect of LTLP on (A) blood glucose and (B) body weight of alloxan-induced diabetic rats. Values are the 
mean ± SEM, N=10 for each group. * P ≤ 0.05 compared with the experimental and control rats 
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Figure 2: Effect of LTLP on (A) PCV (B) HB Concentration, (C) RBC, D) MCV, (E) MCH And (F) MCHC 
of Alloxan-Induced Diabetic Rats. Values are the Mean ± SEM, N=10 For Each Group. * P ≤ 0.05 Compared 

with the Experimental and Control Rats 
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Figure 3: Effect of LTLP on (A) Platelet Count, (B) WBC Count And (C-F) White Blood Cell Differentials Count 
(Lymphocyte, Neutrophil, Monocyte, Eosinophil) Of Alloxan-Induced Diabetic Rats. Values are the Mean ± Sem, 

N=10 For Each Group. * P ≤ 0.05 Compared with the Experimental and Control Rats 
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Figure 4: Effect of LTLP on (A) Serum Insulin And (B-E) Lipid Profiles (TGs, Cholesterol, HDL, And LDL) 
of Alloxan-Induced Diabetic Rats. Values are the Mean ± SEM, N=10 For Each Group. * P ≤ 0.05 Compared 

with the Experimental and Control Rats 
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Figure 5: Effect of LTLP on (A) Glycogen Level And (B-D) Carbohydrate Metabolic Enzymes (G-6-Pase, 
G-6-PDase and HK) Activities in Liver and Skeletal Muscles of Alloxan-Induced Diabetic Rats. Values are 

the Mean ± SEM, N=10 For Each Group. * P ≤ 0.05 Compared with the Experimental and Control Rats 
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Figure 6: Effect of LTLP on (A) H2O2 Levels, (B) MDA Content, (C) Protein Thiol, (D) Non-Protein Thiol 
And (E) GSH Concentration in Intestinal Tissue of Alloxan-Induced Diabetic Rats. Values are the Mean ± 

SEM, N=10 For Each Group. * P ≤ 0.05 Compared with the Experimental and Control Rats 
 



Jadaramkunti et.al. / Antidiabetic and antioxidant potentials of LTLP on alloxan-induced diabetic rats 

IJPPR, Volume 15, Issue 2:  June 2023 
Page 63 

 
 

Figure 7: Effect of LTLP on (A) SOD, (B) GPx and (C) GST Activities in Intestinal 
Tissue of Alloxan-Induced Diabetic Rats. Values are the Mean ± SEM, N=10 For Each 

Group. * P ≤ 0.05 Compared with the Experimental and Control Rats 
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Figure 8: Photomicrograph of The Liver Section of Alloxan-Induced Diabetic Rats. (A) Normal Control Rat Liver 

Showing Normal Hepatocytes (Arrow) Surrounding the Central Vein (CV), and Hepatic Sinusoid (Black 
Arrowhead) with Normal Radial Arrangements Around Hepatic Cords. (B) Diabetic Control Rat Liver Showing 
Increase Vacuolation in The Cytoplasm Of Hepatocytes and Hepatic Sinusoid (Black Arrowhead) Appeared As 

Indistinct Clear Vacuoles (Arrows) With Cloudy Swelling, Spotty Necrosis (Black Arrow) With The Accumulation 
of Lipids And Congested CV. (C) Diabetic Rats Treated With Glibenclamide Demonstrating Restoration Of The 
Normal Liver Structure With Normal Hepatocytes (Arrows) Arranged in Normal Sheets or Cord Around CV. (D) 
And (E) Diabetic Rats Treated With 50mg And 100mg/Kg LTLP Presented With Less Pathological Changes And 

Improved Liver Architecture With Partly Recovered Normal Arrangement Hepatocytes (Arrows). Moderate Effects 
in The Liver Include Congested CV, Hydropic Degeneration and Degranulated Cytoplasm of Hepatocytes. 

Hematoxylin And Eosin (H&E) Staining (200x). 
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Figure 9: Photomicrograph of The Pancreas Section of Alloxan-Induced Diabetic Rats. (A) Normal Control Shows 
Normal Exocrine Acini (Hollow Arrows); The Intralobular and Interlobular Ducts Are Essentially Normal and 
Contain Pancreatic Secretion. The Acinar Cells (Acs), Which Stained Strongly, Were Arranged in Lobules with 

Prominent Nuclei. The Islet Cells (IC) Were Seen Embedded Within the Acs and Surrounded by A Fine Capsule. 
(B) Diabetic Control Shows Islets in Varying Sizes, Few and Far Between. The Acinar Cells Were Swollen, And 
Small Vacuoles (Black Arrows) Were Observed in Almost All Acinar Cells. Interlobular Ducts Were Lined with 
Flattened Epithelium (Black Arrowhead). Islet β -Cells Are Almost in Varying Sizes, Few and Far Between and 

Presence of Fibrosis and Disarrangement of Cells. (C) Glibenclamide-Treated Group Shows Islets in Varying Sizes, 
Few and Far Between (Hollow Arrows). The Islet Cells Are Seen Interspersed Between the Acinar Cells. The Islets 

Appeared Lightly Stained Than the Surrounding Acinar Cells. Wider Interlobular (Black Arrowhead) And 
Intralobular (Hollow Arrowhead) Duct Were Observed. Diabetic Rats Treated With 50mg/Kg LTLP (D) And 

100mg/Kg LTLP (E) Displaying Nearly Normal Structure of Islets of Langerhans. Atrophic Change of The Acinar 
Cells Was Less Severe and The Border Between Exocrine and Endocrine Portions Became More Distinct. Islets 

Show Hyalinisation in The Centre While the Remnant Islet Cells Are Limited to The Periphery; These Are Few and 
Far Between (Hollow Arrows). Hematoxylin And Eosin Staining (200x) 
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DISCUSSION 
Studies showed that Ocimum species are 

devoid of any toxic effects and have the potential to 
normalize blood glucose levels and lipid profile 
inhibit lipase activity, ameliorate chemical-induced 
hepatotoxicity, and are reported to be beneficial in 
managing diabetic complications33-34. However, 
further mechanism of action and development of 
standardized formulations are certainly required to 
develop these species as drugs for managing 
metabolic disorders and related comorbidities7. 
Previous studies based on rat model reported that 
LTLP or different tulsi leaves extracts did not show 
any toxicity even at 1000mg /kg BW or 5g/kg/BW16-

17, respectively. In this study the non-toxic nature of 
LTLP is evident by the absence of mortality for a 
period of 14 days even when maintained on limit 
dose indicating this LTLP could be safe up to 1000 
µg/kg BW. Since substances possessing LD50 higher 
than 50 mg/kg are non-toxic35, the tested extracts 
were considered safe. 

The major aim of this study was to assess 
the antidiabetic and antioxidant roles of LTLP using 
alloxan developed hyperglycaemia. Alloxan is one of 
the common diabetogenic agents often used to assess 
the antidiabetic potential and has been elucidated that 
insulin deficiency which caused a drastic elevation in 
glucose levels because of excessive production of 
endogenous changes in body weight36.In this study, 
the reduction in blood glucose and body weight gain 
effect observed in diabetic rats treated with LTLP 
may be attributed to the enhancement of glucose 
metabolism and an indication of its hypoglycaemic 
properties8,13. In contrast, non-toxic nature as evident, 
oral administration of graded doses of LTLP showed 
significant increase in body weight gain from day 21 
suggesting that LTLP substantially improved their 
general health status and metabolic mechanisms by 
effective glycaemic control or a reversal of 
gluconeogenesis12,14.However, LTLP administration 
decreased the levels blood glucose to normal range 
probably by improving insulin sensitivity in 
agreement with above reference studies revealed that 
increase in blood glucose level and the same has been 
brought back to control level in diabetic induced rats 
suggesting that LTLP has antidiabetic potential. 
Nevertheless, the actual mechanism of action that 
brings up on the action of hypoglycaemia is not 
understood but these actions are supposed to be 
exhibited due to cumulative effect of various 
phytoconstituents present in the tulsi leaves extracts 
as reported in review of literature5-7.  

In this study, LTLP supplementation in the 
diabetic rats showed significant increase in the values 
of PCV, Hb and MCHC in the diabetic rats gives an 
indication that LTLP contains bioactive principles 

that can stimulate the formation or secretion of 
erythropoietin, a substance in the blood that 
stimulates RBCs production37. Studies demonstrated 
that the stimulation of erythropoietin enhances 
synthesis of RBC, which is supported by the 
improved level of MCH and MCHC in alloxan or 
streptozotocin-induced diabetes rats12,38. Further, 
these parameters are used precisely to define the 
concentration of haemoglobin of RBCs and to 
suggest the restoration of oxygen-carrying capacity 
of the blood39.Sterner et al40shown the elevated 
platelet levels as well as platelet dysfunction could be 
injurious to microcirculation regularly seen in 
diabetics with a long duration of disease and 
suggested that the possibility that elevated platelet 
count could be used as a prognostic indicator of 
future diabetic complications. The observation of 
elevated platelet counts in diabetic rats and decline in 
these values after treatment could be the result of the 
ability of the LTLP to increase the sensitivity of the 
platelets to insulin, thereby causing a reduction in 
platelet aggregation. Report shown there is positive 
correlation between high platelet and TWBC count 
and raised blood sugar level among the diabetic 
subjects studied41. Further, LTLP supplementation in 
the diabetic rats showed decrease in the TWBC and 
lymphocyte counts could be the result of the 
antiinflammatory property of the tulsi leaf powder 
which leads to amelioration of the low-grade 
inflammatory state seen in diabetes because of insulin 
resistance42. The result of this study supports the 
finding of other studies on hematological parameters 
and implied a reduction in the process of advance 
glycation and oxidative stress within the blood 
cells12,38. In diabetes, hyperglycaemia is accompanied 
with dyslipidemia which is characterized by 
increased levels of TGs, TCs, LDL and decreased 
level of HDL is an important biochemical 
abnormality of DM43. In this study, the levels of TC 
and total TGs were markedly increased following 
induction of diabetes with alloxan confirming that the 
dyslipidaemia associated with DM. The altered serum 
lipid profile was, however, reversed significantly 
following treatment with the LTLP further 
corroborate the ability to attenuate deranged lipid 
metabolism normally associated with DM. This 
agrees with the studies achieved on alloxan or 
streptozotocin-induced diabetes rats following 
treatment with aqueous or other extracts of tulsi 
leaves13,15,38,44. 

Glycogen is the primary intracellular 
storable form of glucose and its levels in various 
tissues is a direct reflection of insulin activity as 
insulin promotes intracellular glycogen deposition by 
stimulating glycogen synthase and inhibiting 
glycogen phosphorylase. Selective destruction of β-
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cells of islets of Langerhans resulting in marked 
decrease in insulin levels, it is rational that glycogen 
levels in tissues such as liver, kidney, and skeletal 
muscle as they depend on insulin for entry of 
glucose45. In this study, supplementation of LTLP or 
glibenclamide to diabetic rats significantly increased 
glycogen content of both hepatic and skeletal muscles 
by stimulating glycogen synthase and inhibiting 
glycogen phosphorylase which could be due to 
increased insulin levels46 or such beneficial effects 
which may partly relate to several mechanisms such 
as insulin sensitizing, glycogen synthesizing, 
inhibition of carbohydrate metabolizing enzymes, 
and antioxidant activities34.  Hence, the current study 
was focused on assessing the activities of 
carbohydrate metabolism key enzymes of both 
hepatic and skeletal muscles in alloxan-induced 
diabetic rats. G-6-Pase is gluconeogenic enzyme 
which is involved in the homeostatic regulation of 
blood glucose concentration mainly in the liver and 
kidney and critical in providing glucose to other 
organs during diabetes, prolonged fasting, or 
starvation47. The increased activities of G-6-Pase in 
these tissues of diabetic induced rats may be due to 
insulin inadequacy and dwindled the activity of G-6-
Pase on supplementation with LTLP or 
glibenclamide indicates improved insulin secretion 
which is responsible for the repression of the 
gluconeogenic key enzymes48. HK, an insulin-
dependent enzyme, the activity of this enzyme in 
diabetic rats is almost entirely inhibited or inactivated 
resulting a marked decline in the rate of glucose 
oxidation via glycolysis which ultimately leads to 
hyperglycemia49. Decreased enzymatic activity of 
HK has been reported in diabetic animals, resulting in 
depletion of liver and muscle glycogen in diabetic 
animals50. Upon supplementation with LTLP or 
glibenclamide to diabetic rats resulted in a notable 
reversal in the activity of HK in liver and skeletal 
muscle suggesting that the hypoglycemic action seen 
is the result of an increased glucose utilisation at the 
level of skeletal muscle as well as liver46. G-6-PDase, 
this enzyme is related to the balance between 
anabolism and catabolism of carbohydrates and the 
conversion between pyruvic and lactic acids51. The 
activity of the enzyme G-6-PDase is usually found to 
be decreased in diabetic conditions and 
administration of LTLP to diabetic rats restored the 
activity of G-6-PDase to near normalcy suggests that 
the administration of LTLP, carbohydrates are 
facilitated more along the hexose monophosphate 
pathway52.  

Diabetes represents a state of high oxidative 
stress because of hyperglycaemia induced ROS 
generation, which in turn causes damage to the cells 
resulting secondary complications in DM53. Research 

data indicated that alloxan administration initiates the 
production of ROS, including superoxide radical 
(O2), hydroxyl radical (OH) and hydrogen peroxide 
(H2O2), which damage, and later destroy, the cells54. 
Free radicals or nonradical species react with lipids 
causing peroxidation, leading to the release of 
products such as MDA, H2O2 and OH55. The 
excessive production of glucose derived free radicals 
in diabetes causes damage to cellular proteins, lipids 
and eventually cell death resulting in damages to the 
gastric mucosa56. In this study, there could be 
oxidative damage in the intestine of diabetic rats 
evidenced by the increase in H2O2 levels and MDA 
content, significant decrease in GSH, protein thiol 
and non-protein thiol levels and activities of the 
antioxidant enzyme systems (SOD, GPx and GST) in 
the diabetic control rats. Reduction in SOD activity 
could result from inactivation by H2O2or by glycation 
of the enzyme, which has been reported to occur in 
diabetes57 because of depletion owing to excessive 
use of these enzymes to mop up the hyperglycaemia-
induced free radical generation. Also, these enzymes 
are targets of glycation which can lead to inhibition 
of their enzymatic activity58. GPx and GST work 
together with glutathione in the decomposition of 
H2O2and other organic hydroperoxides to non-toxic 
products at the expense of the GSH59. The decreased 
activity of GST observed in diabetic state may be 
because of the inactivation caused by ROS60. Studies 
revealed that Ocimum sanctum species capable of 
neutralizing free radicals effectively decrease Ca2+ 
levels attributed to its antioxidant effects and reduce 
the severity of diabetic complications61. In this study, 
the content of these levels and activities of the 
antioxidant enzyme systems, though, reversed 
significantly when compared with the diabetic 
control further substantiate the ability to attenuate 
disturbed lipid metabolism normally associated with 
DM. Perceived low levels of non-enzymatic 
antioxidants (GSH, protein thiol and non-protein 
thiol) in intestinal tissues of untreated diabetic rats 
might be due to its utilization to alleviate the 
oxidative stress and levels of these antioxidants were 
elevated in in the intestinal homogenates of LTLP-
treated rats, this implied that the LTLP possesses 
antioxidant properties, thus protecting the pancreas 
from free radicals. The result of this study supports 
the other diverse set of studies on tulsi extracts aimed 
to assess the antioxidant effect and/or to test boost the 
body’s natural defenses13-15,34. Review article 
revealed that oxidative stress acts on signal 
transduction and, via nuclear factor kappa light chain 
enhancer of activated B cells, affects gene expression 
of antioxidant enzymes, thereby reducing the 
expression of antioxidant enzymes62. Based on this, 
revamped the activity of antioxidant enzymes SOD, 
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GPx and GST in the intestinal homogenates of 
LTLP-treated rats could be the result of the ability to 
prevent the inactivation of the antioxidants thereby 
suggesting that hypoglycemic consequence of LTLP 
may be linked and mediated through modulation of 
cellular antioxidant defence system. 

In this study, the improvement of 
histological recovery of both pancreatic and liver 
tissues provided additional support to the antidiabetic 
potencies of LTLP. Increased vasculature in 
pancreatic islets to levels reaching near those seen in 
normal control rat could justify the improved β-cell 
number and hence better insulin secretion and better 
glycemic control. The recovery of islets of 
Langerhans and cells within the islets of diabetic rat 
pancreas indicating hypoglycaemic activity of LTLP 
may be due to antioxidant activities of its glycosides, 
terpenoids and flavonoids which play a potentiating 
role in insulin secretion8-9, results in reducing in β-
cell cytotoxicity and restoration of β-cell function 
that may underlie LTLP stated anti-diabetic action63. 
Besides, hyperglycemia induced liver toxicity 
confirmed by histological studies; the hepatic toxicity 
leads to problem in metabolism observed by a 
vacuolation of hepatic cells with lymphocytic 
infiltration in liver. LTLP administration showed 
moderate inhibitory effects against alloxan induced 
diabetic rats, which basically supported the 
alterations observed in biochemical assays. Another 
view for the regenerative activities of pancreatic β-
cells of LTLP treated diabetic induced rats is the 
improvement of carbohydrate metabolic enzymes 
activities as well as glycogen levels in liver and 
skeletal muscle64. As these biomarkers are under the 
positive control of insulin65 so, it may be predicted 
that the LTLP may progress the pancreatic insulin 
synthesis or secretion through β-cell regeneration. 
Hence, presented regenerative effects with 
supplementation with LTLP can be considered as an 
expression of the functional improvement of 
hepatocytes and recovery towards normalization of 
liver function marker enzymes implicating its 
antioxidant role by stabilizing action at the membrane 
level towards normal liver cell function13,16. The 
restoration of gross architectural changes in liver 
histology may be a consequence of the re-established 
glucose control and not the direct effect of the LTLP 
on the liver cells themselves. Literature indicates that 
medicinal herbs that possess both antidiabetic and 
antioxidant activity mostly contain high 
concentrations of polyphenols such as tannins and 
flavonoids, steroid glycosides, and terpenoids66. The 
antidiabetic and antioxidant properties of LTLP may 
be attributed to either single or synergistic action of 
the above phytoconstituents and could be an excellent 
source of antidiabetic agents as it controls the 

hyperglycaemic index and other associated 
biochemical indices. 
CONCLUSION 

The study thus implies that LTLP possesses 
antidiabetic properties and can prevent or protect 
diabetics from complications and can make for an 
efficient and effective alternate complementary 
medicine in management of DM. Increased insulin 
secretion after treatment with LTLP positively altered 
the deranged carbohydrate metabolism in the diabetic 
rats by decreasing gluconeogenesis and increasing 
glycolysis, ultimately decreasing hyperglycemia. The 
beneficial effect of effective antioxidative and 
antidiabetic activity was comparable with standard 
drug glibenclamide in our study indicating LTLP is a 
better drug as a natural product to regress 
dyslipidemia and oxidative stress in diabetes. Before 
stabilizing LTLP as a therapeutically effective 
hypoglycemic agent, further studies are needed to 
isolate the active compound(s) from LTLP which are 
responsible for generating antihyperglycemic and 
antioxidant activities and their exact mechanism(s) of 
action.  
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