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ABSTRACT
Background: In the conventional Indian medical system, Cupressus sempervirens L., a member 
of the Cupressaceae family, is highly significant. C. sempervirens is a traditional medicinal plant; 
has been reported in the literature that the dried leaves are used as a contraceptive and to treat 
inflammation, diabetes, stomach pain, toothaches, and laryngitis. Hence, the present study is 
planned to evaluate antidiabetic, antihyperlipidemic and protective effect of C. sempervirens 
leaves extract in streptozotocin induced diabetic rats. Materials and Methods:  The HPLC 
analysis of the ethanolic plant extract was followed by an in vivo antidiabetic activity. In order 
to evaluate antidiabetic measures such as body weight, urine volume, blood glucose level, total 
cholesterol, triglyceride, and lipid profile as antihypertensive parameters, the Streptozotocin 
(STZ)-induced diabetes mellitus in a rat model is being investigated for in vivo activity. Results: 
The presence of phenolic acid, alkaloids, flavonoids, glycosides, terpenoid, and steroids was 
identified by HPLC analysis of the ethanol extract. Gallic and tannic acids were identified in the 
phenolic components. The animals in each group having received samples were observed on 
days 1, 5, 10, 15, and 20, and several parameters were assessed. A significant effect is observed 
within the group of ethanolic extract. According to histopathological study of pancreatic and 
liver tissue, the damaged structure of the pancreas and liver was improved by treatment with 
a larger dose of ethanolic extract. Conclusion: Scientific evidence for their use in antidiabetic 
therapy is provided by the ethanolic extract, which produced a significant antidiabetic effect.

Keywords: Cupressus sempervirens, Antidiabetic, Antihyperlipidemic, Streptozotocin, Ethanolic 
extract.

INTRODUCTION

Diabetes Mellitus (DM) is a chronic illness characterized by 
insufficient or inefficient insulin synthesis by the pancreas, 
leading to variations in the concentration of blood glucose 
levels.1 Diabetes mellitus is divided into two categories: Type I 
diabetes (insulin dependent) and Type II diabetes (non-insulin 
dependent) mellitus. An autoimmune condition known as 
type I diabetes results in a localized inflammatory response 
around or within islets, which is followed by the selective death 
of insulin-secreting cells. While Type II diabetes is characterized 
by peripheral insulin resistance and reduced insulin secretion.2 
A higher risk of multiple outcomes, such as peripheral vascular 
disease, stroke, neuropathy, renal failure, retinopathy, blindness, 
and amputations, is associated with Diabetes Mellitus (DM).3

The fact that there is no optimal treatment for diabetes, why 
should we prefer the expensive, frequently associated side effects 
of traditional antidiabetic drugs.4 Herbs used in Ayurveda are 
less expensive and have less side effects, they serve as a better 
alternative.5 Several compounds found in medicinal plants possess 
anti-diabetic properties. Alkaloids, aromatic acids, carotenoids, 
coumarins, flavonoids, glycosides, organic acid, phenols and 
phenolics, phytosterols, protease inhibitors, saponins, steroids, 
tannins, terpenes, and terpenoids are the major groups of 
phytochemicals.6

Early detection of diabetes is the most effective approach 
improving their overall health of patients with diabetes. When 
given a diagnosis of diabetes, a person can maintain their health 
with a variety of lifestyle measures, such as regular exercise helps 
to keep their health in balance.7 Plants can affect BGL in a variety 
of ways, such as by inhibiting the potassium channel in pancreatic 
beta cells, stimulating secondary messengers, adrenomimeticism, 
providing heavy metals that are necessary for beta cell function, 
and preventing the production of free radicals, which may 
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contribute to the dysfunction of insulin-secreting cells in diabetes 
mellitus.8 Herbal secondary metabolites may potentially lower 
blood glucose levels by slowing the uptake of carbohydrates.9

Mediterranean cypress, also known as Cupressus sempervirens 
L., is an ornamental  tree of the Cupressaceae family. Northern 
America, Africa, southeastern Europe, and western Asia able to 
be referenced as habitats for the species.10 The herb has been used 
for many years in traditional medicine, mostly to cure the flu and 
cough. C. sempervirens has been shown in studies to possess a 
variety of antibacterial, antiviral, insecticidal, antihyperlipidemic, 
cytotoxic, antioxidant, antiplatelet, hepatoprotective, and 
neurobiological properties.10,11

Dried leaves of the traditional medicinal plant C. sempervirens 
are used as a contraceptive and to treat inflammation, diabetes, 
toothaches, stomach pain, and laryngitis.12 The percentages of 
α-amylase and α-glucosidase inhibition have been determined to 
assess the plant extract's potential as an antidiabetic. Increasing 
the tested quantity of the extract resulted in an increased 
inhibition of both α-amylase and α-glucosidase.13 However, the 
review of the literature found no scientific evidence of the plant's 
leaves having an antidiabetic effect. Thus, the current study aims 
to investigate the antidiabetic potential of C. sempervirens leaf 
extract using Streptozotocin (STZ)-induced diabetic rats.

MATERIALS AND METHODS

Drugs and Chemicals
Streptozotocin (STZ) was purchased from Biogenuix Medsystems 
Pvt. Ltd., New Delhi. Metformin received from Merck, Germany. 
The other chemicals such as acetone, ethanol, methanol, 
chloroform, ethyl acetate, sodium citrate dihydrate of analytical 
grades were procured from PCL, India. Accu check glucometer 
were acquired from Roche diabetes care Inc.

Plant material and animals
The leaves of C. sempervirens were obtained from Sahyadri 
Nursery, Rahata, Maharashtra. It was authenticated by Dr. Wabale 
Anil Sopanrao, Head of Department of Botany, PVP College of 
Arts, Science, and Commerce, Pravaranagar, Maharashtra, India, 
via letter number PVPC/Bot/2023-24/201 dated 1/11/2023. The 
food and animals were purchased from Lacsmi Biofarms Pvt. 
Ltd., Pune. The test protocol was approved by institutional animal 
ethical committee (1942/PO/Re/S/17/CPCSEA/2023/03).

Preparation of extract
C. sempervirens dried and powdered 100 g of leaves were 
mixed together with ethanol, acetone, and chloroform to prepare 
extracts by a cold maceration process for 72 hr. Filter paper 
was used to separate the filtrate from the marc, and a rotary 
evaporator was used to concentrate the mixture. The extracts 
were then dried, and the resulting dry extract was then put into 
airtight bottles and refrigerated at -4°C.14

HPLC-DAD

Exactly 200 mg of dried extract of the C. sempervirens leaves was 
weighed and dissolved in 5 mL of acetonitrile-methanol-water 
(2:2:1, v/v). It was kept overnight for 12 hr at room temperature 
in an airtight HPLC-grade container and then put in a water bath 
at 55°C for 10 min. Furthermore, the sample was ultrasonicated 
for 10 min in order to accelerate the solid-liquid extraction and 
then filtered through a 0.45-um nylon filter. A freshly prepared 
sample of 20 uL was injected into the HPLC-DAD instrument 
to investigate medicinal phytoconstituents from C. sempervirens.

Animals

Male wistar rats (250-300  g) was used for the screening of 
antidiabetic activity. The rats were kept in normal housing with 
22±2°C temperature, 55±10% relative humidity, and 12/12 hr 
light/dark cycles. They were also given a particular rodent diet 
and unlimited water

Acute toxicity study:

The lethal dose fifty (LD50) of C. sempervirens extract was 
previously found to be 800 mg/kg bwt,15 whereas 5%, 10% & 20% 
of the LD50 of the plant were found to be safe.16

Induction of diabetes

Rats were given a single IP (Intraperitoneal) injection of STZ 
dissolved in 0.1 M sodium citrate buffer (pH 4.5) of 55 mg/kg 
body weight (b.w.) dose to induce diabetes after an overnight fast. 
Once the animals received their STZ injection, they were given 
free accessibility to food and water. For 18 hr, the animals were 
housed in a 5% glucose solution to recover from the hypoglycemia 
shock. It was confirmed that diabetes had developed on the fifth 
day following the STZ injection by measuring blood glucose 
levels. The animals have been identified to have diabetes when 
their fasting blood glucose levels exceeded 250 mg/dL and were 
used for experimentation.17

Experimental design

The animals were divided into twelve groups of six animals each 
and were treated for 21 days.

Group 
Number

Treatment given

I Normal Control Group [NC] group of rats that 
received a standard diet and had unlimited access 
to water.

II Negative Control Group (STZ) [DC] group of rats 
that received a standard diet and had unlimited 
access to water.

III Positive Control Group [PC] group of rats that 
received standard drug metformin (150 mg/kg 
b.w.)
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Group 
Number

Treatment given

IV The group of diabetic rats that received a dose of 
40 mg/kg b.w. of CSEE.

V The group of diabetic rats that received a dose of 
80 mg/kg b.w. of CSEE.

VI The group of diabetic rats that received a dose of 
160 mg/kg b.w. of CSEE.

VII The group of diabetic rats that received a dose of 
40 mg/kg b.w. of CSAE.

VIII The group of diabetic rats that received a dose of 
80 mg/kg b.w. of CSAE.

IX The group of diabetic rats that received a dose of 
160 mg/kg b.w. of CSAE.

X The group of diabetic rats that received a dose of 
40 mg/kg b.w. of CSCE.

XI The group of diabetic rats that received a dose of 
80 mg/kg b.w. of CSCE.

XII The group of diabetic rats that received a dose of 
160 mg/kg b.w. of CSCE.

 
The groups mentioned above were studied for various biochemical 
tests employed to assess the antidiabetic activity of the samples.

Parameters study

The anti-diabetic potential of the extract was investigated by 
estimating various parameters such as Body Weight (BW), Urine 
Volume (Vu), Blood Glucose Level (BGL), Total Cholesterol 
(TC), Triglycerides (TG), High Density Lipoprotein (HDL), Low 
Density Lipoprotein (LDL), and Very Low-Density Lipoprotein 
(VLDL).

Histopathological studies

The rats were sacrificed at the end of the experiment by cervical 
dislocation. The liver and pancreas of each group were isolated, 

eradicated and washed using ice-cold saline solution. Pieces of 
both were stored in a 10% formalin solution. For histological 
examinations under a light microscope, paraffin portions of both 
tissues were pigmented with hematoxylin and eosin.18

Statistical analysis

Results were reported as mean±Standard Error Mean (SEM). All 
of the collected data were statistically analyzed using one-way 
ANOVA followed by Tukey’s post-hoc test (Graph Pad Prism 
10.2). Dunnett's comparison test was used to determine the 
statistical significance between the drug-treated groups and the 
negative control group (p < 0.05 was considered to be significant).

RESULTS

HPLC analysis

The HPLC analysis of the ethanolic plant extract revealed the 
presence of phenolic acid (18-20%), alkaloids (8%), flavonoids 
(14-16%), glycosides (40-45%), terpenoids (17-18%), and steroids 
(1%) (Table 1). Gallic and tannic acids were identified in the 

Figure 1:  Ethanolic extract: HPLC chromatogram. 

Test for 
Determination

Confirmation of 
Components

Contribution

Phenolic acid Detected (Gallic Acid, 
Tannic Acid)

18-20%

Alkaloids Detected 8%

Flavonoids/
Polyphenols

Detected 14-16%

Glycosides Detected 40-45%

Terpenoids Detected 17-18%

Steroids Detected 1%

Table 1:  Components of ethanolic extract of Cupressus sempervirens.
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phenolic components. The detected phenolic compounds may 
differ in retention time from 3.114 to 8.220 at 210 nm (Figure 1).

DISCUSSION

Diabetes is considered to be among the most prevalent chronic 
illnesses in the world. There is growing public and scientific 
concern as oxidative stress is linked to diabetes mellitus. The 
STZ-induced diabetic rats are the most commonly used model 
to evaluate the potential of any natural or synthetic medication 
to prevent diabetes. STZ suppresses DNA synthesis in both 
bacterial and mammalian cells. STZ results in experimental 
diabetes, enlargement of pancreas, and islets of Langerhans beta 
cell degeneration.19

Herbs are a valuable dietary source of essential nutrients that 
could be evaluated for potential bioactive components for the 
development of new medicinal supplements. However, as much 
as synthetic drugs are derived from herbal origins.20

The HPLC analysis of the ethanolic plant extract revealed the 
presence of phenolic acid, alkaloids, flavonoids, glycosides, 
terpenoid, and steroids (Table 2). The gallic acid and tannic 
acid were detected in ethanol extract. In experimental rats, the 
presence of the compound may have an anti-diabetic effect. 
Previous studies have reported that the use of pharmaceutical 
plants to treat conditions like diabetes may be beneficial because 
of the high amount of different flavonoids, tannins, phenolic 
acid, and alkaloids.21 Another study reports gallic acid exerts 

Figure 2:  Histopathological findings of pancreatic tissue samples.
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Figure 3:  Histopathological findings of liver tissue samples.

Peak Retention Time Area (%) Height (%)

1 2.336 10.696 11.350

2 3.114 2.451 1.964

3 3.451 2.016 1.926

4 3.775 0.656 1.739

5 4.087 2.538 1.895

6 4.499 1.100 1.225

7 5.076 2.575 1.236

8 8.220 0.319 0.164

9 10.131 0.373 0.231

10 11.172 0.130 0.133

Table 2:  Interpretation of HPLC chromatogram of ethanolic extract .
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anti-hyperglycemic effects by decreasing glucose levels and 
increasing insulin levels.22

During a 20-day period, the animals in each group having received 
samples were observed on days 1, 5, 10, 15, and 20, and several 
parameters were assessed. Anti-hyperlipidemic parameters such 
as Total Cholesterol, Triglyceride, High-density lipoprotein, 
Low-density lipoprotein, and very low-density lipoprotein and 
antidiabetic parameters such as Blood glucose level, Body weight, 
and Urine volume were investigated. Significant changes for these 
parameters were observed in DC animals throughout the study 
period.

In the present study, ethanolic extract groups showed significant 
decrease (p<0.001) in Blood glucose level, Urine volume, and 
significant increase in Body weight of animals compared to 
metformin-treated groups (Table 3). Compared to STZ-induced 
diabetic rats, rats treated with a higher dose of ethanolic extract 
and metformin showed an increase in High-density lipoprotein 
levels and a decrease in raised Total Cholesterol, Triglyceride, 
low-density lipoprotein, and very low-density lipoprotein levels 
(Table 4). Thus, it can be reported that the ethanolic extract group 
has a curative effect. While treatment with the ethanolic group 
produced significant results whereas treatment with acetone and 
chloroform extract were not significant.

One potential mechanism for the therapeutic effect of metformin 
may be that it enhances peripheral glucose absorption in the 
presence of insulin.19 By suppressing alpha-glucosidase, lowering 
elevated oxidative stress, and repairing and regenerating beta 
cells, the extract is therapeutic for both hyperglycemia and 
cytotoxicity.

The observations of histopathological samples of pancreas and 
liver tissue are given in Figures 2 and  3. It was also found that the 
size and relative abundance of beta cells and islets were reduced 
in diabetic control. PC displayed common islets of Langerhans 
distortion in pancreatic tissue (Figure 2). CSEE160 exhibits 
an approximate typical structure of the islets of Langarhans. 
According to a histopathological analysis of pancreatic tissue, 
the administration of ethanolic extract altered the structure 
and number of islets, repaired the damage caused by STZ to the 
pancreatic beta cells, and preserved the integrity of the pancreatic 
tissue.

According to the liver tissue samples (Figure 3), the NC group 
was found to have normal histological features when examined 
under a microscope. CSEE160 showed the reducing histological 
alterations. Inflammation in hepatocytes was observed in diabetic 
control. The recovery of hepatic lobules were observed in higher 
dose of ethanolic extract (CSEE160).Pa
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CONCLUSION

Previously the C. sempervirens plant was not evaluated for diabetes 
or biological potential. In this project, the plant was scientifically 
investigated for antidiabetic activity. In the in vivo study, it was 
found that the ethanolic extract of the leaves of C. sempervirens 
was able to reduce the blood glucose level and normalize the 
biochemical profile as compared to negative control rats. From 
the HPLC analysis, we found many phytoconstituents like 
phenolic acids, alkaloids, flavonoid, terpenoid, and steroids in the 
ethanolic leaves extract of the plant, which can be responsible for 
this activity as these classes of compounds have already proven 
to have antidiabetic, hypoglycemic, or antihyperglycemic activity. 
However, further studies are essential for the isolation of the 
compound(s) of the plant, which individually or synergistically 
showed the activities, and it is also important to investigate the 
clinical study of these compounds.
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ABBREVIATIONS

DM: Diabetes mellitus; STZ: Streptozotocin; HPLC DAD: 
High-performance liquid chromatography with photodiode-array 
detection; NC: Normal control group; DC: Negative control 
group; PC: Positive control group; CSEE: Cupressus sempervirens 
ethanolic extract; CSAE: Cupressus sempervirens acetone extract; 
CSCE: Cupressus sempervirens chloroform extract; BW: Body 
weight; Vu: Urine volume; BGL: Blood glucose level; TC: Total 
cholesterol; TG: Triglycerides; HDL: High density lipoprotein; 
LDL: Low-density lipoprotein; VLDL: Very low-density 
lipoprotein.
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