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Abstract
Diabetic mellitus is a chronic, incurable metabolism disorder caused by the lack of secretion of insulin by the pancreas. Cur-
rently, several plants are used for the treatment of diabetic mellitus. Cichorium intybus (C. intybus) is one of the medicinal 
plants used traditionally by Asian people to treat diabetics. In this regard, the aim of the work is to prepare different selected 
plant crude extracts and determine them for in vivo diabetic activity against streptozotocin-induced diabetic rats. At first, 
the plant leaves powder was defatted with petroleum spirit. Then the defatted powder was extracted by water with a ratio of 
1:8 for 48 h using the maceration method. The water was evaporated by using a rotary evaporator. The aqueous extract of 
the selected plant was administered orally (100 mg/kg, 250 mg/kg, and 500 mg/kg) at intervals of 0, 2, 4 and 6 h compared 
to glibenclamide (3 mg/kg) and to measure blood glucose level by using a glucometer. The results showed that the blood 
glucose level decreased gradually with the increase of the time intervals. In addition, the blood glucose decreasing rate was 
increased with the applied dose increased. In conclusion, the selected plant water crude extract could be used to decrease 
the blood glucose level.

Keywords  Cichorium intybus · Maceration method · Plant crude extract · In vivo antidiabetic activity · Streptozotocin

1  Introduction

Diabetes mellitus is a long-lasting metabolic disease caused 
by a lack of insulin secretion from the pancreas. It is char-
acterized by high blood sugar after food and or an empty 
state. In its severe form, it is accompanied by protein wasting 
and ketosis [1]. Genetic factors and lifestyle factors, such 
as increased fat intake and reduced exercise are the leading 
causes of diabetes [2]. National Diabetics Statistics Report 
(NDSR) showed that a total of 37.3 million people have 

diabetes in the USA, which is about 11.3% of the population. 
It includes 28.7 million diagnosed people and 8.6 million 
undiagnosed people. This report also showed that about 96 
million US people above 18 years old have prediabetics.

According to an estimate from the International Diabe-
tes Federation (IDF), there would be 69.9 million diabetic 
patients in India by 2025. Nowadays, diabetes affects up to 
11% of India’s urban and 3% of its rural populations over the 
age of 15. The availability of statistical information on peo-
ple with diabetes is almost universal. Diabetes is a chronic 
condition that can lead to a number of other illnesses. It 
encompasses numerous conditions such as liver disease, kid-
ney disease, heart disease, heart failure, and brain stroke. 
Due to diabetes and diseases brought on by diabetes, there 
is an extremely high death rate [3].

The literature search showed that several medicinal 
plants are traditionally used to treat diabetes and its related 
diseases. Plants and their formulated medicines are used 
widely in alternative and complementary medicine sys-
tems. Plant-based medicines are safe, active, and widely 
available. Therefore, more than 80% of people have used 
traditional medicine to treat various diseases reported by the 
WHO. The demand for plant-based medicines is increasing 
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tremendously due to their safety and availability. However, 
there needs to be more data available on the medicinal plants 
that are used traditionally for the treatment of diseases. There 
has been an increasing demand to evaluate the antidiabetic 
properties of direct plant extracts rather than synthetic ones 
(insulin, sulphonylureas, biguanides, and thiazolidinediones) 
due to their toxic effects [4].

A medicinal plant called Cichorium intybus (C. intybus) 
has been used in the past to cure a number of ailments, 
including liver, diuretic, cardiac, hepatomegaly, anorexia, 
dyspepsia, jaundice, and others [5, 6]. In the present study, 
the acute effects of oral administration of a water-based 
crude extract of C. intybus on glucose levels were investi-
gated in normal, normal hyperglycemic, and diabetic rats. 
C. intybus L. is a member of the Asteraceae family. Known 
locally as kasni or chicory in India, it is a conventional 
herbal treatment that the Prophet Muhammad (SWT) first 
used 1400 years ago. [7]. Numerous common names for the 
chosen plant are used throughout the world, including cof-
fee weed, blue sailors, cornflower, wild chicory, blue daisy, 
garden chicory, blue weed, bunk, and many more [8, 9]. This 
plant species can grow anywhere between 20 and 150 cm 
tall. The plant has long, thick brown roots and green stems. 
Its leaves are 2 to 5 inches long. The seeds of the chosen 
plant are extremely potent and are used in herbal medicine 
systems to treat a variety of liver conditions [7]. The main 
constituents of Chicory reported are coumarins, amino acids, 
flavonoids, polysaccharides, sterols, glycosides, sesquiterpe-
nes, lacton and triterpenoids [10–13]. The seeds also contain 
various minerals, especially potassium, magnesium, phos-
phorus, calcium, sodium, iron, zinc, manganese, copper and 
others [14, 15]. The literature also showed that the chicory 
has reported antihepatotoxic, anti-inflammatory, antimicro-
bial, antioxidant, anticoagulant, anticancer and antimalarial 
activity [10–15]. Rats were used to test the hepatoprotec-
tive effects of aqueous extracts from the seeds of the chosen 
plant. When the aqueous extract was tested against carbon 
tetrachloride (CCl4) and paracetamol-induced toxicity, it was 
discovered to be hepatoprotective at various concentrations 
[6]. The work’s objective is to make various aqueous extracts 
of chosen plants and assess their in vivo antidiabetic activity 
against streptozotocin-induced diabetic rats.

2 � Experiment

2.1 � Chemicals and reagents

The plant material was purchased locally at Khari Baoli in 
Delhi. The taxonomist from Jamia Hamdard, Department 
of Botany recognized and verified plant samples using 
voucher specimens (No 40). The sample was delivered to 
Jamia Hamdard’s Faculty of Pharmacy’s Phytochemistry 

Research Laboratory in New Delhi. All of the analytical-
grade chemicals and reagents were bought from Mercodia 
AB in Uppsala, Sweden, and Merck from Germany.

2.2 � Extracts preparation

The selected plant samples were dried at room tempera-
ture for three days under the sun. Ball mills were used to 
grind the samples into a coarse powder. The powder sam-
ples (250 g) were defatted with petroleum spirit (1000 mL), 
extracted with distilled water (1:8; 500 mL), and stirred 
for 3–4 h with a magnetic stirrer at temperatures between 
70 and 80 °C. A rotary evaporator was used to filter and 
concentrate the extract. When the extracts were dissolved 
in distilled water, the residues (24.65 g) were retained for 
testing for antidiabetic activity. Three concentrations were 
created using the distilled water: 100 mg/kg, 250 mg/kg, 
and 500 mg/kg.

2.3 � Animals

Male Wistar rats weighing 150–200 g were purchased from 
Jamia Hamdard University’s Central Animal Home. The rats 
were 6 to 8 weeks old on average. Groups of animals were 
kept in PVC cages with food and water. The animals went 
without food or water for 12 h before treatment. The stand-
ard drugs and all prepared dose extracts were administered 
orally.

2.4 � Induction of diabetes

Streptozotocin (STZ) (65 mg/kg) was injected intraperito-
neally once to cause diabetes in rats, which was freshly pro-
duced in citrate buffer with a pH value of 4.5. After admin-
istering STZ for 48 h, diabetes was identified by using a 
glucometer to measure blood glucose levels. The following 
are the results of a survey conducted by the American Psy-
chological Association. Animals with diabetes were divided 
into groups at random. The diabetic rats were administered a 
5% glucose solution orally to prevent hypoglycemia for the 
first 24 h after the STZ injection. Rats were starved for 16 h 
before receiving STZ [16].

2.5 � Effect of plant extracts on diabetic rats

Rats of Group I was normal control [15]. Group II rats were 
diabetic control. Groups I and II each received a vehicle for 
the duration of the study. Group III received the reference 
standard, glibenclamide (3 mg/kg), as compared to Group 
IV, which received C. intybus extract at doses of 100, 250, 
and 500 mg/kg. The control group received only the buffer 
solution. Blood was obtained, and the blood glucose level 
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was assessed immediately prior to, 2, 4, and 6 h after the 
administration of the plant drug dose.

2.6 � Effect of 21 days administration of plant 
extracts on diabetic rats

Only the buffer was given to the control rats. Rats in Group 
I were healthy and behaved as the healthy control. Group 
II was used to control diabetes. Rats in Groups I and II 
received a vehicle during the tests, while Group III received 
an intraperitoneal injection of insulin (5 U/kg). Group IV 
received 500 mg/kg every day for 21 days of plant extracts 
of C. intybus. The dosage was given each day at 10:00 a.m. 
daily. Initial, 10th, and 21st-day non-fasting blood glucose 
levels were determined before administering the plant drug.

Animal body weight was carefully tracked so that the 
dose could be adjusted. Using disposable syringes, blood 
was drawn from each animal’s tail vein on the 22nd day after 
they had fasted all night. Centrifugation was used to separate 
the blood serum from the blood for 20 min at 3000 rpm. 
Using commercially available kits, the estimation of total 
cholesterol, triglycerides, low-density lipoprotein (LDL), 
and low-density lipoprotein (HDL) was done. Using an 
enzyme-linked immunosorbent assay (ELISA) kit, the serum 
insulin was calculated.

2.7 � Biochemical estimations

2.7.1 � Blood glucose

To determine the level of blood glucose, Glucometer and 
diabetic test strips One Touch Basic Plus (Lifescan Inc. Cali-
fornia, USA) were used (glucose oxidase method).

2.7.2 � Insulin ELISA

The rat Insulin ELISA kit was used to determine the serum 
insulin levels (Mercodia AB, Uppsala, Sweden). In order to 
determine the insulin level, we strictly adhered to the proce-
dure and kit supplied by the manufacturer. Two monoclonal 
antibodies are directed toward various antigenic features on 
the insulin molecule using the direct sandwich approach. 
For measuring the concentration of unidentified sample a 
calibration curve was created by plotting the absorbance 
values for the standard solutions against the concentration 
of insulin.

2.7.3 � Lipid profile

Using commercially available kit, the total blood choles-
terol (TC), triglycerides (TG), and HDL were calculated 
(Span Diagnostics, India). The procedure provided by the 
kit’s manufacturer was used. The following formulas were 

used to determine the LDL and very low density lipoprotein 
(VLDL) levels. [16, 17].

2.8 � Statistical analysis

Mean standard error of the mean is the unit of measurement 
for values. A one-way analysis of variance and Dunnett’s ‘t’ 
test were used to determine statistical significance. When 
the P-value was less than 0.05, the differences between the 
values were deemed to be significant.

3 � Results

Since old times, plants have been used to cure various dis-
eases. Plants contain different classes of organic and inor-
ganic chemical compounds significantly responsible for cur-
ing diseases. Many biologically active medicinal plants are 
available in Oman. They are traditionally used in different 
ethnic communities to treat various ailments because of the 
therapeutically active phytochemicals present in the plants. 
Currently, one of the most severe metabolic disorders is dia-
betes. Various kinds of medications are available in the local 
and international markets to improve or cure the symptoms 
of diabetes. However, these available drugs for managing 
diabetes are expensive, and they have several side effects. In 
this situation, plant-based medicines are significantly impor-
tant in managing diabetes as they are cost-effective and have 
fewer side effects. One of the active plants traditionally used 
in India to treat people with diabetes is C. intybus; however, 
there is limited information regarding phytochemicals and 
biological activities available about the selected plant spe-
cies. Therefore, the aim of the work is to prepare different 
selected plant crude extracts and determine them for in vivo 
antidiabetic activity against streptozotocin-induced diabetic 
rats.

3.1 � Effect of plant extracts on diabetic rats

Streptozotocin administration after 48 h (65 mg/kg) dramati-
cally raised blood sugar levels (Table 1). At 500 mg/kg, C. 
intybus extract significantly reduced blood sugar, and the 
effect persisted for 6 h (P 0.01). At 250 mg/kg, extracts were 
only marginally active, while a dose of 100 mg/kg had a 
short-term, significant effect on blood sugar levels.

VLDL = TG/5

LDL = TC − HDL − VLDL

Atherogenic index =
LDL + VLDL

HDL
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3.2 � Effect of a 21‑day plant extract administration 
on the blood sugar levels of diabetic rats

On days 10 and 21, a C. intybus extract (500 mg/kg) sig-
nificantly reduced blood glucose levels. The percentage 
drop demonstrated that the decrease was significantly 
greater than the acute therapy (Table 2).

3.3 � Effect of a 21‑day plant extract administration 
on serum lipid profile of diabetic rats

The varied serum lipid profiles were increased after strepto-
zotocin administration. In comparison to diabetes manage-
ment, insulin therapy considerably reduced the lipid profile, 
including total cholesterol, LDL, HDL, VLDL, and triglyc-
erides. Moreover, C. intybus water extract significantly 
reduced the lipid profile (P0.01) and was also observed to 
reduce the atherogenic index (Table 3).

Table 1   Results of various concentrations extracts on blood glucose of streptozotocin-induced diabetic rats

All values are Mean ± SEM
1 P < 0.001, when compared with normal control (Group I)
2 P < 0.01, when compared with diabetic control (Group II)
3 P < 0.05, when compared with diabetic control (Group II)

Treatment Dose Blood glucose level in mg/100 ml % Decrease

Initial 2 h 4 h 6 h

Control (vehicle) 10 ml/kg 82.24 ± 3.64 81.63 ± 2.84 82.47 ± 2.35 85.62 ± 2.54
Control (diabetic) 278.56 ± 9.261 280.27 ± 8.481 281.66 ± 9.051 283.35 ± 8.321

Standard (glibenclamide) 3 mg/kg 281.42 ± 8.74 246.27 ± 7.493 217.23 ± 10.532 190.58 ± 9.872 47.10
Extract 100 mg/kg 288.44 ± 10.12 255.71 ± 7.45 234.86 ± 13.252 229.41 ± 8.622 19.15
Extract 250 mg/kg 283.42 ± 9.75 242.54 ± 8.613 226.15 ± 11.052 214.41 ± 10.212 26.75
Extract 500 mg/kg 283.85 ± 8.75 244.38 ± 8.213 218.15 ± 12.642 204.37 ± 9.842 30.79

Table 2   Results of 21 days 
treatment of extracts on blood 
glucose of streptozotocin-
induced diabetic rats

Values are Mean ± SEM; n = 8
1 P < 0.01 when compared with diabetic control group
ns not significant when compared with diabetic control, group

Treatment Blood glucose in mg/100 ml % Decrease

Day 1 Day 10 Day 21

Normal control 84.38 ± 3.64 83.32 ± 3.61 86.45 ± 3.34 –
Diabetic control 329.17 ± 12.48 348.53 ± 16.24 354.12 ± 15.27 –
Insulin (5 U/kg) 336.24 ± 13.63 127.26 ± 3.631 110.39 ± 3.141 67.16
C. intybus 500 mg/kg 320.61 ± 13.86 168.44 ± 4.361 139.58 ± 4.051 55.11

Table 3   Results of 21 days treatment of extracts on serum lipid profile of streptozotocin-induced diabetic rats

Values are Mean ± SEM; n = 8
1 P < 0.01 when compared with diabetic control group
ns not significant when compared with diabetic control, group

Treatment Total cholesterol
mg/dl

LDL
mg/dl

HDL
mg/dl

VLDL
mg/dl

Triglycerides
mg/dl

Atherogenic 
index

Normal control 60.16 ± 1.52 19.97 ± 0.86 27.52 ± 1.14 12.67 ± 0.74 63.35 ± 1.34 1.18
Diabetic control 241.26 ± 5.48 160.47 ± 4.89 48.55 ± 2.43 32.24 ± 1.251 161.20 ± 4.671 3.96
Insulin (5 U/kg) 88.49 ± 2.631 35.5 ± 1.211 36.67 ± 1.151 16.32 ± 0.871 81.6 ± 3.291 1.41
C. intybus 500 mg/kg 110.42 ± 3.151 49.73 ± 1.441 40.15 ± 1.671 20.54 ± 0.851 102.7 ± 3.151 1.75
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3.4 � Effect of a 21‑day plant extract administration 
on serum insulin levels of diabetic rats

The administration of C. intybus extract significantly 
decreased the serum insulin levels in the diabetic-induced 
mice. The serum insulin levels were not considerably raised 
by the 500 mg/kg dose, though (Table 4).

3.5 � Effect of a 21‑day plant extract administration 
on liver and body weight of diabetic rats

Rats that were given streptozotocin to induce diabetes had 
significantly lower body weights than animals in the con-
trol group. Yet, the treatment of insulin improved the body 
weight loss as compared to the diabetes control group. Also, 
a dose of 500 mg/kg of C. intybus extract did not signifi-
cantly inhibit weight loss as compared to the diabetic control 
group (Table 5).

4 � Discussion

At present, diabetes is a common pancreas disorder that 
affects at least 100 million people globally. This number 
will double by the year 2030. In most of the lowest-income 
countries, including India, Bangladesh, and Pakistan, there 

has been an alarming increase in the number of diabetics 
over the past decade. Several pharmaceutical drugs, such 
as thiazolidinediones, biguanides, and insulin, are used in 
modern medicine to control blood glucose. These drugs 
have hypoglycemic activities but can produce several health 
problems, such as neural disorders, diarrhea, heart diseases, 
and many others. All these health problems have been man-
aged by using alternative herbal drugs. They have lesser side 
effects and, however, improved therapeutic values. The pre-
sent study has evaluated the antidiabetic properties of the 
aqueous extract of C. intybus.

Beta-cells in the pancreatic islets of Langerhans die after 
being injected with streptozotocin (STZ) [16]. The loss of 
-cells in the pancreas causes a considerable reduction in 
serum insulin levels [17]. The drug’s modest impact on STZ-
induced diabetic rats can be related to the fact that there are 
practically any -cells in the pancreas to create any secre-
tagogue activity. It has already been documented that this 
animal took glibenclamide [18]. Water extracts of the test 
drug sample, C. intybus, only displayed a moderately potent 
antihyperglycaemic effect in rats with STZ-induced diabetes.

The extracts’ potential mechanism could be an increase in 
peripheral glucose uptake or a reduction in liver endogenous 
glucose synthesis. At this point, it is impossible to rule out 
the potential of one or more of these pathways, with each 
extract contributing to the activity. The process involving 
intestinal delay or glucose inhibition can be disregarded 
because the study’s subjects’ animals fasted the night before 
the experiment began.

In a chronic STZ-induced diabetes investigation, an aque-
ous extract of every plant was employed at a concentration 
of 500 mg/kg based on the findings in the acute models. 
The lack of serum insulin in STZ-diabetic rats have been 
extensively established [19]. In the current investigation, 
diabetic control rats’ blood insulin levels were significantly 
lower than those of normal rats. In STZ-induced diabetes 
rats, endogenous insulin has a very small function.

The results demonstrate that chronic C. intybus extract 
therapy has a significant antihyperglycaemic effect in dia-
betic rats caused by STZ. The form of diabetes that STZ pro-
duces in rats is IDDM. The extracts’ extra-pancreatic mode 
of action is further supported by the fact that they were able 
to lower blood sugar levels in these animals when compared 
to untreated, healthy rats [20].

In the current study, it was found that the serum insulin 
levels of diabetic control rats were significantly lower than 
those of normal control rats (Table 4). The extract of the 
test drug did not significantly increase the levels of insulin 
after treatment. It means that the extracts did not cause any 
pancreatic cell regrowth. In order to achieve the antihyper-
glycemic effect, they did not boost insulin secretion. If the 
extracts had any insulinotropic activity at all, it would have 

Table 4   Results of 21  days’ treatment of extracts on serum insulin 
levels of streptozotocin-induced diabetic rats

Values are Mean ± SEM; n = 8
ns not significant, when compared with diabetic control group

Treatment Serum insulin 
levels ng/ml

Normal control 1.89 ± 0.04
Diabetic control 0.49 ± 0.02
Insulin (5 U/kg) 0.52 ± 0.03 ns

C. intybus 500 mg/kg 0.48 ± 0.02 ns

Table 5   Results of 21  days treatment of extracts on body and liver 
weight of streptozotocin-induced diabetic rats

Values are Mean ± SEM; n = 8
The changes are not significant when compared with the diabetic con-
trol group

Treatment Body weight (g) Liver weight (g)

Initial Final

Normal control 220 ± 10.65 242 ± 12.46 8.13 ± 0.68
Diabetic control 224 ± 12.36 136 ± 9.38 5.21 ± 0.72
Insulin (5 U/kg) 220 ± 10.82 164 ± 10.12 7.87 ± 0.64
C. intybus 500 mg/kg 220 ± 12.63 156 ± 8.73 7.36 ± 0.82
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only been in a very small portion of the accessible -cell; yet, 
this does not rule out the possibility.

Increased lipid levels are associated with diabetes ill-
nesses, along with hyperglycemia [21, 22]. Plasma triglyc-
eride and cholesterol levels are higher in patients with vari-
ous types of diabetes than in healthy individuals [23]. Early 
atherosclerosis appears to be significantly influenced by the 
lipid profile, which is altered in the serum of diabetic indi-
viduals [24] and includes an increase in total cholesterol 
levels and triglyceride.

Insulin normally causes the lipoprotein lipase enzyme to 
become active and hydrolyze triglycerides. Lack of insulin 
prevents the enzymes from being activated, leading to hyper-
triglyceridemia. Insulin-dependent diabetes has a greater 
plasma free fatty acid level as a result of improved free fatty 
acid release from fat depots [23].

In diabetes studies, streptozotocin treatment results in an 
insulin shortage. Triglycerides, LDL, and VLDL levels ris-
ing are symptoms of hyperglycemia and dyslipidemia [25]. 
The liver and some other tissues participate in a variety of 
metabolic processes, including oxidation, uptake and meta-
bolic conversion of free fatty acids, the production of phos-
pholipids and cholesterol, and the secretion of specific kinds 
of plasma lipoproteins.

Lowering blood cholesterol levels with dietary changes 
or drug therapy seems to be linked to a decreased risk of 
vascular disease and its consequences. Many plants and 
herbal remedies have been shown to reduce blood sugar and 
cholesterol levels [26–28].

5 � Conclusion

According to the findings, streptozotocin-induced diabetes 
in rats resulted in higher levels of circulating lipids. When 
compared to normal untreated control rats, it was discov-
ered that the serum cholesterol levels and several lipoprotein 
fractions, including LDL, HDL, VLDL, and triglycerides, 
had increased. It was discovered that STZ-diabetic rats 
had greater atherogenic indices than normal rats. LDL and 
VLDL to HDL ratio is represented by the atherogenic index. 
Atherogenesis is more likely to occur at higher values, which 
increases the risk of cardiovascular problems. Insulin ther-
apy reduced the amount of elevated lipoproteins and total 
cholesterol. When C. intybus extract was administered, the 
amount of circulating lipids was reduced. Moreover, they 
reduced the atherogenic index. The increase in HDL was 
greater and the atherogenic index was reduced more success-
fully by C. intybus. The findings clearly show that C. intybus 
aqueous extracts had antidiabetic action. To determine the 
mechanism of the extract’s antidiabetic effect, more research 
is needed.
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