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Introduction

The pancreas regulates glucose levels in the blood by 
secreting two antagonistic hormones, i.e., insulin and glu-
cagon. Alpha cells of islets of Langerhans produce gluca-
gon to raise blood glucose whereas, β cells secrete insulin 
that reduces the levels of glucose in the blood (1). Insulin 
regulates the storage of glucose and fats in different body 
tissues such as the liver, brain muscles and even fat tis-
sue. It also promotes the synthesis of protein by enhancing 
amino acid transport and stimulating ribosomal activity 
(2). The insulin insufficiency due to pancreatic damage or 
receptors malfunctioning may result in diabetes mellitus 
type I or II, respectively, characterized by hyperglycemia. 

The insulin-dependent or type I diabetes has the pri-
mary cause of pancreatic β cells damage by autoimmu-
nity, free radicals and/or genetic mutations (3). However, 
insulin-independent or type II diabetes involves ageing, an 
unhealthy lifestyle, inheritance and side effects of medica-
tion. Diabetes if left untreated leads to a series of metabo-
lic disorders such as loss of appetite, weight loss, frequent 
thirst, retinopathy, nephropathy, cardiovascular disorders, 
strokes, neuropathy and even death (4).

The current methods of medicinal control and manage-
ment of diabetes are effective but have side effects. Fur-
ther, these anti-diabetic medicines may regulate glucose 
levels but do not heal the pancreatic damage significantly. 
Insulin administration is painful, expansive and required 
on daily basis for a lifetime. Therefore, natural products 
and medicinal plants have been screened for potential anti-
diabetic and pancreas protective chemicals (5). 

P. hysterophorus is an annual plant about 30 to 150 cm 
long belonging to the Asteraceae family. It is commonly 
called carrot grass and congress grass. It is locally found 
in the Gulf of Mexico, Southern North America, and Parts 
of Africa and the West Indies (6). However, it accidentally 
got transferred to the Indian Subcontinent in 1955 with the 
imported food grains. The plant is currently a major weed 
in Pakistan, Vietnam, Taiwan, India and some countries in 
the east and South Africa (7). It has spread a lot during the 
last two decades and now is widely found in fields, along 
the roadsides, rivers, orchards, crops, degraded pastures 
and on the wasteland (8).

Phytochemical and medicinal analysis of the whole 
plant has shown its antimicrobial, anti-anemic, antipyre-
tic, anticancer, antioxidant, lipo-protective, antioxidant, 
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hypoglycemic, hepatoprotective and anti-cancer potential 
(9-11). It is also known to cure fever, malaria, diarrhea, 
dysentery, and neurologic disorders (12). Therefore, the 
present study investigated the anti-diabetic and pancreases 
protective activity of methanolic extract of P. hysteropho-
rus in alloxan-induced diabetic male rabbits.

Materials and Methods

Plant collection
Plants were collected in March from the various parks 

and roadsides in Islamabad. Plants were authenticated by 
a plant taxonomist at Department of Botany, Pir Mehr Ali 
Shah, Arid Agriculture University, Rawalpindi. At least 1 
kilogram of the plant was collected for the experiment. 

Processing of plant materials
The whole plant of P. hysterophorus after the collection 

was cleaned off. Then the entire plant was dried under the 
shade and cut into small pieces as possible. Then these 
plant pieces were ground using an electrical grinder (WF-
1804) into powdered form. Next, this powdered form of 
the plant was kept in a glass jar away from the sunlight 
(13). Methanol at the ratio of 1:3 was added to the jar 
containing powdered plant material. Stirring was done at 
regular intervals to ensure proper mixing and dipping of 
plant material in methanol.

Preparation of methanolic extract of P. hysterophorus
One kilogram of this powder was soaked into three litres 

of methanol. It was kept in methanol for about one week. 
Next filtration was carried out with the help of Whatman 
filter paper. After filtration extract was concentrated on a 
rotary evaporator. The rotary evaporator was set at 100 
rounds /min and methanol evaporated at 60-degree cen-
tigrade. Then the glass vials were kept in a desiccator for 
about 6 to 8 hours to remove moisture from them. Thus, 
Semi-solid extract was kept in Glass vials in the refrigera-
tor at 4°C for future use (13).

Selection and arrangement of experimental animal
Twenty-five (25) male rabbits having equal weight 

(800-1000 g) were purchased from market. Each group 
(n=5) was tagged with a unique number and kept in a sepa-
rate ventilated cage (floor area: 50X35cm, height: 45cm) 
at the Endocrinology Laboratory, Department of Zoology, 
Pir Mehr Ali Shah, Arid Agriculture University, Rawal-
pindi. Rabbits were kept between 15 ْC to 20 ْC tempera-
ture, 65% humidity, 12 hours of light and dark cycle, and 
food and clean water ad libitum. The experimental animals 
were kept for a week for acclimatization before starting 
the experimentation. 

Preparation of alloxan solution
Alloxan monohydrate powder was added to normal 

saline and stirred to dissolve properly. Sunlight exposure 
was avoided. A dose of 150 mg/kg weight of the rabbit 
was administered to the experimental animal to induce 
diabetes (13).

Safety assessment
Methanolic extracts of P. hysterophorus (MEPH) were 

tested to ensure the safety protocol to be followed during 
the experiment. In that respect, various doses of MEPH 

were tested. Rabbits were divided into 5 groups randomly 
(N=5) and were given the methanolic extract of P. hys-
terophorus per orally at 50 mg/kg, 100 mg/kg and 150 
mg/kg of body weight. Proper food and water were pro-
vided. Animals were kept under observation for the next. 
24 hours. Animals of the group treated with 150 mg/kg 
of MEPH showed anxiety in their behaviour along with 
anorexia. Hence, two therapeutic doses, i.e., 50 mg/kg and 
100 mg/kg were selected for investigating the anti-diabetic 
potential of P. hysterophorus in rabbits.

Experimentation
Rabbits were divided into 5groups (N=5). Group, one 

served as a negative control.
Group II to IV was injected with freshly prepared al-

loxan solution 150 mg/kg intra-peritoneal by the following 
procedure:

Experimental rabbits starved for 18 hours.
1. Alloxan was injected, and rabbits were fed after 1 

hour.
2. After 12 hours of normal feeding, animals fasted for 

the next 12 hours.
3. Glucose levels were checked to ensure hyperglyce-

mia (diabetes)
Once hyperglycemia was induced then the groups re-

ceived the following treatments:
Group I: As a vehicle distilled water was given to this 

group. These animals were used as a control group.
Groups II to V were given alloxan intraperitoneally to 

induce diabetes.
Group II:  was used as diabetic control. Alloxan was 

administered to induce diabetes, but no treatment was pro-
vided to observe the changes in the untreated group.

Group III: Was treated with methanol extract of P. 
hysterphorus at the dose of 50 mg/kg of body weight (low 
dose) for ten days orally through a feeding cannula.

Group1V: Was treated with methanolic extract of P. 
hysterphorus at the dose of 100 mg/kg of body weight 
(high dose) for 10 days orally through a feeding cannula 
(14).

Group V: Was treated with Glucophage (metformin as 
standard drug) 62.5 mg/kg of the bodyweight for 10 days 
after one dose of alloxan on day one (14).

Measurement of body weight
A rodent weighing machine was used to measure the 

weight of each rabbit from all the groups. Data on the body 
weight was collected on the first, fourth seventh and tenth 
day of experimentation.

Collection of blood
The blood sampling was carried out from the disinfec-

ted surface ear. Blood samples from the Saphenous vein of 
each rabbit were collected from all groups to measure the 
blood glucose level on day one (1st, 3rd, 5th and 7th hours), 
4th, 7th and 10th day with a digital glucometer. The body 
weight of all the animals was also measured and recorded.

Dissection of animals
Animals of all the groups were anaesthetized with 

chloroform and dissected. The pancreas was traced and 
isolated and placed in a petri dish. The pancreas was 
washed with distilled water to remove the blood and other 
debris. Moreover, the isolated pancreas was preserved in 



42

Munazza Makhdoom  et al. / Anti-diabetic Potential of Parthenium hysterophorous, 2022, 68(7): 40-45

considered at P < 0.05 between the groups.

Results and Discussion

Body weight
Table 1 shows the mean body weight of control group 

differed non-significantly (p>0.05) from all treatment 
groups. Similarly, non-significant (p>0.05) difference 
in mean body weight was found between all treatment 
groups.

Blood glucose level
Comparison of the blood glucose level of treatments at 

0, 1st, 3rd, 5th and 7th hours showed that the control group 
was significantly(p<0.05) lower than all the other groups 
(Table 2).

All the treated groups had statistically similar (p>0.05) 
glucose levels up to 3 hours of treatment. However, at the 
5th and 7th hour of treatment, Alloxan treated group had 
significantly (p>0.05) higher glucose levels than all other 
groups. The Alloxan+MEPH (50mg/kg) group significant-
ly (p<0.05) reduced glucose levels at the 5th and 7th hours 
than the control and Alloxan treated group. However, the 
Alloxan+MEPH (100 mg/kg) group was the most effective 
to reduce glucose levels compared to Alloxan+Glucophage 
(62.5 mg/kg) at the 5th and 7th hours of treatment (Table 2). 

Blood glucose level over 10 days period
Alloxan+Glucophage at day 4 had lowest (p<0.05) 

blood glucose level. However, later, day 7 and day 10 the 
Alloxan+MEPH (100 mg/kg) decreased blood glucose com-
parative to the positive control, i.e., Alloxan+Glucophage 
treatment (Table 3).

Histopathological investigations
The pancreas isolated from group-I served as a normal 

control the group exhibited a normal cellular population 

10% formalin (15). Pancreatic tissues were used for histo-
pathology. The Samples were photographed for detailed 
histopathological studies with a light microscope (NIKON 
Eclipse 80i).

Histopathological examination
Pancreases were isolated from the dissected rabbit and 

were transferred to 10% formalin to preserve it. The pre-
served pancreas was utilized for histopathology. It was 
treated with a 0.85% saline solution to remove any blood 
or debris attached. Then fixation of the tissue to preserve 
cells and tissue and prevent it from autolysis was done by 
keeping it in Bovine’s fluid for 16 to 24 hours. The paraf-
fin wax method was used for the microtome. The tissue 
was immersed in gradual series of alcohol. Sectioning 
was done by fixing the wax block in the rotary microtome 
(LEICA RM2125RT) and sections were cut in the form 
of ribbons (7-10 um thick). A water bath at 42-46°C was 
used to eradicate any wrinkles in the sections. Moreover, 
an adhesive solution of Mayer’s albumin was smeared on 
a glass slide.

De-waxing was done by using downgrades of alcohol 
such as 100%, 90%, 70%, and tap water. The staining of 
the section was done next. Hematoxylin and eosin stains 
stained the nucleus and cytoplasm of the tissue respecti-
vely. Clove oil made it transparent later, excess oil and 
alcohol were removed by using xylene. Finally, the section 
was mounted using Canada balsam or D.P.X (diphenyl 
xylene). The Samples were photographed for detailed his-
topathological studies with a light microscope (NIKON 
eclipse 80i) (16).

Statistical analysis
All the results obtained from the data of bodyweight 

and long and short-term blood sugar levels were expressed 
as mean±standard error (S.E) and compared by ANOVA 
followed by Tukey’s test. The significant difference was 

Table 1. Effect of treatments of methanolic extract of P. hysterophorus on body weight (g) of rabbits.

Treatment/Days Day 1
Mean±S.E

Day 4
Mean±S.E

Day 7
Mean±S.E

Day 10
Mean±S.E

Control 970.00±32.98 973.20±32.58 977.60±31.42 983.80±29.70
Alloxan treated 952.60±46.25 936.80±44.99 929.00±47.50 941.40±37.25
Alloxan+MEPH (50 mg/kg) 935.00±43.06 939.20±43.35 942.00±43.01 945.00±43.54
Alloxan+ MEPH (100 mg/kg) 947.40±44.85 953.60±43.46 959.00±43.89 964.80±43.78
Alloxan + Glucophage (62.5 mg/kg) 954.40±40.45 951.20±40.64 946.60±42.10 945.00±38.69

Two-way analysis of variance (ANOVA); All values are non-significantly different at p>0.05; MEPH: methanolic extract of P. hysterophorus

Table2. Effect of treatment of methanolic extract of P. hysterophorus on blood glucose level (mg/dl)

Treatment/Days 0 hour
Mean±SE

1st hour
Mean±SE

3rd hour
Mean±S.E

5th hour
Mean±S.E

7th hour
Mean±S.E

Control 86.0±6.52a 96.6±4.83a 100.4±3.85a 108.2±3.08a 108.2±2.49a

Alloxan treated 201.6±11.67b 205.8±11.05b 210.2±11.17c 214.6±11.67d 218.6±10.74d

Alloxan+ MEPH (50 mg/kg) 189.4±12.28b 186.2±10.84b 181.2±6.46c 172.6±7.64c 170.0±6.75c

Alloxan+ MEPH (100 mg/kg 198.6±5.22b 178.8±4.66b 164.00±5.00b 147.60±7.57b 135.60±5.86b

Alloxan + Glucophage (62.5 mg/kg) 189.50±12.56b 169.20±10.55b 159.40±13.80b 145.20±17.68b 131.17±20.31b

Analysis of Variance followed by Turkey’s test; Values with different alphabets are significantly different at p<0.05 within a column; MEPH: 
methanolic extract of P. hysterophorus 
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in histological sections (Figure 1. a). Hence, this group 
showed normal functioning of pancreatic tissue. Alloxan 
treated group alone showed deteriorated cellular morpho-
logy with necrosis, blood vessels dilated and ruptured 
showing haemorrhaged tissue (Figure 1. b).

Pancreatic tissue isolated from group III which was 
treated with a low dose of MEPH (50 mg/kg) after indu-
cing diabetes with alloxan showed distorted morphology. 
Slight restoration of the tissue can be observed. Howe-
ver, no significant repair of the tissue was seen as low-
dose treatment did not show any significant tissue repair 
(Figure 1. c). Pancreatic tissue from group IV which was 
treated with a high dose of MEPH (100 mg/kg) showed 
significant regeneration of the cellular population which 
resembles the cellular population of the control group (Fi-
gure 1. d). Pancreatic tissue isolated from group V which 
was treated with standard drug at the dose of 62.5 mg/kg 
did not exhibit any significant improvement in the dege-
nerated tissue. Hence allelopathic drug reduces the blood 
sugar level to normal but is unable to repair the damaged 
tissue (Figure 1. e).

Diabetes mellitus is a prevalent chronic metabolic di-
sorder. It is characterized by low or absence of insulin pro-
duction which leads to hyperglycemia. Diabetes mellitus 
is affecting most of the world’s population at a great speed. 
Synthetic medicines possess several limitations so anti-
diabetic agents from herbal drugs need to be used to cure 
hyperglycemia. The present study aimed to investigate 
the anti-diabetic potential of P. hysterphorus in alloxan-
induced diabetic rabbits. The data of the present study 
clearly showed that the oral administration of methanolic 
extract of the plant at both doses (50 and 100 mg/kg body 
weight) produced a significant hypoglycemic effect in the 
alloxan-induced diabetic rabbits. 

P. hysterphorus possess flavonoids, glycosides, alka-
loids, tannins, and phenolics which makes the plant to 
cause hypoglycemia. (17-20). A drug named Alloxan mo-
nohydrate specifically damages pancreatic beta cells and 
induces diabetes in the experimental model. Methanolic 
extract of P. hysterphorus when administered regularly as 
treatment was found to have a significant effect in redu-
cing blood glucose levels.

In the present study alloxan-induced diabetes was de-
veloped by the administration of the dose of 150 mg /kg 
weight of the rabbit given intraperitoneally (13). Alloxan-
induced diabetic animals were treated with low and high 
doses of the plant extract, while one group of diabetic rab-
bits was treated with the standard drug Glucophage (62.5 
mg/kg) for 10 days. Oral administration of MEPH at the 
low dose, i.e., 50 mg/kg of body weight and high dose, 
i.e., 100 mg/kg exhibited a significant reduction in blood 
glucose level in both treatment groups as compared to 
the untreated diabetic group. However, the standard drug 

(Glucophage) treated group also exhibited a significant 
decrease in hyperglycemia. 

The MEPH dose of 50 mg/kg of body weight decreased 
the blood glucose level but couldn’t bring glucose levels 
to their normal range during 10 days of study. However, 
the MEPH dose of 100 mg/kg of body weight decreased 
blood glucose level to a significant level for 10 days. Glu-
cophage treated group also showed reduced blood glucose 
levels for 10 days. Results reveal that treatments with the 
MEPH did not exhibit any significant weight gain in the 
rabbits. However, the increased weight may be due to the 
intake of food and growth during the ten days of the expe-
rimental period.

Statistical analysis reveals that blood glucose levels of 
rabbits, having alloxan-induced diabetes were significant-
ly reduced when administered with two different MEPH 
doses (50 mg/kg & 100 mg/kg) of P. hysterophorus. 
However, a high dose showed more hypoglycemic effects. 
Moreover, MEPH acted as a healing factor as well as com-
pared to the standard drug, i.e., Glucophage. 

The histological characteristics of the pancreatic tissue 
of all the experimental groups are shown. The tissue sec-
tion of the control group tissue showed the normal cel-
lular population with acini. Alloxan treated alone showed 

Figure 1. Photomicrograph of control and treatment groups showing 
pancreas tissue damage and healing.

Analysis of Variance followed by Turkey’s test; Values with different alphabets are significantly different at 
p<0.05 within a column; MEPH: methanolic extract of P. hysterophorus.

Table 3. Effect of Day-wise treatments of methanolic extract of P. hysterophorus on blood glucose level mg/dl

Treatment/Days Day 4
Mean±S.E

Day 7
Mean±S.E

Day 10
Mean±S.E

Alloxan+ MEPH (50 mg/kg) 99.20±7.98b 99.40±3.05b 95.00±3.81b

Alloxan+ MEPH (100 mg/kg) 94.00±5.83b 87.40±6.84a 82.60±4.39a

Alloxan + Glucophage (62.5 mg/kg) 82.20±2.59a 78.40±2.41a 78.40±4.72a
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inflammation in the tissue along with necrosis and ves-
sel haemorrhage. Tissue degeneration was also observed. 
Apoptosis occurring in the cellular population was investi-
gated. Histology of the treated groups with MEPH showed 
slight regeneration of the damaged tissue. The cellular 
population of the 50 mg/kg MEPH treated group exhibited 
slight repair of destroyed tissue compared to the alloxan 
treated group. The 100 mg/kg MEPH treated group showed 
more restoration of damaged tissue as compared to a low 
dose (50 mg/kg). Glucophage (standard drug) used to treat 
diabetes reduced the blood sugar level but did not repair 
the damaged tissue. 

The decrease in blood glucose may be due to increase 
in the secretion of insulin from pancreas, decrease in 
conversion of dietary carbohydrates into glucose, gluco-
neogenesis, glycogenolysis, and healing of pancreatic tis-
sue (21). The alloxan destroy tissues by oxidative stress 
and healing of tissue is the most probable mechanism of 
MEPH. However, the phenols and flavonoids present in 
MEPH also have potential to inhibit α-glucosidase resul-
ting in decrease glucose synthesis from dietary carbohy-
drates and its absorption into the blood (22). However, 
this mechanism should have decreased body weight of 
MEPH treated groups overtime as compared to the control 
group contrary to our results of body weight. The phenolic 
compounds such as chlorogenic acid found in MEPH has 
hypoglycemic potential by inhibiting glucose-6-phosphate 
translocase that otherwise transports glucose-6-phosphate 
into the lumen of the endoplasmic reticulum to hydrolyze 
it into glucose. Similarly, ellagic acid and alkaloids also 
inhibit the glucose-1-phosphate, a key enzyme of glyco-
genolysis (23). 

The apoptosis and inflammation could be attributed to 
the antioxidants ad anti-inflammatory chemicals present in 
the plant. P. hysterophorus exhibited high concentrations 
of polyphenol and flavonoids responsible for tissue hea-
ling (24).  Hence, this study suggests that MEPH has po-
tential to cure both type-I and type-II diabetes and MEPH 
at the dose of 100 mg/kg not only reduces the blood sugar 
to a normal level, but it also repairs the damaged pancrea-
tic tissue as well. 

In the present study, only methanolic extract was used. 
There is a need to investigate the potential of plant ex-
tracts prepared in aqueous and other organic solvent me-
diums. Similarly, in the present study whole plant extract 
was used. However, the extracts of specific plant parts 
may also be screened. In vitro screening of antioxidation, 
anti-inflammation and carbohydrate metabolism related 
enzyme inhibition should also be carried out to reveal the 
most probable mechanism of hypoglycemia and tissue 
repairing by MEPH. 

Methanolic extract of P. hysterophorus at a dose of 50 
mg/kg and 100 mg/kg contain anti-diabetic activity. Oral 
administration of methanolic extract of P. hysterophorus 
at the dose of 50 mg/kg and 100 mg/kg did not bring any 
significant weight gain. Oral administration of methanolic 
extract of P. hysterophorus at the high dose of 100 mg/kg 
is more effective as compared to the low dose of 50 mg/kg. 
Methanolic extract of P. hysterophorus at the dose of 100 
mg/kg restored pancreatic damaged tissue hence MEPH 
possesses tissue healing capability as well.
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