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ABSTRACT 
Purpose: The present research work was designed to explore the mitigating 
properties of Carissa carandus fruit pulp extract on the 
pancreatic histopathologies of Carbofuran treated mice. 

Methods: There were 4 experimental groups: 1) Vehicle Control group (VC); 
treated with 0.1mL of 5% DMSO solution in corn oil for first 3 days and normal 
water for next five days. 2): Carbofuran group (CF); received 0.1mL of 5% 
DMSO+5mg/kg Carbofuran solution in corn oil for 3 days followed by normal 
water for rest of 5 days. 3): Carissa carandus group (CC); received 0.1mL of 5% 
DMSO solution in corn oil for 1-3 days, not treated with any dose on day 4 and 
0.1mL of Carissa carandus solution was given for remaining 4 days. 4) 
Carbofuran+ Carissa carandus group (CF+CC); treated with 0.1mL of 5% 
DMSO+5mg/kg Carbofuran solution in corn oil till day 3, no treatment on day 4 
and 0.1mL of Carissa carandus solution from day 5 to 8. Animals were dissected 
on the 9

th
 day of study to recover intact pancreas for histopathological and 

micrometric studies. 
Results: All histopathological and micrometric results proved that carbofuran is 
highly toxic for endocrine and exocrine pancreas. Prominent histopathological 
landmarks like lipid droplets in various areas inside the islets of Langerhans, 
acinar fat cells and lipid steatosis in exocrine tissue clearly illustrated 
degenerative effect of carbofuran. The relative area occupied by endocrine and 
exocrine cells per unit area (116 µm

2
) was significantly (p≤0.05) lower for CF as 

compared to VC. Similarly significant (p≤0.05) increase in mean width of inter 
acinar spaces was obvious in CF (5.5±0.4µm) as compared to VC (1.7±0.2µm). All 
these histological and micrometric deteriorations of carbofuran treatments were 
noticeably reversed in CF+CC group.  
Conclusions: These findings clearly indicate that carbofuran is a potent toxicant 
for endocrine and exocrine pancreas and Carissa carandus fruit pulp extract 
possess rescuing and regenerative potentials against such pancreatoxic effects of 
carbofuran in male mice.  
Key-words: Carbofuran; Carissa carandus; Koranda; Furadan; Pancreas; alpha 
cells; beta cells: delta cells 
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INTRODUCTION 

       Carbofuran is derivative of carbamate insecticide 

commonly known as furadan
1
 having anti acetyl 

cholinesterase activity
2
. Carbofuran exposure induced 

toxicity in heart, brain and liver,
 3

 kidney toxicity in rat 

sperm toxicity in mouse,
 4

acute pancreas toxicity in 

human
5
. It has been previously reported that 

carbofuran induced oxidative stress in brain by crossing 

blood brain barrier and disrupting sodium potassium 

pumps in neuronal membrane of rats
6
. Moreover, it 

changed the lipid profile of lactate dehydrogenase, 

catalase, malondialdehyde, antioxidants superoxide 

dismutase and cholesterol, induced oxidative stress in 

heart of rats
3
. It also induced hematological alteration 

such as white blood cells, platelets distribution and 

liver injuries in a rat model
7
.  

The pancreas is an endocrine gland mainly consist of 

exocrine acinar cells that secrete pancreatic juice and 

endocrine islets of Langerhans mainly comprise alpha, 

beta and delta cells that secrete hormones glucagon, 

insulin and somatostatin respectively 
8--11

. Any drastic 

changes in exocrine pancreas will lead to disturbance in 

the digestive system. Moreover, damage of endocrine 

pancreas will be the ultimate cause of hormonal and 

insulin imbalance leading towards diabetic condition
12, 

13
.   

Several studies have shown the phytochemical 

potential of natural medicinal plants to impede the 

toxicological exposure of insecticides
14

. Carissa 

carandus (commonly known as Karonda) is considered 

one of the natural phytochemicals containing carisol, 

epimer of α-amyrin, carissic acid, linalool, β-

caryophyllene, ascorbic acid, carissone, carindone and 

β-sitosterol in its fruit extract as well studies had 

shown anti-inflammatory activity of karonda in rats
15

. 

Researchers have proven analgesic potential
16

, hepato-

protective ability
17

, renal protective activity
18

, antiulcer 

potential
19

, cardio-protective potential
20

 and anti-

cancer potential
21

. Studies also revealed that flavonoid 

and methanol content of koranda extract had shown 

mitigation potential in term of hypoglycemic as well as 

anti-hyperglycemic effects on pancreas of rats
22

. 

Therefore, aims of the present study were to provide 

information about the ameliorative potential of Carissa 

carandus fruit pulp extract against pancreas 

histopathologies develop by carbofuran exposure in 

albino mice.  

MATERIAL AND METHODS 

The present study was conducted on 40 male albino 

mice (Mus musculus) reared in animal house of The 

Department of Zoology, University of Sargodha. Mice 

were divided into four groups in separate cages. Room 

temperature was regularly monitored and kept at 20-

23°C. Water and feed with appropriate amount of 

essential nutrients was provided daily. For the 

experiment, 20 healthy mice weighing between 28-

30gm were used.  

Preparation of required dose of insecticide 

The standard solution was 5mg/kg, it was prepared by  

For 1000g animal desired dose is = 5mg 

For each 1g animal desired dose is= 5mg/1000g 

For 30g animal desired dose is= 5mg/1000g*30g 

                                                               = 0.15mg/30g 

The dose of 0.1mL of carbofuran solution was given to 
the animals. So the dose of each 0.1mL of 5mg/kg of 

carbofuran solution must contain 0.15mg of 
carbofuran.  

Preparation of koranda fruit pulp extract 

Koranda fruits were collected and seeds were 

separated from fruits. Fruits were crushed in sterilized 

electric blender in order to obtain the koranda fruit 

pulp extract. This fruit extract were stored in freezer at 

-21°C. 

 

 

 

 

Figure 1: Shows {A: Carissa carandus is ever green 
shrub consist of root, stem, flower and red to dark 
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purple fruit; B: Carissa carandus fruits; C: Ripe Karanda 
fruit; D: Carissa carandus flowers} 

Corn oil and DMSO 

5% DMSO was mixed with corn oil in proportion of 
0.5mL DMSO and 9.5mL corn oil. 

Dose Groups 

Forty animals were divided into four groups and each 

group contains 10 animals.  

 Vehicle Control/VC: the animals received 

0.1mL corn oil with 5% DMSO through gavage 

on days 1-3 and normal water on days 5-8.  

 Carbofuran/CF: was administered 0.1mL 

solution of carbofuran in corn oil and 5% 

DMSO on days 1- 3 through gavage and 

normal water on days 5-8.  

 Carissa carandus/CC: the animals received 

0.1mL corn oil with 5% DMSO on days 1-3 and 

0.1mL gavage of CC solution on days 5-8.  

 Carbofuran+Carissa carandus/CF+CC: the 

animals received 0.1mL solution of carbofuran 

in corn oil and 5% DMSO on days 1-3 & 0.1mL 

CC solution on days 5-8 through gavage. 

Excision of pancreas  

Each animal was dissected at 9
th

 day. All the animals 

were weighed before dissections. In order to obtain 

the pancreas cervical dislocation was performed. With 

help of scissor and forceps entire pancreas was 

removed from right side of animal body. After excision 

pancreas was put into (0.9%) saline solution and then 

transfer into formalin fixative (60% alcohol+30% 

formalin+10% glacial acetic acid) for 48hours.  

Histological observation 

After removal from fixative solution pancreas were 

dehydrated in different groups of ethanol (50%, 70%, 

90% and 100%) and finally treated with xylene for 

clearance. After that, the processed pancreas 

embedded into wax for blocks.  Rotary microtome 

(ERMA TOKYO 422) used in order to obtain the 2-3 

micron section. Sectioned slides were stained with help 

of Eosin and Haematoxylin. 

 

Photomicrography 

These slides were finally observed under trinocular 

research microscope (Labomed CXR2) for 

histopathological observations mechanically fitted with 

Sony Cybershot (Model: DSC-W35) 7.2 megapixel 

digital camera. 

Micrometry 

The measurement of mean Cross Sectional area (CSA) 

of individual acinar cells, relative abundance of beta 

cells, alpha cells & delta cells, number of endocrine 

cells/unit area, relative area occupied by endocrine 

cells and width of inter acinar spaces were obtained 

from randomly selected (400X) sections of pancreas in 

calibrated scale of CoralDRAW11. The calibrated values 

were put in the following formula. 

CSA = (Length x Width/4) x 3.14 

Analysis of data and statistical application 

The micrometric data was analyzed by applying to 
ANOVA and Tukey multiple Range test (TMRT) in SPSS 
Software. 

RESULT 

Micrometric Results 

Relative abundance of Alpha, Beta and Delta 
cells/unit area (µm

2
) 

Statistical analysis of data for relative abundance 

occupied by Alpha cells, beta cells and delta cells 

through one way ANOVA revealed that the overall 

abundance of alpha, beta cell and delta cells decreased 

in the CF group {(1.9 ±0. 1)
α
, (3.3±0.2)

β
,(0.6±0.1)

€
} and 

increased in CC groups{(3.0±0.0)
α
, (6.6±0.2)

β
, (2.8 

±0.1)
€
} as compared to VC group {(3.9 ±0.1)α, 

(5.9±0.2)
β
, (2.7±0.1)

€
}. Abundance rate was also high in 

the CF+CC mention as {(3.7±0.1)
 α

, (7.6±0.3)
 β

, (2.5 ±0.1)
 

€
}. However, selective degeneration is more in delta 

cell of CF group whereas selective regeneration was 

abundant in beta cells of CF+CC group (Figure 2). 

This micrometric results table shows that the relative 

area occupied by endocrine and exocrine cells/unit 

area (116 µm
2
) was significantly (p≤0.05) lower in CF as 

compared to VC. Similarly, significant (p≤0.05) 

extension in mean width of inter acinar spaces was 

obvious in CF (5.5±0.4µm) as compared to VC 
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(1.7±0.2µm). Mean CSA of Endocrine cells has shown 

very significant differences (p≤0.05) between CF (17.1 ± 

0.5µm
2
) and VC (28.6 ± 0.6µm

2
) groups. Mean CSA of 

acinar cells have shown significant decreased value for 

CF (42.0 ± 5.7µm
2
) as compared to VC (77.8± 3.0µm

2
) 

(Table 1). 

Biochemistry Results 

Biochemistry results revealed that glucose level 

significantly increased in koranda group (242.3±13.3 

mg/dl). A Cholesterol level significantly increases in 

CF+CC (179.3±41.3 mg/dl). Triglycerides level 

significantly increased in koranda group (103±19.2 

mg/dl). An HDL level significantly increased in 

carbofuran group (41 ± 0.5 mg/dl). LDL and VLDL level 

increased in CF+CC group respectively (93 ± 22.1mg/dl ; 

19± 2.9 mg/dl) (Table 2). 

 

Figure 2. Area graph showing the comparison of 
relative abundance occupied by Alpha (Blue), Beta 
(Red) and Delta (Green) cells among groups. (VC. 
Control, CF. carbofuran, CC. Carissa carandus, CF+CC. 
Carbofuran+ Carissa carandus) 

Histological Results 

Histological section of mice pancreas in the vehicle 

control group showed normal, healthy and round 

shaped islets of Langerhans. Evenly distributed 

endocrine cells in islets and rich network of blood 

vessel with the close acquaintance around the islets of 

Langerhans was detected. Similarly, healthy acinar cells 

with prominent peripheral nuclei were also observed 

Fig: 3 (A)  

Carissa carandus treated group showed more 

prominent features as compared to control group as 

the islets of Langerhans become larger and healthier, 

showing the hypertrophy as well as hyperplasia in islets 

of Langerhans as well localized hyperplasia in individual 

endocrine cells. There was an increase in eosinophilic 

cytoplast in acinar cells, so they become larger in size. 

Fig: 3 (B). 

Mice pancreas treated with carbofuran showed the 

landmarks of lipid accumulation (lipid droplets 

formation in various spaces) inside islets of Langerhans 

that resulted in shrinkage of endocrine cells. Exocrine 

degeneration by prominent lipid steatosis was 

observed (as indicted by the accumulation of lipid) in 

acinar tissues. Both exocrine as well as endocrine 

pancreas steatosis were observed in histopathological 

result depicting the destructive nature of carbofuran 

insecticide. Fig: 3 (C1) (C2)  

Histological sections of the Carbofuran+Carissa 

carandus group indicated both degenerative as well as 

rehabilitative landmarks in term of lipid accumulation 

inside the islets and islets emergence in the endocrine 

area respectively. Acinar fat cells depict carbofuran 

degenerative effect and developing acinar indicates the 

rehabilitative power of Carissa carandus inside the 

exocrine tissue. Regenerative signs were observed in 

both exocrine as well as endocrine depicting mitigating 

potential of Carissa carandus against carbofuran 

intoxication   Fig: 3 (D). 

 Figure 3:    Histological section of albino mice 
pancreas. at 400x: A: (CON), B: (CC), C1: (CF), C2: (CF), 
D: (CF+CC); a: Islet of langerhans, b:Healthy single 
acinus, c: Blood vessel, a1: Fat accumulation inside the 
Islet, a2: Hypertrophy (hyperplasia) of the Islet, a3: 

0

5

10

15

VC CF CC CF+CC

Relative abundance of 
Alpha, beta and delta 

cells 
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localized hyperplasia of endocrine cells, a4: emerging  
Islet, b1: lipid droplets in acinar cells, b2: regenerating 
(developing) acinar cells. 

 

 

Table 1. Micrometric results of various parameters of exocrine and endocrine Pancreas (CSA= cross sectional area) 

Ɨ: analyzed by ANOVA, *** highly significant, **:  very significant, *: significant, no star: no significant difference. 
abc  

the 
mean values in a row not sharing a common superscript differ significantly (p≤0.05) with each other. 

 Table 2. Level of glucose, cholesterol, triglycerides, HDL, LDL and VLDL in VC, CF, CC and CF+CC treated groups 

Ɨ: analyzed by ANOVA, *** highly significant, **:  very significant,*: significant, no star: no significant difference. 
abc 

The 
mean values in a row not sharing a common superscript differ significantly (p≤0.05) with each other. 

DISCUSSION 

Insecticidal toxicity of endocrine glands is a hot issue of 

research nowadays
23

. Carbofuran is derivative of 

carbamates insecticides that causes various drastic 

toxicities in liver, kidney, ovary, thyroid gland and 

blood, also act as endocrine disruptor
24

.   

 The pancreas is an endocrine organ consisting exocrine 

acinar cells that secrete digestive enzyme and 

endocrine islets of Langerhans mainly comprised of 

alpha, beta and delta cells that secrete hormones 

glucagon, insulin and somatostatin respectively
25

. 

Results reported here have been obtained from the 

research work conducted on the pancreatic pathology 

of carbofuran exposure. Any drastic changes in 

exocrine pancreas become cause of digestive system 

damage as well toxicity in endocrine pancreas leading 

towards hormonal and insulin imbalance that is 

ultimate cause of diabetes
26

.  

Result of present research demonstrated that fatty 

acinar cells or lipid droplets in acinar cells in carbofuran 

treated groups seems to be well in line with the above 

said lipid deposition in exocrine pancreas on ethanol 

exposure
27

. High fat diet became the cause of lipid 

droplets in acinar cells and intralobular fat 

accumulation in exocrine pancreas
28,29

. Endocrine lipid 

Micrometric Parameters 
Groups 

VC CF CC CF+CC 

ƗRelative area occupied by 
endocrine cells (116 um

2
) 

 Endoc endocrine cells (µm
2
)*   

22.8± 1.9
b
 77.7± 5.0

a
 99.7± 7.3

b 
92.3 ± 6.3

b 

ƗMean Width of inter acinus spaces 
(µm)***(mm)***§§ 

1.7± 0.2
a 

5.5± 0.4
c 

3.5± 0.2
b 

1.7± 0.3
a 

ƗCSA of endocrine cell (um
2
)** 28.6± 0.6

b 
17.1± 0.5

a
 24.8± 2.6

b 
23.7± 2.7

ab 

ƗCSA of acinar cell(um
2
)*** 77.8± 3.0

b 
42.0± 5.7

a
 99.3± 3.34

c
 92.9± 5.7

bc
 

ƗRelative area occupied by 
exocrine cells (116 um

2
) 

*** 

844.2 ± 38.8
b 

190.4 ±35.2
a
 860.9 ±38.8

b
 853.3± 84.5

b
 

Biochemical Parameters 
Mean + SEM 

VC CF CC CF+CC 

ƗGlucose (mg/dl)*** 84 ±3.6
a
 242.3±13.3

c
 178±19.0

b 
181±19.2

bc 

Ɨ Cholesterol (mg/dl) 

(mm)***§§ 

92±6.5
a 

115±5.2
 a 

140±13.5
a 

179.3±41.3
a 

Ɨ Triglycerides (mg/dl) 

(mm)*§ 

         99±15.9
a
 

 
103±19.2

a
 80 ±7.9

a 
81 ±23.5

a 

Ɨ HDL (mg/dl) 

 

* * 

24± 1.5
ab 

19 ± 0.8
a
 41 ± 0.5

b
 26 ± 9.0

ab
 

Ɨ L DL (mg/dl) 

 

66± 13.6
a 

82± 8.4
a
 83± 13.7

a
 93 ± 22.1

a
 

Ɨ VLDL (mg/dl) 20 ± 3.2
a 

20± 3.6
a
 16± 1.5

a
 19± 2.9

a
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accumulation, fatty acinar cells and pancreatic 

steatosis indicate toxicity related to Carbofuran 

histopathologies. Whereas the micrometric results 

further associate these histopathological findings as 

comparative decreased in abundance of alpha cells, 

beta cells and delta cells. It has been reported in 

literature that carbofuran induce oxidative stress in 

many organisms
30

. The increase deposition of fat in 

exocrine and endocrine pancreas may be a secondary 

effect of carbofuran mediated through increased 

number of insulin receptors on the exocrine pancreas 

as well as beta cells of pancreas.  

In this context it seems that increased number of 

receptors on above mention two types of cells may 

lead to lipogenesis and depositions of lipid droplets 

that consequently lead to pancreatic steatosis at this 

case at the expense of all the functional exocrine tissue 

and the beta cells of endocrine pancreas. This logic 

appears more appropriate if we see it in connection 

with micrometric results showing a smaller number of 

exocrine cells per unit area and endocrine cells per unit 

area. However, results obtained from endocrine 

pancreatic steatosis of carbofuran exposure, are not 

analogous to any of the prevailing information in the 

reported literature as it is firstly reported work. It is 

reported in literature that lipid accumulation becomes 

a cause of inflammation, oxidative stress, diabetes and 

pancreas pathogenesis leading to diabetic conditions in 

some animal models 
31,32

.  

Certain phytochemicals with antioxidant properties 

improves the tissues potential to cope up with 

oxidative stress of intoxication
33, 34

. To our knowledge, 

our research study is the first report to investigate the 

mitigation phytochemical potential of Carissa carandus 

against carbofuran induced pancreatoxcity in mice. The 

unique findings of the present research work indicating 

hypertrophy of the Islet and localized hyperplasia of 

endocrine cells in Carissa carandus treated group. Post 

treatment of Carissa carandus in carbofuran treated 

animal groups shows regenerating acinar cells in 

exocrine pancreas and the signs of appearance of new 

islets also indicate proliferations and migration of the 

pancreatic cells from the preexists islets to new places 

along the blood vessels, Moreover, regeneration 

occurs in alpha, beta and delta cells, but high rate of 

selective regeneration occur exclusively in beta cells 

indicating Carissa carandus anti-diabetic effect. It has 

been reported in recent study that Carissa carandus 

fruit extract regenerate beta cells in wistar rats 

depicting anti diabetic effect
35

. Carissa carandus fruit 

extract has unique phytochemical components that 

explicit mitigation potential against histological 

pancreatoxcity by carbofuran. No oil causes 

rejuvenation of the endocrine capacity of the pancreas 

after pathological destruction of bifenthrin
36

. It is 

reported in literature that koranda fruits were used to 

make jellies and jams, but polyphenolic, flavonoid and 

flavanone phytochemical components of Carissa 

carandus fruit explicit anti-diabetic potential in Swiss 

albino rats
37

. Results of the present study revealed that 

Carbofuran induces following toxic effect for both 

endocrine (fat accumulation in islets of Langerhans, 

endocrine steatosis) as well as exocrine (fatty acinar 

cells and lipid droplets in exocrine pancreas) pancreas 

and koranda show anti diabetic effect. 

CONCLUSIONS 

Carbofuran exposure causes histopathological 

alterations in the pancreatic tissues. Such destructive 

changes by carbofuran exposure can be recovered by 

Carissa carandus fruit pulp extract therapy, signifying 

the enormous potential of Carissa carandus mainly for 

restorations of the endocrine component of pancreas 

and beta cells.  
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