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INTRODUCTION                                                          

Pancreatitis is an inflammatory disease of the 
pancreas caused by leakage of activated pancreatic 
enzymes and leads to disintegration of pancreatic 
parenchyma[1]. There are two forms of pancreatitis: 
acute and chronic. Acute pancreatitis is a complicated 
condition with variable severity and duration. The 
most common clinical sign is abdominal pain and 
tenderness[2].

Antipsychotic medications are used to treat bipolar 
disorder, manic episodes as well as schizophrenia. 
Schizophrenia is a chronic, severe illness that affects 
around 21 million people globally. Typically, the 

most well-known antipsychotics are haloperidol 
(Haldol) and chlorpromazine (Thorazine). They are 
still helpful in the treatment of behavioral   disorders 
and severe psychosis. However, a high risk of severe 
side effects, which is associated with certain drugs. 
Drug producers created a new class of medications 
known as atypical antipsychotics in response to 
these severe adverse effects[3].

On the other hand, one of the most often given 
atypical antipsychotic medications is olanzapine 
(OLZ). It is used to treat manic episodes, mixed 
episodes of bipolar illness, the acute phase and 
maintenance of schizophrenia and the maintenance 
of bipolar I disorder[4 - 5].

ABSTRACT
Introduction: Olanzapine is an atypical antipsychotic prescribed usually for treatment of psychiatric disorders as schizophrenia. 
It has been widely documented to induce pancreatitis and type 2 diabetes mellitus. Granulocyte colony stimulating factor (G-CSF) 
is an approved drug for treatment of leucopenia and for mobilization of haemopoietic stem cells from bone marrow towards 
peripheral circulation. Umbelliferon is a natural plant product that has multiple pharmacological characteristics, including anti-
inflammatory, antioxidant, anti-apoptotic and anti-diabetic actions.
Aim of the Work: This research intended to compare the potential therapeutic benefits of umbelliferon and G-CSF on induced 
pancreatic injury.
Materials and Methods: We utilized forty-eight adult male albino rats that were subdivided into 4 groups; control group, 
olanzapine group, G-CSF treated group and Umbelliferon treated group. All animals were sacrificed at the end of the experiment 
and then tissue and serum were gathered for a biochemical analysis. Histological sections from each group were taken and 
examined under the light and electron microscopes. Results were subjected to morphometrical and statistical studies.
Results: The histological and biochemical results showed different pathological changes of the pancreatic tissue in olanzapine 
group as distorted acini, thickened septa and congested blood vessels. Also elevated serum amylase and oxidative stress 
markers as MDA and SOD was shown in the olanzapine group. The GCSF-treated group showed a histological and biochemical 
improvement, however the structural and biochemical improvement in the umbelliferon group was more than that shown in the 
G-CSF group.
Conclusions: Finally, we concluded that, umbelliferon administration caused a marked ameliorative effect on olanzapine induced 
pancreatic injury as a comparable to G-CSF treatment.
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It has been documented that Olanzapine causes 
diabetes in both humans and rats through several 
mechanisms such as the antagonism of H1, α1, α2 
and M3 receptors. The antagonism of H1 receptors 
is leads to weight gain, while M3 receptors’ 
antagonism causes pancreatic damage that result in 
insulin insufficiency. The pancreatic M3 receptors 
have a role in regulating the glucose-stimulated 
cholinergic pathway which releases insulin from the 
islet of Langerhans beta cells. Olanzapine blocks the 
pancreatic M3 receptors that reduces the release of 
insulin and induces hyperglycemia and diabetes[6].

Despite the widespread use of hypoglycemic 
medications, diabetes and its sequelae remain 
a significant medical issue. The hypoglycemic 
drugs have limited efficacy with multiple side 
effects. Although insulin therapy has a number of 
disadvantages, including insulin resistance, it is the 
only effective treatment for diabetes mellitus[7].

While many traditional plants have anti-diabetic 
properties, only a few have been scientifically tested. 
The herbal medicine effectiveness is due to their 
less side effects and affordable price. Umbelliferon 
(UMB), a derivative of coumarin, mainly 
extracted from Citrus aurantium. UMB possess 
pharmacological activities against different diseases, 
such as degenerative disorders, microbial infections 
and inflammation[8]. It has been documented that the 
parent molecule coumarin lowers blood glucose, 
increases plasma insulin, alters protein composition 
and cause hypolipidemic impact. Additionally, 
UMB’s are known to activate PPARƴ which 
improves insulin sensitivity and encourages GLUT4 
translocation[9].

Numerous researchers have demonstrated that 
bone marrow mesenchymal stem cells (BMMSCs) 
can reduce pancreatic damage by developing into 
pancreatic stem cells. However, it seems that the 
effects of BMMSC therapy might not be enough 
because there is a limited supply of BMMSCs 
that can be transplanted. Also, the inflammatory 
mediators have an impact on the cells' ability to 
survive and differentiate after transplantation[10].

Bone marrow hematopoietic stem cells 
(BMHSCs) can be activated by the hematopoietic 
cytokine human G-CSF. Thus, it's considered a 
less costly, more convenient and non-invasive 
regenerative medicine therapy. Because G-CSF 
induces a higher rate of stem cell mobilization than 
spontaneous bone marrow collection, it was chosen 
for the purpose of HSC mobilization[11 - 12].

The purpose of this research was to investigate 
and compare the possible therapeutic benefits 
of neupogen (GCSF) and Umbelliferon on the 
pancreatic injury induced experimentally.

MATERIALS AND METHODS                                      

 Animals:

In this experiment, we used 48 adult male albino 
rats, from 180 to 200 g weight and 14 to 18 weeks 
age. The rats were bought from the unit of the 
animal house of the Zagazig University's Faculty 
of Medicine. The Zagazig University IACUC 
Committee was evaluate the protocol and gave it an 
approval number of (ZU-IACUC/3/F/300 / 2023). A 
week previous to the experiment, the animals were 
preserved in clean, stainless-steel crates to allow 
them to get used to their surroundings. The animals 
were kept in regular day and night cycles, at room 
temperature with unrestricted approach to water 
and food and continued for the full duration of the 
experiment.

Chemicals:

• Olanzapine: (Zyprexa TM) as tablets each of 
10 mg purchased from (Eli Lilly Company, 
Indianapolis, Indiana, USA).

• Umbelliferon: It purchased from Sigma-
Aldrich (939-35-; Sigma-Aldrich, st. Louis, 
MO, USA).

• G-CSF (Neupogen): 300 μg of recombinant-
methionyl human G-CSF (Filgrastim) were 
contained in each 0.5 ml prefilled syringe. 
From F. Hoffmann-La Roche Ltd. in Basel, 
it was acquired. Switzerland's Kirin-Amgen 
Inc.

• Experimental design: Adult male albino rats 
were used; they were Forty-eight (48) that 
were subdivided into the following group:

 - Control Group or (group І):

 It contained 24 rats. Three equal subgroups 
of rats were created:

 * Subgroup IA: they hadn’t received any 
drugs.

 * Subgroup IB: the rats were injected by the 
vehicle of neupogen that was 0.5 ml of 5 % glucose.
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 * Subgroup IC: the rats were fed on 
0.5% carboxy methyl cellulose (the vehicle of 
umbelliferon) by oral gavage.

 - Group II (OLZ-group):

 It included 8 rats that were given                                                                                                  
10 mg/kg OLZ orally for 28 days. (Each tablet 
contained 10 mg of the drug; each tablet was 
dissolved in 10 ml distilled water, based on that 
each rat was received about 2 ml of that prepared 
solution). Animals of this group were sacrificed 
after 4 weeks[3].

 - Group III (G-CSF group): 

      It included 8 rats was given OLZ as in group 
II, then at the 28th day each rat received SC injections    
of human recombinant G-CSF at the dose of                                                                                           
100 μg/kg/day, recently dissolved in 0.5 ml of 
glucose 5 % once daily for 5 consecutive days. After 
the last injection, we left the animals for further two 
weeks[13].

  * The animals of this group were 
sacrificed 2 weeks after the last G-CSF injection.

 - Group IV (Umbelliferon, UMB group): 

 It included 8 rats that were given OLZ 
as in group II, then UMB was administrated by 
oral gavage as following (50 mg/kg of UMB 
suspended in 0.5 % carboxy methyl cellulose                                                          
(CMC) once / day for 2 successive weeks[14]. The 
animals of this group were sacrificed 6 weeks from 
the start of the experiment.

 At the time of scarification, rats were fasted 
for 12 hours, then they were received an intra-
peritoneal injection of 50 mg/ kg body weight of 
sodium phenobarbital to be anesthetized[15].

Collection of samples:

After animals’ euthanizing, the blood samples for 
biochemical studies were collected in plane tubes. In 
order to collect the serum, 15 minutes centrifugation 
of blood samples was performed at 3000 rpm. 

Storage of the separated serum was performed at 
- 20° C until time of analysis. Also, the pancreatic 
tissues were collected from rats of all groups and 
stored at - 80°C.

Biochemical studies:

• Serum insulin and α-amylase levels 
were performed using ELISA kits that 
are commercially available according 
to manufacturer recommendations 
(MyBioSource, USA).

• Estimation of TNF-α and IL-1β (pro-
inflammatory cytokines):

Using ELISA kits (R and D, Minneapolis, MN), 
the concentrations of pancreatic TNF-α and IL-
1β were estimated in the tissue homogenate. It is 
carried out in compliance with the manufacturer's 
guidelines.

• Estimation of the biomarkers of oxidative 
stress:

Using commercial assays (bio-diagnostic), the 
malondialdehyde (MDA) and superoxide dismutase 
(SOD) concentrations were assessed in the 
homogenate of the pancreatic tissue as following the 
manufacturer's guidelines.

Gene Expression Analysis:

The total RNA was extracted from tissue of the 
pancreas by means of TRIZOL reagent (Invitrogen; 
Thermo Fisher Scientific, Inc.). Analysis of total 
RNA was performed to be concentrated and purer, 
then it is reverse transcribed into cDNA using 
High-Capacity cDNA Reverse Transcription Kit; 
(Applied Biosystems™, USA) by following the 
manufacturer’s instructions. Estimation of the 
expressions of Pdx1, NF-κB-, TLR-4, NLRP-3, 
NRF2, HO1, NQO1 and RT-PCR was done using 
Mx3005P (Stratagene, La Jolla, CA, USA) with the 
TOPrealTM qPCR 2X PreMIX (SYBR Green with 
low ROX). β-Actin was used as an internal control. 
All the levels of mRNA were detected by the 2-∆∆ct 

method. The primers were indicated in Table 1.
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Table 1: The list of Primers for Target gene of q RT-PCR:
Forward 

(5′-3′)
Reverse 
(5′-3′)

Accession number Product 
size (bp)

Pdx1 GGATGAAATCCACCAAAGCTC TTCCACTTCATGCGACGGT >NM_022852.4 244

NF-κB- AGAGGATGTGGGGTTTCAGG GCTGAGCATGAAGGTGGATG >NM_001276711.2 200

TLR-4 CGAGCCAGAATGAGGACTGG TCCCACTCGAGGTAGGTGTT >NM_019178.2 352

NLRP-3 GAGCTGGACCTCAGTGACAATGC ACCAATGCGAGATCCTGACAACAC >NM_001191642.1 146

NRF2 GCAACTCCAGAAGGAACAGG GGAATGTCTCTGCCAAAAGC >NM_001399173.1 203

HO1 ATCGTGCTCGCATGAACACT CCAACACTGCATTTACATGGC >NM_012580.2 338

NQO1 ACTCGGAGAACTTTCAGTACC TTGGAGCAAAGTAGAGTGGT >NM_017000.3 492

β-actin CTAAGGCCAACCGTGAAAAGAT ACCAGAGGCATACAGGGACAAC >NM_031144.3 104

Electron microscopic examination:

Instantaneous fixation was carried out at pH 7.4 
in 2.5 % phosphate-buffered glutaraldehyde. After 
being post-fixed in the same buffer containing 1 % 
osmium tetroxide at 4°C, the specimen was dried and 
embedded in epoxy resin. Using Leica ultracut UCT, 
ultrathin sections were produced and stained with 
lead citrate and uranyl acetate[18], then examined and 
photographed in the Electron Microscope Research 
Unit, Faculty of Agriculture, Mansoura University, 
Egypt, using a JEOL JEM-2100 Transmission 
Electron Microscope (Jeol Ltd., Tokyo, Japan).

Morphometrical analysis:

We made use of a computer system called Leica 
Qwin 500 image analyzer (Leica Ltd., Cambridge, 
UK). Using the assistance of a digital camera linked 
to an optical microscope (Olympus, Tokyo, Japan), 
the data were examined using Leica QWin 500 
software.

From each group of rats, ten non-overlapping 
fields were selected at random and analyzed to 
measure:

1. The area % of collagen fibers deposition in 
sections stained with Masson trichrome stain.  

2. The area % of positive insulin immune 
reaction.

Statistical Analysis:

The collected data from all studied group were 
presented in the form of means (X) ± standard 

Histological study:

Light microscopic examination: 

After taking of the pancreatic specimens, 
they were allowed for fixation in 10 % buffered 
formaldehyde with further processing to finally 
obtain paraffin sections of 5 μm thickness for 
Hematoxylin and Eosin (H and E) staining and 
Mallory trichrome staining[16].

Immunohistochemical staining for insulin protein 
localization:

As directed by the manufacturer, the avidin 
biotin complex technique (Cas no. 85878; Sigma-
Aldrich, Saint Louis, USA) was used. Paraffin 
slices thickened to 5 μm were placed on coated 
slides, dewaxed and then rehydrated. Target proteins 
were exposed using the antigen retrieval approach, 
which involved heating citrate buffer to pH 6.0 and                     
15 microwave cooking it for 15 minutes. The tissues 
were blocked for half an hour at room temperature 
using 3 % bovine serum albumin. The anti-insulin 
primary antibody (mouse monoclonal antibody; No. 
I 2018; dilution 11000/; Sigma–Aldrich, Steinheim, 
Germany) was then incubated on them for an 
additional night at 4°C. Incubation in 10 % H2O2 
in phosphate buffered saline (PBS) at pH 7.4 was 
used to quench endogenous peroxidase. Horseradish 
peroxidase and biotinylated secondary antibodies 
were used for detection and 3, 3'-diaminobenzidine 
(DAB) was used for colorimetric detection after 
that. The tissues were stained again using Mayer's 
hematoxylin.  The cells expressing insulin exhibited 
brown cytoplasmic reactions[17].
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deviation (SD). The program used for data analysis 
was Statistical Package for Social Sciences (SPSS), 
version 22.0 (IBM Corp., Armonk, NY, USA).

RESULTS                                                                      

The results of the Biochemical analysis:

Regarding serum insulin level, it was significantly 
decreased in group II in comparison to control group 
(I). However, there was a non-significant increase in 
group III and IV as compared to the group II. 

As for serum α Amylase level, it showed a 
significant increase in group II versus group 
I.  However, it showed a significant decrease in 
group III and IV in relation to the group II. A non-
significant difference was detected between group 
III and group IV Table 2. 

For assessment of inflammation, TNF-α, IL1 beta 
were assessed in pancreatic tissue and their levels 
were significantly increased in group II in relation 
to group I. While, there is a significant decrease was 
detected in both group III and IV versus group II 
with more significant decrease in group IV Table 2.

For oxidative stress biomarkers, MDA, SOD 
levels were assessed in pancreatic tissue. A significant 
increase in MDA and decrease in SOD levels were 
noticed in group II as compared to group I. In group 
III, there was a decrease in MDA and increase in 
SOD levels non-significantly in comparison to 
group II. Group IV showed a significant decrease in 
MDA and increase in SOD levels as compared to 
group II. However, there was significant decrease in 
MDA and increase in SOD levels in group IV when 
compared to group III Table 2.

Table 2: Biochemical analysis of Fasting serum insulin, Seum α Amylase and pancreatic tissue levels of TNF α, IL1 beta, MDA and SOD 
in studied groups:

Fasting serum insulin
(pg /ml)

Seum α Amylase
(U/L)

TNF
(ng/g tissue)

Il1 beta
(ng/g tissue)

MDA
(nmol/g tissue)

SOD
(U/mg protein)

Group I (Control) 12.23 ± 3.14 310.11 ± 54.23 125.22 ± 36.21 112.19 ± 29.45 38.21 ± 9.12 400.24 ± 56.10

Group II 6.51 ± 1.21a 465.09 ± 66.12a 289.14 ± 37.19a 354.32 ± 55.32a 75.14 ± 10.45a 210.23 ± 43.12a

Group III 9.25 ± 2.34a 396.56 ± 24.45a, b 176.16 ± 34.23a, b 152.13 ± 28.19a, b 42.15 ± 8.56a 368.08 ± 48.76a

Group IV 7.31 ± 1.18a 412.24 ± 36.43a, b 234.12 ± 33.12a, b, c 231.08 ± 29.45a, b, c 59.11 ± 13.21a, b, c 287.21 ± 39.57a, b, c

a significant in comparison to group I.
b significant in comparison to group II.
c significant in comparison to group III.

Gene expression results:

As for PDX1mRNA levels, their levels were 
decreased significantly in group II compared to group 
I, while its expression was increased significantly 
in both III and IV groups as compared to group 
II. However, group IV showed more significant 
increase than group III Table 3.

For NF-κB-, TLR-4, NLRP-3 mRNA levels, there 
was a significant increase in group II in relation to 
group I. However, there was a significant decrease 
in both III and IV groups in relation to group II with 

more significant decrease in group IV as compared 
to group III Table 3.

Moreover, for NRF2, HO1, NQO1 mRNA 
levels, there was a significant decrease in group II 
when compared to group I. However, there was a 
significant increase in group III and IV in relation 
to group II. For NRF2, there was more significant 
increase in group IV when compared to group III, 
while there was no significant difference in HO1, 
NQO1mRNA levels between group III and group IV 
Table 3).
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Table 3: Gene expression analysis of Pdx1, NF-κB-, TLR-4, NLRP-3, NRF2, HO1, NQO1 m RNA levels in the studied groups:

Pdx1 NF-κB- TLR-4 NLRP-3 NRF2 HO1 NQO1

Group I (Control) 1.12 ± 0.11 1.05 ± 0.15 1.05 ± 0.19 1.11 ± 0.18 1.09 ± 0.10 1.15 ± 0.16 1.11 ± 0.21

Group II 0.37 ± 0.09a 2.58 ± 0.34a 4.03 ± 0.39a 3.66 ± 0.44a 0.28 ± 0.06a 0.43 ± 0.08a 0.36 ± 0.08a

Group III 0.86 ± 0.13a, b 1.43 ± 0.26a, b 2.11 ± 0.32a, b 1.57 ± 0.21a, b 0.79 ± 0.11a, b 0.91 ± 0.12a, b 0.82 ± 0.12a, b

Group IV 0.54 ± 0.10a, b, c 1.96 ± 0.31a, b, c 3.14 ± 0.47a, b, c 2.22 ± 0.35a, b, c 0.42 ± 0.09a, b, c 0.73 ± 0.14a, b 0.69 ± 0.11a, b

lined by cells with basal basophilic cytoplasm and 
basal rounded nuclei, apical acidophilic cytoplasm, 
some cells still having small dark nuclei.  Islet of 
Langerhans’ cells had pale nuclei Figure 4B.

2. Mallory trichrome stained sections:

The control group showed scanty collagen 
fibers deposition within septa, surrounding ducts 
and blood vessels Figure 1C. OLZ-induced group 
exhibited extensive deposition of collagen fibers in 
the septa and around blood vessels Figures 2C and D. 
Moderate amount of collagen fibers deposition was 
demonstrated in the septum, around blood vessels 
and ducts in G-CSF treated group Figures 3C and D. 
While, Umbelliferon group revealed relatively few 
collagen fibers within the septa, around ducts and 
blood vessels Figures 4C and D.

3. Immunohistochemical stained sections:

The control group showed a strong positive 
immunoreaction in the cytoplasm of central β-cells; 
negative reactions were found in peripheral non 
β-cells of the islet of Langerhans Figure 1D. The 
OLZ- induced group showed an islet of Langerhans 
with weak cytoplasmic immunoreactions of β-cells 
Figure 2G. In the G-CSF treated group showed 
an islet of Langerhans with mild cytoplasmic 
immunoreactions of β-cells Figure 3E. However, 
in the Umbelliferon-treated group many B- cells 
showed moderate cytoplasmic immunoreaction 
Figure 4E.

4. Transmission Electron Examination:

The TEM examination of the exocrine portion 
of the pancreas showed acinar cells with basal 
oval euchromatic nuclei in the control group. The 
cytoplasm contains numerous electron-dense 
secretory granules and well-developed rough 
endoplasmic reticulum Figure 5a. Group II (OLZ- 
group), showed acinar cells with dark shrunken 
apoptotic nuclei. Congested blood vessels can be 
noticed. Large vacuoles within the cytoplasm the 
acinar cells and sparse less dense granules could 
be noticed also Figures 5b and c. Group III (G-CSF 
treated group) showed basal euchromatic nuclei with 
prominent nucleoli and electron dense secretory 

Histological results:

1. H and E-stained sections:

H and E-stained sections from the Control 
group showed the normal histological structure of 
pancreas; closely packed serous acini, separated by 
thin septa and ducts. Islet of Langerhans appeared 
as pale oval area Figure 1A. The serous acini have 
well-defined boundaries and lined by pyramidal cells 
with rounded basal nuclei. Their cytoplasm showed 
apical acidophilia and basal basophilia. The islets 
of Langerhans, cells had pale nuclei and acidophilic 
cytoplasm Figure 1B.

The OLZ-induced group showed distorted acini 
with thickened connective tissue septa containing 
congested blood vessel and dilated duct Figure 2A. 
Marked thickened connective tissue septa were 
detected in some sections between the distorted acini 
Figure 2B. Acini had irregular ill-defined borders 
and the lining cells had small dark nuclei and 
vacuolated cytoplasm. The islet of Langerhans was 
shrunken with dark nuclei Figure 2C. Some sections 
revealed dilated and congested blood vessels within 
thick connective tissue septa and fatty infiltration 
Figure 2D.

Regarding H and E-stained sections of G-CSF 
treated group, most of acini restored its normal 
histological appearance but there were relatively 
thick connective tissue septa appeared with residual 
mildly congested blood vessel and minimally dilated 
duct. Islet of Langerhans appeared as pale oval area 
Figure 3A. Regular serous acini with many cells had 
apical acidophilic and basal basophilic cytoplasm 
with basal rounded nuclei. Cells of some acini still 
had small dark nuclei and vacuolated cytoplasm. A 
minimally dilated duct and a congested blood vessel 
were also seen. Islet of Langerhans appeared as 
pale oval area with most of its cells had pale nuclei 
Figure 3B.

On the other hand, Umbelliferon-treated group 
showed apparently normal architecture with closely 
backed acini separated by thin connective tissue septa 
containing minimally congested blood vessel. Islet 
of Langerhans appeared as pale oval area Figure 4A. 
Most of serous acini with well-defined boundaries; 
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granules and RER. Residual vacuoles were still 
present Figure 5d. Residual acinar cell with shrunken 
nucleus were detected. However, other cells appear 
normal with euchromatic nucleus and dense secretory 
granules Figure 5e. Group IV (Umbelliferon group), 
showed marked improvement; the acinar cells had 
basal euchromatic nuclei, electron-dense granules 
and well-developed RER Figure 5f.

Examination of β-cells of the islets of 
Langerhans; the control group showed the β-cells 
with rounded euchromatic nuclei with prominent 
nucleoli. Numerous secretory granules with electron 
dens core and peripheral halos were present in the 
cytoplasm. Well-developed Golgi apparatus and 
rough endoplasmic reticulum are noticed. Elongated 
mitochondria are present all over the cytoplasm 
Figure 6a. Group II (OLZ group) showed β-cells 
with heterochromatic nucleus. Many secretory 
granules appeared with expanded wide peripheral 
halos. Some cytoplasmic vacuolations and scattered 
small mitochondria were observed Figure 6b. Also, 
shrunken apoptotic nuclei, minimal number of 
secretory granules and cytoplasmic vacuoles were 
present Figure 6c. Group III (GCSF- treated group) 
showed oval heterochromatic nuclei. Secretory 
granules with electron dense core but, some of them 
lost their limiting membrane. Residual vacuolation 

was still present Figure 6d. Group IV (Umbelliferon 
group), showed marked improvement; the β-cells 
had rounded euchromatic nuclei and numerous 
secretory granules with electron-dense core. Golgi 
apparatus and mitochondria are also present Figure 
6e.

Morphometrical and statistical analysis:

• The mean value of the area % of collagen 
fibers showed a high statistically significant 
increase in groups II (OLZ-group) as 
compared to other groups. While, the 
area % of collagen fibers in G-CSF group 
show a statistically significant increase in 
comparison to control group. Non-significant 
difference was detected between the control 
and Umbelliferon groups Table 4.

• Regarding the mean area % of insulin 
immunoreaction, there was a statistically 
significant decrease in OLZ- group in relation 
to the other groups.  A high significant 
difference was found between the control and 
G-CSF groups. However, non-significant 
difference was detected between the control 
and UMB groups Table 4.

Table 4: The mean area % of collagen fibers and insulin immunoreaction in the different studied groups:

Control OLZ- group GCSF Group Umbelliferone 
group 

F value P value

Area % of 
collagen fibers

9 ± 3.49 36.5 ± 5.59 27.4 ± 5.9 13.55 ± 4.15 63.06349 > 0.00001**

Area % of insulin 67 ± 17.05 21.4 ± 7.15 40.6 ± 8.68 54.2 ± 9.23 30.2997 > 0.00001**

** Highly significant P value < 0.0001.
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Figure 1: Hematoxylin and Eosin-stained pancreatic sections showing: control group A) General architecture of the pancreas with closely packed serous 
acini (a); separated by thin septa (arrows); ducts (arrow heads) and an islet of Langerhans (black circle) appears as pale oval area (H and E, x 100, Scale 
bar; 50 μm). B) Serous acini with well-defined boundaries (a); their lining cells appear pyramidal with basal rounded nuclei (arrow head), apical acidophilic 
(star) and basal basophilic (arrow) cytoplasm. Cells of islets of Langerhans show pale nuclei (red arrow) and acidophilic cytoplasm (H and E, x 400; scale 
bar 20 μm). C) Mallory trichrome stained sections of the control group show scanty collagen fibers in the septum, around blood vessels and ducts (arrows) 
(Mallory’s trichrome x 100, Scale bar; 50 μm).  D) Strong positive cytoplasmic immunoreactions of the central β-cells (arrow) in the islet of Langerhans; 
negative reactions of its peripheral non β-cells (curved arrow) (Anti-insulin immune-staining, x 400, scale bar; 20 μm).
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Figure 2: Hematoxylin and Eosin-stained pancreatic sections of OLZ induced group showing A) distorted acini (a) separated by thickened connective 
tissue septa (arrow) containing congested blood vessel (v) and dilated duct (d) (H and E, x 100, Scale bar; 50 μm). B) Marked thickened connective 
tissue septa are detected in some sections (arrow) between the distorted acini (a) (H and E, x 400; scale bar 20 μm). C) Acini (a) with irregular 
ill-defined borders; lined by cells with small dark nuclei (arrow head) and vacuolated cytoplasm (star) separated by thickened septa (thick arrow). 
Shrunken an islet of Langerhans (black circle) showing dark nuclei (thin arrow) (H and E, x 400; scale bar 20 μm). D) Some sections reveal massive 
dilated congested blood vessels (bv) with fatty infiltration (arrow) within thick connective tissue fibers deposition (H and E, x 400; scale bar 20 μm).             
E and F) Extensive collagen fibers showing in the septa and around blood vessels (arrows) (Mallory’s trichrome: E x100, Scale bar; 50 μm, F x 400, 
scale bar; 20 μm). G) Weak cytoplasmic immunoreactions (arrow) of β-cells of an islet of Langerhans (Anti-insulin immune-staining, x 400, scale 
bar; 20 μm).
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Figure 3: Hematoxylin and Eosin-stained pancreatic sections of G-CSF treated group showing A) restoration of the normal histological appearance of 
most of acini (a), relatively thick connective tissue septa (arrow) appear with residual mildly congested blood vessel (v) and minimally dilated duct (d). 
Islet of Langerhans (black circle) appears as pale oval area (H and E, x 100, Scale bar; 50 μm). B). Regular serous acini (a) with many cells have apical 
acidophilic (star) and basal basophilic cytoplasm with basal rounded nuclei (red arrow). Cells of some acini still have small dark nuclei (black arrow) 
and vacuolated cytoplasm (arrow head). Minimally dilated duct (d) and a congested blood vessel(v) are also seen. Islet of Langerhans (black circle) 
appears as pale oval area and most of its cells have pale nuclei (blue arrow). (H and E, x 400; scale bar 20 μm). C and D) Moderate amount of collagen 
deposition is detected in the septum, around blood vessels and ducts (arrows) (Mallory’s trichrome: C x 100, Scale bar; 50 μm, D x 400, scale bar;      
20 μm). E) An islet of Langerhans with mild cytoplasmic immunoreactions (arrow) of β-cells (Anti-insulin immune-staining, x 400, scale bar; 20 μm).
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Figure 4: H Hematoxylin and Eosin-stained pancreatic sections of Umbelliferon treated group showing A) apparently normal architecture with closely 
backed acini (a) separated by thin connective tissue septa (arrow) containing minimally congested blood vessel(v). Islet of Langerhans (black circle) 
appears as pale oval area (H and E, x 100, Scale bar; 50 μm). B) Most of serous acini (a) with well-defined boundaries; lined by cells with basal basophilic 
cytoplasm and basal rounded nuclei (red arrow), apical acidophilic cytoplasm (star), some cells still having small dark nuclei (arrow head) (H and E, 
400×). An islet of Langerhans shows cells with pale nuclei (blue arrow) (H&E, x 400; scale bar 20 μm). (C and D) Relatively few collagen fibers in the 
septa and around blood vessels and ducts (arrow) (Mallory’s trichrome: C x 100, Scale bar; 50 μm, D x 400, scale bar; 20 μm). E) Moderate cytoplasmic 
immunoreactions (arrow) in many of the B- cells of islet of Langerhans. (Anti-insulin immune-staining, x 400, scale bar; 20 μm).
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Figure 5: Em picture of exocrine portion of the pancreas of different studied groups showing: (a) Control group showing the acinar cells with basal 
oval euchromatic nuclei (N). The cytoplasm has numerous electron-dense secretory granules (G) and well-developed RER (r) (TEM, Scale bar 10 µm). 
(b and c) Group II (OLZ-group); (b) showing acinar cells with shrunken apoptotic nuclei (N). Congested blood vessels can be noticed (arrow) (TEM, 
Scale bar 10 µm). (c) showing large vacuoles within the cytoplasm the acinar cells (V) and sparse less dense granules (G) (TEM, Scale bar 5 µm).                         
(d and e) Group III (GCSF- treated group); (d) showing basal euchromatic nuclei with prominent nucleoli (N) and electron dense secretory granules 
(G) and RER (r). Residual vacuoles (v) are still present (TEM, Scale bar 5 µm). (e)  showing acinar cell with shrunken nucleus (n). However, other 
cells appear normal with euchromatic nucleus (N) and dense secretory granules (G) (TEM, Scale bar 10 µm). (f) Group IV (Umbelliferon group), 
showing marked improvement; the acinar cells have basal euchromatic nuclei (N), electron-dense granules (G) and well-developed RER (r) (TEM, 
Scale bar 10 µm).



231

El-Mahroky et al,

Figure 6: Em picture of β cells in the islets of Langerhans of the pancreas of different studied groups showing: (a) Control group showing the β-cells with 
rounded euchromatic nuclei with prominent nucleoli (N). The cytoplasm contains numerous secretory granules with electron dens core and peripheral 
halos (arrows). Well-developed Golgi apparatus (GA) and cisternae of rough endoplasmic reticulum (r) are noticed. Elongated mitochondria are present 
all over the cytoplasm (m) (TEM, Scale bar 5 µm). (b and c) Group II (Olanzapine group); (b) showing β-cells with heterochromatic nucleus (N). Many 
secretory granules with expanded wide peripheral halos (arrow). Some cytoplasmic vacuolations (v) and scattered small mitochondria (m) are observed 
(TEM, Scale bar 5 µm). (c) showing shrunken apoptotic nuclei (n), minimal number of secretory granules (G) and cytoplasmic vacuoles (v) (TEM, Scale 
bar 5 µm). (d) Group III (GCSF- treated group) showing oval heterochromatic nuclei (N). Secretory granules with electron dense core (arrow) but some 
of the lost their limiting membrane (arrowheads). Residual vacuolation (v) is still present (TEM, Scale bar 5 µm). (e) Group IV (Umbelliferon group), 
showing marked improvement; the β-cells have rounded euchromatic nuclei (N) and numerous secretory granules with electron-dense core (arrow). Golgi 
apparatus (GA) and mitochondria (m) are also present (TEM, Scale bar 5 µm).
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DISCUSSION                                                           

Pancreatitis    is an uncommon side effect of 
antipsychotic use, which can be fatal particularly 
in patients who have risk factors such as elevated 
visceral fat, gallstones, hypertriglyceridemia. The 
risks of pancreatitis are  increased with the use of the 
antipsychotic medications[19].

Umbelliferon (UMB) is a derivative of coumarin 
that is widely present in different plants including 
carrot, coriander and lemon. Numerous bioactivities, 
including antibacterial, antigenotoxic, anti-
inflammatory, antioxidant and anticancer properties, 
are exhibited by UMB[20].

G-CSF performs a variety of actions, as 
stimulation of proliferation of hematopoietic stem 
cells and their differentiation and survival. It also 
induces the mobilization of bone marrow cells into 
circulation[13].

The goal of our research was to detect the 
histopathological alterations occur in the pancreas 
secondary to use of antipsychotic medication 
olanzapine. Also, to compare the possible 
ameliorative effect of umbelliferon versus 
Granulocyte Colony Stimulating Factor.

Group II exhibited a statistically significant 
reduction in NRF2 mRNA levels as compared 
to group I. In contrast to group II, there was a 

noteworthy rise in groups III and IV. Group IV 
experienced a greater increase in NRF2 than Group 
III reported. The transcription factor NRF2 is 
essential for the cell's response to oxidative stress 
and reactive oxygen species. NRF2 activation has 
been demonstrated in studies to enhance cellular 
fitness under stress[21].

Cytosolic KEAP1 constitutively directs NRF2 by 
the ubiquitin proteasome system for ubiquitylation 
and degradation. It acts as an adaptor for the E3 
ubiquitin ligase Cullin-3 (CUL3) under baseline 
conditions. Reactive cysteine residues in the KEAP1 
structure stop NRF2 from degrading when exposed 
to oxidative stress. After stabilizing, NRF2 binds 
to antioxidant-response elements (ARE) into the 
nucleus to mediate the expression of several genes 
that code for antioxidant enzymes, including HO-1 
and NQO1[22].

Previous research has demonstrated that NRF2 
expression dramatically dropped in the pancreatic 
tissues of mice suffering from acute pancreatitis and 
has validated the preventive benefits of adjusting 
NRF2 expression[23].

Group II exhibited a statistically significant 
increase in NF-κB- and NLRP-3 mRNA levels in 
comparison to group I. But as compared to group II, 
there was a significant decline in groups III and IV, 
with group IV experiencing a greater decrease than 
group III.

Figure 7: Difference between area % of collagen and area % of insulin among different studied groups.
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The management of acute pancreatitis depends 
on suppression of inflammatory processes. In 
the pancreas, NF-κB is a crucial regulator of 
genes associated to inflammation[24]. According 
to Huang et al., (2013)[25], pancreatitis severity 
in mice is exacerbated by stimulation of cellular 
NF-κB. Furthermore, a close bond was evidenced 
between Nrf2 and NF-κB stimulation. According to                                
Jin et al., (2008)[26] and Thimmulappa et al., (2016)
[27], Nrf2-deficient mice exhibit high activity for NF-
κB and Nrf2 disruption leads to elevated NF-κB 
activity and increased secretion of proinflammatory 
cytokine.

The NLRP3 inflammasome has been identified 
as a key participant in the pathophysiology of 
AP recently[28]. The current understanding of 
antioxidants in regulating AP has been deepened 
by the antioxidant hydrogen's suppression of 
oxidative stress, which in turn inhibited the NLRP3 
inflammasome activation and the IL1ß[29].

Regarding the mRNA levels of PDX1, group 
II's levels were significantly lower than group 
I's, however its levels in group III and IV were 
significantly elevated more than group II's. Group 
IV, however, displayed a more notable increase than 
Group III.

Numerous investigations have indicated that 
PDX-1 is crucial for both insulin secretion and the 
survival of pancreatic β-cells[30 - 31]. According to 
findings from another study, MIN6 cells that have 
PDX-1 inhibited would have a lower survival rate 
and a higher apoptotic rate[32]. These findings support 
the role of PDX-1 in controlling insulin release and 
cell survival.

Examining H and E-stained sections of the OLZ-
group revealed disorganized acini separated by 
thickened connective tissue septa with duct dilation 
and congestion of blood vessel which were in 
agreement with Shehata et al., (2022)[33].

Many theories have been proposed to explain 
the vasodilatation and edema that happened with 
Olanzapine. Olanzapine blocks α1 and 5HT2 receptors 
that cause vasodilatation with decreasing vascular 
resistance and leads to development of edema. Also, 
increasing cyclic adenosine monophosphate with 
olanzapine exaggerates vasodilatation. It also alters 
the renal regulation of fluid and electrolytes through 
dopaminergic blockage[34].

Sections of the OLZ treated group stained with 
H and E showed acini with irregular ill-defined 
boundaries. Vacuolated cytoplasm and small, dark 

nuclei characterize the cells that line the acini which 
was in agreement with Elbakary et al., (2017)[35].

The exact mechanism of induction of pancreatitis 
with olanzapine is unknown. Hyperlipidemia, a 
documented side effect of olanzapine use, has the 
potential to trigger severe pancreatitis[36].

Islets of Langerhans are shrunken with dark nuclei. 
Oxidative stress releases multiple pro-inflammatory 
cytokines with marked activation of nuclear factor 
kappa-B and other signaling pathways. Interleukin-
1b is the most important cytokine mediator of the 
destruction of the islets of Langerhans[37].

Additionally, it results in the down-regulation 
of the glucose transporter 2 (GLUT2) which 
compromises pancreatic islet's capacity to recognize 
elevated blood glucose levels, which results in 
hyperglycemia[38].

Sections of the OLZ treated group's pancreas 
stained with Mallory's trichrome showed abundant 
deposition of collagen fibers within the septa and 
around blood vessels, similar observations were 
reported by Soliman et al., (2014)[39]. Statistically, 
these results were verified.

Oxidative stress activates the pancreatic stellate 
cells (PSCs) leading to their transformation into 
myofibroblast-like cells[40]. Angiotensin II, IL-1 
and platelet-derived growth factor (PDGF) are 
among additional PSC activators that are elevated. 
These elements initiate the production of several 
extracellular matrix proteins by stellate cells that 
finally cause fibrosis[41 - 42].

Comparing immunostained sections of the 
OLZ group to the control group in this study, the 
number of insulin-positive cells was significantly 
dropped, which is consistent with the findings of                                                                                 
Shehata et al., (2022)[33]. Statistical analysis 
supported these results.

The exact etiology of glucose dysregulation with 
olanzapine is uncertain. It was hypothesized that 
5- HT1A (serotonin) receptors antagonistic effect 
may decrease the responsiveness of pancreatic beta-
cells, that leads to reduction of insulin secretion with 
resulting hyperglycemia[43].

The TEM sections of OLZ treated group showed 
minimal number of secretory granules in beta cells. 
Olanzapine is thought to directly impair the function 
of pancreatic beta cells, which are the only source of 
insulin[44 - 45].
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Protein misfolding and unfolding are caused by 
disruptions in the rough endoplasmic reticulum's 
(RER) function. This condition is known as RER 
stress; trans-membrane receptors recognize the 
unfolded protein and trigger the unfolded protein 
response (UPR) in response. This unfolded protein's 
breakdown is made worse by the UPR, which 
promotes the synthesis of ER-resident chaperones[46]. 

Olanzapine causes a shift in the primary 
location of proinsulin from insulin granules to 
the endoplasmic reticulum, which limits insulin 
production by decreasing proinsulin maturation. 
Proinsulin misfolding brought on by olanzapine 
is one of the initial events that cause ER stress in 
pancreatic beta cells[47].

The OLZ-group's acinar cells' ultrastructural 
analysis in this study revealed aberrant mitochondria. 
This finding was made while researching the 
integrated bioenergetic properties of isolated rat 
liver mitochondria[48]. This finding aligns with the 
findings of Shehata et al., (2022)[33]. Mitochondrial 
changes were explained by deceleration of electron 
transfer activity at the respiratory complex.

The changes in the endoplasmic reticulum that 
were detected in this work can be explained as 
certain atypical antipsychotic drugs disturb Ca++ 
homeostasis in hepatocytes so induce endoplasmic 
reticulum stress. This effect was considered one of 
their metabolic side effects[49].

Ultrastructurally, beta cells of OLZ-treated group 
revealed reduced numbers of secretory granules 
and smaller apoptotic nuclei. Due to reduction of 
free radical scavenging enzymatic system, β-cells 
are more vulnerable to the harmful effects of NO 
and ROS molecules. These molecules can damage 
protein and DNA structures and lead to accelerated 
apoptosis, as well as diminished secretory ability 
and insufficient secretory granules in intracellular 
compartments. Oxidative stress in cells affects both 
secretory capability and cell viability and both traits 
result in β-cell failure[50 - 51].

The H and E-stained sections of the G-CSF 
group demonstrated that most of the serous 
acini had returned to their normal histological 
appearance. This is consistent with the findings of                                                                                                         
Qu et al., (2017)[10], who revealed that in a rat 
model of acute pancreatitis, the expanded BMMSCs 
from in vitro could move to the damaged pancreas 
and multiply there. The histological, biochemical 
and functional characteristics of the pancreas 
after the experimental injury are improved by 
co-administration of G-CSF, while BMMSC 

transplantation alone demonstrates an efficient role 
in tissue repair.

Moreover, G-CSF has been shown by                               
Omar et al., (2018)[11] to helps to improve parotid 
degeneration induced by methotrexate either directly 
or through stem cells mobilization and telocyte 
preservation as an additional G-CSF preservation 
effect. Moreover, this is corroborated by G-CSF's 
properties as immunomodulation, anti-inflammatory, 
anti-apoptotic effects and the inhibiting effect of 
lipid peroxidation[52 - 53].

G-CSF group pancreatic sections stained with 
Mallory's trichrome revealed moderate collagen 
fibers deposition in the septa and surrounding ducts 
and blood vessels. A statistical analysis confirmed 
these findings.

Umbelliferon is known to exhibit different 
pharmacological activities against various health-
related conditions[8]. The original compound 
-coumarin- has been approved to have hypoglycemic 
and hypolipidemic effects with elevation plasma 
insulin, protein profile. UMB demonstrates a range 
of pharmacological characteristics in vivo, such as 
anti-inflammatory and antioxidant effects[54 - 56].

It was demonstrated that by Zambon and      
Vincent (2008)[57] that UMB has a significant 
protective effect against induced acute lung injury 
by blocking TLR-4/Myeloid differentiation primary 
response 88/NF-κB pathway activation. According 
to Liu et al., (2017)[58], numerous inflammatory and 
autoimmune reactions are significantly influenced 
by the overexpression of NF-κB-p65 signaling.

One of these reactions is NLRP-3; as a vital 
tissue damage sensor, it plays a role in triggering 
sterile inflammation. The NLRP-3 inflammasome 
self-cleaves after activation, activating a range 
of inflammatory precursors such as TNF-α and                      
IL-1β[59 - 60].

According to Luo et al., (2018)[61], UMB has 
been implicated in reducing myocardial damage by 
inhibiting the NLRP-3 inflammasome. Furthermore, 
a prior study elucidated that the expression of pro-
inflammatory cytokines is regulated by TLR-4/NF-
kB-p65/NLRP-3 signaling pathway activation[62].

Sim et al., (2015)[55] reported evidence of 
an anti-inflammatory efficacy of UMB through 
reduction of the inflammatory cytokines that prevent 
liver damage induced by alcohol According to                                  
Hassanein et al., (2021)[14], TNF-α and IL-1β 
induced kidney damage was dramatically reduced 
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with the concomitant administration of gentamycin 
and UMB. Hassanein et al., (2021)[14] founded that 
UMB can diminish the TLR-4/NF-κB-p65/NLRP-
3 pathway that reduces the inflammatory cytokines 
production especially TNF-α and IL-1β that cause 
kidney injury.

Sections of the Umbelliferon-treated group 
stained with H and E revealed a normal architecture, 
with closely backed acini divided by thin septa of 
connective tissue. Between serous acini, the islet of 
Langerhans was visible as a pale, oval area.

Germoush et al., (2018)[63]; Hassanein et al., 
(2018)[56] and Mahmoud et al., (2019)[64] have studied 
the anti-inflammatory and antioxidant properties 
of UMB against different toxic compounds. UMB 
increased the expression of PPAR-γ in the liver and 
strengthened the antioxidant defense mechanisms. 
A study by Naowaboot et al., (2015)[65] found that 
diabetic rats given UMB had higher levels of PPAR-γ 
in their adipose tissue.

The steroid receptor superfamily transcription 
factor PPAR-γ (peroxisome proliferator-activated 
receptor gamma) is strongly expressed in the 
fatty tissue. Modulating glucose as well as lipid 
metabolism, as well as adipocyte development, 
are only a few of the numerous biological 
processes in which PPAR-γ is involved[66]. PPAR-γ 
activation decreased inflammation and oxidative 
stress, improved insulin sensitivity, decreased 
hyperglycemia and dyslipidemia and decreased fat 
storage[67].

UMB had anti-hyperglycemic effects in rats with 
type 1 diabetes, as demonstrated by reduced HbA1c 
levels, improved β cell regeneration and higher 
insulin release[54, 68]. Through oxidant generation 
inhibition and Nrf2-mediated antioxidant response 
up-regulation, UMB reduced oxidative stress and 
provided protective benefits[69].

In the current study, section of the Umbelliferon 
group stained with Mallory's trichrome exhibited 
a little collagen fiber deposited within the septa 
and around ducts and blood vessels, which was 
consistent with Shehata et al., (2022)[33]. A statistical 
analysis was done to confirm these findings. 
Antioxidant therapy has the potential to reduce 
collagen deposition in pancreatic disorders.

Mahmoud et al., (2019)[64] also reported that 
UMB down-regulated the expression of collagen 
and α-SMA, which reduced fibroblast proliferation 
and prevented the formation and deposition of 
fibrous extracellular matrix (ECM). Collagen I, III 

and ECM proteins are synthesized and released by 
fibroblasts.

The OLZ treated group, showed a significant 
elevation in the number of insulin-positive cells as 
compared to the Umbelliferon treated group in this 
study which is line with (Kumar et al., 2020 and 
Shehata et al., 2022)[9, 33]. A statistical verification of 
these outcomes was conducted.

In rats with type 2 diabetes, eight weeks of 
UMB therapy decreased blood glucose levels and 
enhanced insulin production. Adiponectin and 
the hepatic glucose transporter GLUT-4 were also 
expressed more frequently. Additionally, it is known 
that UMBs increase insulin receptor sensitivity 
and stimulate GLUT-4 translocation by activating 
PPAR[65].

CONCLUSION AND RECOMMENDATION                                                       

Umbelliferon administration caused a marked 
improvement in olanzapine induced pancreatic 
injury. Meanwhile, G-CSF could ameliorate the 
harmful effect of olanzapine on pancreas, but to a 
lesser extent than umbelliferon. It should also be 
considered to conduct more researches to determine 
the ideal method of administration and to adjust the 
appropriate safe effective dose of Umbelliferon or as 
an adjuvant drug to the traditional therapies.
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الملخص العربي

تأثير الأولانزابين على بنكرياس الجرذان المهق البالغة والدور المحتمل 
للعامل المحفز لمستعمرات الخلايا المحببة مقابل الأمبيليفيرون

(دراسة نسيجية وهستوكيميائية مناعية وكيميائية حيوية)
 

سماء محمد المحروقي1، سمر رمزى محمد1، ولاء سامي2، سارة محمد عبد العال1

1قسم الهستولوجيا الطبية وبيولوجيا الخلية - 2قسم الكيمياء الحيوية - كلية الطب البشري - جامعة الزقازيق

مقدمة البحث: أولانزابين هو مضاد للذهان غير تقليدي يوصف عادة لعلاج الاضطرابات النفسية مثل الفصام. وقد تم 

توثيقه على نطاق واسع للحث على التهاب البنكرياس ومرض السكري من النوع الثانى. العامل المحفز لمستعمرات 

الخلايا المحببة هو دواء معتمد لعلاج نقص الكريات البيضاء ولتعبئة الخلايا الجذعية المكونة للدم من نخاع العظم نحو 

الدورة الدموية الطرفية. الأمبيليفيرون هو منتج نباتي طبيعي له خصائص دوائية متعددة، التي تشمل مضادات الالتهاب، 

ومضادات الأكسدة، ومضادات موت الخلايا المبرمج، ومضادات مرض السكري.

لمستعمرة  المحفز  المحتملة للأمبيليفيرون والعامل  العلاجية  الفوائد  إلى مقارنة  البحث  البحث: يهدف هذا  الهدف من 

الخلايا المحببة على إصابة البنكرياس المستحثة بدواء الأولانزابين.

المواد والطرق: وقد تم استخدام استخدمنا 48 جرذا ذكرًا بالغاً، تم تقسيمهم  مقسمة إلى أربع مجموعات؛ الضابطة، 

مجموعات الأولانزابين، العامل المحفز لمستعمرات الخلايا المحببة وأمبيليفيرون. تم التضحية بجميع الحيوانات، ثم 

جمعت الأنسجة والمصل لإجراء التحليل الكيميائي الحيوي. تم فحص مقاطع من كل مجموعة تحت المجهر الضوئي 

والإلكتروني تليها الدراسات المورفومترية والإحصائية.

الأولانزابين.  لمجموعة  البنكرياس  أنسجة  تغيرات مرضية في  الحيوية  والكيميائية  النسيجية  النتائج  النتائج: أظهرت 

المحفز  العامل  مجموعة  في  الذي ظهر  ذلك  من  أكثر  حيوياً  وكيميائياً  نسجياً  تحسناً  الأمبيليفيرون  أظهرت مجموعة 

لمستعمرات الخلايا المحببة. 

الاستنتاج: تسبب إعطاء الأمبيليفيرون في تحسن ملحوظ فى نسيج البنكرياس مقارنة بالعامل المحفز لمستعمرات الخلايا 

المحببة فى حالة إصابة البنكرياس الناجمة عن الأولانزابين.


