EGYPTIAN VOL. 66, 327:336, JANUARY, 2020

PRINT ISSN 0070-9484 ONLINE ISSN 2090-2360

ORAL MEDICINE, X-RAY, ORAL BIOLOGY AND ORAL PATHOLOGY

eda-egypt.org 129/2001 10.21608/ed}.2020.77550

GROWTH HORMONE MODULATES THE INFLAMMATORY AND
APOPTOTIC PATHWAYS INCORPORATED IN FLUOROURACIL-
INDUCED ORAL MUCOSITIS IN RATS

Rasha H. Al Serwi", Samar F. Darwish™ and Yasmen F. Mahran™"

ABSTRACT

Introduction: Oral mucositis (OM) is a well-known complication of radiotherapy (RT) and
chemotherapy (CT) in cancer patients. Although, 5-flourouracil (5-FU) is one of the standard
cytotoxic therapies, it is one of the most common causes of OM, which results in delay, dose
reduction or treatment discontinuation, thus this intensifies the need for an effective chemoprotective
agent. We aimed to investigate the potential chemoprotective effect of growth hormone (GH) on
5-FU-induced OM in rats.

Material & Methods: Rats were either exposed to a single 5-FU injection (160 mg/kg ip)
and/or treated with GH (1 mg/kg s.c). Oxidative stress, inflammatory and apoptotic markers were
assessed.

Results: An array of mucosal damage was produced as a result of 5-FU injection, which was
evident by histopathology. 5-FU induced a remarkable increase in lipid peroxidation accompanied
with a significant depletion of glutathione level. Besides, inflammatory cascades, including NF-
#B and IL-6, were elevated significantly. Furthermore, 5-FU stimulated cell death through the
significant increase of caspase-3. Interestingly, Pre-treatment with GH markedly ameliorated the
deleterious effects of 5-FU through counteracting the oxidative stress and inflammation-mediated

apoptosis. In addition, GH rescued the oral mucosal histology following chemotherapy.

Conclusions: Our study is the first to demonstrate evidences for the effective chemoprotection
provided by GH against 5-FU induced OM along with the underlying mechanisms, which may offer
a promising adjuvant therapy for cancer patients.
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INTRODUCTION

Cancer is a remarkable health problem and a ma-
jor cause of death worldwide and now considered as
the single most important barrier to increasing life
expectancy”. Although CT and RT are the most
commonly used treatments for cancer patients, they
are associated with several side effects, resulting in
patient morbidity and mortality . Oral mucositis
represents one of the most enervating, symptom-
atic and worrying adverse effect of both CT and RT
accompanied with marked morbidity and pain, in
addition to odynodysphagia, dyseugia, and subsid-
iary dehydration and malnutrition®. The severity of
mucositis varies from lesions with few symptoms
to potential ulcers and pain that can affect any part
of gastrointestinal tract from mouth to anus®. Se-
vere OM can also alter the delivery of appropriate
cancer therapy protocol, including dose adjustment
or treatment scheduling, to permit for the resolu-
tion of oral lesions. An additional concern is that
the patient may no longer be capable of enduring
to cancer therapy, which can directly affect patient

survivorship ?.

It is well established that OM is induced mainly
by chemotherapeutic drugs affecting DNA synthe-
sis®. Indeed, 5-FU is a fluoropyrimidine widely
used for different types of cancer, such as ovary ©,
breast 7, gastrointestinal tract, head and neck ®. Tt
inhibits the thymidylate synthase, thus affecting the
formation of thymine®. The OM associated with
the use of 5-FU occurs in more than 15% of cases®.
The initial phase of mucositis was found to be at-
tributable to an inflammatory reaction in response to
chemotherapy-derived production of reactive oxy-
gen species (ROS) "? in submandibular and sublin-
gual glands 4.

Despite the various treatment modalities for
mucositis patients receiving CT or RT, none of
them have proven highly effective “» Therefore,
new treatment strategy is of great interest. Growth
hormone is an anabolic hormone with multiple effects
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on cell growth, metabolism and differentiation.
Growth hormone previously showed a synergistic
protective effect combined with a hyperproteic diet
against methotrexate-induced injury of intestinal
mucosa'?. Lately, concomitant administration of
GH was found to have beneficial effects against
radiation-induced intestinal mucositis, without
affecting the tumor'®. Consequently, our study
targeted to illuminate the possible chemoprotective
effects of GH in 5-FU-induced OM in rats, as well as

investigating the possible underlying mechanisms.

MATERIAL AND METHODS

Drugs and Chemicals:

Recombinant human growth hormone (Genotro-
pin, somatropin 1.3 mg/4iU inj.) from Pharmacia
and Upjohn Co, Pfizer Inc. (NY). 5-Flourouracil
(Fluorouracil Injection 250mg / 10ml Amp) from
ACDIMA International (AiT). Glutathione reduc-
tase assay kit from Randox Laboratories (Antrim,
UK). All other solvents and chemicals are of high-
est-grade and available commercially.

Animals:

the ARRIVE
guidelines and executed in accordance with the

Animal experiments follow
National Institutes of Health guide for the care
and use of Laboratory animals (NIH Publications
No. 8023). In addition, the experimental protocol
was approved by the Research Ethics Committee
of Medical Faculty of Al Mansoura University,
Egypt. Animals used in accordance with the Animal
Welfare Act and Guide for Care Use of MERC
(Mansoura Experimental Research Centre) prepared
by Mansoura University. 32 Wister male rats (age
= 6-7 weeks) weighing 150-200g, were acquired
from the Nile Co. for Pharmaceutical and Chemical
Industries, Egypt. Rats kept in an air-conditioned
atmosphere, at a temperature of 25°C with 12 h light
and dark alternative cycles, and on a standard diet
and water ad libitum. Before any experimentation,
rats allowed to adapt for two weeks.
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Experiment design:

Rats were randomly assigned to 4 groups (n= 8)
and treated for one week. Group 1: received only
water for injection for 6 days (control). Group 2:
received 100 mg/kg of 5-FU, i.p (on day 4). Groups
3: GH group received only GH (Img/kg, s.c) for
6 days. Groups 4: received both GH + 5FU; GH
(Img/kg) for 6 days; GH was given 3 days before
5-FU administration and 2 days after the first 5-FU
injection, while 5-FU was given on day 4. In the
end of the study, blood samples were collected after
anesthesia from the retro-orbital plexus, animals
were euthanized using decapitation technique
which produces prompt, painless unconsciousness.
Using centrifugation, samples separated at 1000 g
for 10 min, then stored at -80°C. Lastly, rats were
sacrificed, and oral mucosal tissues were dissected
and saved in suitable buffers.

Histopathological examination:

Specimens from the buccal mucosa were kept
in 10% neutral buffered formalin, then specimens
were dehydrated in series of alcohol, cleared in
xylene and embedded in molten paraffin. Using
rotary microtome, Smicrons thickness sections were
cut and mounted. Sections stained with hematoxylin
and eosin for histopathological examination (H&E).

Oxidative stress markers assessment:

Reduced glutathione (GSH) content was assayed
inoral mucosal tissue homogenate using colorimetric
kit (Sigma-Aldrich, St Louis, Missouri) based on
previous method (15). Lipid peroxides (MDA) were
assessed also in oral mucosa using colorimetric kit
(OxiSelect™ TBARS assay Kit, Cell Biolabs, Inc.),
by measuring the malondialdehyde (MDA) content
as estimate for the thiobarbituric acid reactive
substances (TBARS).

Inflammation and Apoptosis assessment:

Nuclear factor kappa b (NF-zB) and

Caspase-3 oral mucosal contents were assessed
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immunohistochemically (16, 17). Tissue sections
deparaffinized in xylene, then rehydrated by
graded ethanol. Immunostaining for each applied
marker was done according to abcam, USA, using
an automated staining system (BioGenex 16000
systems). In addition, interleukin-6 (IL-6) was
determined in oral mucosal tissue homogenate

using ELISA kits (Elabscience Inc., USA).

Digital morphometric study:

Slides photographs were taken using Olympus®
digital camera, which was installed on Olympus®
microscope with a photo adaptor of 1/2 X. The
intensity of immune stain was counted in 10
(non-overlapping) low power fields (LPF) at a
magnification (x250) in immunohistochemically
stained sections. The analysis of images was done
on Intel® Core I3® based computer by the use
of Video Test Morphology® software (Russia)
which has a specific built-in routine for area, area
percentage and object counting. Staining intensity
levels where determined as minimal, mild, moderate
and strong immunoreactions.

Statistics:

GraphPad Prism software version 5 (ISI® soft-
ware, USA) was used for the analysis and presen-
tation of graphs. Data are represented as means =+
SD. Multiple group statistics were performed using
ANOVA then by the Tukey-Kramer post-hoc test.
The significance level was accepted at P<0.05.

RESULTS

Effect on body weight:

Comparison between different groups regarding
body weight changes revealed that there was a
significant decrease in the animals’ body weight
of the 5-FU treated group by 17.5%, compared to
control group. Meanwhile, GH co-administration
with 5-FU improved these changes notably by 9.4%
when compared to 5-FU treated group (Fig.1).
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Fig. (1) Effect of GH treatment on body weight changes in
5-FU induced-oral mucositis. Data are expressed as
% of initial body weight values (a or b: significantly
different from the corresponding (control) or (SFU)
group respectively at P<0.05).

Histopathology of oral mucosa:

The microscopical examination of different
groups has been shown in (Fig.2), in which the
control group revealed normal histological structure
of the buccal mucosa with a stratified squamous
keratinized epithelium & underlying lamina
propria. In addition, the submucosa muscular layers
were clearly seen (A, Al). Meanwhile, 5- FU group
exhibited a decrease in epithelial thickness with
the detachment in-between the epithelial layers,
areas of erosion and disorientation of the basal
cell layer. In addition, connective tissue showed
edema, dilatation of sub epithelial blood vessels,
as well as few chronic cells infiltration (B, B1). In
contrast, concurrent treatment with GH alleviated
the pathological changes caused by 5-FU and
showed normal epithelial thickness with intact
epithelial layers with no evidence of eroded areas.
The connective tissue showed normal blood vessels
with tissue edema and absence of inflammatory
cells (D, D1). However, normal rats treated with
GH showed increase in the mucosal height and
thickness (double arrow head), spongiosis of prickle
cell layers with prominent nuclei, and epithelial cell
proliferation are clearly seen with plump shaped
rete pigs (C, C1).

Fig. (2) Histological images of the buccal mucosa stained
with H&E. (A, Al) Control group: showing normal
histological structure of the buccal mucosa with

squamous keratinized epithelium &

underlying lamina propria as well as the submucosa
muscular layers were clearly seen. (B, B1) 5-FU treated

Group: exhibiting a decrease in epithelial thickness

(double arrow head) with the detachment in between

the epithelial layers (asterisk), areas of erosion (E),

disorientation of the basal cell layer (arrow heads) and

connective tissue showing edema (ED), dilatation of
sub epithelial blood vessels (BV), as well as the few
chronic cells infiltration (arrows). (C, C1) GH treated

Group: showing increase in the mucosal height &

thickness (double arrow head), spongiosis of prickle

cell layers with prominent nuclei (curved arrow).

Epithelial cell proliferations are clearly seen with

plump shaped rete pigs. (D, D1) 5-FU&GH combined

treated group: showing normal epithelial thickness with
intact epithelial layers, no evidence of eroded areas.

The connective tissue (CT) showing normal blood

vessels (BV) with tissue edema (ED), and absence of

inflammatory cells.

a stratified
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Anti-oxidant effects:

Table (1) reveals a potential stimulation of
oxidative stress in 5-FU treated group, showed
by a significant decrease in GSH by 42.3% and
a remarkable increase in MDA by 369.4%, as
compared to the control group. Meanwhile,
concurrent treatment with GH significantly improved
all of oxidative stress markers, interestingly by 83%
in GSH and 46.4% in MDA, as compared to the
5-FU group (Table 1). Moreover, rats subjected to
GH injections alone for 6 days have nonsignificant
changes in GSH as well as MDA levels when
compared to the control group.

TABLE (1): Effects of GH on oxidative stress
markers in SFU-induced oral mucositis.

GSH MDA
Groups . .
(mmol/g.tissue) (nmol/g.tissue)
Control 265+2.6 31010
5FU 153+1.3® 1455+64°%
GH 25+£20° 38 +3.5°
5FU+GH 28+14° 78 +2.8 0

-Data is represented as mean + SD (n=8). a or b:
significantly different from the corresponding (control) or
(5FU+GH) group, respectively at P<0.05 using one-way
ANOVA followed by Tukey-Kramer multiple comparison
test.

Anti-inflammatory and Anti-apoptotic effects

Treatment with 5-FU induced a remarkable
increase in inflammatory markers, including NF-
kB and IL-6, by 1124% and 70%., respectively as
compared to control rats. Concurrent administra-
tion of GH with 5-FU ameliorated these elevations
significantly in by 61% and 44%., respectively as
compared to 5-FU treated group. Furthermore, GH
showed moderate expression of NF-«B in the con-
nective tissue layer while epithelial layer was nega-
tive (Fig. 3 & 4). Besides inflammation, Injection
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of 5-FU resulted in a marked induction of apopto-
sis as showed by 333% elevation in the activity of
caspase-3, as compared to the control group. How-
ever, concomitant injection with GH normalized
that increment by reducing caspase-3 activity by
about 58%, when compared to 5-FU group (Fig.
5). Immunohistochemical reactivity for NF-kB and
caspase-3 was further assessed separately in the cy-
toplasm and in the nucleus of the epithelial cells.
Positive areas were expressed as percentages of to-

tal analyzed area (Fig. 61 & II, respectively).

Fig.3 Immunohistochemical images of buccal mucosa stained
with NF-kB antibody. (A,A1) Control group: showing
negative immune reaction. (B,B1) 5-FU treated group:
showing strong immune reaction. (C,C1) GH treated
group: showing moderate immune reaction (D,D1)
5-FU&GH combined treated group: showing moderate
reaction.
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Fig. (4) Effect of GH treatment on IL-6 mucosal expression
in 5-FU induced-oral mucositis. Data are represented
as mean + SD (a or b: significantly different from the
corresponding (control) or (SFU) group respectively at
P<0.05).

Fig. (5) Immunohistochemical images of buccal mucosa
stained with caspase-3 antibody. (A,A1) Control group:
showing negative immune reaction. (B,B1) 5-FU

treated group: showing strong immune reaction. (C,C1)
GH treated group: showing moderate immune reaction
(D,D1) 5-FU&GH combined treated group: showing
moderate reaction.

Fig. (6) Digital analysis of immunohistochemical images of

buccal mucosa stained with NF-xB (I) or caspase-3
(II). (A) Control group: showing negative immune
reaction, (B) 5-FU treated group: showing strong
immune reaction, (C) GH treated group: showing
moderate immune reaction, (D) 5-FU&GH combined
treated group: showing moderate reaction. (E) Positive
areas measured and expressed as a percentage of total
analyzed area (a or b: significantly different from the
corresponding (control) or (5FU) group respectively at
P<0.05.).

DISCUSSION

The immanent common finding of the severe
OM among cancer patients who are treated with CT
boosts the immense need of an ideal chemoprotective
agent that enhances the quality of life. Indeed,
S-flourrouracil, a standard cytotoxic agent, is one of
most common chemotherapies associated with OM
in cancer patients. This potential side effect threatens
the efficacy of treatment by necessitating delay,
dose reduction or drug discontinuation, in addition
of the remarkable pain, morbidity and malnutrition
(% Patients receiving CT or RT were treated for
mucositis with different strategies, including oral
mouthwashes, analgesics, local anesthetics, and
biological mucosal protection !>, However, there
is no “gold standard” therapy to prevent or treat oral
mucositis at the present, thus OM along with its
associated symptoms still represent an unmet insult
@9 Consequently, the development of an effective
strategy is of high priority in the oncological
supportive care.

Growth hormone was previously reported to
have a proliferative and protective actions against
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radiotherapy and methotrexate-induced intestinal
injury 432D Additionally, it is well-established
that 5-FU injection induces mucositis in both oral
mucosa and small intestine ?*¥, thus it is commonly
used to investigate many aspects of oral mucositis,
such as the pathophysiology, treatment effects and
the mucotoxicity of used drugs ?¥. The cytotoxicity
of 5-FU impairs DNA replication, causing genome
damage and programmed cell death @. Accordingly,
the present study was designed to investigate the
possible protective effects of GH against 5-FU-
induced OM.

Clinically, difficulty in eating and drinking has
been reported in nearly 90% of patients receiving
CT and RT, and the resultant body weight loss
was approximately 85% 29, Our results revealed
that 5-FU caused a remarkable decrease in the
animals’ body weight, while GH pre-treatment
improved animals’ appetite and restored their body
weight. These results were in agreement with other
experimental animal studies in which body weight
showed significant reduction when subjected to
5-FU @,

Buccal mucositis can affect any part of the
gastrointestinal tract @. The pathogenesis of OM
involves five phases; initiation, upregulation, signal
amplification, ulceration and healing ®®. In our
study, histopathological examination confirmed that
devastating events of OM was stimulated by the
injection of 5-FU with a deterioration in epithelial,
basal cell and connective layers, which were similarly
shown in a previous study ®®. Our study revealed a
significant improvement of all pathological changes
induced by 5-FU upon concurrent treatment with
GH, confirming its protective effect.

Chemotherapy-induced OM is characterized
by direct breaks in DNA strands in the basal
epithelium, resulting in the release of ROS, leading
to direct damage of cells ®”. The current study
confirmed that administration of 5-FU induced a
significant oxidative stress in oral mucosal tissue
through enhancing lipid peroxidation, accompanied
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with a notable depletion of GSH. These results are
consistent with previous studies which affirmed
the induction of potential oxidative stress followed
by 5-FU injection, leading to cell death in oral
mucosa @3V, Our findings of the reversal of these
alterations by concomitant administration of GH are
clear evidence of its inherent antioxidant activity.

Following the release of ROS, there is a subse-
quent production of pro-inflammatory cytokines,
resulting in tissue damage and apoptosis. NF-xB, a
key element in this process, upregulates other in-
flammatory mediators, therefore plays a key role in
the mucositis apoptotic pathway ©?. Additionally,
NF-«B activation precedes peaks in pro-inflamma-
tory cytokines such as IL-6, in mucosal cells. There-
fore NF-«B is considered the (gatekeeper) for the
inflammatory pathways involved in mucositis ©%.
The increases in IL-6 are also accompanied with the
emergence of mucositis and a main factor in signal-
ing pathways leading to tissue injury. This cascade
potentiate the initial insult of mucositis through a
positive feedback loop ©¥.

In the present study, the inflammatory response
was manifested by increased oral mucosal expres-
sion of NF-»B, along with the marked elevation
in IL-6 tissue contents, indicating exaggerated in-
flammatory reaction during 5-FU induced mucosi-
tis. Meanwhile, concurrent administration with GH
improved this inflammatory response, evidenced by
the reduced expression of NF-»B, and subsequently
the downstream inflammatory cascade by attenuat-
ing the expression of IL-6. Furthermore, an impor-
tant previous finding confirmed that the inhibition
of NF-xzB activity diminishes the chemo-resistance
to 5-FU in human stomach cancer cell line ©3).
Accordingly, GH might offer an enduring chemo-
therapeutic response if it is added to the 5-FU-based
therapy.

Apoptosis in the basal layer of the oral mucosa is
well known to occur in OM lesions ©7. In addition,
ROS and inflammatory reactions may also induce
the production of sphingomyelinase and ceramide
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synthase, resulting ceramide pathway activation
leading to apoptosis ©?. In this regard, our study
confirmed the significant cell death associated with
5-FU induced-OM, through the elevated caspase-3
in oral mucosal tissue. This insult was significantly
reversed upon GH treatment, which confirms the
role of GH in cell survival.

CONCLUSIONS

This study is the first to demonstrate the
effective protection provided by GH against 5-FU
induced OM in vivo. This chemoprotective effect
could be partially attributed to its anti-oxidant and
anti-inflammatory activities, as well as hampering
the apoptosis. Therefore, the present study may
open a new scenario for the clinical usefulness of
adding GH to chemotherapy-based treatment of
cancer patients, to enhance both quality of life and
treatment efficacy.

Despite the undeniable anti-apoptotic and
anabolic effect of GH, the exact mechanism
by which tumor cells are unprotected remains
unknown; thus, the threat of increased future cancer
risk or tumor recurrence, impedes its clinical use in
oncological patients. However, several data from
long-term patient surveillance and meta-analysis
studies suggest the safety of low-dose GH treatment,
concluding that GH therapy does not increase the risk
of cancer (38-40). Further investigations are highly
recommended to establish the clinical applicability
of GH in cancer patients treated with chemotherapy
and to explore the possible interference with the
anti-tumor activity of cytotoxic drugs.

List of abbreviations:
OM: Oral mucositis
RT: Radiotherapy
CT: Chemotherapy
5-FU: 5-flourouracil

GH: Growth hormone
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NF-#B: Nuclear factor kappa B
IL-6: Interleukin 6

ROS: Reactive oxygen species
GSH: Reduced glutathione
MDA: Malondialdehyde

TBARS: Thiobarbituric acid reactive substances
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