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Diabetes mellitus is a chronic metabolic disease that has increased blood glucose level as
a defining feature which eventually causes multiple complications including gastrointestinal
problems. Type 2 diabetes mellitus (T2DM) represents a risk factor for stomach inflammation
and gastrointestinal problems including ulcer diseases. Gastrointestinal symptoms include
functional dyspepsia, abdominal pain, diarrhea and gastric ulcers that could be severe and
progressed to bleeding and perforation. Gastric ulcer in T2DM has many causes but the most
important of them is higher possibility of Helicobacter pylori infection. However, the current
mini-review correlates T2DM and gastric ulcer as one of its complications in susceptible
individuals. Yet, specific treatments for gastric ulcer are histamine-H, blockers, proton pump
inhibitors, antacids and antibiotics that aimed to reduce discomfort, treat the ulcer, and prevent
a recurrence. In addition, many experimental studies provided a protective role for many anti-
diabetic drugs in gastric ulcer during T2DM such as metformin, pioglitazone and glucagon-like
peptide-lanalogues. Many of these anti-diabetic drugs may promote tissue generation and the
healing of ulcerative wounds by producing anti-inflammatory and anti-oxidative effects in the
tissue around the ulcer of diabetic rats. The presence of sufficient clinical studies concerning

this effect and the development of novel strategies are warranted in the near future
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INTRODUCTION

Prevalence of diabetes mellitus

The World Health Organization (WHO)
describes diabetes mellitus as a chronic
metabolic illness that has increased blood
glucose level as a defining feature, which over
time causes damage to the heart, vasculature,
eyes, kidneys and nerves! Numerous
individuals of different ages, races and
socioeconomic  backgrounds suffer from
diabetes mellitus? . Due to the aging of the
population, urbanization and sedentary
lifestyle, the high global prevalence of diabetes
mellitus is quickly rising. Within the last 30
years, the number of people with diabetes

Received: 25/8/2023 & Accepted: 5/11/2023

*Corresponding author: Gehan H. Heeba, E-mail: ghhh70@yahoo.com

mellitus was doubled. According to estimates,
285 million individuals worldwide had diabetes
mellitus in 2010. By 2030, it is expected to
increase to 439 million® . Around 90-95% of
diabetic patients suffers type 2 DM*.

Pathogenesis of type 2 diabetes mellitus

Type 2 diabetes mellitus (T2DM), that
also called adult diabetes or obesity-related
diabetes or non-insulin dependent diabetes, is
referred to a multisystem illness that has
become a major public health concern®. It is
manifested in high level of glucose, decline of
antioxidants and abnormalities in lipid
metabolism®.
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T2DM is more prevalent to develop in
people with history of high blood pressure,
dyslipidemia, or any sort of pregnancy-related
diabetes ’. Furthermore, there are concerns that
genetic and/or beta-cell cytotoxic factors may
lead to decreased beta-cell mass, which could
be a danger sign for glucose intolerance®.

There are several environmental and
genetic risk factors for T2DM, including
obesity, poor diet and sedentary lifestyles,
which all cause multiple pathophysiological
issues that result in a defective glucose
equilibrium®.

T2DM occurs by insufficient capacity of
insulin-sensitive tissues to respond to insulin
and impaired insulin production by pancreatic-
cells, resulting in hyperglycemial. T2DM's
pathogenic factors has been associated with
mutations in mitochondrial DNA (mtDNA) and
declines in mtDNA copy number?®,

Hyperglycemia can result in oxidative
stress in a variety of ways, including the
generation of free fatty acids, advanced
glycation end products (AGE) and glucose
autoxidation and also blood MDA significantly
increased in T2DM™12 | As well, stimulation
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of protein kinase C (PKC) and overproduction
of superoxide are considered mechanisms in
T2DM™ .

Although the pathophysiology of diabetic
dyslipidemia is unknown, a vast body of
research proves that insulin resistance plays a
major factor in the development of T2DM.
Diabetic dyslipidemia stimulates the release of
unrestricted fatty acids from fat cells that
resistant toinsulin. In the presence of
appropriate  glycogen stores, triglyceride
production is triggered by an increase in the
flow of free fatty acids into the liver, which in
ultimately encourages the release of VLDL
cholesterol and Apo-lipoprotein B (ApoB).
Increased hepatic VLDL cholesterol production
as a result of insulin's impaired ability to
inhibit free fatty acid release correlates with the
degree of hepatic fat accumulation as a result
of increased levels of VLDL cholesterol,
triglyceride, and small dense LDL-cholesterol,
with decreased HDL cholesterol levels (Fig.
1)13, 14
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Fig. 1 : Mechanisms of dyslipidemia in T2DM 2,

Abbreviations: 1, increased level; ApoA-1, apo-lipoprotein A-1; ApoB, apo-lipoprotein B; CE,
cholesteryl ester; CETP, cholesteryl ester transfer protein; FFA, free fatty acid; HL, hepatic lipase;
LPL, lipoprotein lipase; SD LDL, small dense LDL cholesterol; TG, triglyceride.
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Complications of T2DM

It is commonly acknowledged that
unregulated glucose level leads to continued
hyperglycemia,  which  causes  diabetic
complications™. T2DM macro-vascular
consequences include peripheral artery disease,
cerebrovascular  disease, cardiomyopathy,
arrhythmias, coronary heart disease which is
considered the main factor of sudden death®.
Chronic ~ hyperglycemia  damages  the
microvasculature, leading to  diabetic
retinopathy,  neuropathy, and  diabetic
nephropathy, all of which have a major harmful
influence on quality of life and lifespan® .
Hence, it is essential to regulate blood glucose
levels in diabetic patients. Certain drugs can
have the opposite effect and cause
hypoglycemic episodes, as well as, potentially
catastrophic side effects such as comas,
seizures, life-threatening arrhythmias, and
myocardial infarctions?,

Diabetic gastropathy

Gastrointestinal problems in  T2DM
include: Vomiting, diarrhea, constipation,
severe indigestion, and slow  gastric
emptying'’8, Patients with T2DM have a
significant risk for acute stomach inflammation
and ulcer disease 2 . The full thickness of the
mucosa as well as the muscle mucosa are both
affected by the regional deep ischemic lesion?.
Gastric ulcers are examples of micro-vascular
complications of diabetes mellitus that are
more severe, have a slower healing rate and are
frequently accompanied by other problems
such as gastrointestinal hemorrhage!® . It is
responsible for bleeding and perforation in
55% of T2DM patients?> 2, Gastric ulcer
considered a significant cause of morbidity in
T2DM patients?* %

Pathogenesis of peptic ulcer in diabetes
mellitus

The autonomic neuropathy is one of the
mechanisms supporting a greater susceptibility
to multifactor damage in diabetes®, anti-
oxidative system dysfunction?® 2" 2 gastric
mucosal inhibition of basic fibroblast growth
factor synthesis?, insufficient duodenal

secretion of bicarbonate®, inhibition of NO
synthase  and  decrease  prostaglandin
E. levels®t, malfunction of the capsaicin-
sensitive afferent neurons that are responsible
for protecting of the stomach mucosa®?,
attenuation of gastric secretion® 26 33
stimulation of acid output** % . Moreover,
slow gastric motility in diabetes, enhances the
stomach mucosa's exposure to ulcerogens and
hinders the healing of gastric ulcers'” %2, In
addition, there is a high incidence of
Helicobacter pylori (H. pylori) infection in
people with T2DM, which can result in
autonomic neuropathy causing bleeding and
perforation!® 232536

Regarding diabetic patients with gastric
ulcer disease, large number of patients
require H.pylori eradication for peptic ulcer
treatment of triple therapy involving
amoxicillin, clarithromycin, and a proton pump
inhibitor (PPI). Several individuals who
already take diabetes medication have reported
experiencing hypoglycemia episodes within 30
days of receiving triple therapy for H. pylori
eradication'® . After the antibiotic therapy for
H. pylori eradication is finished, the gut flora is
affected, which  affects  metabolism®’.
Because. PPIs can cause hypoglycemia by
increasing the risk of serum gastrin
concentration and altering glucose metabolism
by stimulating B-cell growth and renewal.
Omeprazole may raise the risk of hypoglycemia
especially if used in combination with
clarithromycin and sulfonylurea® .Omeprazole
raises the pH of the stomach by increasing the
absorption  of  clarithromycin®  .Also,
omeprazole  induces  hypoglycemia in
gliclazide-treated individuals, according to
another study®. So, it may be advisable to
decrease the dose of antidiabetic drugs when
used with triple therapy of H.pylori eradication.

Another important factor is reduction
numbers of circulating endothelial progenitor
cells (EPCs)* . Since EPCs are crucial for
vascular recovery, angiogenesis and are
biological indicators for vascular function. Yet,
peripheral vascular dysfunction in T2DM
patients has been linked to low EPC levels*? .
Therefore, in patients with T2DM who have
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peptic ulcers, EPCs are considerably
diminshed?. Also, drugs may contribute to
gastric ulcer in diabetic patients receiving
acetylsalicylic acid on a daily basis of 100 mg
for the prevention of cerebrovascular stroke
which ,in turn, elevates the risk of developing
severe acute gastric ulcer disease®® %4,
Additionally, there are reports that link free
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radicals, a low level of mucosal glycoprotein,
the breakdown of epithelial basement
membrane components, a DNA damage and a
total disruption to cell metabolism to the
pathogenesis of gastric ulceration in diabetes
mellitus (Fig. 2)* .
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Fig. 2: Protective and aggressive factors on gastric mucosa in healthy and ulcer state “°.
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Management of gastric ulcer in diabetes
mellitus

Proton pump inhibitors (PPIs), histamine
type-2 receptor antagonists (H2 blockers),
antacids and antibiotics for treatment of H.
pylori infections are among the treatments for
gastric ulcers that are often used in clinical
practice. Their objectives are to reduce
discomfort, treat the ulcer, and prevent a
recurrence*’ . PPls medication and histamine-
H2 blockers therapy are the two main options
for treating peptic ulcers, respectively“®,

Proton pump inhibitors (PPIs)

Act by irreversible blocking the gastric
H*K* ATPase* . PPIs are potent medications
that restrict the production of acid, have
simplified the treatment of disorders connected
to acidity and reduced the need for surgery.
PPIs also used with antibiotics for elimination
of Helicobacter pylori infection® . They act on
last stage of acid production results in more
efficient symptom alleviation and recovery®*.

Histamine-H; receptor
blockers)

Drugs such as (cimetidine, famotidine,
ranitidine and nizatidine) are common H:
blockers. They act by reversible inhibiting of
H-2 receptor in gastric parietal cells and so
reduce the level of stomach acid secretion*’ .
Therefore, they are beneficial in preventing and
treating gastric and duodenal ulcers®? .

antagonists  (H:

Potassium-competitive acid blockers (P-
CABs)

Vonoprazan, is a new and diverse category
of medications used to treat peptic ulcers. They
work by competitively blocking the potassium
binding site of the stomach H+/K+ ATPase,
which may help them overcome the drawbacks
of proton-pump inhibitors®,

Antacids

Antacids are available for  self-
prescription. They are composed of diverse
compounds or mixtures of calcium carbonate,
magnesium, and aluminum salts. The effect of
antacids on the stomach is due to partial

neutralization of gastric hydrochloric acid |,
inhibition the proteolysis of enzyme such as
pepsin®. Also, stimulating bicarbonate and
mucus secretion to enhance the mucosal blood
circulation®.

Role of anti-diabetic drugs in management
of gastric ulcer in T2DM

Many previous studies provided a
protective and treatment role for many anti-
diabetic drugs in gastric ulcer during T2DM.

Metformin

A previous work demonstrated that
metformin can be wused in treatment of
indomethacin-induced stomach ulcers*’. In non-
diabetic ulcerative rats, metformin was
administered orally as a single dose at three
different concentrations (200, 100, and 50
mg/kg). The most potent gastro-protective
effect was observed at 200 mg/kg, which was
very effective against gastric ulcer induced by
indomethacin. This included increased gastric
defense factors (higher mucin concentration in
gastric juice), decreased gastric acid output,
ulcer index, and decreased levels of TNF-a, IL-
6, and Rho associated protein kinases (ROCK-
1), which is crucial for NF-xB activation and
inflammatory degradation*’. Additionally, a
single oral dose of metformin (500 mg/kg) one
hour before indomethacin (30mg/kg) injection
has anti-secretory effects, improved anti-
oxidant and mucosal protection properties.
Also, it produced important reductions in the
ulcer index, total and free acid output and
malondialdehyde in gastric juice. As well, it
causes a rise in mucin, nitric oxide and catalase
concentrations in the gastric mucosa® .

Pioglitazone

Pioglitazone is anti-diabetic drug with a
gamma-agonist of the peroxisome proliferator-
activated receptor (PPAR-y). It achieves its
gastro-protective effects in T2DM by repairing
and preserving the stomach mucosa, with
hyperemic effects on the gastric mucosa
including endogenous prostaglandins (PGs)
and nitric oxide (NO)#®¢, Intragastric
administration of pioglitazone (40 mg/kg/day)
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enhances the blood flow to the stomach
mucosa, which considerably speeds up the
healing process of ulcers. Additionally,
pioglitazone increases the protein level of
HSP70 that has a potent cytoprotective
effects?®. Pioglitazone is known to boosts the
protein expression of leptin which, in turn,
results in reduction of stomach acid output®™.
Also, it decreases the expression and
production of pro-inflammatory cytokines like
IL-1B and TNF-0?% 5780  Pioglitazone helps in
acceleration the recovery of pre-existing
stomach ulcers by reducing the location of
stomach ulcers, stimulating the blood flow to
the stomach at the ulcer edge, down-regulating
cyclooxygenase-2  and increasing  the
production of PPAR-y mRNA in the inflamed
stomach mucosa®’. A previous study reported
that, on prolonged use of pioglitazone, it
enhances expression of nitric oxide synthase
that plays an important role in gastro-protection
and stimulates the generation of catalase,
which is in charge of the intracellular
breakdown of H,O; in the stomach mucosa of
rats with diabetes®®.

Rosiglitazone

It is another gamma-agonist of the
peroxisome  proliferator-activated  receptor
(PPAR-y) that is anti-diabetic medication with
reported gastro-protective effects; it guards
against indomethacin induced ulcers reducing
NO, raising PGE2 and enhancing mucus
secretion. Administration of rosiglitazone (10
mg/kg, orally, for 1 weeks) before giving
intrapritoneal  injection of indomethacin
(30mg/kg), in non diabetic group, diminished
the inflammed area and lessened the severity of
ulcer. This could be attributed to the fact that
rosiglitazone caused a significant rise in
stomach juice mucin concentration and a
decrease in TNF-o level® Additionally, a
nother study reported that a single oral dose of
rosiglitazone (3 mg/kg), one hour before
indomethacin (30mg/kg) injection, elevated the
PH, decreased ulcer index, mucosal
malondialdehyde level, and free and total acid
output®.
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Glucagon-like peptide-1 (GLP-1) analogues
GLP-1 belongs to a category of bioactive
peptides. Previuos reports demonsterated that
GLP-1 analogues are drugs that play a major
role in the prevention of gastric mucosal
ulcers®® | Intracerebroventricularly injection
of Exendin-4 (1 pg/kg), a GLP-1 analogue, in
rats reduced the damage of the gastric mucosa
caused by ethanol®. Also, intraperitoneal
injection of Exendin-4 (0.5 pg/kg/day) for 7
days induced pro-angiogenic, anti-
inflammatory and anti-oxidative reactions in
the peri-ulcer tissue of diabetic rats that
eventually enhances tissue granulation and
closure of ulcerative wounds®. In accordance,
this study support the potential clinical
application  of  GIp-1  analogues  as
supplementary hypoglycemic agents in the
antipeptic ulcer medication in diabetes.

Conclusion

Type 2 diabetes mellitus is a chronic
metabolic disease with increased blood glucose
level and eventually could lead to different
complications. Patients with T2DM have a
significant risk for acute stomach inflammation
and ulcer diseases. This mini-review focused
on diabetic gastropathy and pathogenesis of
gastric ulcer in diabetes mellitus. Slow gastric
motility in diabetes, enhances the stomach
mucosa's exposure to ulcerogens and hinders
the healing of gastric ulcers. Previous
experimental studies provided a protective and
treatment role for many anti-diabetic drugs in
gastric ulcer during T2DM. The lack of clinical
studies concerning the effects of anti-diabetic
drugs in gastric ulcer during T2DM is
important to be considered in the future.
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