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SUMMARY: Gastrointestinal pathology in diabetic patients has become a source of concern in recent times. The aim of this study
was to investigate the ultrastructural and immunohistochemical effects of aqueous leaf extract of Xylopia aethiopica on the stomach in
streptozotocin-induced diabetic rats. This study was conducted using thirty adult Wistar rats. The animals were divided into three groups (n=
10). Group A was the control animals (administered with equivalent volume of citrate buffer), group B was diabetic animals induced by a
single intraperitoneal injection of streptozotocin dissolved in citrate buffer (65 mg/kg) and group C was diabetic animals treated with 200 mg/
kg body weight of aqueous leave extract of X. aethiopica for twenty five days. At the expiration of the study, all the animals in each of the
groups were sacrificed and the stomach excised and fixed in both 10 % formol and karnovsky fixatives immunohistochemical, light microscopic
and electron microscopic studies respectively. The results showed a gradual decline (P<0.05) in the blood glucose level in the extract treated
group as against the increment in untreated diabetic group. There was a distortion of the glandular mucosa and epithelium in the untreated
diabetic group vis-à-vis the extract treated and control groups. The immunohistochemical staining and percentage immunoreactivity of the
stomach of untreated diabetic group showed that the immunoexpression of H+/K+-ATPase were sparse and significantly (p<0.000) lower
compared with the control group. There was a better staining pattern for H+/K+-ATPase gastric proton pump in the group treated with
aqueous leaf extract of X. aethiopica as compared with the untreated diabetic group. The ultrastructural studies of untreated diabetic group
revealed a reduction in the density of mitochondria as compared with the control group. Treatment with leaf extract of X. aethiopica increased
the mitochondrial density as well as uniform dispersal of chromatin. It is concluded that diabetes causes gastric pathology thus resulting in
morphological changes in the gastric histo-architecture and parietal cells. The aqueous leaf extract of X. aethiopica enhances the recovery/
restoration of these defects in streptozotocin induced diabetic rats and as such, may play a significant role in the management of complications
associated with diabetes mellitus.
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INTRODUCTION

 Diabetes mellitus (DM) is a metabolic disorder of the
endocrine system (Deshmukh et al., 2008). It is a group of
metabolic diseases characterized by high blood glucose
levels, which result from defects in insulin secretion, or
action, or both. Diabetes mellitus is sometimes referred to
as diabetes was first identified as a disease associated with
“sweet urine". Basically we have two types of diabetes, called
type 1 and type 2. Type 1 diabetes is also called insulin
dependent diabetes mellitus (IDDM), or juvenile onset dia-
betes mellitus. In type 1 diabetes, the pancreas undergoes

an autoimmune attack, and thus unable to make insulin. Type
2 diabetes is also known as non-insulin dependent diabetes
mellitus (NIDDM), or adult onset diabetes mellitus (AODM).
In type 2 diabetes, patient continues to produce insulin, but
the insulin is not enough to meet up with the body's needs.
The release of insulin by the pancreas is affected by a steady
decline in beta (b) cell production of insulin in type 2 diabe-
tes that contributes to worsening glucose control. Because
of inability to produce insulin by people suffering from dia-
betes, they have a high level of blood glucose (Deshmukh et
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al.). Streptozotocin induction of diabetes is an experimental
model widely used to study glycemic and lipidemic changes
in plasma (Bailey & Day, 1989). Although the precise
mechanism is not known, streptozotocin decreases insulin
secretion from the b-cell of the pancreas (Deshmukh et al.).

The stomach is a very important visceral whose
mechanical activity helps to churn ingested food into smaller
fragments. The stomach is one of the numerous visceral
compromised in patients with DM. Both acute and chronic
hyperglycemia can lead to specific gastrointestinal (GI)
complications. DM is a systemic disease that may affect
many organ systems, and the GI tract is no exception. As
with other complications of diabetes, the duration of the
disorder and poor glycemic control seem to be associated
with more severe GI problems. Patients with a history of
retinopathy, nephropathy, or neuropathy should be presumed
to have GI abnormalities until proven otherwise, and this is
best determined by asking a few simple questions (Wolosin
& Edelman, 2000). Diabetic gastroparesis is a condition in
which emptying of food from the stomach is delayed, leading
to retention of stomach contents. This may cause bloating,
early satiety, distention, abdominal pain, nausea, or vomiting.
Gastric stasis may lead to worsening gastroesophageal reflux
along with symptoms of heartburn and mechanical
regurgitation of gastric contents. In addition, fatty foods and
very fibrous foods normally exit the stomach slowly and
may be poorly tolerated (Piyachaturawat et al., 1991).

Relationships between diabetes and stomach have
been of almost importance considering the vital role of the
stomach in the body. Gastroparesis is one of diabetic
gastrointestinal motor disturbances, and occur in
approximately 50 % of diabetic patients (Yamano et al.,
1997). The pathogenesis of diabetic gastroparesis however
remains poorly understood. Acute changes in blood glucose
level affect gastric emptying in healthy men (Yamano et al.).
Ofusori et al. (2012) reported diabetic gastroparesis in adult
Wistar rats. Also, Bastaki et al. (2010) concluded that long-
term diabetes induces cellular and functional changes in the
glandular stomach especially in the parietal cells.

For various reasons, in recent years the popularity of
complementary medicine has increased. Dietary measures
and traditional plant therapies are used commonly in Nigeria.
Herbs such as Xylopia aethiopica (X. aethiopica) are known
to act as anti-diabetic agents (Ogbonnia et al., 2008; Baldé
et al., 2006), but the effects of such herbs on complications
such as gastric complication associated with diabetes is yet
to be thoroughly investigated.

The aim of this study was to determine the effect
and role of X. aethiopica leaf extract (if any) on the

restoration of gastric integrity compromised during diabetic
state and to also justify its ethno-medicinal use in the
management of DM.

MATERIAL AND METHOD

Animal care. Thirty adult male albino rats of the Wistar
strain were procured and acclimatized for two weeks before
the commencement of the research work. Animals were
fed with standard rat feed. Animals were kept and
maintained under standard laboratory conditions of light,
humidity and temperature. All the animal experiments were
conducted in accordance with the “Guide for the Care and
Use of Laboratory Animals” prepared by the institute of
public health, Obafemi Awolowo University (Ethics No:
IPHOAU/12/61).

Plant Materials. The plant (X. aethiopica) was procured
from a local market in Ile-Ife, Osun State, Nigeria. The leaf
was identified by a taxonomist at the Department of Botany,
Obafemi Awolowo University, Nigeria. The leaves were
weighed (310 g), air dried and crushed in to powder by a
squeezing and crushing machine (Daiki Rika Kogyo Co-
Ltd, Japan). The powder was then weighed and extracted
with distilled water (2.5 L). The solution was given an ave-
rage of two intermittent shaking per hour. After fourty-eight
hours, the solution was filtered and the filtrate concentrated
in vacuum using rotary evaporator (Buchi Rotavapor R110,
Schweiz). The yield (5.93 %) was weighed and administered
at a dose of 200 mg/kg to the animals in group C.

Induction of experimental diabetes. The animals in groups
B and C were injected intraperitoneally with streptozotocin
(STZ) (65 mg/kg body weight) dissolved in 0.1M sodium
citrate buffer (pH 6.3) while animals in group A received an
equivalent volume of 0.1 M sodium citrate buffer (pH 6.3).
Streptozotocin induces diabetes within 3 d by destroying
the beta cells (Akbarzadeh et al., 2007). Before the
commencement of the experiments, all the animals were
fasted for 16-h, but still allowed free access to water
throughout. At the end of the 16-h fasting period – taken as
0-h – blood glucose levels (initial glycemia, G0) of the fasted
normal (control), and other experimental rats were
determined and recorded using Accu-check® Advantage,
Roche Diagnostic, Germany. Blood glucose levels was again
determined and recorded on the 3rd, 14th and 28th d. As soon
as hyperglycemia was confirmed 3 d after STZ induction,
animals in group C were immediately treated with the leaf
extract of X. aethiopica in aqueous solution orally through
gavages at a concentration of 200 mg/kg body weight/rat/
day until the 28th d.
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Experimental design.

The animals were divided into three groups as
follows, with ten animals in each group:

Group A: Control rats administered intraperitoneally with
equivalent volume of 0.1 M sodium citrate buffer.

Group B: Diabetic control rats administered intraperitoneally
with 65 mg/kg body weight dissolved in 0.1 M sodium citrate
buffer (pH 6.3).

Group C: Diabetic rats administered orally aqueous leaf
extract of Xylopia aethiopica (200 mg/kg body weight/day/
rat) in aqueous solution for twenty five days which
commenced three days after STZ induction.

Light Microscopy. Samples of the stomach of the sacrificed
animals were fixed in 10 % formol saline and processed for
light microscopic study. These processing methods include
dehydration through graded ethanol (50 %, 70 %, 90 % and
100 %), clearing in isopropanol and infiltration in paraffin
wax for 2 h at 56 ºC using automatic tissue processor (Leica
ASP 200S). The processed samples were then embedded in
paraffin wax for 48 hours using auto-embedder (Leica
EG1150 H). Sections were obtained using a rotary microtome
(Leica RM 2135) at 5 µm thickness. The sections were finally
subjected to Haematoxylin and Eosin (H & E) staining
procedure.

Immunohistochemistry. For each stomach, 10 sections were
randomly chosen at every 30th section throughout the block
(Bernard et al., 1998; Movassat et al., 1997). Sections of
the stomach were immunostained with monoclonal
antibodies against H+/K+-ATPase (1:2000 dilution), gastric
proton pump, for 24 h at 4 °C. Thereafter, incubated in
peroxidase-conjugated rabbit anti-guinea pig
immunoglobulin G (IgG) (final dilution 1:20) for 30 min.

The activity of the antibody-peroxidase complex was
visualized by incubation with 3,3’-diaminobenzidine-tetra-
hydrochloride (DAB kit). Sections were counterstained with
hematoxylin and mounted in DPX. The sections were
examined under a bright field on a Zeiss Axioscope A1
microscope with a digital camera attached.

Percentage Immunoreactivity. Eight areas of the stomach
per specimen were randomly selected and photographed at
magnification x100. The intensity of labeling with H+/K+-
ATPase antibody was evaluated with Zeiss AxioVision Image
analysis software package version 4.8.3. The size of the
measurement frame was expressed as µm2. This measurement
corresponded to a mean area frame of 359142.31µm2.
Intensity of immunoreactivity was expressed as percent
labeled surface area / frame surface area.

Electron Microscopy. The gastric tissue from each group
of sacrificed animals was fixed Karnovsky fixative
(American MasterTech Scientific, Inc.). The tissues were
subsequently post-fixed in 1 % osmium tetroxide. After
dehydration in graded concentrations of ethyl alcohol and
propylene oxide using an automatic tissue processor (Leica
EM TP), the tissues were embedded in spur medium.
Samples were sectioned with an ultramicrotome Reichert
Ultracut S, using a glass knife. Semi-thin sections were
stained with methylene blue, and ultra-thin sections with 8
% uranyl acetate dissolved in 50 % methanol, and thereafter
in lead citrate according to the method of Reynolds (1963).
All the sections on a grid were viewed under a Transmission
Electron Microscope (JEM-1011).

Statistical Analysis. All data were expressed as Mean ± Stan-
dard Error of Mean (S.E.M) and evaluated by one-way
analysis of variance (ANOVA) using SPSS version 17.0
(SPSS, Cary, NC, USA) with Duncan's Multiple Range Test
(DMRT) option.

Fig. 1. Showing a representative of animals from each group. (A) Group A (Control group); (B) Group B (Untreated diabetic
group), note the wetness of the fur; (C) Group C (Diabetic group treated with X. aethiopica).
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Fig. 2. a) Chart showing the average blood glucose
level (mg/dL). b) Chart Showing the average body
weight (g). c) Histogram showing the relative
stomach weight (%).

RESULTS

Physical Examination. The physical examination of the
animals in all groups showed that untreated diabetic animals
were characterized by alopecia. The furs were also seen to
be wet when compared with animals from the control and
extract treated groups (Fig.1).

Blood Glucose Level. The result from this study showed
that there was a significant (P<0.05) reduction in the avera-
ge blood glucose level in the extract treated group vis-à-vis
the untreated diabetic group (Fig. 2a).

Body weight and % Relative Stomach Weight. Animals
in the untreated diabetic group showed a gradual decline in
the body weight as compared with the control. The extract
treated group however showed an improvement in their ave-
rage body weight as shown in Figure 2b. The percentage
relative stomach weight was increased in the untreated
diabetic group as compared with the control and extract
treated group (Fig. 2c).

Fig. 3. Photomicrograph of the Stomach of (A) Group A, note the numerous parietal cells (arrow);
(B) Group B, note the scanty parietal cells (arrow); (C) Group C, note the gradual restoration of
parietal cells (arrow) as compared with Group A (H&E, x400)
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Histological Evaluation. There was a distortion of the glan-
dular mucosa, epithelium and depletion of the parietal cells
in the untreated diabetic group. The extract treated and con-
trol groups however presented a well preserved
microstructural outline. There were gradual restorations of
the parietal cells in the extract treated group (Fig. 3).

Immunohistochemical Evaluation. The immuno-
histochemical staining of the stomach of untreated diabetic
group showed that the immunoreactivity for H+/K+-ATPase
positive parietal cells were sparse vis-à-vis control group.
There was a better immunoreactivity for H+/K+-ATPase
positive parietal cells in the group treated with aqueous leaf
extract of X. aethiopica as compared with the untreated

diabetic group (Fig. 4). The percentage immunoreactivity
was significantly higher (p<0.000) in group C compared with
group B as shown in Table 1. There was a non significant
difference when group C was compared with the control
group (group A).

Ultrastructural evaluation.  The ultrastructural study of
untreated diabetic group revealed a reduction in the density
of mitochondria in addition to predominance of euchromatin
over heterochromatin in the nucleus of parietal cells as
compared with the control group. Administration of extracts
of X. aethiopica to animals in group C gradually restores
the mitochondrial density as well as the chromatin in the
nucleus to near normal as shown in Fig. 5

Fig. 4. Photomicrograph of the Stomach of (A) Group A, note the numerous H+/K+-ATPase positive parietal cells (Brown color); (B) Group B, note the scanty
H+/K+-ATPase positive parietal cells (Brown color); (C) Group C, note the gradual restoration of H+/K+-ATPase positive parietal cells (Brown color) as
compared with Group A (Magnification= x100).

Fig. 5. Electromicrograph of the Stomach (Parietal cell) of (A) Group A, note the numerous mitochondria (M). (B) Group B, note the
decline in the density of mitochondria as well as abundant euchromatin in the nucleus (N). (C) Group C, note the similar dispersal of
chromatin nature within the nucleus as well as the gradual restoration of the mitochondrial (M) compared with Group A (EM x15, 000).
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Table I. Morphometric image analysis of H+/K+-ATPase immunoreactivity in Xylopia aethiopica and
STZ-induced diabetic rats.

Values are given as Mean ± SEM. a & b within row signifies that Means with different letters differs significantly while
Means with the same letters does not differ significantly (using one way ANOVA with Duncan multiple range test).

GROUP A GROUP B GROUP C P VALUE

Area field µµµµm2 359142.31 359142.31 359142.31

Immunoreactivity % 22.91±2.12b 2.02±0.58a 19.80±4.04b 0.000
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DISCUSSION

 There have been a less concentrations on the cellular
details of the complications arising from diabetes mellitus.
The stomach has however received in fact less attention based
on literature search. It is therefore very expedient to elucidate
on the microstructural effects of diabetes on the stomach as
well as the intervention of herbal therapy to ameliorate the
defects. The physical manifestation of the STZ induction on
the fur of animals in the untreated diabetic group which
included alopecia and wetness of fur may be due to polyuria.
Polyuria is one of the conditions associated with diabetes
(Abdelmoaty et al., 2010; Livingstone & Davis, 2007;
Manonmani et al., 2005; Maritim et al., 2003; Baynes &
Thorpe, 1996). Glucose in the urine causes osmotic diure-
sis, leading to increase in urine production (polyuria). Apart
from polyuria, low immunity, thin skin, seborrhea and
recurrent bacterial infections have been known to be
responsible for hair loss in diabetes (Baynes & Thorpe).
Investigation has shown that diabetes is among other
conditions that may also alter DNA transcription (Bremner,
2003) thus decreasing the size and output of sebaceous
glands, making the cells that are sloughed off into the
sebaceous glands less sticky, and therefore less able to form
comedones. The absence of alopecia in animals treated with
X. aethiopica may be due to improvement in the immune
system as well as reduction in polyuria, conditions which
if hitherto are present, would adversely affect the physical
state of the animals. The average body weight of untreated
diabetic animals was observed to decrease steadily when
compared with the steady increment in the extract treated
group. This observation may be related to free radical
generated as a result of ill health caused by the diabetic
state in the untreated diabetic animals. This is in
corroboration with previous studies by Abdelmoaty et al.
and Halliwell & Gutteridge (1999). The observed increase
in the percentage relative weight of the stomach in the
untreated diabetic group is in line with the report of Bastaki
et al. But on the contrary, the increase in percentage relative
weight of the stomach of untreated diabetic animals may
be due to an increased compensatory mechanism leading
to the restoration of the depleted intestinal cell of Cajal in
the gastric muscle layers which are always compromised
in diabetic state. Qiu et al. (2010) reported a reduction of
interstitial cells of Cajal in the gastric muscle layer in the
diabetic mice. Investigation by Mei et al. (2006) revealed
that interstitial cells of Cajal could regenerate and restore
their normal distribution after being disrupted in adult gui-
nea pigs.

The observation from this result showed that the
microanatomy of the gastric mucosa of the control animals

presented a well organized and normal outline as against
the disorganization observed in the untreated diabetic
animals. Apart from this, the parietal cells were scanty in
the untreated diabetic rats as compared with the control
and extract treated animals. This confirms that diabetes
induces pathological changes in gastric tissue in line with
previous study by Ofusori et al. (2012). Membranes of
parietal cell has been reported to be disruptive and lack
flexibility in a diabetic state thus compromising the
molecular mechanisms that allow for the essential link
between the membranes and F-actin, necessary to the gross
architecture of the secretory membranes (Miller et al., 2002;
Bastaki et al.). Furthermore, diabetes has been reported to
cause series of gastric complications ranging from
sensation, abnormalities in intestinal motility, secretion, and
absorption (Wolosin & Edelman; Ofusori et al.). Okokon
et al. (2011) reported that peptic ulcer disease is always
implicated in diabetes due to scavenging free radicals. Thus,
the leaf extract of X. aethiopica maintained the integrity of
the gastric mucosa to near normal in this study.

 The integrity of ion channels in the parietal cells was
assessed to underscore its functionality. This was
demonstrated by targeting the H+-K+-ATPase in the parietal
cells using monoclonal antibodies specific for gastric proton
pump. We observed a significant reduction in the percentage
immunoreactivity of in H+/K+-ATPase -positive parietal
cells in untreated diabetic animals as evident by the scanty
staining intensity within the gastric mucosa. This is a
substantive proof of compromised gastric proton pump.
This suggests a reduction in the HCl secretion by the
parietal cells. Investigation documented in mice showed
that diabetes result in the decline of the integrity of H+/
K+-ATPase (Miller et al.). The H+/K+-ATPase causes the
exchange of a proton against a potassium ion through a
membrane thus making the gastric fluid acidic. This study
is in line with previous report on the reduction of H+/K+-
ATPase in the parietal cells of diabetic rats using an
antibody against the enzyme (Bastaki et al.). The diabetic
animals treated with leaf extract of X. aethiopica shows a
gradual recovery of gastric proton pump. The mechanism
by which X. aethiopica brings about the recovery process
of H+/K+-ATPase may be due to its high flavonoid content.
Series of researches have shown that X. aethiopica contains
antioxidant properties (Ameyaw & Owusu-Ansah, 1998;
Adefegha & Oboh, 2012).

The ultrastructural assessment of untreated diabetic
animals showed that there was a reduction in the
mitochondrial density in the parietal cells as well as
predominance of euchromatin over heterochromatin in the
parietal cell nucleus. This result is not the first of its kind
as Bastaki et al. and Maha et al. (2012) reported similar
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observation in diabetic rats. Even though this observation
calls for more investigation, it may not be unconnected
with oxidative stress caused by the increased reactive
oxygen species production which normally leads to
pathological changes. Report has shown that free-radical
production is consistently elevated in diabetes (Kedziora-
Kornatowska et al., 2003). Mitochondria are needed in
large quantity by the parietal cells to provide the needed
adenosine triphosphate (ATP) necessary for acid secretion.
Thus, mitochondrial-stress mediated cell-death in diabetic
animals in this study suggests a low gastric acid output in
line with Bastaki et al. There is a distinctive relationship
between the actively productive cell and the amount of
euchromatin resident in nucleus. It is assumed that the
increased euchromatin in the nuclei of parietal cells of
untreated diabetic rats are compensatory activity geared
at renewing/restoring cells damaged during the diabetic
state. The treatment of diabetic animals with leaf extract
of X. aethiopica demonstrates a gradual restoration/
increase in the mitochondrial density as well as uniformly
dispersed chromatin when compared with untreated
diabetic group.

It is concluded that diabetes causes gastric pathology
thus resulting in morphological changes in the gastric histo-
architecture and parietal cells. The aqueous leaf extract of
Xylopia aethiopica enhances the recovery/restoration process
in streptozotocin induced diabetic rats which some synthetic
anti-diabetic drugs failed to achieve and as such, may play a
significant role in the management of complications
associated with diabetes mellitus. This however justifies the
ethno-medicinal use of the X. aethiopica in the management
of diabetes mellitus.
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RESUMEN: La enfermedad gastrointestinal en pacientes
diabéticos se ha convertido en una fuente de preocupación en los
últimos tiempos. El objetivo fue investigar los efectos
ultraestructurales e inmunohistoquímicos de extracto acuoso de la
hoja de Xylopia aethiopica en el estómago de ratas con diabetes
inducida por estreptozotocina. Se utilizaron 30 ratas Wistar adul-

tas, divididas en tres grupos (n= 10). El Grupo A, control (se le
administró un volumen equivalente de tampón de citrato); el Gru-
po B, animales diabéticos inducidos por una sola inyección
intraperitoneal de estreptozotocina disuelta en tampón de citrato
(65 mg/kg) y el Grupo C, animales diabéticos con 200 mg/kg peso
corporal tratados con extracto acuoso de X. aethiopica durante 25
d. Luego, todos los animales fueron sacrificados, se les extirpó el
estómago y fijó en  formol al 10 % y en fijador Karnovsky para
anticuerpos monoclonales contra la bomba de protones gátrica H+/
K+-ATPasa; las muestras se observaron mediante microscopías
óptica y electrónica. Los resultados mostraron una disminución
gradual (P<0,05) en el nivel de glucosa en sangre del grupo tratado
con el extracto, contra un incremento en el grupo diabético no tra-
tado. Hubo una distorsión de la mucosa glandular y el epitelio en
el grupo diabético no tratado vis-à-vis los grupos tratados con ex-
tracto y el de control. La tinción inmunohistoquímica del estóma-
go del grupo diabético no tratado, mostró escasas células parietales
inmunorreactivas  en el grupo diabético no tratado comparado con
el grupo control. Hubo un mejor patrón de tinción en la bomba de
protones gátrica H+/K+-ATPasa en el grupo tratado con el extrac-
to de hoja acuosa de X. aethiopica, en comparación con el grupo
diabético no tratado. Los estudios ultraestructurales del grupo dia-
bético no tratado revelaron una reducción en la densidad de las
mitocondrias en comparación con el grupo control. El tratamiento
con extracto de hoja de X. aethiopica aumentó la densidad
mitocondrial, así como la dispersión uniforme de la cromatina. Se
concluye que la diabetes causa una enfermedad gástrica que gene-
ra cambios morfológicos en la histoarquitectura de las células
parietales gástricas. El extracto de hoja acuosa de X. aethiopica
mejora la recuperación/restauración de estos defectos en ratas dia-
béticas inducidas por estreptozotocina y, como tal, puede jugar un
rol significativo en el tratamiento de las complicaciones asociadas
con la diabetes mellitus.

PALABRAS CLAVE: Diabetes mellitus;
Inmunohistoquímica; Ultraestructura; Estómago; Xylopia
aethiopic.
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