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ABSTRACT

Diabetes is a widespread medical condition that afflicts individuals in Iraq and
globally. This disease disrupts the metabolism of proteins, carbohydrates, and fats, thus
affecting the physiology of cells throughout the body. As a result, diabetes can lead to
severe health complications. Therefore, the aim of this study is to investigate the effect of
diabetes on the spleen and the potential role of coenzyme Q10 (CoQ10) treatment. This
study included 20 rats, which were categorized into four equivalent groups with five rats
each. The control group was the first group. In the second group, animals were given
CoQ10 at a dose of 10 mg/kg. The third group was the diabetes group, wherein rats were
intravenously injected with 42 mg/kg alloxan. Rats treated with alloxan and CoQ10
comprised the fourth group. Treatments were continued daily for two months. This study
revealed that the administration of alloxan resulted in a statistically significant increase (P
< 0.05) in fasting blood sugar levels in the serum. In addition, in rats, treatment with
alloxan induced histopathological changes in the spleen, including severe fatty changes
and white pulp atrophy with severe red pulp congestion. However, the coadministration
of CoQ10 to diabetic animals led to a significant decrease (P < 0.05) in serum blood
glucose levels and restored the histological integrity of the spleen. CoQ10 may potentially
offer a protective effect against alloxan-induced diabetes and spleen damage in rats. These
findings may hold remarkable implications for the development of new treatment options
for diabetes and related conditions.

Introduction

Coenzyme Q10 (CoQ10), or ubiquinone, is a

Diabetes mellitus is a group of metabolic disorders
that results in elevated blood sugar concentrations due to
insufficient insulin production. It is caused by the
autoimmune destruction of insulin-producing B cells
(type 1) or ineffective insulin action (type 2) [1,2,3]. The
spleen is the major secondary immune organ. It can
initiate immune reactions against foreign antigens. It is
also responsible for cleaning foreign bodies, as well as
broken and old RBCs, from the blood. White and red
pulp, the two central components of the spleen, clearly
differ in terms of cellular composition, vascular
organization, and architecture [4].
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vitamin or vitamin-like molecule principally found in its
reduced (ubiquinol) and oxidized (ubiquinone) forms in
cell membranes and inside the mitochondria. Given that
CoQ10 acts as an energy transport substance, it is present
at high concentrations in the kidneys, liver, and heart,
which have high metabolic rates [5,6,7]. In accordance
with its chemical formula, CoQ-10 is similar to vitamin
K; however, it is not a vitamin because it is formed in the
body, whereas almost all vitamins are obtained by the
body from external sources [8]. Alloxan molecules bind
with the glucose transporter GLUT-2, inducing cell death
via the generation of reactive oxygen species [9,10]. The
acceptance of alloxan by GLUT?2 transporters on [ cells
in the pancreas leads to rapid cell damage. When alloxan
passes through 3 cells, it is converted by reactive oxygen
species into dialuric acid, which can be reoxidized into
alloxan and produce free radicals, like superoxide.
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Superoxide can be converted into hydrogen peroxidase.
In addition, reducing Fe™ results in hydroxyl radical
formation, leading to DNA damage in B cells, along with
fragmentation and eventual cell loss [11,12]. The
protective influence of CoQ10 on the liver and kidneys of
diabetic rats has been studied in previous research
[13,14]. The present research aims to evaluate the ability
of CoQ10 to protect spleen tissue from damage caused by
alloxan, as well as its ability to control hyperglycemia in
a group of Wistar rats (Rattus norvegicus).

Materials and Methods
Experimental design

This study included 20 male Wistar rats weighing
200-250 g. The animals were obtained from the
Biotechnology Research  Center at Al-Nahrain
University. They were housed in special laboratory cages
under standard conditions, including a temperature of 23
°C (%2 °C), regulated lighting, and ventilation. The rats
were fed a standard diet obtained from the College of
Veterinary Medicine, University of Baghdad. The diet
consisted of soy protein, L-cysteine, sucrose, cornstarch,
dextrose, tert-butylhydroquinone, cellulose, mixtures of
minerals and vitamins, and choline butyrate [15].

The rats were divided into four experimental
groups, each comprising five rats. These groups included
the nondiabetic group; the CoQ10 group, wherein rats
were given CoQ10 (10 mg/kg) dissolved in distilled water
daily via a stomach tube; and the untreated diabetic group.
In this group, a specific intravenous dose (42 mg/kg) of
alloxan monohydrate solution was injected into the tail
vein to induce diabetes mellitus [16]. This study also
involved a group of treated diabetic rats, which received
CoQ10 (10 mg/kg) daily. Treatment began at the onset of
diabetes induction, and alloxan-induced diabetes mellitus
was confirmed five days later by using a blood
glucometer. Animals with fasting blood glucose levels
greater than 250 mg/dl were considered diabetic. The
practical part of this study was conducted at the
Department of Biology, College of Science, University of
Anbar.

Ethics and approval statement
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The ethical approval committee of Anbar
University in Ramadi, Iraq, approved all the research
techniques used in this study.

Histological examination

After two months of treatment, rats were
anesthetized by using an intramuscular dose of ketamine
(100 mg/kg) and xylazine (50 mg/kg) [17]. Spleen
samples were soaked in saline and fixed in 10% formalin
for 24 h. Subsequently, the samples were dried in high
concentrations of alcohol. The samples were embedded
in paraffin, sectioned with a microtome, stained with
hematoxylin and eosin, and viewed by using a light
mMicroscope.

Determination of fasting blood glucose

Blood samples were drawn from the heart, and
fasting blood sugar (FBS) was determined by using
LINEAR CHEMICALS S.L. (Barcelona, Spain).

Results and Discussion
Treatment with alloxan significantly increased
FBS levels to 300.05 £ 40.3 mg/dl (P <0.05). By contrast,
treatment with CoQ10 for eight weeks significantly
reduced FBS levels to 220.08 + 32.6 mg/dl (P < 0.05).
The mean FBS value in nondiabetics was 83.24 + 20.5
mg/dl, whereas that in the CoQ10 group was 79.27 £ 10.2

mg/dl (Figure 1).
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Figure 1. Mean serum concentration of FBS in the
studied groups.

The histological examination of the spleen in the
nondiabetic group revealed the typical appearance of red
and white pulp with a well-defined marginal zone (Figure
2). The spleen in untreated diabetic rats exhibited
morphological changes, such as severe fatty changes,
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atrophy, and white pulp depletion (Figures 3 a, b, and c).
In other sections, severe congestion was observed in red
pulp, as well as remarkable depletion and hyperplasia in
white pulp (Figures 3 d and e). The diabetic group treated
with CoQ10 showed moderate hyperplasia of white pulp
and moderate fatty changes in red pulp (Figure 4).

Figure 2 a,b. Histological section of the spleen of
nondiabetic spleen rats displaying red pulp with a normal
appearance and white pulp with a well-defined marginal
zone (H&E staining under 400x).
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Figure 3. Sple_en of untreated diabetic rats showing fatty
changes with the atrophy (a), (b), and depletion (c) of
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white pulp. Severe congestion in red pulp (d) and
hyperplasia of white pulp (e) (H&E staining under 400x).
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Figure 4. Spleen from diabetic rats treated with CoQ10
showing moderate hyperplasia of white pulp and
moderate fatty changes in red pulp (a), (b) (H &E staining
under 400x).

Discussion
The present study was designed to detect the

influence of diabetes on the most vital immune organ, the
spleen, and that of CoQ10 treatment. In rats, diabetes can
induce the apoptosis of spleen cells, which is mediated by
the Fas/FasL regulation pathway; this phenomenon may
be considered the latent mechanism causing the immune
toxicity of hyperglycemia [18]. Other studies have
indicated that in diabetic rats, injury to spleen tissues
results from diabetes complications and oxidative stress,
which stimulate cell apoptosis by up-regulating Fas
[19,20].

Journal of University of Anbar for Pure Science (JUAPS)

20

Open Access

Hyperglycemia affects the immune organs,
resulting in defects in host immunity, including
phagocytosis, intracellular killing, and impaired cell
migration [21,22]. It can also increase the development of
advanced glycation end products and secretion of
proinflammatory cytokines [23]. As observed in the
present study, alloxan caused histopathological changes
in the spleen in the diabetic group. These changes
included severe fatty changes and white pulp atrophy with
severe red pulp congestion. By contrast, in the group that
received CoQ10 for eight weeks after alloxan injection,
the total spleen damage decreased, with moderate
hyperplasia and fatty changes observed in white and red
pulp. Several studies have indicated the primary effect of
oxidative stress on the pathogenesis of diabetes and its
complications [24,25]. Oxidative stress is a state
characterized by an increased rate of cell injury caused by
oxygen and oxygen-derived oxidants, commonly known
as reactive oxygen species [26]. Antioxidants, especially
those with a low molecular weight, and synthetic
substances may be suitable for the management of
numerous pathological conditions related to diabetes
mellitus [27,28]. CoQ10 exhibits potent antioxidant
properties by directly reacting with free radicals in the
plasma membrane, lysosome, Golgi apparatus, and
mitochondria [29].

Conclusions
The present study is an experimental investigation

describing the histological changes in the spleens of
Wistar rats with experimentally induced diabetes after
CoQ10 intake. It suggests that in diabetic rats, CoQ10 can
decrease spleen damage and reduce glucose levels. This
potential effect may stem from the antioxidant properties
of CoQ10. Further research is needed to ascertain the
antioxidant efficacy of this coenzyme.
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