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Abstract

Background: Vertebral abnormalities in offspring of diabetic mothers make major challenges worldwide and were not sufficiently studied before.
Aim: To investigate the effects of alloxan-induced diabetes on rats’ lumbar vertebrae, and to assess the potential beneficial impact of arachidonic
acid. Materials and Methods: Pregnant rats were randomly equally divided into four groups: control, alloxan-induced diabetes received alloxan
injection 150 mg/kg, alloxan + arachidonic acid group received arachidonic acid 10 pg/animal then given alloxan injection, and arachidonic acid
group received it, until offspring age of three weeks. Six male offspring from each group were included in this study at ages of newborn, three-
week-old, two-month-old, and their body measurements were recorded. Lumbar vertebrae and pancreas specimens were examined by light
microscopy, morphometry, transmission electron microscopy (TEM), and immunohistochemistry for insulin expression. Results: In alloxan-
induced diabetes newborn, three-week-old, and two-month-old rats, body measurements were significantly declined, histomorphometry of
6% lumbar vertebrae revealed disorganized chondrocytes, with vacuolated cytoplasm, empty lacunae, diminished matrix staining, with areas
devoid of cells. TEM showed shrunken reserve and proliferative cells, with irregular nuclei, and damaged mitochondria. In contrast, alloxan
+ arachidonic acid group had cytoarchitecture of lumbar vertebrae that were like control group. Histomorphometry of pancreas in alloxan-
induced diabetes group showed significant reduction in pancreatic islets number and surface area, damaged pancreatic islet cells appeared
atrophied with apoptotic nuclei, and very weak insulin immunostaining. Whereas alloxan + arachidonic acid group displayed healthy features
of pancreatic islets, which resembled control group, with strong insulin immunostaining. Conclusions: Arachidonic acid mitigated alloxan-
induced diabetes by its antidiabetic activity.
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=& Introduction

The prevalence of diabetes mellitus in pregnancy is
high and continues to rise worldwide [1]. Diabetes mellitus
is a chronic disease that incorporates various disorders and
is characterized by a relative or absolute lack of insulin,
resulting in hyperglycemia. Exposure of the fetus to hyper-
glycemia in pregnancy can cause long lasting problems
in the offspring [2]. It was found that 30% of youth with
type 2 diabetes were exposed to maternal diabetes in utero
[3]. Despite increased clinical efforts to improve glycemic
control during diabetic pregnancy, the rate of congenital
malformations remains increased in studies of diabetic
gestation of type 1 and type 2 diabetes [2, 4, 5].

The accumulated body of evidence denotes that diabetes
during pregnancy leads to defective fetal growth [6]. Infants
born to diabetic mother are shown to have hypocalcemia
and lower bone mineral content at birth. In addition,
hypoplasia of neurocranial, viscerocranial, forelimb, and
hind limb bones have been observed in the fetuses of
diabetic pregnant rats [7, 8]. The bones of the vertebral
column are developed by the endochondral ossification
where longitudinal bone growth is achieved. The endo-
chondral ossification is a process occurring at the growth
plate whereby a cartilaginous template is made and then
replaced by bone [9, 10]. As the bone lengthening is taking
place across the epiphyseal growth plate, damage to the plate

prevents further growth. The endochondral bone growth
activity is affected by several environmental factors, such as
nutrition, medical treatments, and metabolic disorders [9, 11].

Alloxan is an agent which is used to induce a diabetes-
like state in animals, is taken up by f-cells, and increases
the production of reactive oxygen species (ROS) that lead
to f-cell necrosis [12]. Alloxan-induced type 1 diabetes
mellitus can be prevented by various polyunsaturated fatty
acids (PUFAs). Of all the PUFAs tested, it was noted that
arachidonic acid has the upper hand in defeating several
health problems and may be beneficial in ameliorating the
alloxan-induced cytotoxicity in rats [13, 14]. In cell culture,
arachidonic acid was reported to be important for the
functions of the cultured pancreatic S-cells [15]. Linkages
between glucose metabolism and bone metabolism were
suggested [16], and earlier research stated that the infants
of diabetic mothers may have low arachidonic acid levels
and develop insulin resistance in adulthood [6]. To the best
of our knowledge, there is scarcity of previous research
showing the effect of maternal diabetes on the vertebral
epiphyseal plate formation and development. The effect of
arachidonic acid on the development of vertebral epiphyseal
plate in alloxan-induced diabetics was not studied before.
The actual mechanism of action for arachidonic acid is still
not fully clarified in literature [17]. Also, it is still not clear
whether arachidonic acid can prevent any bony damage
that may occur in diabetes. The lack of scientific articles
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in the literature exploring the potential protective effects
of arachidonic acid on alloxan-induced diabetic vertebral
damage motivates the need to investigate this issue.

Aim

In this study, we will investigate the effect of alloxan-
induced diabetes on the architecture and ultrastructure of
the rat lumbar vertebra. The aim of this work was to fill the
gap of knowledge on the efficacy of arachidonic acid to
ameliorate the alloxan-induced diabetic damage of lumbar
vertebra. In addition, this research tries to assess a possible

explanation of the modulatory mechanism through which
arachidonic acid may exert its antidiabetic protective effect.

& Materials and Methods
Treatments

Alloxan monohydrate powder was obtained from Sigma-
Aldrich, Inc., St Louis, Missouri, USA. Arachidonic acid
was obtained from Santa Cruz Biotechnology, Inc., Dallas,
TX, USA.

Experimental design and animals

A total of 24 adult female (three-month-old, weighing
200-250 g), and 12 adult male (three-month-old, weighing
200-250 g) albino rats were obtained from the Animal
House, Faculty of Medicine, Assiut University, Assiut,
Egypt. Rats were kept in metal cages under controlled room
temperature, with 12 hours light/dark cycle during the
research period. Food (standard rat chow) and water were
available ad libitum. This experimental study was fully
approved by the Local Ethical Committee and by the
Institutional Review Board of the Faculty of Medicine,
Assiut University (Approval No. 17200437) and was carried
out in accordance with relevant guidelines and regulations.
The experimental procedures affirm that all appropriate
measures were taken to minimize animal pain or discomfort.
This research was done in compliance with the Animal
Research: Reporting of In Vivo Experiments (ARRIVE)
guidelines and regulations (https://arriveguidelines.org).
Female rats were mated with males overnight, and the
presence of a vaginal plug that contains sperm was recorded
as gestational day zero. Twenty-four pregnant rats were
singly housed, and randomly and equally divided into four
groups. Control group was given no treatment. Alloxan-
induced diabetes group was given a single intraperitoneal
injection of alloxan monohydrate, dissolved in 0.9% normal
saline solution, given at a dose of 150 mg/kg body weight
to induce diabetes mellitus [18]. Presence of diabetes was
assessed by recording the rats’ blood glucose level 72 hours
and one week after injection of alloxan. Blood glucose was
measured using On Call Plus® blood glucose monitor. Rats
with blood glucose levels above 200 mg/dL were selected
for this study group [18]. Mating was allowed one week
after injection of alloxan. Alloxan + arachidonic acid group
were given arachidonic acid orally daily for one week at
dose of 10 pg/animal, followed by single intraperitoneal
injection of alloxan monohydrate. Mating was allowed one
week after injection of alloxan, and thereafter arachidonic
acid was given once a week throughout the pregnancy and
until the end of lactation (offspring age of three weeks)
[14]. Arachidonic acid group were given arachidonic acid

orally daily for one week at dose of 10 pg/animal, and then
once a week until the offspring age of three weeks [14].
The research period continued until the offspring age of
two months.

Six male offspring from each group were included in
this study at the ages of newborn, three-week-old, and two-
month-old. Rats were anaesthetized by Ether inhalation
and subjected to intracardiac perfusion of 0.9% normal
saline into the left ventricle, then euthanized by cervical
dislocation for tissue specimen collection. The crown-rump,
snout-rump, crown-heel lengths, and the body weight were
measured for statistical analysis.

Histomorphometric study

At each of the previous ages, the lumbar vertebrae were
extracted, fixed in 10% Formalin solution for 24-72
hours for light microscopy, or in 2.5% Glutaraldehyde for
transmission electron microscopy (TEM). The specimens
of the three-week-old and two-month-old rats were decalcified
by adding 35 mL Formic acid in 65 mL 20% Sodium citrate
and kept for 10 days. Bone specimens were prepared for
paraffin embedding, sectioned at 8—10 pm, then stained with
Hematoxylin—Eosin (HE) to display the general histological
structure, and Masson’s trichrome technique to demonstrate
the collagen fibers. Semithin sections (1 um) stained with
Toluidine blue were also prepared for light microscopy
to demonstrate glycosaminoglycan content of the cartilage
matrix. Ultra-thin sections (450-500 A) stained using
Uranyl acetate and Lead citrate were prepared from the
epiphyseal growth plate of 6™ lumbar vertebrae to assess
the chondrocytes, reserve cells and proliferative cells, for
TEM study. The stained ultrathin sections were examined
by Jeol-JEM-100 CX-II electron microscope (JEOL, Tokyo,
Japan) and images were captured at the Electron Microscopy
Unit of Assiut University, Egypt. Immunohistochemical
(IHC) staining was performed following a previously
published protocol [19] to evaluate the immunoexpression
of insulin in the pancreatic islets using anti-insulin primary
antibodies (obtained from ABclonal Company, Woburn,
MA, USA, 1:500 dilution) for all groups to verify the islet
structure and to assess the potential antidiabetic effect of
arachidonic acid. For the IHC detection of insulin, Avidin—
Biotin—Peroxidase technique was used [ 19]. Insulin-positive
immunostained cells showed brown cytoplasmic staining.

All stained slides were examined with an Olympus CX41
microscope, and photos were taken by an Olympus DP72
charge-coupled device (CCD) digital camera (Olympus
Corporation, Tokyo, Japan) attached to the microscope.
HE-stained sections of the lumbar vertebrae and pancreatic
islets were morphometrically analyzed by using an image
analysis system (Olympus cellSens Standard 1.16 software,
Olympus Corporation, Tokyo, Japan) at the Department of
Human Anatomy and Embryology, Faculty of Medicine,
Assiut University. The thickness of the epiphyseal growth
plate of lumbar vertebrae, number of pancreatic islets, surface
area of the islets, and number of S-cells were recorded.

Statistical analysis

GraphPad Prism Software version 5 (GraphPad Software,
Inc., La Jolla, CA, USA) was used for data analysis. Data
were presented as mean + standard deviation (SD).
Comparison among groups was carried out using one-way
analysis of variance (ANOVA) followed by Bonferroni’s
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post hoc test. Differences of p<0.05 were statistically
significant.

=& Results

Effects of arachidonic acid on the gross
morphological measurements of alloxan-
induced diabetes newborn rats

Gross morphological measurements were conducted
including the body weight, crown rump length, snout rump
length, crown heel length and thickness of the epiphyseal

growth plate of the 6% lumbar vertebrae of the newborn
rats. Alloxan-induced diabetes group showed significant
reductions in all parameters as compared to the control
group (Table 1). The results of the alloxan + arachidonic
acid group showed nonsignificant difference when compared
to the control group, while there was significant difference
when compared to the alloxan-induced diabetes group
(Table 1). In arachidonic acid group, the results showed
nonsignificant difference as compared to the control group,
while there was significant difference when compared to
the alloxan-induced diabetes group (Table 1).

Table 1 — Effect of arachidonic acid on the body and vertebral measurements of newborn rats suffering from alloxan-

induced diabetes
Group Control Alloxan-induced diabetes Alloxan + arachidonic acid Arachidonic acid p-value
Weight [g] 6.80+0.48° 4.57+0.42° 6.72+0.33? 6.88+0.46° <0.01
Crown rump length [cm]  4.95+0.19° 4.00+0.25° 5.00+0.142 5.05+0.19° <0.05
Snout rump length [cm]  4.32+0.12°2 3.23+0.14° 4.30£0.13? 4.37+0.12° <0.05
Crown heel length [cm] ~ 5.37+0.12° 4.150.14° 5.18+0.15° 5.35+0.11° <0.05
Epiphyseal growth plate
thickness of 6 lumbar ~ 263.23+8.242 221.60+15.58° 261.40+11.31°2 266.88+8.242 <0.0001

vertebra [um]

Results were expressed as the mean + SD of six rats per group. #®Different letters indicated significant differences at p<0.05 (one-way ANOVA
followed by Bonferroni’s post hoc test). ANOVA: Analysis of variance; SD: Standard deviation.

Effects of arachidonic acid on the gross
morphological measurements of alloxan-
induced diabetes three-week-old rats

The morphological data analysis of the three-week-old
rats indicated significant reductions in the body weight, crown
rump length, snout rump length, crown heel length and
thickness of the epiphyseal growth plate of the 6" lumbar
vertebrae of alloxan-induced diabetes group as compared to the

control group (Table 2). In alloxan + arachidonic acid group,
the results showed nonsignificant difference as compared to
the control group, while there was significant difference when
compared to the alloxan-induced diabetes group (Table 2).
Furthermore, the results of the arachidonic acid group
revealed nonsignificant difference when compared to the
control group, whereas there was significant difference when
compared to the alloxan-induced diabetes group (Table 2).

Table 2 — Effect of arachidonic acid on the body and vertebral measurements of three-week-old rats suffering from

alloxan-induced diabetes

Group Control Alloxan-induced diabetes Alloxan + arachidonic acid Arachidonic acid p-value
Weight [g] 31.17+3.922 22.67+2.07° 31.83+4.26° 31.50+3.892 <0.001
Crown rump length [cm] ~ 9.03+0.332 7.37+0.36° 8.93+0.372 8.97+0.34° <0.05
Snout rump length [cm]  8.87+0.30° 7.05+0.40° 8.75+0.37° 8.78+0.36° <0.05
Crown heel length [cm]  11.07+0.40° 9.350.36° 10.92+0.292 10.98+0.332 <0.05
Epiphyseal growth plate
thickness of 6" lumbar ~ 374.21+9.312 314.70+8.83° 367.81+12.00° 372.47+£7.89°  <0.0001

vertebra [um]

Results were expressed as the mean + SD of six rats per group. #PDifferent letters indicated significant differences at p<0.05 (one-way ANOVA
followed by Bonferroni’s post hoc test). ANOVA: Analysis of variance; SD: Standard deviation.

Effects of arachidonic acid on the gross
morphological measurements of alloxan-
induced diabetes two-month-old rats

As shown in Table 3, the morphological data analysis
of the two-month-old rats indicated significant reductions
in the body weight, crown rump length, snout rump length,

crown heel length and thickness of the epiphyseal growth
plate of the 6™ lumbar vertebrae of alloxan-induced diabetes
group as compared to the control group. In the alloxan +
arachidonic acid group, the results showed nonsignificant
difference as compared to the control group, while there was
significant difference when compared to the alloxan-induced
diabetes group (Table 3).

Table 3 — Effect of arachidonic acid on the body and vertebral measurements of two-month-old rats suffering from

alloxan-induced diabetes

Group Control Alloxan-induced diabetes Alloxan + arachidonic acid Arachidonic acid p-value
Weight [g] 150.004£2.282 144.33+1.63° 149.504£3.392 151.00+2.612 <0.01
Crown rump length [cm]  14.17+0.68° 12.00+0.45° 14.00+0.95° 14.42+0.92° <0.001
Snout rump length [cm]  13.17+0.68? 11.00+0.45° 13.00+0.95° 13.42+0.92° <0.001
Crown heel length [cm]  18.00+0.89? 15.87+0.53° 17.92+0.86° 18.33+0.82° <0.001
Epiphyseal growth plate
thickness of 6" lumbar  385.66+3.082 317.03+11.68° 384.67+3.43° 387.43+1.82° <0.0001

vertebra [um]

Results were expressed as the mean + SD of six rats per group. 2PDifferent letters indicated significant differences at p<0.05 (one-way ANOVA
followed by Bonferroni’s post hoc test). ANOVA: Analysis of variance; SD: Standard deviation.
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Moreover, the results of the arachidonic acid group
revealed nonsignificant difference when compared to the
control, whereas there was significant difference when
compared to the alloxan-induced diabetes group (Table 3).

Effects of arachidonic acid on the
histopathological features of vertebrae
of alloxan-induced diabetes newborn rats

The histological examination of the lumbar (L5 and L6)
vertebrae in the control group showed normal features of
vertebral body, which was formed of centrum and two
peripheral epiphyseal growth plates of hyaline cartilage.
The chondrocytes in the epiphyseal growth plates were
arranged as follows (Figure 1, a and 1):

(i) Zone of reserve cells: the cells in this zone were
small, rounded or spindle shaped, seen both within and
without lacuna.

(it) Zone of proliferative cells: the cells in this zone
were flattened and enclosed inside lacunae, with a
characteristic columnar arrangement parallel to the growth
axis.

(iii) Zone of hypertrophied cells: the hypertrophied
chondrocytes were larger than the previous cells. They are
enclosed inside large, rounded lacunae.

(iv) Calcification zone: the hypertrophied chondrocytes
in this zone were degenerated leaving lacunae, which were
invaded by bone cells from the marrow-filled spaces of the
centrum.

The centrum of each vertebra showed a well-developed
primary center of ossification with multiple spaces in the
calcified cartilage representing empty confluent lacunae
after chondrocytes degeneration (Figure 1a). The inter-
vertebral disc appeared to be composed of an outer fibrous
layer (annulus fibrosus) and a gelatinous core (nucleus
pulposus) (Figure 1, a and e). To evaluate the distribution
and arrangement of the collagen fibers, we employed
Masson’s trichrome technique. The control group showed
normal homogenous distribution of collagen fibers (green
color) in the matrix between the growing chondrocytes in
the epiphyseal growth plates (Figure 1le). Semithin sections
of'the epiphyseal plates stained with Toluidine blue normal
distribution of the staining in the cartilage matrix (Figure 1m).
TEM examination of the reserve cell zone of the epiphyseal
plate of the 6™ lumbar vertebra showed oval cells with
rounded or oval nucleus, rough endoplasmic reticulum
(RER), lipid granules, many mitochondria, and multiple
cytoplasmic processes. The reserve cells were surrounded
by a narrow clear pericellular space. Outside this zone,
a fine network of thin fibrils was seen in the extracellular
matrix (ECM) (Figure 2, a and e). TEM examination of
the proliferative cell zone of the epiphyseal plate of the 6™
lumbar vertebra showed flattened cells located in pairs and
enclosed in lacunae that were separated from each other by
transverse septa (TS). The proliferative cells had multiple
cytoplasmic processes with well-formed nucleus, RER, and
visible lipid granules in the cytoplasm. The surrounding
ECM was rich in collagen fibrils (Figure 2, i and m).

In alloxan-induced diabetes group, there was apparent
decreased thickness of the epiphyseal growth plates and
less developed primary ossification centers as compared
to the control group. The growing chondrocytes appeared
small, disorganized, and distorted, with vacuolated cytoplasm

(Figure 1, b and j). In addition, empty lacunae, and areas of
the matrix devoid of cells were observed. Using Masson’s
trichrome technique, the epiphyseal growth plates showed
diminished staining of the matrix in between the growing
chondrocytes (Figure 1f); and the semithin sections showed
diminished staining of the cartilage matrix as compared to
the controls (Figure 1n). TEM examination of the reserve
cell zone of the epiphyseal plate of the 6% lumbar vertebra
showed shrinkage of the cells with irregular outline, irregular
nucleus, less developed RER, damaged mitochondria, and
cytoplasmic vacuolations. These findings suggest apoptosis.
The surrounding pericellular space appeared widened with
less collagen fibrils in the ECM (Figure 2, b and f). TEM
examination of the proliferative cell zone of the epiphyseal
plate of the 6™ lumbar vertebra showed irregular outline
with irregular nucleus, cytoplasmic vacuolations and less
developed RER. The cells were surrounded by widened
lacunae with sparse collagen fibrils in the ECM (Figure 2,
jand n).

In alloxan + arachidonic acid group, the cytoarchitecture
of the lumbar vertebrae was returned to the normal. The
chondrocytes in the epiphyseal growth plates were arranged
in the same four zones as in the control group, with no
visible cellular changes (Figure 1, c, g, k and 0). TEM
examination of the reserve cell zone of the epiphyseal plate
of the 6 lumbar vertebra showed the cells appeared oval
with well-formed nucleus, RER, lipid granules, many
mitochondria, and multiple cytoplasmic processes (Figure 2,
c and g). TEM examination of the proliferative cell zone
of the epiphyseal plate of the 6" lumbar vertebra showed
flattened cells, which lay in pairs and enclosed in lacunae
that were separated from each other by TS (Figure 2, k
and o). There were no marked changes in both zones as
compared to the controls.

In arachidonic acid group, the chondrocytes in the
epiphyseal growth plates were arranged in four zones similar
to the control group with no evident histological changes
(Figure 1, d, h, 1 and p). TEM examination of the reserve
cell zone of the epiphyseal plate of the 6™ lumbar vertebra
showed the cells appeared as normal similar to the control
group, with well-formed nucleus, rich cytoplasmic organelles,
and multiple cytoplasmic processes (Figure 2, d and h).
In addition, TEM examination of the proliferative cell zone
of the epiphyseal plate of the 6™ lumbar vertebra showed no
changes as compared to the controls (Figure 2, 1 and p).

Effects of arachidonic acid on the
histopathological features of vertebrae of
alloxan-induced diabetes three-week-old rats

In the control group, the sagittal sections of the lumbar
(L5 and L6) vertebrae showed increase in size of the
vertebral body as compared to the newborns. The vertebrae
appeared with centrum and two peripheral areas of
epiphyseal growth plates where the chondrocytes were
arranged in the same four zones as in the newborn rat
(Figure 3, a and 1). Using Masson’s trichrome technique,
the epiphyseal growth plates showed normal homogenous
distribution of the green color in the matrix between the
growing chondrocytes (Figure 3¢). Semithin sections of the
epiphyseal plate of the 6" lumbar vertebrae showed normal
distribution of Toluidine blue staining in the cartilage
matrix (Figure 3m). TEM examination of the reserve cell
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zone of the epiphyseal plate of the 6" lumbar vertebra
showed triangular-shaped cells surrounded by pericellular
zone. The nuclei occupy a large part of the cells, with well-
developed RER, mitochondria, and apparent cytoplasmic
processes. The cells are surrounded by ECM rich in collagen
fibrils (Figure 4, a and e).

In alloxan-induced diabetes group, there was apparent
decreased thickness of the epiphyseal growth plates and
less developed primary ossification centers as compared to
the control group. Growing chondrocytes were small-sized,
disorganized, and distorted, with vacuolated cytoplasm. The
ECM showed empty lacunae, with areas devoid of cells
suggestive of cellular disintegration, and diminished staining
with Masson’s trichrome and Toluidine blue (Figure 3, b,
f,j, and n). By TEM, the reserve cell zone of the epiphyseal
plate of the 6™ lumbar vertebra showed shrunken cells with
irregular outline, irregular-shaped nuclei, less developed
RER, damaged mitochondria, and cytoplasmic vacuolations.
The findings suggest chondrocyte apoptosis. The surrounding
pericellular space appeared widened with less collagen
fibrils in the ECM (Figure 4, b and f).

In alloxan + arachidonic acid group, the histological
features of the lumbar vertebrae were returned to the normal,
with no apparent cellular changes (Figure 3, ¢ and k). There
was normal homogenous distribution of collagen fibers as
seen by using both Masson’s trichrome and Toluidine blue
stainings (Figure 3, g and o). TEM examination of the
reserve cell zone of the epiphyseal plate of the 6™ lumbar
vertebra showed triangular cells, with oval nucleus, and
cellular organelles like those of the control (Figure 4, ¢ and g).

In arachidonic acid group, the histological findings of
the lumbar vertebrae were similar to those of the control
group (Figure 3, d, h, I and p). In addition, the ultrastructure
of the reserve cell zone of the epiphyseal plate of the 6%
lumbar vertebra showed features like those of the control
group (Figure 4, d and h).

Effects of arachidonic acid on the
histopathological features of vertebrae of
alloxan-induced diabetes two-month-old rats

The sagittal sections of the lumbar (L5 and L6) vertebrae
in the control group showed increase in size of the vertebral
body as compared to the three-week-old rats. The vertebrae

appeared with centrum and two peripheral areas of the
epiphyseal growth plates where the chondrocytes were
arranged in the same four zones as in the three-week-
old rats (Figure 5, a and i). Using Masson’s trichrome
technique, the epiphyseal growth plates showed normal
homogenous distribution of the green color in the matrix
between the healthy growing chondrocytes (Figure 5e).
Semithin sections of the epiphyseal plate of the 6™ lumbar
vertebrae showed normal distribution of Toluidine blue
staining in the cartilage matrix (Figure Sm).

In alloxan-induced diabetes group, there was apparent
decreased thickness of the epiphyseal growth plates and
less developed primary ossification centers as compared to
the control group. The growing chondrocytes were small-
sized, disorganized, and having vacuolated cytoplasm. The
ECM showed empty lacunae, with areas without cells
indicative of cellular disintegration, and diminished staining
with Masson’s trichrome and Toluidine blue (Figure 5,
b, f, j and n). In alloxan + arachidonic acid group, the
histological features of the lumbar vertebrae were returned
to the normal picture, with no apparent cellular changes
(Figure 5, ¢ and k). There was normal homogenous
distribution of collagen fibers as seen by using both
Masson’s trichrome and Toluidine blue stainings (Figure 5,
g and o). In arachidonic acid group, the histological findings
of the lumbar vertebrae were similar to those of the control
group (Figure 5, d, h, 1 and p).

Effects of arachidonic acid on the random
blood glucose levels of rats’ mothers
suffering from alloxan-induced diabetes

Random blood glucose levels were recorded from the
rats’ mothers of all studied groups. In alloxan-induced
diabetes group, the blood glucose level was significantly
much higher than the control group (Table 4). There were
nonsignificant differences between the alloxan + arachidonic
acid group, and arachidonic acid group as compared to the
control. On the other hand, there was significant difference
between the alloxan + arachidonic acid group when compared
to the alloxan-induced diabetes group. Also, there was a
significant difference between the arachidonic acid group
when compared to the alloxan-induced diabetes group
(Table 4).

Table 4 — Effect of arachidonic acid on the blood glucose levels of the rats’ mothers suffering from alloxan-induced

diabetes

Group Control

Alloxan-induced diabetes Alloxan + arachidonic acid Arachidonic acid p-value

Blood glucose level [mg/dL] 80.25+5.562

311.75£82.79°

86.75+6.40° 78.50+6.25% <0.0001

Results were expressed as the mean + SD of six rats per group. #°Different letters indicated significant differences at p<0.05 (one-way ANOVA
followed by Bonferroni’s post hoc test). ANOVA: Analysis of variance; SD: Standard deviation.

Effects of arachidonic acid on the histology,
insulin immunohistochemistry, and
morphometric indices of pancreatic islets

in the rats’ mothers suffering from alloxan-
induced diabetes

The histology of the pancreas in the rats’ mothers of the
control group showed normal architecture of the pancreatic
islets, which were seen interspersed between the pancreatic
acini, with distinct border between exocrine (pancreatic
acini) and endocrine portions (islets of Langerhans)
(Figure 6, a and e). The islet cells appeared healthy with
vesicular nuclei. Immunohistochemistry revealed intense

brown staining of insulin immunoreactivity (Figure 61)
within the cytoplasm of the S-cells of the pancreatic islets.
In alloxan-induced diabetes group, the pancreatic islets were
small-sized as compared to the control group with less
distinct border between exocrine and endocrine portions,
and the islet cells appeared atrophied with apoptotic nuclei
(Figure 6, b and f). Immunohistochemistry revealed very
weak insulin immunostaining in the cytoplasm of pancreatic
p-cells (Figure 6j). Histomorphometry analysis indicated
highly significant reduction in the number of pancreatic islets
and their surface area and decrease in number of S-cells per
islet (Table 5; Figure 7). Whereas alloxan + arachidonic
acid group showed healthy features of the pancreatic islets,
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which resembled the control group (Figure 6, c and g),  acid group, the pancreatic islets appeared normal (Figure 5,
strong insulin immunoreactivity (Figure 6k), with normalized ~ d and h), with strong insulin immunostaining (Figure 6l),
histomorphometry data (Table 5; Figure 7). In arachidonic ~ and normal morphometric parameters (Table 5; Figure 7).

Table 5 — Effect of arachidonic acid on pancreatic morphometric indices of the rats’ mothers suffering from alloxan-

induced diabetes
Group Control AIon?n-lnduced Alloxan + a!'achldonlc Arachidonic acid  p-value
diabetes acid
No. of pancreatic islets 5.00£0.89° 1.500.55b 4.83£0.75° 5.170.98° <0.0001

(per area 8 785 913.29 um?)

S“’facei :IZZ‘ E’Jrg?)“creat"’ 49 843.04+10 668.7° 10917.40+1947.1° 49 348.99+10 396.2° 48 258.52+11 494.4° <0.0001

No. of B-cells per islet 108.8+9.5° 24.3+7.5° 106.0 + 9.1° 107.8+8.99° <0.0001

Results were expressed as the mean + SD of six rats per group. 2PDifferent letters indicated significant differences at p<0.05 (one-way ANOVA
followed by Bonferroni’s post hoc test). ANOVA: Analysis of variance; SD: Standard deviation.
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Figure 1 — Photomicrographs of sagittal sections in the newborn rats’ 5" and 6" lumbar vertebrae showed the protective
effect of arachidonic acid on alloxan-induced diabetes. Control group in (a, e, i and m) showed the normal histology of
epiphyseal growth plates (E5 and E6) of the vertebrae, which had four zones of growing chondrocytes. The epiphyseal
growth plates show normal homogenous distribution of green color (tailed arrow), and Toluidine blue staining in the
cartilage matrix (thick arrow) between the growing chondrocytes. Alloxan-induced diabetes group in (b, f, j and n) showed
apparent reduction in thickness of E5 and E6, with distortion and disorganization of small-sized chondrocytes with
vacuolated cytoplasm (arrow). Diminished staining of the matrix (tailed arrow), empty lacunae (wavy arrow), areas of
the matrix devoid of cells (arrowhead), and less developed primary ossification centers were seen. Alloxan + arachidonic
acidin (c, g, k and o) showed healthy epiphyseal growth plates (E5 and EG6) of the vertebrae, with four zones of growing
chondrocytes, and well-developed primary ossification centers in centrum. Arachidonic acid group in (d, h, | and p)
showed normal histology of epiphyseal growth plates (E5 and E6) of the vertebrae, with well-developed primary ossification
centers. Note the intervertebral disk with nucleus pulposus (N) and annulus fibrosus (A). HE staining: (a—d and i-I)
x100, scale bar 100 um. Masson’s trichrome technique: (e—h) x100, scale bar 100 um. Toluidine blue staining: (m-p)
%400, scale bar 20 um. 1: Reserve (R) cells; 2: Proliferative (P) cells; 3: Hypertrophied (H) cells; 4: Calcification (C)
zone with well-developed primary ossification centers in centrum; HE: Hematoxylin—Eosin.
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Figure 2 — Transmission electron micrographs of ultrathin sections in the newborn rats’ 6" lumbar vertebrae showing
the protective effect of arachidonic acid on alloxan-induced diabetes. Control group showed the normal ultrastructure
of reserve zone cells (a and e) and proliferative zone cells (i and m) of the epiphyseal plates. The reserve cell had oval
nucleus (N), rough endoplasmic reticulum (R), lipid granules (L), many mitochondria (M), multiple cytoplasmic processes
(curved arrows), pericellular space (asterisk) and extracellular matrix (ECM) rich in collagen fibrils. The proliferative cells
appear flattened and enclosed in lacunae (asterisk). The lacunae are separated from each other by transverse septa (TS).
The cells show well-formed nucleus (N), multiple cytoplasmic processes (curved arrows), with surrounding ECM rich
in collagen fibrils. Alloxan-induced diabetes group showed shrunken reserve cells (b and f) with irregular nucleus (N),
cytoplasmic vacuolations (V), damaged mitochondria (M), typical of cell undergoing apoptosis, widened pericellular space
(asterisk) and less collagen fibrils in the ECM. The proliferative cells (j and n) showed irregular outline with irregular
nucleus (N), cytoplasmic vacuolations (V), widened lacunae (asterisk), and less developed rough endoplasmic reticulum
(R). Alloxan + arachidonic acid group in (c, g, k and o) showed healthy appearance of the reserve and proliferative cells,
which had oval nuclei (N), multiple cytoplasmic processes (curved arrows), many mitochondria (M), pericellular space
(asterisk) and ECM rich in collagen fibrils. The proliferative cells were enclosed in lacunae (asterisk), which were separated
firom each other by TS. Arachidonic acid group in (d, h, | and p) showed the normal features of reserve and proliferative
cells. Uranyl acetate and Lead citrate staining, transmission electron microscopy (TEM): (a—d and i-l) x4800; (e—h and
m—p) x7200; scale bar 2 um.
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Figure 3 — Photomicrographs of sagittal sections in the three weeks old rats’ 5" and 6" lumbar vertebrae showed the
protective effect of arachidonic acid on alloxan-induced diabetes. Control group in (a, e, i and m) showed the epiphyseal
growth plates (ES and E6), with normal appearance of the vertebrae, which had zones of growing chondrocytes. The
epiphyseal growth plates show normal homogenous distribution of green color (tailed arrow), and Toluidine blue staining
in the cartilage matrix (thick arrow) between the growing chondrocytes. Alloxan-induced diabetes group in (b, f, j and n)
showed reduced thickness of ES5 and E6, with distortion of small-sized chondrocytes, which had vacuolated cytoplasm
(arrow). Diminished staining of the matrix (tailed arrow), empty lacunae (wavy arrow), and areas of the matrix devoid
of cells (arrowhead) suggestive of cellular disintegration, and less developed primary ossification centers (C) were seen.
Alloxan + arachidonic acid in (c, g, k and o) showed healthy epiphyseal growth plates (E5 and E6) of the vertebrae, with
zones of growing chondrocytes, and homogenous distribution of staining in the cartilage matrix. Arachidonic acid group
in (d, h, |l and p) showed normal histological appearance of the epiphyseal growth plates (E5 and E6). Note the inter-
vertebral disk with nucleus pulposus (N) and annulus fibrosus (A). HE staining: (a—d and i-l) x100, scale bar 100 um.
Masson’s trichrome technique: (e—h) x100, scale bar 100 um. Toluidine blue staining: (m—p) <400, scale bar 20 um.
1: Reserve (R) cells; 2: Proliferative (P) cells; 3: Hypertrophied (H) cells; HE: Hematoxylin—Eosin.
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Figure 4 — Transmission electron micrographs of ultrathin sections in the three weeks old rats’ 6" lumbar vertebrae
showing the protective effect of arachidonic acid on alloxan-induced diabetes. Control group showed the ultrastructure
of reserve zone cells (a and e) and proliferative zone cells (i and m) of the epiphyseal plates. The reserve cell had triangular
shape with large oval nucleus (N) occupying most of the cytoplasm, rough endoplasmic reticulum (R), lipid granules (L),
many mitochondria (M), multiple cytoplasmic processes (curved arrows), pericellular space (asterisk), and extracellular
matrix (ECM) rich in collagen fibrils. The proliferative cells were flattened and enclosed in lacunae (asterisk), which were
separated from each other by transverse septa (TS). The cells showed oval nuclei (N), multiple cytoplasmic processes
(curved arrows), lipid granules (L) evident in the cytoplasm, with surrounding ECM rich in collagen fibrils. Alloxan-
induced diabetes group in (b, f, j and n) showed shrunken irregular-shaped reserve cells (b and f), with irregular nucleus
(N), cytoplasmic vacuolations (V), damaged mitochondria (M); typical of cells undergoing apoptosis, with widened
pericellular space (asterisk) and less collagen fibrils in the ECM. The proliferative cells (j and n) were reduced in size
with irregular nucleus (N), cytoplasmic vacuolations (V), and less developed rough endoplasmic reticulum (R). Alloxan
+ arachidonic acid group in (c, g, k and o) showed the cellular structure returned to normal with healthy appearance
of the reserve and proliferative cells, which had oval nuclei (N), multiple cytoplasmic processes (curved arrows), many
mitochondria (M), preserved pericellular space (asterisk) and ECM rich in collagen fibrils. The proliferative cells were
enclosed in lacunae, which were separated from each other by TS. Arachidonic acid group in (d, h, | and p) showed
the normal features of reserve and proliferative cells. Uranyl acetate and Lead citrate staining, transmission electron
microscopy (TEM): (a—d and i-l) x4800; (e—h and m—p) x7200; scale bar 2 um.
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Figure 5 — Photomicrographs of the sagittal sections in the two months old rats’ 5" and 6" lumbar vertebrae showed the
protective effect of arachidonic acid on alloxan-induced diabetes. Control group in (a, e, i and m) showed the epiphyseal
growth plates (E5 and E6), with healthy normal appearance of the vertebrae that had zones of growing chondrocytes. The
epiphyseal growth plates show normal homogenous distribution of green color (tailed arrow), and Toluidine blue staining
in the cartilage matrix (thick arrow) between the growing chondrocytes. Alloxan-induced diabetes group in (b, f, j and n)
showed decreased thickness of ES and E6, with disorganization of growing chondrocytes. Diminished staining of the
matrix (tailed arrow), empty lacunae (wavy arrow), and areas of the matrix devoid of cells (arrowhead), and less developed
primary (C5 and C6) and secondary ossification (0) centers (C) were seen. Alloxan + arachidonic acid in (c, g, k and o)
showed healthy epiphyseal growth plates (E5 and E6) of the vertebrae, with zones of growing chondrocytes, well developed
primary (C5 and C6) and secondary ossification (0) centers (C), and homogenous distribution of staining in the cartilage
matrix. Arachidonic acid group in (d, h, | and p) showed normal histological appearance of the epiphyseal growth plates
(E5 and E6) and ossification (O) centers (C). Note the intervertebral disk with nucleus pulposus (N) and annulus fibrosus
(A). HE staining: (a—d and i-1) X100, scale bar 100 um. Masson’s trichrome technique: (e—h) <100, scale bar 100 um.
Toluidine blue staining: (m—p) X400, scale bar 20 um. H: Hypertrophied cells; HE: Hematoxylin—Eosin; P: Proliferative
cells; R: Reserve cells.
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Figure 6 — Photomicrographs of paraffin cross-sections in the rats’ pancreas of the mothers of the studied groups showed
the protective effect of arachidonic acid on alloxan-induced diabetes. Control group in (a, e and i) showed pancreatic
islets (thick arrow), which were interspersed between pancreatic acini (arrow), with distinct border (arrowhead), and
normal islets cells with vesicular nuclei (tailed arrow). Immunohistochemistry showed localization of p-cells in the islets
as intense brown color of insulin immunoexpression (double arrows). Alloxan-induced diabetes group in (b, f and j)
showed shrinkage of the pancreatic islets (thick arrow), with faint border between islets and pancreatic acini (arrowhead).
Islets cells were atrophied, with apoptotic nuclei (wavy arrow), vacuolations (short arrows), and showed weak insulin
immunoexpression (curved arrow). Alloxan + arachidonic acid group in (c, g and k) showed restoration of the healthy
features of pancreatic islets, with strong positive insulin immunoreactivity presented as intense brown color (double arrows).
Arachidonic acid group in (d, h and 1) showed normal appearance of the pancreatic islets, and strong positive insulin
immunoreactivity was seen as intense brown color (double arrows). Hematoxylin—Eosin (HE) staining: (a—d) %200, scale
bar 50 um; (e—h) x400, scale bar 20 um. Anti-insulin antibody immunostaining, counterstained with Hematoxylin: (i-l)
%200, scale bar 50 um.
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Figure 7 — Pancreatic morphometric results of the rats’ mothers obtained in the current study analyzed using GraphPad
Prism Software version 5 (GraphPad Software Inc., La Jolla, CA, USA): https://www.graphpad.com/scientific-software/
prism/. (a) Alloxan significantly decreased the number of pancreatic islets, and the addition of arachidonic acid kept
the normal number of islets. (b) Alloxan significantly reduced the surface area of the islets, and the use of arachidonic
acid maintained the normal surface area of pancreatic islets. (c) Alloxan significantly decreased the number of f-cells
per islet, and the addition of arachidonic acid kept the normal number of f-cells. Results are expressed as the mean *
SD of six rats per group. “*Different symbols indicate significant differences at p<0.05 (one-way ANOVA followed by
Bonferroni’s post hoc test). ANOVA: Analysis of variance; SD: Standard deviation.
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= Discussions

Diabetes during pregnancy is burdened with a two- to
five-fold increase in the risk of birth defects. Even with
optimal glycemic control and good pre-gestational care,
it has been difficult to normalize the malformation rate
[5, 20]. Diabetes in pregnancy increases oxidative stress
[21], enhances lipid peroxidation [22, 23], decreases anti-
oxidative defense capacity [24], lowers prostaglandin E2
levels, diminishes cyclooxygenase-2 gene expression, and
increases apoptosis in the embryo [22]. The disruption of
the oxidant/antioxidant balance by high glucose amounts
can cause massive cell damage, increase in apoptotic events
and defective embryonic development [25]. Infants born
to mothers with pre-existing diabetes have increased risk of
spine malformations [26], delayed fetal skeletal growth,
and retarded ossification [7]. Thus, the searching for
chemicals and supplements that have protective effect
against diabetic tissue damage is worthwhile. In the current
research, arachidonic acid given to diabetic pregnant rats
could alleviate the damage of the lumbar vertebrae via its
cytoprotective properties. Noteworthy, it was reported that
in both type 1 and type 2 diabetes mellitus the plasma and
tissue arachidonic acid content were low [17]. Arachidonic
acid is one of the essential PUF As that is available in very
small amounts in human diet. Earlier studies suggested a
potential antidiabetic action for arachidonic acid [17].

In this work, induction of diabetes was carried out by
the injection of alloxan. Earlier studies revealed that the
diabetic effect of alloxan is mainly attributed to its rapid
uptake by the f-cells, increased formation of free radicals
and ROS that cause fragmentation of S-cell deoxyribonucleic
acid (DNA) and apoptosis, resulting in type 1 diabetes with
hyperglycemia and little endogenous insulin production [12,
27]. In this study, gross morphological measurements were
recorded as the crown rump length, snout rump length and
crown heel length of the newborn, three-week-old, and
two-month-old rats. In the alloxan-induced diabetes group,
highly significant decrease in all parameters was reported
as compared to the control and other groups. Our results
were in line with those of previous researchers that revealed
growth retardation with decrease in the crown rump length
in the embryos of the diabetic rat mothers [25]. The body
weights of the newborn, three-week-old, and two-month-
old rats were verified in all groups included in this study.
In the alloxan-induced diabetes group, significant body
weight reductions were found as compared to the control
group. These results were concomitant with those of earlier
researchers that indicated a lower body weight at birth
(microsomia) in the offspring of the diabetic rats, and this
decrease in weight remained during the weaning, and
juvenile stages [28, 29]. This weight reduction at birth
could be due to the high blood glucose amount in the intra-
uterine environment during gestational diabetes, resulting
in over-stimulation of pancreatic f-cells that prevented
insulin secretion, decreasing anabolism and, subsequently,
neonatal microsomia [30, 31].

In this study, arachidonic acid disallowed the alloxan-
induced diabetes as evident by the normal blood glucose
levels in the alloxan + arachidonic acid group. This was
in accordance with preceding research that confirmed the
role of arachidonic acid in the prevention of both type 1

and type 2 diabetes mellitus [17]. Other investigators added
that arachidonic acid not only prevented the development
of alloxan-induced diabetes, but also restored the antioxidant
status to normalcy [13].

In the present work, the histological findings of the
control group showed that the lumbar vertebral body was
made of a centrum and two peripheral areas of hyaline
cartilage (epiphysis). These results confirmed those of
previous researchers that demonstrated the vertebral growth
occurring by cartilaginous or endochondral ossification,
where mesenchymal cells are transformed into cartilage
cells, which subsequently ossify [32]. In this study, the
chondrocytes in the epiphyseal growth plates were arranged
in four zones: reserve cells, proliferative cells, hypertrophied
cells, and calcification zone. In the calcification zone, the
hypertrophied chondrocytes were degenerated leaving
lacunae, which were invaded by cells from the marrow
filled spaces of the centrum. These results supported the
previous findings of earlier studies that clarified the structure
of the epiphyseal growth plate containing one cell type,
the chondrocyte, at different stages of differentiation [33,
34]. Resting zone chondrocytes display a round morphology,
and act as the stem-like cells that replenish the pool of
proliferative chondrocytes. Proliferative zone chondrocytes
acquire a flattened morphology, and at a certain point, they
stop dividing and terminally differentiate into hypertrophic
chondrocytes. The hypertrophic chondrocytes calcify the
surrounding ECM and undergo apoptosis shortly before
the blood vessels invade the chondrocyte lacuna [33].

In this study, the morphometrical analysis of the 6™
lumbar vertebrae of the newborn, three-week-old, and two-
month-old rats in the alloxan-induced diabetes group showed
highly significant decrease of the thickness of the epiphyseal
growth plate, and less developed primary ossification centers
as compared to the control groups. These results were in
provision of the highly significant reductions in the crown
rump length, snout rump length and crown heel length of
the newborn, three-week-old, and two-month-old rats of
the alloxan-induced diabetes group in our study. In harmony,
another group of researchers showed decrease in thickness
of the epiphyseal growth plates of the femur of the diabetic
rats [35]. Also, similar results were obtained by other
investigators who observed that maternal diabetes delayed
the bone ossification in rat fetuses [7, 36]. They also found
that the growing chondrocytes were disorganized, distorted,
small-sized, and with vacuolated cytoplasm. Furthermore,
it has been demonstrated that the violation of the oxidant/
antioxidant balance by high glucose levels can cause massive
cell damage and increase in apoptotic events [25, 27, 37].

In the control group of this study, Masson’s trichrome
technique showed intense green color in the matrix due
to the abundance of collagen fibers between the growing
chondrocytes of epiphyseal plate, and stained deep blue
by Toluidine blue staining due to the matrix sulfur in
proteoglycans and glycosaminoglycans as reported by earlier
studies [38, 39]. In contrast, the alloxan-induced diabetes
group of the present study showed markedly diminished
staining of the matrix between the growing chondrocytes
of the epiphyseal growth plates. These results supported
previous studies that reported that hyperglycemia can lead
to bone loss, a decrease in bone density, and bone micro-
architecture impairment in rats [36, 40]. Also, hyperglycemia
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changes the mineral composition and collagen integrity
of bones, causing the marrow cavity to become full of fat
and adipogenic mesenchymal stem cells [41, 42].

In this study, TEM examination of the reserve and
proliferative cells of the alloxan-induced diabetes group of
the newborn and three-week-old rats showed shrinkage of
the cells, irregular nuclei and cytoplasmic vacuolations. The
pericellular spaces and lacunae were widened with sparse
collagen fibrils in the ECM as compared with the control
group. These findings agreed with other researchers who
have found that the hindlimb bones of the embryos of the
diabetic mothers exhibited malformed chondrocytes, which
possessed vacuolated cytoplasm, massive breakdown of
their cytoplasmic compartments, and clumping of their
nuclear chromatin indicating apoptosis [36].

In the present study, light microscopy and TEM
examination of the lumbar vertebrae of the alloxan +
arachidonic acid group of the newborn, three-week-old,
and two-month-old rats showed normal tissue and cell
structure. Arachidonic acid provided cytoprotection against
the development of alloxan-induced apoptosis, which can
be explained based on the antidiabetic properties of
arachidonic acid [17]. Based on our findings, the mothers
of this group showed normal blood glucose level, so these
results confirmed the role of arachidonic acid in prevention
of alloxan-induced diabetes. These findings supported those
of other scientists who illustrated that arachidonic acid
prevents the apoptotic action of alloxan as it prevents DNA
fragmentation protecting the integrity of the f-cells and
thus, the cells retain their functional capacity [43]. This
is an important aspect for S-cells since, its ability to
secrete insulin is important to prevent diabetes and control
hyperglycemia.

To find a possible explanation of the modulatory
mechanism through which arachidonic acid would exert
its antidiabetic protective effect, we extended our research
to assess the pancreatic structure and insulin expression
in the studied groups. In this work, light microscopy of
the pancreas of rats’ mothers of alloxan-induced diabetes
group showed marked shrinkage of the pancreatic islets,
and the islet cells appeared atrophied with apoptotic nuclei,
as compared to the control group. Similar results were
observed by researchers who revealed pathological changes
of endocrine part of the pancreas with marked degeneration
and necrosis of f-cells, which showed pyknotic nuclei
and vacuolations [44, 45]. In addition, previous research
studies highlighted that alloxan induces a diabetes-like state
in animals as it is taken up by f-cells, and its reduction
by hexokinase induces a redox cycle that increases the
production of ROS and leads to f-cell necrosis [12]. In
this study, light microscopy of the pancreas in the rats’
mothers of the alloxan + arachidonic acid group showed
remarkable improvement in the histoarchitecture simulating
the control group. This could be attributed to the anti-
diabetic action of arachidonic acid [17].

In our research, the immunohistochemistry of the
pancreas of the rats’ mothers of the studied groups revealed
insulin expression in the pancreatic islets. In alloxan-induced
diabetes group, very weak insulin immunoreactivity was
detected in the cytoplasm of f-cells of shrunken pancreatic
islets. These findings agreed with previous studies that
detected decreased insulin immunoreactivity in the pancreatic

islets of their alloxan-induced diabetes group [44, 46]. In
this work, in the rats’ mothers of the alloxan + arachidonic
acid group, insulin showed strong positive immunoexpression
within the S-cells of pancreatic islets. These findings were
in harmony with other researchers who revealed that
arachidonic acid prevented alloxan-induced diabetes and
restored the antioxidant status to normalcy [13, 17].

In this study, the morphometrical analysis included the
number of pancreatic islets, surface area of the islets, and
the number of S-cells per islet in the rats’ mothers of this
research groups. In alloxan-induced diabetes group, highly
significant decrease in all parameters was found as compared
to the control group. These results supported those of other
scientists who detected massive destruction of insulin
secreting f-cells of islets of Langerhans in diabetic rats,
including decreased islets cell numbers, and increased cell
death in the pancreas [47]. In alloxan + arachidonic acid
group and arachidonic acid group, there were no significant
differences in the number of pancreatic islets, surface area
of the islets, and the number of S-cells per islet as compared
to the control. This outcome may be attributed to the anti-
diabetic action of arachidonic acid [17].

& Conclusions

This study illustrated the protective effect of arachidonic
acid against structural and ultrastructural bony deteriorations
associated with alloxan-induced diabetes through restoring
the lumbar vertebrae structure and insulin immunoexpression
in the pancreatic f-cells and exerting anti-apoptotic effect.
This research needs to be repeated on several experimental
animals before testing it on human volunteers. Based on our
results, it is suggested to recommend giving arachidonic
acid to diabetics who have bone problems. However, future
research is needed to decide on the safe dose and duration
of arachidonic acid intake for diabetic pregnant women.
Moreover, the results of this study are of outmost significance
in paving the road towards incorporation of arachidonic
acid in our food industry as prophylaxis against diabetes,
and to fight against the diabetes-associated abnormalities.
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