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Introduction

EUROSTEROIDS are endogenous steroids are produced in the nervous system and act

as neurotransmitters or neuromodulators. Steroid hormones, which are primarily produced
in the adrenal glands, play an essential role in the regulation of different physiological actions
in the body. While anabolic steroids are synthetic substances with effects comparable to those
of testosterone.

This study intended to differentiate between the roles of neurosteroid, natural steroid
and anabolic synthetic steroids through investigating the effects of some physiological,
immunological and histopathological on various target organs such as kidney, liver and spleen
in diabetic rats.

Fifty male albino rats were randomly divided into five equal groups. The first group was
used as a control fed on standard diet and injected subcutaneously with 0.5 ml normal saline.
The second group was injected subcutaneously with Alloxan (100 mg/kg.bw) fed on a standard
diet and served as diabetic control group, while the third group diabetic rats were orally
administrated with dehydroepiandrosterone (DHEA) (as a neurosteroid, 17.2mg/kg/day) and
the fourth group diabetic rats were subcutaneously injected with hydrocortisone (as a natural
steroid, 26.1mg/kg/day). Finally, the fifth group diabetic rats were intramuscularly injected with
Sustanon (as an anabolic steroid, 66.9 mg/kg/week).

Based on the aforementioned results of the hematological parameters and interleukins (IL-2
& 1L-6) improvements after treatment with DHEA. Fasting blood sugar and body weight after
Sustanon, and lipid profile after both hydrocortisone and Sustanon. ALP was almost enhanced
in all treated groups. Moreover, histopathological examination of kidney, liver and spleen
showed numerously distortion.

In conclusion; from the obtained results, it can be reported that DHEA administration can
improve immunity, reduce oxidative stress associated with diabetes, and ameliorate tissue damage
in the kidney and spleen. Hydrocortisone may improve lipid profile, but has negative effects on
immunity and tissue health. Sustanon has positive effects on blood glucose and lipid profile, but
its effects on immunity is indistinguishable.

Keywords: Dehydroepiandrosterone, Hydrocortisone, Sustanon and Diabetes.

in the metabolism of carbohydrates, lipids and

Diabetes Mellitus (DM) is a metabolic disorder
the presence of chronic
hyperglycemia with varying degrees of disruption

characterized by

proteins. The cause and etiology of DM can vary
greatly; however, it typically involves defects in
either insulin secretion or insulin response, or
both [1]. Alloxan is a B-cytotoxin and induces
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diabetes mellitus by destructing the secretion of
the insulin B-cells of the pancreas, which leads to
decreased endogenous insulin release and leads to
diabetes [2]. Numerous organs including; kidney,
liver, spleen, as well as other organs like the heart,
brain, and skeletal muscles are it tends to raise
the risk of a number of other diseases caused by
macrovascular and microvascular damage [3].
Moreover, diabetic patients are more susceptible
to infections due to dysfunction in innate and
adaptive immune response [4].

Steroid hormones are synthesized mainly in
the adrenal cortex, gonads, and placenta which
are derived from cholesterol [5]. These hormones
are responsible for major endocrine functioning
and stress management. They are produced
and secreted by the adrenal glands in response
to pituitary adrenocorticotropic hormone, and
regulated by hypothalamic corticotropic releasing
hormone. Steroids have a wide range of biological
effects on vertebrates, mostly on homeostasis,
which includes metabolism, reproduction,
production, cognition, and inflammation [6-8].

Natural hydrocortisone is a glucocorticoid
with a rapid short acting that is used to treat
inflammation and adrenal insufficiency. Since
hydrocortisone and cortisol possess the same
chemical structure, they closely imitate the human
adrenal hormone, which has both glucocorticoid
and mineralocorticoid properties [9]. It also has an
essential role in the carbohydrate, protein, and lipid
metabolism of the body. Hydrocortisone medical
significance arises from its anti-inflammatory,
anti-allergic, and immune-suppressive role in the
body [10].

Dehydroepiandrosterone (DHEA), which is
synthesized by the adrenal cortex from pregnenolone,
is later converted to androstenedione, testosterone,
and estrogens [11]. Also, it can be synthesized in the
central and peripheral nervous system [12]. Due to its
actions on brain neurotransmitter receptors, DHEA
has been classified as a neurosteroid. DHEA and its
sulfated derivative (DHEAS) are multifunctional
steroids with a variety of physiological functions,
with different mental effects and immune systems
activities [13].

Anabolic-androgenic steroids (AASs),
commonly known as anabolic steroids, are a
large group of molecules including endogenously
produced androgens, such as testosterone and
synthetically manufactured derivatives. AASs
have been widely used for therapeutic purposes
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[14]. Sustanon is an oil-based injectable anabolic-
androgenic steroid hormone that generally
contains four different testosterone esters. It
releases testosterone continuously into the blood
and maintains a stable testosterone level for a long
time, lasting for three to four weeks. It has been
supported by several of lines of evidence that
testosterone therapy reduces insulin resistance
[15, 16].

The purpose of this study is to investigate the
physiological, immunological and histopathologi-
cal effects of neurosteroid, natural steroid and an-
abolic synthetic steroids on various target organs
such as kidneys, liver and spleen in diabetic rats.

Material and Methods

Animal and housing

The experiment of this study took place in
the animal house of the Department of Biology,
College of Science, University of Duhok, Iraq
where the rats were duly bred. According to ethical
and accepted laboratory rules, the experimental
rats were housed in vented 30x25x17cm
polypropylene cages with access to a standard
diet and water, which were 12h light: 12h dark
light period, at 25°C. The weight of the adult
animals used in the experiment ranged between
150-250gm (8-10 weeks age). The bedding of the
cages, especially those of the diabetic group, was
frequently changed owing to polyuria.

Induction of diabetes

Forty male albino rats were fasted overnight
and injected for successive seven days with
a double subcutaneous of 100 mg/kg.bw of
Alloxan (THOMAS BAKER. India). Alloxan
was dissolved in citrate buffer (PH = 4.5) and
weekly injected. The injected animals with
alloxan were treated orally with 5% of D-Glucose
(Markans Pharma Ltd - India) after half an hour
of the injection to prevent the potentially fatal
hypoglycemic effects. Symptoms of diabetes
appeared within 24 - 72 hours after injections;
such as polyuria, polyphagia and polydipsia. The
diagnosis of diabetes was further confirmed by
testing blood sugar and glucose in urine by urine-
strips (Machinery-Nagel/ Germany).

Preparation of Steroid Drugs
Dehydroepiandrosterone drug was provided
and used as neurosteroid supplement. The drug
was available in the pharmacies (50 mg pills) and
known as DHEA PHARMACY Laboratories s.c.
Poland. The pills were grinded and dissolved with
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normal saline. Daily records of body weight were
maintained and accordingly suspension of DHEA
was freshly prepared and given orally at dose
(17.2 mg/ kg) to the animals daily for a period of
six weeks.

Hydrocortisone drug was provided and used
as a natural steroid. The drug was available
in the pharmacies (100 mg) and known as
Hidrokortizone. Hemofarm A.D. Serbia. Daily
records of body weight were maintained and
accordingly hydrocortisone was duly dissolved
with its own specific buffer, and prepared to be
injected daily in a subcutaneous route at dose
(26.1 mg/ kg) into the animals for a period of six
weeks.

Testosterone drug was provided and used as
an anabolic steroid contains testosterone esters
(testosterone  propionate,  phenylpropionate,
isocaproate and decanoate). The drug was
available in pharmacies and ready to be used,
known as Sustanon (250 mg). EVER pharmajena
GmbH. Germany. The animals’ body weight
records were maintained and accordingly injected
intramuscularly at dose (66.9 mg/kg) on a weekly
basis for six weeks interval.

Standard diet

Standard diet was prepared for each one kilo-
gram (kg) as follows: wheat 665.5g, soya 256.2g,
sunflower oil 43.5g, limestone 14.9g, Ca, PO, 6.4,
salt 6.3g, lysine 2.4g, methionine 1.5g, enzymes
0.8g, choline chloride 0.6g, vitamins 0.58g and
trace elements 0.5g. [17].

Experimental Design

Fifty male albino rats were randomly divided
into five equal groups and treated for 6 weeks as
follows:
Group 1 (Control): Normal rats were injected
with 0.5 ml normal saline (0.9%) subcutaneously
and served as a control group.
Group 2 (Diabetic Control): Alloxan injected
rats were fed on standard diet as a diabetic control
group.
Group 3 (Diabetic + DHEA): Diabetic rats were
gavaged with DHEA (as a neurosteroid) drug.
(17.2 mg/ kg rat /day).
Group 4 (Diabetic + Hydrocortisone): Diabetic
rats were injected subcutaneously with hydrocor-
tisone (as a natural steroid) at dose of (26.1 mg/
kg rat /day).
Group 5 (Diabetic + Testosterone): Diabetic rats
were injected intramuscularly with Sustanon (as
an anabolic steroid) (66.9 mg/kg rat / week.

Estimation of hematological and biochemical pa-
rameters

At the end of the experiment, the animals were
prohibited of food overnight with free access to
water. The rats were anaesthetised with diethyl
ether (Scharlab S, L, Spain), blood samples were
directly obtained via heart puncture. Two ml
of blood were collected in EDTA tubes (Arzer
Grande- Italy) for hematological parameters
analysis using the automated hematological
analyzer (Medonic- Sweden). The remaining of
blood samples were positioned in gel tubes (Arzer
Grandeltaly) for 30 minutes then centrifuged
(at 4000 rpm for 15 minutes) to complete the
biochemical tests examination such as fasting
blood sugar (FBS), serum lipids, electrolytes,
serum proteins, renal and liver function tests.
The serum parameters were estimated by Cobas
600 (C501) automated chemistry analyzer
(Roche/Germany). This apparatus evaluates the
tests depending on their reagent’s kits (Roche/
Germany) that include: absorbance photometry
(enzymes, substrates and specific proteins).

Estimation of IL-2 and IL- 6

Serum level of IL-2 and IL-6 were determined
by enzyme - linked immunosorbent assay
apparatus  (BioTeckUSA) according to the
instructions of the kit’s manufacturing company
(BT LAB — China).

Histopathological study

After dissecting of the animals, kidneys, liver
and spleen sections were washed with tab water
and fixed in 10% formalin. After the preparation
of paraffin blocks, thin segments (4uM) were
stained with haematoxylin and eosin (H&E) by
using Auto Staining technique (Leica -Germany).
A light microscope (Motic/China) was used to
examine the mounted slides, whereas a specialized
camera (Anmo -Taiwan) was used to get the
pictures of the pointed field [18].

Statistical Analysis

The following statistical means were used to
analyze the data of the experiment: Microsoft
Excel 2016 and GraphPad Prism 5 (California —
USA), analysis of variance (ANOVA) and Tukey’s
range test to compare between normal control and
others treated groups. Results were expressed as
mean + standard errors and P-values <0.05 were
considered as a statistically significant.

Results

The results illustrated the effects of
neurosteroids, natural and anabolic steroids on
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diabetic rats. Hematological parameters, FBS,
lipid profile, urea, creatinine, electrolyte,
serum calcium, liver enzymes, serum proteins,
IL-2, IL-6 and histological examination of
kidney, liver and spleen were investigated. The
values represent mean + standard error:

Hematological parameters

The total number of WBCs and monocytes
showed highly statistically significant reduc-
tion (p<0.001), with statistically significant
decrease in lymphocytes (p<0.01), while,
granulocytes, MCV and MCH showed highly
significant increase (p<0.001) in the diabetic
control group compared with the normal con-
trol group.

The total number of WBCs were highly
significantly decreased (p<0.001) in both
diabetic animals treated with hydrocortisone and
testosterone compared with diabetic control group,
while the diabetic treated group with DHEA was
not changed (Figure 1-A). Granulocytes were
significantly increased (p<0.001) in the diabetic
treated group with hydrocortisone, whereas
DHEA and testosterone in the diabetic treated
group showed no obvious changes (Figure
1-B). Lymphocytes showed highly significant
reduction (p<0.001) in the diabetic treated group
with hydrocortisone (Figure 1-C). MCH showed
a significant decrease (p<0.01) in the diabetic
treated group with testosterone, while treatments
with DHEA and Hydrocortisone had no obvious
changes, as well as the remnant hematological
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parameters had no statistically significant changes
as shown in Table 1.

Blood glucose and lipid profile

Diabetic control group showed a highly
significant increase (p<0.001) in FBS level,
while High - density lipoprotein cholesterol
(HDL-cholesterol) showed a highly significant
decrease (p<0.001) in comparison with the
control group.

FBS level showed a high significant decrease
(p<0.001) in the diabetic treated rats with
testosterone compared with the diabetic control
group. On the other hand, no significant changes
were observed in the DHEA and hydrocortisone
treated groups (Figure 2-A). Triglycerides
(TG) significantly increased (p<0.05) in the
diabetic treated group with DHEA; however, the
diabetic treated animals with hydrocortisone and
testosterone showed highly significant reduction
(p<0.001) (Figure 2-B). Very low-density
lipoprotein cholesterol (VLDL-C) was highly
significantly increased (p<0.001) in the diabetic
treated with DHEA. On the other hand, treatment
with hydrocortisone and testosterone showed
highly significant decrease (p<0.001). While,
cholesterol, high-density lipoprotein cholesterol
(HDL-C) and low-density lipoprotein (LDL-C)
showed no significant changes in the other treated
groups (Table 2).

Urea, creatinine, electrolyte and serum calcium
significantly

Blood urea was increased
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Fig. 1. The effect of neurosteroid, natural steroid and anabolic steroid on total A-WBCs count. B-Granulocytes%.

C- Lymphocytes%.
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TABLE 1. The effects of neurosteroid, natural and anabolic steroids on hematological parameters.

Diabetic + Diabetic + Hy- Diabetic + Testos-

Parameters Control Diabetic Control DHEA drocortisone terone

WBCs (x106/mm3) 1074+ 033  8.115+£0.28 ***  9325+0.42  4204+026* 5953 +(.3] ***
Granulocytes % 1479+ 113 28.12+£0.98 ***  2933+182  38.10+245% 30.23 £2.75
Lymphocytes % 73424147 6435+ 1.10%% 6269190 5385243 * 57.13 +2.08

Monocytes % 995+0.44  6.06+£023 *** 6.23 +0.29 6.36+0.32 9.10+0.22
RBCs (x10%/mm?) 7.764 £0.14 7.282+0.20 7.582 £0.07 7.689 £ 0.08 7.849 £ 0.14
Hb (g/dl) 15.06 +0.20 14.61 £0.26 15.18 +£0.12 15.33+£0.18 15.69 +0.21
PCV (%) 44.19+0.99 41.52+1.09 43.80+0.51 44.29 +0.66 43.45+0.82
MCV (fi) 53.84+0.71 57.88 +£0.56 *** 57.69 +0.38 57.06 £ 0.44 56.21 £ 0.58
MCH (pg) 19.41+0.10  20.33£0.17 *** 19.98 £0.08 19.90 +0.08 19.73 £0.12 **
MCHC (g/dl) 35.91+0.38 35.30+0.19 34.40£0.20 34.82+0.21 35.13+0.21

Platelets (/mm?) 578.4 £20.37 536.6 £12.94 559.5+12.99 5749 +£13.19 566.8 £9.654

Value expressed mean + SE. * Significant at p<0.05 ** Significant at p<0.01 *** significant at p <0.001.
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Fig. 2. The effect of neurosteroid, natural steroid and anabolic steroid on A-Blood glucose. B-Triglyceride.

TABLE 2. The effects of neurosteroid, natural and anabolic steroids on FBS and serum lipids level.

Diabetic + q q . .
Parameters Control Diabetic Control Dlabetlc' + Lhobil e
Hydrocortisone  Testosterone
DHEA
Glucose (mg/dl) 101.6 £2.38  173.3 + 3,95 *** 159.2 +£5.39 166.2 £2.14 102.8 +£ 6.13 ***
Cholesterol (mg/dl) 69.06 +2.32 61.67£2.17 69.81 +£2.46 65.00 £ 1.79 69.67 +£1.33

Triglycerides (mg/dl) 86.41 +5.04 93.77+7.03 1142+3.79* 4594+1.98 ***  60.07 + 3.08 ***
High-density lipoprotein

kokok
cholesterol (mg/dI) 38.00+1.03 32.08 +£0.92 35.56 +0.94 33.38 +£0.66 33.07+0.85
Low- density lipoprotein
cholesterol (mg/dl) 18.24 £ 0.90 22.00+1.01 18.25 + 1.46 21.81+1.01 22.53+£0.81

Very low- density
lipoprotein cholesterol 17.17+0.90 18.75 £ 1.40 22.84+0.75%*%  9.188+£0.39 *** 12,01 £0.61 ***
(mg/dl)

Value expressed mean + SE. * Significant at p<0.05 ** Significant at p<0.01 *** significant at p <0.001.
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(p<0.05), whereas uric acid was significantly
decreased (p<0.05), additionally calcium (Ca)
showed highly significant reduction (p<0.001)
in diabetic control group compared with normal
control group.

Blood wurea was significantly increased
(p<0.05) in diabetic treated group with hydro-
cortisone however; no changes were detected in
the DHEA and testosterone treated rats. Also, no
significant changes showed in serum creatinine
level (Figure 3-A). Uric acid was significantly in-
creased (p<0.05) in both DHEA and testosterone

treated animals, and no significant changes found
in the hydrocortisone group (Figure 3-B). Sodium
(Na) was significantly reduced (p<0.01) in dia-
betic treated rats with DHEA. Also, chloride (Cl)
showed highly significant reduction (p<0.001)
in the diabetic treated with DHEA, while there
were no significant differences in the other treated
groups. Moreover, potassium (K) and calcium
(Ca) revealed no changes in all mentioned groups
in comparison with diabetic control group, as
shown in Table 4.

Liver enzymes and serum proteins

TABLE 3. The effects of neurosteroid, natural and anabolic steroids on urea, creatinine, uric acid, serum electro-

lyte and calcium.

Diabetic +

Parameters Control Diabetic Control DHEA D;:E:icﬁ:ol;g_ Diabett‘l;:n':estos—
Blood urea (mg/dl) 17.04+0.37  21.10 + 1.47 * 21994073  25.18+0.91 * 24.47 +1.65
Creatinine (mg/dl)  0.3247£0013  03246+0.028  03136+£0.014 0372540051  0.3460 +0.025
Uric acid (mg/d) 2429+ 0.11  1.936+£0.14*  2.6+0.09**  2269+0.088  2.5240.07 **
Sodium (mmol/L)  1282+2.49  130.9+0.53  1182+£229%F  124.1+3.19 1275 +2.39
Chloride (mmol/L) 89.18+£2.49  91.85+£0.79  76.69+0.71 *** 9563 + 1.05 9033 +1.16
f,ﬁt,f.f,sfff)n 48244026  4.154+0.15 41940069  4.344+0.11 4.127 % 0.081
Calcium (mg/dl)  9.659+0.16 8.931+£0.10 ***  9388+0.097  8.800+0.058  9.033+0.068

Value expressed mean + SE. * Significant at p<0.05 ** Significant at p<0.01
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Fig. 3. The effect of neurosteroid, natural steroid and anabolic steroid on A -Blood Urea. B-Serum Uric acid.
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TABLE 4. The effects of neurosteroid, natural and anabolic steroids on liver function parameters and serum proteins.

. o . i+ Hve . <o+ Tes.
Parameters Control  Diabetic Control Diabetic Dlabetlc. Hy WELIE GRS
DHEA drocortisone tosterone
Aspartate amino-
transferase (AST) 113.5+3.14 100.5 £2.67 122.9 £ 6.42 99.38 £3.19 93.53+£3.16
IU/L
alanine transaminase
65+ 1. 38+2. 75 +3. 06 +2. 27 +2.
(ALT) TU/L 44.65+1.03 4338 +2.20 51.75+£3.19 38.06 £2.04 40.27+£2.73
Alkaline phosphatase
350.5+5.95 523.6 + 8.88 *** 66.1 £ 6.8 *** 253.1 £ 7.7 *** 262.9 + 5.7 ***
(ALP) TU/L 9 3 3 3 7.7 9 7
Total Proteins (g/dl) 5.400+0.10 5.646 £0.15 8.706 £ (.21 *** 6.450 £ 0.14 *** 6.700 = 0.06 ***
Albumin (g/dl) 2.82+0.11 3.235+0.08 3.489+0.12 4.288 + (.09 *** 3.231+0.08
Globulin (g/dl) 2.801 +0.07 2.157+0.19 * 4.419 +£0.20 *** 3213 +£0.11 *** 3.053 £ 0.11 ***

Value expressed mean + SE. * Significant at p<0.05 ** Significant at p<0.01 *** significant at p <0.001.

Alkaline phosphatase (ALP) showed a highly
significant increase (p<0.001) in diabetic control
group, whereas, globulin significantly reduced
(p<0.05) in the diabetic control group compared
with the control group.

Aspartate aminotransferase (AST) and ala-
nine transaminase (ALT) enzymes showed
no significant changes in all involved groups.
While ALP showed a highly significant reduc-
tion (p<0.001) in all treated groups (Figure 4-A),
the total protein and globulin showed a highly
significant increase (p<0.001) in all treated
groups (Figure 4-B & C). Albumin showed a
highly significant elevation (p<0.001) in diabetic
treated group with DHEA, whereas no signifi-
cant changes were recorded in the other treated
groups (Table 4).

IL-2 and IL-6

IL-2 and IL-6 showed no significant changes
in diabetic control group compared with the con-
trol group.

IL-2 significantly increased (p<0.05) in
diabetic treated group with DHEA, whereas
there were no significant changes in the diabetic
Hydrocortisone and testosterone treated groups
(Figure 5-A). On the other hand, IL-6 showed
a significant decline (p<0.01) in diabetic treated
group with DHEA and hydrocortisone (Figure
5-B). However, no significant changes were
observed in the diabetic testosterone treatment
group compared with diabetic control group
(Table 5).

Body Weight

The differences in the body weight were
highly declined (p<0.001) in the diabetic control
group compared with the control group. The
diabetic treated groups with hydrocortisone and
testosterone also showed a highly significant
decrease (p<0.001). On the other hand, the
diabetic treated group with DHEA were highly
significantly elevated (p<0.001) compared with
diabetic control group (Fig. 6, Table 6).

Histopathological Examination
Kidney

Kidney sections showed almost normal cyto-
architecture appearances of glomeruli (Gs) and renal
tubules (PCT & DCT) in the control group (Fig.
7-A). Various damages in kidney section appeared
in the diabetic control group such as disintegrations
of the Gs, moderate fibrosis (F) in glomerulus and
Bowman’s capsule, necrosis in PCT and DCT
(N-PCT& N-DCT), congestion (C) of blood vessels
and hemorrhages (H) (Fig. 7-B). The administration
of DHEA in the diabetic rats caused several
damages including C, H and N-PCT and N-DCT.
The diabetic hydrocortisone treated animals, several
structural damages were appeared involving; C
in glomerulus, N-PCT, N-DCT, H between renal
tubules, F in glomerulus and Bowman’s capsule and
narrowing in the lumen, which disappeared in brush
boarders of some PCT cells (Fig. 7-C & D). Also,
in diabetic testosterone treated group, the kidney
showed several histopathological changes in renal
corpuscle such as glomerulus atrophy and increase
in Bowman’s space, C, F between renal tubules and
N-PCT, N-DCT (Fig. 7-E).
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Fig. 4. The effect of neurosteroid, natural steroid and anabolic steroid on A-Alkaline phosphatase. B-Total protein.
C- Globulin.
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Fig. 5.The effect of neurosteroid, natural steroid and anabolic steroid on A-IL-2. B- IL-6.
TABLE 5. The effects of neurosteroid, natural and anabolic steroids on IL-2 and IL-6.
P " Control Diabetic Diabetic + Diabetic + Hy-  Diabetic + Testos-
arameters Control DHEA drocortisone terone
Interleukin-2 (ng/dl)  20.63 £+ 1.46 18.45+1.40 27.42+1.13 * 13.41 £2.66 19.10£1.91
Interleukin-6 (ng/dl) 6.64 +£0.39 7.67+0.27 5.81 +£0.24 ** 4.94 £ 0.34 ** 7.91+0.32

Value expressed mean = SE. * Significant at p<0.05 ** Significant at p<0.01 *** significant at p <0.001.

TABLE 6J The effects of neurosteroid, natural and anabolic steroids on Body Weight.

Diabetic + . . . .
Parameters Control Diabetic Control D(;abetlct-+ Hy Dlabettlc LIS
DHEA rocortisone erone
First Day (g) 168.2 +£3.33 180.6 +£2.57 189.4 £2.96 181.4+3.98 188.2+3.49
Last Day (g) 2664 +£5.02 206.2 £3.04 *** 2242 +2.80 * 187.0 £ 4.47 * 203.1 +£3.96
g)e‘ght changes  9850+237 25.60+ 157 ¥kx 4802055 5.6+0.58%%F  14.9+0.77 %%

Value expressed mean = SE. * Significant at p<0.05 ** Significant at p<0.01 *** significant at p <0.001.
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Fig. 7. Cross section of kidney (H&E): A-Control group, showing normal glomerulus (G), with normal proximal
& distal convoluted tubules (PCT & DCT). B- Diabetic control group: hemorrhage (H), congestion (C),
fibrosis (F) & necrosis in both renal tubules (N-PCT & N-DCT). C- Diabetic + DHEA group: hemorrhage
(H), congestion (C) & necrosis in both renal tubules (N-PCT & N-DCT). D- Diabetic + Hydrocortisone
group: hemorrhage (H), congestion (C), fibrosis (F), decrease the lumen of proximal convoluted tubule
(LD-PCT) & necrosis in both renal tubules (N-PCT & N-DCT) and E- Diabetic + Testosterone group:
Atrophy & degeneration (A&D), hemorrhage (H), congestion (C) & necrosis in both renal tubules (N-PCT
& N-DCT).
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Liver

The histological section of the liver structure
in the control group was normal including the size
of central vein (CV), clear appearance of hepato-
cytes (HE) containing large and central nucleus,
and the hepatic cord (HC) was obvious (Fig. 8-A).
The histological structure of the diabetic control
group showed numerous histopathological chang-
es such as moderate C-CV, vacuoles in HE cyto-
plasm, hepatocytic N and different damages in
HE nucleus (Fig. 8-B). Whilst, the diabetic group
treated with DHEA displayed different hepatic
histopathological alterations including C-CV and
C-HS, H in hepatic tissue, hepatocytic N and dif-
ferent damage in nucleus of HE (Fig. 8-C). The
diabetic hydrocortisone treated group also exhibit-
ed different histopathological damages like C-CV
and C-HC, N, increase in hepatic cells, different
damages in HE nucleus and dilation in hepatic si-
nusoidal lumen (Fig. 8-D). On the other hand, the
diabetic testosterone treated group revealed a mild

20.0um

50.0 um

to moderate vascular congestion, swelling of HE,
and filtration of inflammatory cells (FICs), N and
F in the wall of the central vein was observed with
C-HC (Fig. 8-E).

Spleen

Fig. (9-A) shows normal spleen architecture
with regular appearance of white and red pulps
(WP & RP) with clear central arteriole (CA). The
histological examination of the diabetic control
group showed mild N in both WP and RP (Fig.
9-B). On the other hand, the diabetic treated
animals with DHEA exhibited decrease in the
size of WP with moderate N-RP (Fig. 9-C). The
diabetic treated animals with hydrocortisone
revealed a decrease in the size of WP with obvious
separation from RP and N-WP and N-RP (Fig.
9-D). Furthermore, the diabetic treated animals
with testosterone showed decease in WP size
with noticeable departure from RP and N-WP and
N-RP (Fig. 9-E).

50.0 um

Fig. 8. Cross section of liver (H&E): A-Control group: showing normal central vein (CV), hepatic cord (HC) &
hepatocytes (HE). B- Diabetic control group: Central vein congestion (C-CV) & necrosis (N). C- Diabetic
+ DHEA group: Central vein congestion (C-CV), hepatic sinusoids congestion (C-HS), necrosis (N) &
hemorrhage (H). D- Diabetic + Hydrocortisone group: Central vein congestion (C-CV), hepatic sinusoids
congestion (C-HS) & necrosis (N) and E- Diabetic + Testosterone group: Central vein congestion (C-CV),
filtration of inflammatory cells (FICs), vacuole in hepatocyte cytoplasm (V-HE), fibrosis in central vein

walls (F-CV), hemorrhage & necrosis (IN).
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50.0 um

20.0 um

Fig. 9. Cross section of spleen (H&E): A-ontrol goup: showing normal white pulp (WP), red pulp (RP) & central

200.0 um

arteriole (CA). B- Diabetic control group: capsule (CL), WP, RP & necrosis (N). C- Diabetic + DHEA
group: WP, RP, CA, CL & necrosis in red pulp (N-RP). D- Diabetic + Hydrocortisone group: WP, RP, CL,
necrosis in white pulp (N-WP) & necrosis in red pulp (N-RP) and E- Diabetic + Testosterone group: WP,

RP, CL & necrosis in red pulp (N-RP).

Discussion

This study aimed to investigate the physiolog-
ical, immunological and histopathological differ-
ences between the effects of neurosteroid, natural
steroid and anabolic synthetic steroid on various
target organs such as kidneys, liver and spleen in
induced diabetic rats.

Circulating steroid hormones, including
DHEA and DHEA-S can cross the blood-brain
barrier freely and can be converted in the brain
to neurosteroids in several regions, including
the cortex, the hippocampus and the amygdala.
Additionally, DHEA-S together with DHEA
have shown to cause anti-glucocorticoid and
neuroprotective activities [19]. Also, there is
evidence that DHEA-S is synthesized in the glial
cells of the rodent brain, which has been termed
neurosteroids and can be made and act locally
[20]. Glucocorticoids (GCs) are steroid hormones,
which are widely used for the treatment of
inflammation, autoimmune diseases and cancer.

and exert various broad of physiological and
therapeutic effects [21]. Anabolic androgenic
steroids are synthetic derivatives of the male
hormone testosterone, manufactured to maximize
anabolic and minimize androgenic effects [22,
23].

The total WBCs count, lymphocytes and
monocytes were significantly decreased, while
granulocytes were  significantly  increased
compared with diabetic control group and normal
control group. These results are line with Queiroz
et al. [24], which suggested the administration
of alloxan into the animals caused a decrease in
lymphocytes and in general, the total number
of circulating leukocytes, while granulocytes
increased.

WBCs count showed no significant changes
in the diabetic treated with DHEA group, which
might be due to the positive effects of DHEA on
immunity and its role in the anti-inflammatory
response [25]. While, hydrocortisone and
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testosterone treated animals showed highly
significant reduction in WBCs count compared
with the diabetic control group that could be due
to the actions of glucocorticoids including the
inhibition of leukocytes movement and access
of these cells to the site of inflammation as
reported by Stahn & Buttgereit, (2008), moreover,
hydrocortisone has a negative effect on WBC
count [26, 27].

In parallel to our findings, Albano et al.
[14], suggested a possible correlation between
anabolic steroids abuse and immunodeficiency
effects related to a similar action of corticosteroid
activity. In another study, testosterone treatment
increased circulating leukocytes [28]. The
increased granulocytes percentage in diabetic
hydrocortisone treated rats in the current study
was in comparable with a study conducted by Al-
Maliki ef al., [27]. Alan and Alan, [29], suggested
that the administration of glucocorticoids caused
inhibition of neutrophil adhesion to endothelial
cells; this effect reduces trapping of neutrophils
in the inflamed region and probably is responsible
for neutrophilia. The reduction of lymphocytes
might be caused by the inhibition of antigen,
cytokine production and proliferation by binding
to glucocorticoid receptors [8]. Testosterone
treatment increased the neutrophil and monocyte,
while lymphocyte was not affected. The reduction
in the relative proportion of lymphocytes was
likely due to the increase in the neutrophil and
monocyte [28].

The blood glucose level showed high
significant increase, whereas the HDL showed
a highly significant decrease in both normal
and diabetic control groups. The fact of this
highly significant variation might be due to the
pathophysiological effects of alloxan treated
animals [30].

Despite of the insignificant changes in the
DHEA treated group, the level of glucose only
declined about 10%, which is still considered to
be anti-diabetic agent [31]. The reduction may be
due to the role of DHEA enhancing glucose uptake
by other cells such as fibroblasts, adipocytes,
hepatocytes. Kang et al. [32], referred the role
of DHEA in regulating serum glucose levels by
stimulating glucose conversion to glycogen.

Glucocorticoid therapy can lead to various
metabolic complications in glucose level
including insulin resistance and hyperglycemia
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[33]. Furthermore, glucocorticoids reduce the
GLUT2 and glucokinase receptors expression
and increase the activity of glucose-6-phosphate
dehydrogenase. Additionally, they reduce insulin
synthesis and cell mass through the beta cell
apoptosis [34].

The glucose level in the diabetic testosterone
treated animals was reduced, and this finding is
in agreement with previous studies. The reduction
was due to an increase in the expression of
insulin-regulated glucose transporter mRNA and
an androgen-dependent gene. Furthermore, the
decrease in fat mass was also accompanied by
a decrease in plasma glucose concentration and
resistance [35, 36].

Triglycerides (TGs), VLDL, body weight gain
were increased in the diabetic rats treated with
DHEA. This finding does not correspond with
(Labrie, 2010) who found that DHEA decrease
serum Lipoproteins, an effect that should be
beneficial for cardiovascular diseases [37]. We
suggested that male hypogonadism associated
with decreased serum testosterone level could
occur more frequently in male with diabetes
mellitus and metabolic syndrome. Furthermore,
decreased serum androgens mainly testosterone is
linked with insulin insensitivity, central obesity,
increased LDL and hypertension. The study also
believes that the effect of DHEA as replacement
therapy for male hypogonadism in rats, as the data
showed that male hypogonadism increased blood
glucose and lipids. Also, DHEA treatment in the
control and orchidectomized rats had no effects
on serum testosterone level [38]. Moreover, male
hypogonadism increased the body weight, BMI,
liver weight, and systolic blood pressure [39].

The diabetic hydrocortisone and testosterone
treated groups showed highly significant decrease
in triglyceride, VLDL and body weight gain.
Glucocorticoids had a very important role in
energy balance and on lipid metabolism. All
possible changes in lipid profile including an
improvement in lipid profile have been reported
[29]. Furthermore, glucocorticoids play a role
in the regulation of triglyceride by regulation of
synthesis and hydrolysis of triglycerides [40].

Over physiological doses of Anabolic
androgenic steroids are associated with abnormal
plasma lipoproteins. Testosterone therapy caused
decreased plasma lipid levels [12]. Additionally,
testosterone inhibits LPL activity, decreases
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triglyceride accumulation, and stimulates lipolysis
[41].

Blood urea showed significant increase; this
elevation could be associated with the induction
of diabetes in the diabetic control group as higher
levels of blood urea are linked with increased
risk of diabetes [42]. On the other hand, uric acid
and serum calcium were significantly decreased,
which is in agreement with the findings of Nan
et al. [43], stated that the serum uric acid was
significantly elevated in non-diabetic and reduced
after the onset of diabetes. The reduction of
calcium, in both types 1 and 2 diabetes mellitus
was also associated with profound deterioration
of calcium and bone metabolism [44].

DHEA in patients with type 2 diabetic
nephropathy decrease gradually with the progress
ofthe disease. This might be explained by the anti-
oxidant protective effect of DHEA on diabetic
nephropathy [45].

Uric acid was elevated significantly in all
diabetic treated groups; a similar result was
reported by Xie et al. in hydrocortisone treatment
[42]. They observed a positive correlation
between DHEA and uric acid in both men and
postmenopausal women, possibly due to the
assumption that DHEA could have activated
mineralocorticoid  receptors and  inhibited
glucocorticoid receptors, which might have led to
serum uric acid concentration increases by reduced
renal uric acid excretion. However, the specific
mechanism is still not clear [46]. Furthermore,
the high dose of testosterone replacement therapy
causes serum uric acid up-regulation [47].

Alkaline phosphatase (ALP) significantly
increased in the diabetic control group compared
with the control group. This increase was related
to the induced diabetic by alloxan, and showed
bone fraction isoenzyme in both genders, which
consequently elevated serum ALP [48].

All treated groups showed significant reduction
in ALP level, while no alterations were displayed
in the other liver enzymes. DHEA has been shown
to exert a protective effect in hepatocytes against
oxidative injury in animal models of oxidative
stress [49]. Glucocorticoids therapy does not
usually appear clinically though it can cause hepatic
steatosis and hepatic enlargement [50]. Also,
Werumeus et al. [51], reported a reduction in ALP
activity in response to high dose of hydrocortisone.
Testosterone treatment dropped the ALP activity

in both genders of the treated rats, which could
be explained as the base of alterations of bone
turnover due to high dose of testosterone [16, 52].

Plasma proteins revealed high significant
increase in all treated groups. DHEA and
DHEAS bound to albumin in the plasma [53].
Most glucocorticoids are bound and transported
by a specific globulin; glucocorticoid binding
globulin (GBG) can also be bound to testosterone
and other hormones [54]. Anabolic androgenic
steroids are characterized by the activation of
protein synthesis, and the over physiological
dose may increase the protein mass in treated rats
due to amino acid uptake and protein synthesis
amelioration, a similar mechanism was described
in skeletal muscles where increasing protein
synthesis and decreasing protein catabolism were
occurred [14].

IL-2 significantly raised in the diabetic animals
treated with DHEA, whereas IL-6 significantly
declined in the same treated group. DHEA
increases the production of cytokines that promote
leukocytes activity, while inhibits the production
of cytokines responsible for inflammation [55]. It
can affect cytokine production, downregulating
inflammatory cytokines and upregulating the
anti-inflammatory IL-2 synthesis; thus, opposing
the glucocorticoids response; it can enhance
lymphocyte proliferation [25]. On the other hand,
the diabetic hydrocortisone treated group showed
significant reduction in IL-6. IL-2 was obviously
and clinically reduced, but statistically turned out
not to be significant. Glucocorticoids inhibit the
secretion and synthesis of inflammatory molecules
such as IL-2 and IL-6 [29]. A recent study has
indicated that the serum cytokines such as TNF-a,
IL-1b, and IL-6 were inhibited by hydrocortisone,
which were consistent with previous studies in
both animals and humans [56].

The rats with alloxan-induced diabetes had
various histopathological abnormalities in their
kidney such as increased fibrosis, glomerular
hypertrophy, glomerular space narrowing, loss of
tubules brush border, and necrotic and thickened
basal membranes. As well as, histological
changes of liver with alloxan induction including
congestion, necrosis, hepatic hyperplasia and acute
hepatopathy [57, 58]. Additionally, diabetes leads
to several histological alterations in many organs,
including the spleen. As collagen accumulation
causes pathological disruption of the spleen
and necrosis, it is feasible that changes in fiber
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distribution in the spleen could clarify the grading
of splenic tissue damage caused by diabetes [59].

DHEA’s effects on oxidative imbalance
may lead to severe kidney nephron destruction
and renal injury, including proximal tubular
and glomerular damage [60]. Jahn et al. [29],
postulated that transforming the growth factor
betal (TGF- B1) expression was improved by
DHEA administration in diabetic rats, which may
suggest that the treatment caused an elevation in
the levels of the oxidative stress tissues. Moreover,
the administration of DHEA reduced liver injury;
liver damage was constrained to small areas of
congestion, necrosis and a number of apoptotic
cells [61]. The dynamics of leukocyte traffic
during inflammation may be diminished by
DHEA therapy. As a result, the administration
of DHEA decreased the number of adherent
leukocytes, reflecting an accumulation of splenic
cells in contrast to the decreasing frequency of
lymphocytes [62]. Moreover, DHEA promotes the
production of pro-inflammatory cytokines that have
been repressed and could serve as a natural anti-
glucocorticoid, reversing the immunosuppressive
effects of glucocorticoids [63].

Glucocorticoids may disturb the progress
of numerous tissues, causing an advanced
effect in organs, such as the liver, lungs, and
kidneys. Glucocorticoids can affect the patterns
of insulin activity in the plasmatic and tissue
lipid profiles as well as the patterns of cellular
proliferation and degeneration over the tissue of
these organs. It also affects the organization of
tissues, and the existence of proteins that binds
glucocorticoids has been specifically observed
in each of the hepatoma tissue culture cells,
fibroblasts, liver and kidney [64]. Renal tubules
can be turned into necrotic, and expanded after
receiving a high dose of hydrocortisone. One
of the factors which influence how the tissue of
the liver changes is that glucocorticoids have the
strongest effect on adipose tissue. This indicates
that glucocorticoids increase the release of fatty
acids, while reducing the uptake and utilization
of glucose [65]. Furthermore, glucocorticoids
suppress the production of prostaglandin and
arachidonic acid, which causes hepatic sinusoidal
dilatation and congestion [66]. Hydrocortisone
treatment causes severe atrophy of splenic white
pulp tissue through destroying the tissues and
causes diminution of lymphocytes, especially T
type lymphocytes and spleen tissue seems quite
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depleted from T lymphocytes [65, 67].

The administration of anabolic androgenic
steroids (AASs) revealed a variety of renal
histopathological impacts, including; severe
podocyte injury, detachment of the glomerulus
basement membrane, which is a site for adhesions
to parietal epithelial cells of the Bowman’s
capsule, renal tubule injury and degeneration,
hemorrhage, and necrosis that could be attributed to
mitochondrial dysfunction and subsequent cellular
ATP reduction [68]. Alterations in the liver’s
histopathology were brought about by the use of
AASs that included an accumulation of fibrosis and
necrosis of hepatic cells, mild to severe vascular
congestion with inflammatory cell infiltration,
and congestion in the sinuses of the liver. AASs
caused liver damage through both intrinsic and
idiosyncratic hepatotoxicity processes. Depending
on the dose, intrinsic hepatotoxins either directly
by the drug or indirectly by the drug’s metabolite
caused hepatocellular damage [69]. Acute changes
were observed in the spleen’s histological structure
in the rats treated with anabolic testosterone
such as hyperplasia with modest red pulp
destruction, dilation of the white pulp, in addition
to testosterone, which is based on the relative
energy expended, and the effort required for
reproduction may be considered a physiological
regulator of immunocompetence as it minimized
immunological responses [70].

Conclusion

It is evident from the research provided results
that DHEA treatment may improve the amount of
leukocytes and IL-2 levels, which could eventu-
ally improve immunity. Moreover, DHEA seems
to have a preventive impact against the oxidative
stress related to diabetes. It also has the capacity
to reduce tissue damage to the kidney and spleen.
On the contrary, the administration of hydrocor-
tisone can enhance lipid profiles by reducing tri-
glyceride levels, nonetheless it seems to have ad-
verse effects on immunity and the state of tissues.
Whereas, Sustanon has a beneficial effect on lipid
profiles and blood glucose levels, but its effects on
immunity are not clear.

In summary, our results imply that DHEA can
represent a treatment alternative with promise
for improving immunity and lowering oxidative
stress in diabetes. However, there may be trade-
offs between hydrocortisone and Sustanon in
terms of how they affect lipid profiles, immunity,
and the health of tissues.



NEUROSTEROID, NATURAL AND ANABOLIC STEROIDS: PHYSIOLOGICAL, ... 877

References

1.

10.

Baynes, H. W. Classification, pathophysiology,
diagnosis and management of diabetes mellitus. J.
Diabetes Metab., 6 (5), 1-9 (2015).

Sharma, B.; Siddiqui, M.; Ram, G.; Yadav, R.
K.; Kumari, A.; Sharma, G. and Jasuja, N. D.
Rejuvenating of kidney tissues on alloxan induced
diabetic mice under the effect of Momordica
charantia. Advances in Pharmaceutics,1-9 (2014).

Suputri, N.; Azmijah, A.; Bijanti, R. and Putra, M.
M. Effects of onion extract on hepar histopatology
in alloxan-induced diabetic Rattus novergicus.
Medico-Legal Updates, 20, 383-390 (2020).

Berbudi, A.; Rahmadika, N.; Tjahjadi, A. 1. and
Ruslami, R. Type 2 diabetes and its impact on the
immune system. Current Diabetes Reviews, 16
(5), 442 (2020).

Acconcia, F. and Marino, M. Steroid hormones:
synthesis, secretion, and transport. Principles of
endocrinology and hormone action, 43-72 (2018).

Ali, K.; Raphael, J.; Khan, S.; Labib, M. and
Duarte, R. The effects of opioids on the endocrine
system: an overview. Postgraduate Medical
Journal, 92 (1093), 677-681 (2016).

Ramamoorthy, S. and Cidlowski, J. A.
Corticosteroids: mechanisms of action in health
and disease. Rheumatic Disease Clinics, 42 (1),

15-31 (2016)

Samuel, S.; Nguyen, T. and Choi, H. A.
Pharmacologic characteristics of corticosteroids.
Journal of Neurocritical Care, 10 (2), 53-59
(2017).

Khera, S.; Ranjan, R.; Ramachandran, S. and
Beriwal, A. High-dose methotrexate-induced
reversible grade 4 hyperbilirubinaemia and
transaminitis in an adolescent with Burkitt
Leukaemia. BMJ Case Reports CP, 14 (1),
€237512 (2021).

Chourpiliadis, C. and Aeddula, N. R. Physiology,

Glucocorticoids.  In  StatPearls  [Internet],
StatPearls Publishing, 2022.
Aoki, K. and Terauchi, Y. Effect of

dehydroepiandrosterone (DHEA) on diabetes
mellitus and obesity. Vitamins and Hormones,108
,355-365 (2018).

13.

14.

15.

16.

17.

19.

. Jahn, M. P.; Jacob, M. H. V. M.; Gomes, L. F.;

Duarte, R.; da Rosa Araujo, A. S.; Bello-Klein,
A.; Ribeiro, M. F. M. and Kucharski, L. C. The
effect of long-term DHEA treatment on glucose
metabolism, hydrogen peroxide and thioredoxin
levels in the skeletal muscle of diabetic rats. The
Journal of Steroid Biochemistry and Molecular
Biology, 120 (1), 38-44 (2010).

Quinn, T. A.; Robinson, S. R. and Walker, D.
Dehydroepiandrosterone  (DHEA) and DHEA
sulfate: Roles in brain function and disease. Sex
Hormones in Neurodegeneration Processes and
Diseases, 41-68 (2018).

Albano, G. D.; Amico, F.; Cocimano, G.; Liberto,
A.; Maglietta, F.; Esposito, M.; Rosi, G. L
Di Nunno, N.; Salerno, M. and Montana, A.
Adverse effects of anabolic-androgenic steroids:
A literature review. In Healthcare, MDPI: Vol. 9,
p 97 (2021).

Gianatti, E. J.; Dupuis, P.; Hoermann, R.;
Strauss, B. J.; Wentworth, J. M.; Zajac, J. D. and
Grossmann, M. Effect of testosterone treatment on
glucose metabolism in men with type 2 diabetes: a
randomized controlled trial. Diabetes Care, 37 (8),
2098-2107 (2014).

Arazi, H.; Rahmati, S. and Ghafoori, H. The
interaction effects of resistance training and
sustanon abuse on liver antioxidant activities
and serum enzymes in male rats. Interventional
Medicine and Applied Science, 9 (3), 178-183
(2017).

Pellizzon, M. A. and Ricci, M. R. Choice of
laboratory rodent diet may confound data
interpretation and  reproducibility.  Current
Developments in Nutrition, 4 (4), nzaa031 (2020).

Husni Abdulla, M.; Amad, M. S. J. and Malika
Kassim, N. Effects of Onopordum acanthium L.,
seeds extracts on serum tumor necrosis factor-
alpha and angiotensin-converting enzyme in
hyperlipidemic and diabetic rats. International
Journal of Research in Pharmaceutical Sciences,
12 (4), 2441-2453 (2021).

Misiak, B.; Frydecka, D.; Loska, O. and
Moustafa, A. A.; Samochowiec, J.; Kasznia,
J.; Stanczykiewicz, B. Testosterone, DHEA
and DHEA-S in patients with schizophrenia:
A systematic review and meta-analysis.
Psychoneuroendocrinology, 89, 92-102 (2018).

Egypt. J. Vet. Sci. Vol. 54, No. 5 (2023)



878

QAIS L. KHIDER et al.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Pham, J.; Porter, J.; Svec, D.; Eiswirth, C. and
Svec, F. The effect of dehydroepiandrosterone
on Zucker rats selected for fat food preference.
Physiology & Behavior, 70 (5), 431-441 (2000).

Timmermans, S.; Souffriau, J. and Libert, C. A
general introduction to glucocorticoid biology.
Frontiers in Immunology, 10, 1545 (2019).

Evans, N. A. Current concepts in anabolic-
androgenic steroids. The American Journal of
Sports Medicine, 32 (2), 534-542 (2004).

Traish, A. M. Testosterone and weight loss: the
evidence. Current Opinion in Endocrinology,
Diabetes, and Obesity, 21 (5), 313 (2014).

Queiroz, L. A.; Assis, J. B.; Guimardes, J.;
Sousa, E. S.; Milhomem, A. C.; Sunahara, K.
K.; Sa-Nunes, A. and Martins, J. O. Endangered
The effects
streptozotocin on immune cells in type 1 induced
diabetes. Mediators of Inflammation, 1-15 (2021).

lymphocytes: of alloxan and

Gabai, G.; Mongillo, P.; Giaretta, E. and Marinelli,
L. Do dehydroepiandrosterone (DHEA) and its
sulfate (DHEAS) play a role in the stress response
in domestic animals? Frontiers in Veterinary
Science, 7, 588835 (2020).

Stahn, C. and Buttgereit, F. Genomic and nongenomic
effects of glucocorticoids. Nature Clinical Practice
Rheumatology, 4 (10), 525-533 (2008)

Al-Maliki, S.; Al-Ali, A. and Kathim, A. Effect of
corticosteroids cortisol hormone [hydrocortisone]
on the of the blood parameter in pregnant and non-
pregnant laboratory females mice. J. Histol. Cell
Biol., 1(2), 16-22 (2018).

Gagliano-Juca, T.; Pencina, K. M.; Guo, W.; Li, Z.;
Huang, G.; Basaria, S. and Bhasin, S. Differential
effects of testosterone on circulating neutrophils,
monocytes, and platelets in men: Findings from
two trials. Andrology, 8 (5), 1324-1331 (2020).

Alan, I. S. and Alan, B. Side effects of glucocorticoids.
Pharmacokinetics and adverse effects of Drugs-
Mechanisms and Risks Factors, 93-115 (2018).

Rohilla, A. and Ali, S. Alloxan induced diabetes:
mechanisms and effects. International Journal
of Research in Pharmaceutical and Biomedical
Sciences, 3 (2), 819-823 (2012).

Jahn, M. P.; Gomes, L. F.; Jacob, M. H. V. M.; da
Rocha Janner, D.; da Rosa Aratjo, A. S.; Bello-

Egypt. J. Vet. Sci. Vol. 54, No. 5 (2023)

32.

33.

34.

35.

36.

37.

38.

39.

Klein, A.; Ribeiro, M. F. M. and Kucharski, L. C.
The effect of dehydroepiandrosterone (DHEA)
on renal function and metabolism in diabetic rats.
Steroids, 76 (6), 564-570 (2011).

Kang, J.; Ge, C.; Yu, L.; Li, L. and Ma, H. Long-
term administration of dehydroepiandrosterone
accelerates glucose catabolism via activation of
PI3K/Akt-PFK-2 signaling pathway in rats fed a
high-fat diet. PLoS One, 11 (7), €0159077 (2016).

Egbuonu, F.; Antonio, F. A. and Edavalath, M.
Effect of inhaled corticosteroids on glycemic
status. The Open Respiratory Medicine Journal ,
8 (Suppl 1: M7) 101-105 (2014).

Tamez-Pérez, H. E.; Quintanilla-Flores,
D. L.; Rodriguez-Gutiérrez, R.; Gonzalez-
Gonzalez, J. G. and Tamez-Pefia, A. L. Steroid
hyperglycemia:
and therapeutic recommendations: a narrative
review. World Journal of Diabetes, 6 (8), 1073—

1081 (2015).

prevalence, early detection

Emmelot-Vonk, M. H.; Verhaar, H. J.; Pour, H.
R. N.; Aleman, A.; Lock, T. M.; Bosch, J. R.;
Grobbee, D. E. and van der Schouw, Y. T. Effect
of testosterone supplementation on functional
mobility, cognition, and other parameters in
older men: a randomized controlled trial. Jama,
299 (1), 39-52 (2008).

Alrabadi, N.; Al-Rabadi, G. J.; Maraqa, R.;
Sarayrah, H.; Alzoubi, K. H.; Alqudah, M. and
Al-u’datt, D. a. G. Androgen effect on body
weight and behaviour of male and female rats:
novel insight on the clinical value. Andrologia,
52 (10), €13730 (2020).

Labrie, F. DHEA, important source of sex
steroids in men and even more in women.
Progress in Brain Research, 182, 97-148 (2010).

Hussein, F. and Hatem, B. M. A.-N. The
Possible Effect of DHEA on Hepatic and
Metabolic Dysfunction in a Rat Model of Male
Hypogonadism. The Medical Journal of Cairo
University, 87, 4769-4776 (2019).

Safwat, S. M.; Hussein, A. M.; Eid, E. A.;
Serria, M. S.; Elesawy, B. H. and Sakr, H. F.
(DHEA)
the Metabolic and Haemostatic Disturbances

Dehydroepiandrosterone Improves

in Rats with Male Hypogonadism. Scientia
Pharmaceutica, 90 (1), 6 (2022).



NEUROSTEROID, NATURAL AND ANABOLIC STEROIDS: PHYSIOLOGICAL, ... 879

40.

41.

42.

43.

44.

45.

46.

47.

Atik, N.; Hayati, R. U. and Hamijoyo, L.
Correlation Between Steroid Therapy and
Lipid Profile in Systemic Lupus Erythematosus
Patients. Open Access Rheumatology: Research
and Reviews, 12, 41-46 (2020).

Woodhouse, L. J.; Gupta, N.; Bhasin, M.; Singh,
A. B.; Ross, R.; Phillips, J. and Bhasin, S. Dose-
dependent effects of testosterone on regional
adipose tissue distribution in healthy young
men. The Journal of Clinical Endocrinology &
Metabolism, 89 (2), 718-726 (2004).

Xie, Y.; Bowe, B.; Li, T.; Xian, H. and Al-Aly,
Z. Blood urea nitrogen and risk of insulin use
among people with diabetes. Diabetes and
Vascular Disease Research, 15 (5), 409-416
(2018).

Nan, H.; Dong, Y.; Gao, W.; Tuomilehto, J. and
Qiao, Q. Diabetes associated with a low serum
uric acid level in a general Chinese population.
Diabetes Research and Clinical Practice, 76 (1),
68-74 (2007).

Wongdee, K; Krishnamra, N. and
Charoenphandhu, N. Derangement of calcium
metabolism in diabetes mellitus: negative outcome
from the synergy between impaired bone turnover

and intestinal calcium absorption. The Journal of

Physiological Sciences, 67 (1), 71-81 (2017).

Ma, Y.; Wang, Q.; Chen, Y.; Su, J.; Gao, Q.; Fan,
Y.; Feng, J.; Liu, M. and He, Q. Correlation of
dehydroepiandrosterone with diabetic nephropathy
and its clinical value in early detection. Journal
of Diabetes Investigation, 13 (10), 1695-1702
(2022).

Wan, H.; Zhang, K.; Wang, Y.; Chen, Y.; Zhang,
W.; Xia, F.; Zhang, Y.; Wang, N. and Lu, Y. The
associations between gonadal hormones and
serum uric acid levels in men and postmenopausal
women with diabetes. Frontiers in Endocrinology,
11, 55 (2020).

Kurahashi, H.; Watanabe, M.; Sugimoto, M.;
Ariyoshi, Y.; Mahmood, S.; Araki, M.; Ishii, K;
Nasu, Y.; Nagai, A. and Kumon, H. Testosterone
replacement elevates the serum uric acid levels
in patients with female to male gender identity
disorder. Endocrine Journal, 60 (12), 1321-1327
(2013).

48.

49.

50.

51.

52.

53.

54.

55.

56.

Moshtaghie, A.; Taher, M.; Urogi, H.; Emami,
A.; Amini, M.; Pourmoghadas, H.; Taherian, A.
and Facori, M. Interrelationship between blood
glucose level and incidence of bone disease in
diabetes. Medical Journal of Islamic Academy of
Sciences, 13 (3), 119-124 (2000).

Charlton, M.; Angulo, P; Chalasani, N.;
Merriman, R.; Viker, K.; Charatcharoenwitthaya,
Gawrieh, S.;
A. and Lindor, K. Low circulating levels of

P.; Sanderson, S.; Krishnan,

dehydroepiandrosterone in histologically
advanced nonalcoholic fatty liver disease.

Hepatology, 47 (2), 484-492 (2008).

Health, N. I. O. National Institute of diabetes and
digestive and kidney diseases. US Renal Data
System, USRDS 1998 Annual Data Report 2010.

Werumeus Buning, J.; Kootstra-Ros, J. E.;
Brummelman, P.; van den Berg, G.; van der
Klauw, M.; Wolffenbuttel, B. H.; van Beek, A.
P. and Dullaart, R. P. Higher hydrocortisone dose
increases Dbilirubin in hypopituitary patients-
results from an RCT. European Journal of Clinical
Investigation, 46 (5), 475-480 (2016).

Al-Aubody, N. M. and AL-Diwan, M. A.
Androgenic—anabolic steroids abusing effect on
liver enzymes and lipid profile in male and female
rats. Journal of College of Education for Pure
Sciences, 4, 191-204 (2014).

Dhatariya, K. K. and Nair, K. S.
Dehydroepiandrosterone: is there a role for
replacement? In Mayo Clinic Proceedings,
Elsevier: 78, 1257-1273 (2003).

Romero Romero, M. d. M.; Holmgren-Holm, F.;
Grasa Martinez, M. d. M.; Esteve Rafols, M.;
Remesar Betlloch, X.; Fernandez Lopez, J. A. and
Alemany, M. Modulation in Wistar rats of blood
corticosterone compartmentation by sex and prior
exposure to a cafeteria diet. PLoS One, 8(2),
e57342 (2013).

Whitham, J. C.; Bryant, J. L. and Miller,
L. I
dehydroepiandrosterone (DHEA) into animal
welfare research. Animals, 10 (8), 1381 (2020).

Beyond glucocorticoids:  Integrating

Ying, P.; Yang, C.; Wu, X.; Cai, Q.; and Xin, W.
Effect of hydrocortisone on the 28-day mortality
of patients with septic acute kidney injury. Renal
Failure, 41 (1), 794-799 (2019).

Egypt. J. Vet. Sci. Vol. 54, No. 5 (2023)



880

QAIS L. KHIDER et al.

57.

58.

59.

60.

61.

62.

63.

Delfita, R.; Dahelmi, D.; Tjong, D. and Suhatri, S.
Effect of Enhydra fluctuans on Kidney Function
in Alloxan-induced Diabetic Rats. Open Access
Macedonian Journal of Medical Sciences, 9 (A),
1187-1194 (2021).

Mir, M. S.; Darzi, M. M.; Khan, H. M.; Kamil, S.
A.; Sofi, A. H. and Wani, S. A. Pathomorphological
effects of Alloxan induced acute hypoglycaemia in
rabbits. Alexandria Journal of Medicine, 49 (4),
343-353 (2013).

Ozerkan, D.; Ozsoy, N.; Cebesoy, S. and Ozer,
C. Distribution of spleen connective tissue fibers
in diabetic and vitamin C treated diabetic rats.
Biotechnic & Histochemistry, 96 (5), 347-353
(2021).

Forghani, N.; Karimi, Z.; Mokhtari, M.; Shariati,
M. and Masjedi, F. Association of Oxidative Stress
with Kidney Injury in a Hyperandrogenemic
Female Rat Model. Iranian Journal of Medical
Sciences,48 (2) 187-197 (2023).

Yoneda, M.; Wada, K.; Katayama, K.; Nakajima,
N.; Iwasaki, T.; Osawa, E.; Mukasa, K.
Yamada, Y.; Blumberg, R. S. and Sekihara, H.
A novel therapy for acute hepatitis utilizing
dehydroepiandrosterone in the murine model of
hepatitis. Biochemical Pharmacology, 68 (11),
2283-2289 (2004).

Alves, V. B. F.; Basso, P. J.; Nardini, V.; Silva,
A.; Chica, J. E. L. and de Barros Cardoso, C.
R. Dehydroepiandrosterone (DHEA) restrains
intestinal inflammation by rendering leukocytes
hyporesponsive and  balancing  colitogenic
inflammatory responses. Immunobiology, 221 (9),
934-943 (2016).

Rearte, B.; Maglioco, A.; Machuca, D.; Greco,
D. M.; Landoni, V. I.; Rodriguez-Rodrigues, N.;
Meiss, R.; Fernandez, G. C. and Isturiz, M. A. De-
hydroepiandrosterone and metyrapone partially
restore the adaptive humoral and cellular immune
response in endotoxin immunosuppressed mice.
Innate Immunity, 20 (6), 585-597 (2014).

Egypt. J. Vet. Sci. Vol. 54, No. 5 (2023)

64.

65.

66.

67.

68.

69.

70.

Hammadi Jasim, N.; D Kareem, A.; Ali, M. A. and
Abbas, B. Effect of Long-Term Treatment with
Dexamethasone on the Liver and Kidney Histo-
pathology, as well as Blood Biochemistry in Male
Rabbits (Lepus Cuniculus). Archives of Razi Insti-
tute, 77 (1), 333-343 (2022).

Al-Muswie, R. T. Effect of long term Administra-
tion of hydrocortisone on some organs in females
rats. University of Thi-Qar Journal, 12 (4), 1-11
(2017).

Noel, K. I. Hepatic Tissues under the Effect of
Dexamethasone: Histological Study, Dose and
Duration Related Changes. Iraqi J. Med. Sci., 11,
113-118 (2013).

El Fouhil, A. F.; Iskander, F. A. and Turkall, R. M.
Effect of alternate-day hydrocortisone therapy on
the immunologically immature rat. II: Changes
in T-and B-cell areas in spleen. Toxicologic
Pathology, 21 (4), 383-390 (1993).

Isaac, M. R. Effects of Anabolic Steroids on the
Histological Structure of Renal Cortex of Adult
Male Albino Rats and the Possible Protective Role
of Taurine. Egyptian Journal of Histology, 42 (2),
346-357 (2019).

Yonis, S. D.; Al, A. A. A.-H. M. and Shouk, A. S.
Histological Effect of Androgenic Anabolic Ste-
roids on Liver. Indian Journal of Forensic Medi-
cine & Toxicology, 15 (1), 1480-1487 (2021).

Al-alwany, E. A. H.; Hassan, A. J. and AL-Saadi,
H. K. Effect of Sustanon on the Histology of some
Organs in Rats, Research Journal of Pharmaceu-
tical, Biological and Chemical Sciences, 6 (6),
(2016).



NEUROSTEROID, NATURAL AND ANABOLIC STEROIDS: PHYSIOLOGICAL, ... 881

(A Aapdy Aeliag L gloand Aul 3 dadaadly Aall g dppeanl) Sy g e
o Sl 218 Alaal) LY 13 o)

s pnil® AGila g Jail g gellua daa dla) ¥ a8 (S Y (ud
Bl i S el an el sa daala o glall LIS Blall o sle and

3 Apae GBS Janty ranll Slead) b dxiiall 5 Lmadall il g pindl (e Al il g yidl ygia
i Laula 1550 caali s 4 )0l aoall (8 ) IS g pall e pp #3555 ¢ Aac Y saa
o e Ul LSl a ALY il il (o (s 8 ¢ pusad) 8 Al 5]l el Y

(e sinil) () 5a g Alilae ) 5 L)

ﬁuy\&ﬁ\%})@‘}w‘ %}M‘}M\Q\%}M\J}Jwéﬁ)ﬂ\é}h\)ﬂ\bﬂk_lﬂ&
ol el el dae Ll i s) el il g ans e L e BiaT) A (e e lilaua!
(Sl el bl ) yiall & Jlakall g a5 S Jia Ailid ) Aangianall eliac !

Aladinl a3 Ay gluie Gile gane (el () S sdie S5 sliandl 3 a5 SD (e Cped 2de apdl o3
Jslae e da +,0 e dlall s gl 5 (5 jlma 28 alai o Lhdad o5 aSad jeain€ 15V de gend)
o3 A (a5 (e paS/ ane Vo v) Alloxan ge Aall i Al de pesall (s W gdle ale
e ganall O3 Jl a8 Lt ¢ Sl el 481 e de sanaS Cilae g (ol 128 Gl e L
Ao sanall s (Lase/ paS/ aae YV, Y ¢ oaac ()50 0 4 e DHEA ) aladiul adll 5y )k oo 43
b ot A o) 05858 50l Alall it Sl (i ey Abaall Gl s o3 dal )
Uliae Lgiia a3 5 Sl el laall I3 all (e &) de sanall ¢ 15380 | (Losy / paS / aaa Y1,)
¢ o3lef 3 Saall il e sl (Lo gaal / aaS / ane 17,8 ¢ Sl 35 i JS8 o) ) siliv s ae
STL-2 Sl sl i) i) 5 4 gaall Clalaall & jedal (558l el Lliaall ()13l L asl s
05385058 5 0%ed) 0o JS ae sl ale ¢ (5l g g puaall (55 pluall pall S « DHEA = IL-6
b e 3aae Gl st el ja) o Asllaall Cle genall paes (& L8 ALP (s &5 ¢ (0 il sl 5
31 ol oo E3UY) (Sa ¢ e Jsandl a3l il (e e Lalin Jladal) 5 0l g JSH iyl el
Al Cali Cadlis ¢ (g Sl (i yan Jaijall (sauSlill slgay) il s ¢ deliall et of (S DHEA
Aaiay deliall e Aulu AT 4b (815 ¢ osaall 5)0a 05 38 )5S 5 0l Guenny 88 Jladall g SN 3
Y delid) e o i1 ¢S5 ¢ goaall caleg pall b Sl A e L) ol il al () il sl dansi)
L S (R

(g Sl i e ¢ 0 slian sl ¢ 34558 5 el ¢ g ine sl 5 Hhgad AdIAl clalsl)

Egypt. J. Vet. Sci. Vol. 54, No. 5 (2023)



