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Abstract

Background and objectives: Although anabolic androgenic steroids (AAS) use has become became
more prominent in bodybuilders and professional athletes, their consumption is nowadays a problem
that involves a wider population. Methandienone or dianabol is an anabolic androgenic steroid which
is used by athletes for fitness. This study was conducted to investigate, the likely protective effects of
curcumin on the structural parameters of the testis in dianabol treated mice. Methods: A total of 35
male mice were divided into five groups, each containing seven mice. The control group received 0.2
mL distilled water; the second group received 20 mg/kg/day dianabol; third, fourth, and fifth groups
received dianabol plus 50, 100, and 200 mg/kg/day of curcumin, respectively. All administrations
were done by gavages for 56 days. On the last day, the left testes were examined using stereological
methods. The volume of testis and seminiferous tubules, interstitial tissue, and diameter, length and
germinal epithelium height of the tubules as well as the number of Leydig cells were estimated.
Results: The obtained results showed that the weight and volume of the testis as well as volume of
the seminiferous tubules and interstitial tissue, length, diameter and epithelium height of the tubules
decreased significantly (p<0.05) after dianabol administration compared to the negative control group.
Oral administration of curcumin at doses 100 and 200 mg/kg, could significantly improve all the
measured parameters toward the normal levels. Conclusion: It seems that curcumin due to its anti-
oxidant and anti-inflammatory properties can inhibit testis volume reduction and hypogonadism
following dianabol administration.
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Introduction

Original article

Anabolic androgenic steroids (AAS) were first
described in the 1930s [1,2] and since that time
were used for treatment of various diseases such
as osteoporosis, cachexia, delayed puberty and
breast cancer [3]. Synthetic derivatives of
testosterone exhibit both androgenic and anabolic
(increase muscle mass) effects, but their anabolic
function is more pronounced than testosterone
itself [4]. Therefore, there is an increasing trend
for their utilization by sporters and athletes [5].
Contrary to the common public perception that
AAS are used primarily by professional athletes

or those in a small sector of society, it has been
found that they are much more common [6].

Unfortunately, it has been well established that
use of AAS is associated with a series of
significant side effects such as hepatotoxicity,
cardiotoxicity, polycythemia, dyslipidemia and
testicular toxicity.  AAS- induced testicular
toxicity can be apparent as testicular atrophy or
hypogonadism and infertility [7-9]. There was a
case report demonstrated that the abuse of AAS
could induce persistent gonadal failures and
infertility, as a result, the side effects of anabolic
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steroids can be prolonged and irreversible [10].
AAS can insert their hypogonadotrophic effects
by suppressing gonadotropin releasing hormone,
luteinizing hormone and follicle-stimulating
hormone [6]. Testicular atrophy and fluid
retention are two major side effects which have
been reported following AAS- induced
hypogonadism in young men [6,11].

Curcumin (with chemical name diferuloyl
methane) is the main curcuminoid present in
turmeric (Curcuma longa L., Zingiberaceae) for
the first time at 1815 AD and is responsible for
its yellow color [12]. Turmeric is widely
cultivated in some countries including India and
China. This plant has a long history as an anti-
inflammatory agent for treatment of clogs,
jaundice, anorexia and menstrual disorders. Its
local application has been suggested for sinusitis,
bruise and skin disorders [13]. Many studies have
confirmed that curcumin has antioxidant, anti-
inflammatory and anti-tumor effects [14]. It
exerts these effects by decreasing inflammatory
agents such as interleukin IL-1, IL-6 and tumor
necrosis factor (TNF)-a. Also, curcumin
interrupts the pathway of arachidonic acid
metabolism through inhibiting the
phosphorylation of phospholipase A, (PLA)),
decreasing the expression of cyclooxygenase
COX-2 gene and inhibiting the catabolic activity
of 5-LOX [15].

Previous studies have revealed that curcumin can
protected the testis from oxidative damage
induced by cisplatin, sodium arsenite, aflatoxin
and metronidazol in laboratory animals [16-19].
The present study has investigated the potential
of curcumin to ameliorates testicular toxicity
induced by methandienone (17-ahydroxy-17a-
methylandrost-1,4-dien-3-one, CxoH2302)
commercially known as dianabol (one of the
commonly used anabolic androgenic steroids).

Material and Methods

Ethical considerations

All of the experiments were done according to
the rules of the Ethics Committees of Razi
University, Kermanshah, Iran (approval code:
396-2-015, 2017/03/08).

Chemicals

Dianabol (tab 10 mg, March pharmaceutical Co.,
Thailand) and curcumin powder (Merck,
Germany) were purchased and dissolved in
distilled water to prepare desired doses.

Animals and treatments

BALB/c male mice weighing 35-40 g were
procured from the Laboratory Animal House of
faculty of Veterinary Medicine, Razi University,
Kermanshah, Iran. The mice were acclimatized
prior to the experiments and were divided into
five groups, each including 7 mice. The first
group served as control and received 0.2 mL
distilled water by gavages. The second group was
treated with high dose (20 mg/kg/day) of
dianabol. The third, fourth, and fifth groups
received high dose (20 mg/kg/day) of dianabol
plus 50, 100, and 200 mg/kg/day of curcumin,
respectively. The dose of curcumin was selected
according to a previous study [15]. All
administrations were done by gavages for 56
days (8 consecutive weeks).

Stereological study

The left testis of each mouse was removed and
the epididymis was separated. The testes were
then weighted and the primary volume was
estimated using immersion method [20].
Afterward, the testes were immersed in %10
buffered formalin for one week. In order to
estimate reference volume (total volume), the
tissue shrinkage was determined first. Estimation
of tissue shrinkage and also total length of
seminiferous tubules required isotropic uniform
random (IUR) sections. This sections were
obtained through orientator method [21,22]. The
testis was placed on a circle, such that each half
of was divided into 10 equal parts. A random
number between 0 and 9 was selected. The testis
was sectioned into two parts at the direction of
the selected number. The cut surface of one part
of the testis was then placed parallel to the 0-0
direction of the second circle with 10 unequal
divisions. The circle division was done according
to the cosine of the angels. Then, another random
number was selected and the second cut was
done. The cut surface of the other part of the
testis was placed vertically on the second circle.
Again, a new number and direction was selected
and cut. These parts were entirely sectioned into
parallel slabs at the direction of the selected
numbers.

Overall, 8-10 slabs were collected from each
testis. For estimating tissue shrinkage, a circle
was punched from a testis slab by a trocar. The
diameter of the circular piece of the testis was
measured by a micrometer and the area of the
circle was estimated, using the usual formula for
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calculating the area of a circle. The cut surfaces
of all slabs and circular piece were embedded in
paraffin, sectioned (5 pm thicknesses) and
stained by Hematoxylin and Eosin method. After
staining, the area of the circular piece was
measured again and volume shrinkage was
calculated from the following formula [22]:

Volume shrinkage = 1- (AA / AB)*®

Where, AA and AB are diameter of the punched
circle after and before tissue processing and
staining.

The final volume of the testis was calculated
using the following formula:

Viina= Vprimary X (1-volume shrinkage)

Volume estimation

All sampled sections were analyzed by using a
video microscopy system consisting of a
microscope (Olympus CX2, Japan) linked to a
video camera (Dinocapture ver.5, dino-lit.com
30.5 mm), a computer and a flat monitor to
determine the parameters. The point probe
(10x10 cm composed of 25 points) was
superimposed upon the images of the tissue
sections viewed on the monitor, and volume
density (V,) of seminiferous tubules, germinal
epithelium and interstitial tissue were obtained
using a point-counting method (figure 1) from
following formula [21]:

VV: Pstructure / Preference

In this fomula Psyyeture aNd  Preference Were the
number of test points falling on the structures
profile and on the reference space, respectively.
Eight to twelve microscopic fields were
examined in each testis.

The absolute volume of the parameters was
estimated by multiplying the fractional volume
by the final volume of the testis to prevent the
reference trap [22,23].

Length estimation

The length density of the seminiferous tubules
was estimated using a counting probe
(740x740um) and the following formula [22,23]:
Lv=2(0.Q / a(frame) x > (frame)

Where > Q is sum of the structures counted, a
(frame) is probe area, 547600 pm?® and Y frame
is total number of the counted frames. The

diameter of the tubules was measured
perpendicular to the long axis where the tubule
was widest (figure2). An average of 100 profiles
was counted per testis.
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Figure 1. Point counting method: to estimate volume
density of the seminiferous tubules and interstitial tissue a
point probe was superimposed on the images of the tissue

sections. The total number of points hitting each component
was divided by the total number of the points hitting the
reference space (Hematoxyline and Eosin x100, scale bar:
50 pum).

Figure 2. The length density of seminiferous tubules was
estimated by superimposing an unbiased counting frame
with inclusion (dashed) lines and exclusion (thick) lines on
the images of the tissue sections. The tubule profiles
completely inside the counting frame or partly inside the
counting frame but only touching the inclusion lines were
counted (here 6 tubules Hematoxyline and Eosin x100, scale
bar: 50 pum).

Estimation of the germinal epithelium height
The height of the germinal epithelium was
estimated using the following formula [22]:

H=V,/S,

In which V,and S, were the volume density and
surface density of the germinal epithelium,
respectively. The volume density of the germinal
epithelium was obtained by point counting
method and the surface density of the germinal
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epithelium was estimated using a linear test probe
(figure 3).
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Figure 3. For estimating surface density, the total number
of points (as upper arrowhead) superimpose on the germinal
epithelium (3_p), the length of each line (I/p), number of
intersections (as lower arrowhead) of linear test probe with
the inner surface of the germinal epithelium (3I) were
calculated. The surface density (S,) was then estimated
using the following formula: S,=2x Y1/ Yp x1/p
( Hematoxyline and Eosin ,x100, scale bar: 50 um).

Estimation of Leydig cells number

Total number of Leydig cells per testis was
estimated using physical dissector method [24].
Approximately 10 pairs serial sections were
sampled from each testis. Two dissector probe
(740%x740 pm) with exclusion lines (the left and
lower borders) and inclusion lines (the right and
upper borders) were superimposed on the images
of the first section as the reference plane (figure
4a) and second section as the look-up plane
(figure 4b) at the total magnification 400x. The
counting rules of physical dissector were applied.
A cell was considered if it was found in the
reference plane but not in the look up plane as
well as didn't hit the lower and left lines of the
probe. At least 200 cells per testis were counted.
The numerical density was estimated using:

N,=>Q/a (frame) x h x Y P

where Y Q is sum of the counted cells, a (frame)
is probe area, YP is total number of the
examined fields and h is dissector height.

The Leydig cells were recognized in the
interstitium as relatively large ovoid shaped cell
with an eccentric nucleus. The nucleus contained
a prominent nucleolus and peripherally localized

chromatin. The total number of the Leydig cells
was estimated by multiplying the numerical
density by the testis final volume.

TR

Figure 4. Physical dissector method for estimating the
numerical density of Leydig cells. The images of a pair
section (first and second sections) were used as the reference
plane (A) and look-up plane (B), respectively. An unbiased
counting frame was superimposed on the sample sections.
Cellular profiles were counted if they contained completely
or partly in the frame and did not touch the exclusion
unbroken lines) as well as if they disappeared in the look-up
plane (here 2 cells, Hematoxyline and Eosin x400, scale bar:
15 pm)

Statistical analysis

The data were expressed as Mean * standard
deviation. One-way analysis of variance
(ANOVA) followed by Tukey's post-hoc test at
the significance level of p<0.05 was used to
compare the mean groups statistically.

Results and Discussion

The results of histological examination showed
that testicular tissue in the control group had a
normal appearance regarding seminiferous
architecture and interstitial tissue arrangement
(figure 5A). The testis of dianabol treated mice
showed degenerative changes, disruption of
spermatogenic cell line in germinal epithelium
and interstitial tissue depletion (figure 5B).
Treatment with different doses of curcumin could
remarkably  improve these changes and
normalized the testicular tissue (figure 6A, 6B
and 6C).

Body weight did not show any significant
differences between control and experimental
groups. Testis weight and volume decreased
significantly (p<0.05) in dianabol treated mice in
comparison with the control group. Treatment of
curcumin  with every three used doses
ameliorated the reduction of testis weight and
volume (table 1). Although the testis volume in
high dose (200 mg/kg) of curcumin was lower
than medium dose (100 mg/kg), this difference
was not significant (p<0.05) (table 1).
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Figure 5. Histological sections of the testis in: control
group with normal architecture (A) and in dianabol group
treated with 20 mg/kg of dianabol (B). Degenerative
changes, disruption of spermatogenic cell line in germinal
epithelium and interstitial tissue depletion (Hematoxyline
and Eosin %100, scale bar: 50 um).
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Figure 6. Histological sections of the testis in the
experimental groups which received dianabol plus curcumin
at doses 50 mg/kg (A), 100 mg/kg (B), and 200 mg/kg (C)

(Hematoxyline and Eosin x100, scale bar: 50 um).

Table 1. Body weight (g), testis weight (mg), and testis
volume (mL) in the control, dianabol and curcumin treated
mice. The results have been expressed as mean+SD.

Groups (n= Body weigh Testis weight Testis volume
Control 37.21+1.91° 80+17.31° 57.2245.93°

D 35.48+1.94° 62.45+20.03 48.33+9.26"
D+C50 3261423 78+16.43° 54.00+15.55°
D+C100  34.41+3.36° 70.61+21.21° 59.62+5.87°
D+C200  33.00+2.12° 86.66:+13.66° 55.58+8.82°

D: 20 mg/kg dianabol treated group; D+C50: dianabol plus
50 mg/kg curcumin treated group; D+C100: dianabol plus
100 mg/kg curcumin treated group; D+C200: dianabol plus
200 mg/kg curcumin treated group; different superscripts in
the same column indicate significant difference (p<0.05)
between groups.

The volume of seminoferous tubules decreased
significantly (p<0.05) in dianabol treated mice,
while interstitial tissue volume increased as
compared to the control. The changes were
ameliorated in all the animals treated with
curcumin (table 2).Tubule length and diameter
decreased significantly (p<0.05) in mice treated
with dianabol compared to the control. Tubule
length increased significantly (p<0.05) with high
dose of curcumin as compared to the dianabol
treated mice. Tubule diameter demonstrated
significant increase (p<0.05) with all doses of
curcumin compared to the dianabol treated mice
(table 2). Height of germinal epithelium
decreased significantly (p<0.05) following
dianabol administration and improved with high
dose of curcumin in comparison with dianabol
treated mice (table 2). The number of Leydig
cells decreased significantly (p<0.05) in dianabol

treated groups as compared to the control group.
Treatment with high or intermediate doses of
curcumin ameliorate this change and the number
of cells increased significantly (p<0.05) (table 2).
Overall, by comparing the effect of high dose of
curcumin with low and medium doses, it was
obvious that all desired parameters improved
toward normal level in a way that there was no
significant difference between high dose of
curcumin and control group (table 2).

In the present study, the negative effects of long-
term use of dianabol (an anabolic androgenic
steroid) on the testicular tissue structure as well
as possible protective effects of curcumin against
these adverse effects were investigated. The
obtained results showed that eight weeks
administration of dianabul at the dose of 20
mg/kg, resulted in significant changes in the
volume of the testis and its internal structures
(seminiferous tubules and interstitial tissue) as
well as in the arrangement of the spermatogenic
cell line. These alterations were ameliorated in
animals which had received curcumin.

At the end of the experiment, there was no
significant difference between body weight of
dianabol treated mice and other groups. Among
the previous reports, there are contradictions
about the reduction or increase in body weight of
animals receiving anabolic steroids, which is
mainly related to the dosage and the duration of
the treatment. Hijazi et al. have revealed that the
body weight increased in rat treated with
testosterone [25]. This could be due to water
retention and reduction in low density lipoprotein
(LDL) [26,27]. In contrast, it has been reported
that nondrolone decoanate at the dose of 3 mg/kg
for 8 weeks did not affect the rats body weight
[28]. In the present study, weight and volume of
the testis showed significant decrease after oral
administration of dianabol compared to the
control group. Mutalip et al. have compared
testosterone, stanozolol, and nondrolone and
showed that the highest reduction in the testis
volume was due to stanozolol and the least effect
was due to nandrolone [29]. These discrepancies
could be attributed to the molecular structure of
the synthetic AAS and different doses used. In
another study, administration of high dose of
nondrolone (10 mg/kg) for 14 weeks caused
significant decrease in the testis weight [30].
Also, Feinberg et al. reported that administration
of testosterone propionate before or after puberty
caused a significant reduction in the testis weight
[31].
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Table 2. Total volume (mm?) of the seminiferous tubules and interstitial tissue, tubules length (m) and diameter (um), height of
the germinal epithelium of the tubules (um) and Leydig cells nubmer (x10°) in the control, dianabol and curcumin treated mice.

The results have been expressed as mean+SD

Interstitial Tubule Tubule Germinal epithelim Leydig cell
Groups  Tubule volume . - -
tissue volume length diameter height number

Control 41.22 +2.86° 12.41 +2.07° 2.11+ 0.35° 208 +11.31° 48.61+ 4.39° 202+ 0.38
D 28+1.78° 15+ 2.61° 1.11+ 0.25° 154.1+ 23.81° 36.66 + 2.58° | 1.21+0.32°
D+C50 36.41+ 3.36° 12.81+1.92° 1.61+ 0.26" 188 + 20.16° 42 +3.67° 1.51+0.29"
D+C100 4221+ 6.09° 12.42 +151° 2.01%0.34° 207 + 20.16° 45 + 4.85° 2.04+0.36°
D+C200 40.83 +6.79° 11.16 £+ 2.13° 1.82+0.29°  205.6 +16.31° 49.2+ 6.97° 2.01+0.51°

D: 20 mg/kg dianabol treated group; D+C50: dianabol plus 50 mg/kg curcumin treated group; D+C100: dianabol plus 100 mg/kg
curcumin treated group; D +C200: dianabol plus 200 mg/kg curcumin treated group; different superscripts in the same column

indicate significant difference (p<0.05)

Decrease in testis volume after dianabol
administration precisely confirms the testicular
atrophy. Since the seminiferous tubules constitute
the bulk of the testicular tissue, reduction in
tubules volume is expected following testicular
atrophy. Accordingly, the present findings
revealed significant decrease in tubules volume
after treatment with dianabol. Decrease of the
seminiferous tubules volume following the AAS
administration can affect spermatogenesis
process and lead to a decrease in the height of
germinal epithelium as well as decrease in the
length and diameter of the tubules [30]. So, the
changes of length, diameter and height of
germinal epithelium should be considered when
the testicular atrophy occurs. Stereological
procedures allow these parameters to be precisely
estimated. These parameters (length, diameter
and epithelium height) showed significant
decrease in danabol treated mice compared to the
control group. It has been shown that high doses
of nandrolone decreased the length of tubules
significantly and along with this decrease, sperm
count has reduced [30]; while, it has been
established that exogenous testosterone exerts
negative feedback effects on the hypothalamic-
pituitary axis and inhibits the secretion of LH and
FSH hormones. However, following the
administration of AAS, normal and increased
levels of androgens have been observed, but
these concentrations could not provide the
intratesticular ~ concentration  necessary  for
spermatogenesis [32]. Therefore, upon the use of
these compounds, hypogonadotropic
hypogonadism and  subsequently testicular
atrophy will occur. Overall, the intratesticular
concentration of testosterone is essential to
maintain the normal length and diameter of the
seminiferous tubules [32].

Dianabol with doses 10, 20 and 40 mg/kg for 8
weeks caused a reduction in alive sperm and

deformities of sperm head and tail in rat [33].
These results suggest that dianabol can exert such
effects by  possibly interfering  with
hypothalamic-pituitary-gonad axis and
consequently disrupting spermatogenesis in the
seminiferous tubules. Khder and Falah [34]
stated that sperm reduction can be caused by
increased production of free radicals and
apoptosis of spermatogenic and somatic cells
following AAS administration. Reduction in
sperm count could also be attributed to the
decrease of intratesticular testosterone level; so,
there is a close relationship between serum level
of intratesticular testosterone and
spermatogenesis [35]. Given that Leydig cells
number has decreased significantly in dianabol
treated mice, this change could lead to reduction
of the testosterone level and spermatogenesis. On
the other hand, decrease in intratesticular
testosterone initiates apoptosis pathways in
spermatogenic cells. In addition, it has been well
documented that testosterone administration
induces oxidative stress [36]. So, inhibition of
spermatogenesis cannot be solely due to the
decrease in intratesticular testosterone level, but
beside hormonal changes, this decrease leads to
apoptosis induction and free radical production in
testis which consequently disturbs
spermatogenesis.

Different doses of curcumin were used in the
present study to improve the adverse effects of
dianabol on testicular tissue structure. Recently,
curcumin has been used as a complementary
medication for treating gastritis [37], asthema
[38] and diabetes [39]. The results of in vivo and
in vitro studies have revealed that curcumin has
antioxidant,  anti-cancer,  anti-virus, anti-
inflammatory and anti-rheumatism effects [40].
In addition, curcumin protective effects have
been reported in various toxicities such as
cisplatine and sodium arsenite toxicity [16,18],

38 Res J Pharmacogn 5(4): 33-41



Effects of curcumin in methandienone -treated mice

aflatoxin toxicity [17,36], and dexamethasone
toxicity [41]. The obtained results showed that
curcumin at 100 and 200 mg/kg doses could
remarkably improve the structural changes
including Leydig cell number and germinal
epithelium height in the testis of the dianabol
treated animals. Due to the decrease of Leydig
cells number in the dianabol treated mice and
amelioration of this changes with high doses of
curcumin, it could be concluded that curcumin
can inhibits Leydig cells apoptosis and thereby
increases testosterone synthesis in testicular
tissue. Giannessi et al. revealed that alcohol
treatment could decrease testosterone level and in
contrast, curcumin plus alcohol could improve
testosterone  level [42]. Therefore, the
amelioration of examined parameters probably
can be attributed to the direct antioxidant effects
of curcumin and its inhibitory effects on the
production of free radicals. Khorsandi et al. in
their study about the protective effect of
curcumin in dexamethasone induced testicular
toxicity showed that curcumin administration
increased the expression of the anti-apoptotic
factor Bcl-2 and also increased the diameter of
seminiferous tubules [41]. Improving the
concentration of intratesticular proteins following
administration of aqueous solution of curcumin
could enhance sperm maturation and these effects
reflected the androgenic potential of this plant
[41].

It could be concluded that dianabol can induce
remarkable changes in the structural parameters
of the seminiferous tubules and Leydig cells and
curcumin with high doses can ameliorate these
effects.
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