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Introduction 

Autism spectrum disorder is a disorder of the brain 
system caused by the abnormal development of the 
brain. There are seven commonly used classes of medi-
cation for its treatment. These are tranquilizers/anti-
psychotics (risperidone, olanzapine, quetiapine, and 
ziprasidone), antidepressants (paroxetine, sertraline, 
fluoxetine, and citalopram hydrobromide), stimulants 
(methylphenidate, dextroamphetamine, dexmethylphe-
nidate, and modafinil), anxiolytic/sedative/hypnotics, 
hypotensive agents (buspirone, hydroxyzine, and zolpi-
dem), benzodiazepines (benzodiazepines were loraze-
pam, diazepam, and alprazolam) and anticonvulsants 
(divalproex sodium, topiramate, lamotrigine, and gaba-

pentin) (Oswald and Sonenklar, 2007). Although these 
drugs have a positive role against autism spectrum 
disorder but also have some negative effects on differ-
ent organs. Some natural neuroprotective agents should 
be searched for the treatment of these diseases.  

Medroxyprogesterone acetate is a synthetic progester-
one and is used mostly as a contraceptive and hormone 
replacement. It interacts with the glucocorticoid recep-
tors (Gerhard et al., 1998) and also has anti-inflamma-
tory effects (Wakatsuki et al., 2002). Endometriosis was 
successfully treated with medroxyprogesterone (Haney 
and Weinberg, 1988). Medroxyprogesterone is involved 
in the down-regulation of Th1, Th17 and up-regulation 
of Th22 which are involved in the process of infection 
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and inflammation (Piccinni et al., 2019). It showed an 
agonist effect in estrogen treatment in macaques (Pazol 
et al., 2004). Its antagonistic effect on androgen 
receptors has been reported in studies on humans 
(Bentel et al., 1999). Due to these anti-inflam-matory 
properties and the strong effect of medroxypro-
gesterone on androgen receptors and different hor-
mones, we hypothesized that medroxyprogesterone can 
improve propionic acid-induced autism model in rats. 
The magnetic resonance spectroscopy study of the brain 
was also conducted.       

       

Materials and Methods 

In this experimental study, 30 male albino rats were 
included weighing 200-250 g at 12-14 weeks old. The 
experimental Animal Lab of this University provided 
these rats. Rats were housed in special steel cages and 
ad libitum food was provided during the experiment. A 
controlled environment was provided to the rats with a 
temperature of 24 ± 2°C and light with 12-hour period 
cycles.  

Propionic acid was given intraperitoneally 250 mg/kg/
day to rats (n=20) over 5 days to induce an autism 
model. Ten rats were used as a control group. The rats 
given propionic acid were then randomly divided into 
2 groups.   

There were in total 3 groups, control (Group I), propio-
nic acid (Group II), and propionic acid plus medroxy-
progesterone (Group III). Group 1 (n=10) received only 
saline. Group 2 (n=10) received propionic acid (via oral 
gavage 1 mL/kg/day) and saline. Group 3 (n=10) 
received propionic acid (via oral gavage 1 mL/kg/day) 
and medroxyprogesterone (via oral gavage 2 mg/kg/
day, Tarlusal tablet 5 mg, Deva). The experiment was 
completed in 15 days. At the end of 15 days, behavioral 
tests were done. Behavioral tests were performed bet-
ween 10:00 AM and 3:00 PM. Finally, rats were dissec-
ted under general anesthesia. Brain and blood samples 
were collected for histopathological and biochemical 
processes. 

Behavioral experiments 

Three-chamber sociability and social novelty test 

This test was done according to the description men-
tioned elsewhere (Erbas et al., 2018). Special plexiglas 
cage was used and the diameter of the cage was 40 cm x 
90 cm x 40 cm. The first session was the pre-test session 
and was performed for 5 min on day 1. After 24 hours 
of testing sociability, the stranger rat was used and 
placed inside the cage. In the first session test, the rat 
was used and placed in the central chamber of the cage. 
The first session of 10 min was completed after the 
recording of time spent in each region by the test rat. 
For the removal of olfactory stimuli of the used rat, the 
floor of the chamber was washed and cleaned properly 
before each experiment. The percentage of time spent 
with the stranger rat was considered significant. 

Passive avoidance learning test 

A passive avoidance learning test was performed accor-
ding to the guidance described elsewhere (Erbas et al., 
2014). This test is used for the evaluation of the learning 
and memory abilities of the rat. A box with the dimen-
sion of 20 cm × 20 cm × 20 cm was used. The box had 
dark and bright compartments. The rats were placed in 
the bright chamber and they like to go toward the dark 
compartment. Both the dark and light compartments 
were separated by a door. After crossing that door from 
the bright to dark compartment, the door was closed 
and 1.5 mA electric shock was given to the rat for 3-5 
sec. The rat was taken from the dark compartment and 
placed in the cage. After 24 hours, the rat was placed 
again in the bright compartment and the time for cross-
ing the bright compartment towards the dark compart-
ment was recorded. This time is also called the latency 
period and this period was recorded for 300 sec. This 
time was considered as an index of the memory of rats.  

Biochemical analysis of tissues 

Brain tissues and blood samples were taken from the 
rats after dissection. Brain tissues were homogenized 
and centrifuged for 15 min for tissue analysis. Total 
protein concentrations were evaluated from the brain 
homogenized solution. All this process was done accor-
ding to the method described elsewhere using serum 
albumin (Bradford, 1976). TNF-α, nerve growth factor 
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Box 1: Open field test 

Principle 

This test was performed to evaluate different behavior, repea-
ted self-grooming, and reduction in search activities in autistic 
rats.   

Requirement 

Open air box (50 cm x 50 cm x 40 cm)  

Procedures 

Step 1: After putting inside the center of the box, the 
explorational activity of rats was recorded for 5 min manually 

without using any software.  

Step 2: For the removal of olfactory stimuli of used rat, the 
floor of the chamber was washed and cleaned properly before 
each experiment. 

Calculation  

The number of floor division crossed with paws is called 
ambulation and the total ambulation were considered 
significant.   
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(NGF), IL-17, and IL-2 and lactate levels of brain tissues 
were evaluated with the help of enzyme-linked immu-
nosorbent assay (ELISA) kits. All the process of ELISA 
was done according to the guidelines of the manufac-
turer Company. For the measurement of absorbance, a 
microplate reader (MultiscanGo, Thermo Fisher Scienti-
fic Laboratory Equipment, USA) was used. 

Hippocampus and cerebellum histopathology  

The cornu ammonis (CA) 1 and CA 3 regions of hippo-
campus and cerebellum were chosen as the target areas 
to be examined for hippocampus damage. Following 
behavioral tests, animals were euthanized and their 
brains removed and fixed for 3 days in a 10% neutral 
buffered formaldehyde solution. Then, they were mov-
ed into 30% sucrose and stored at 4°C until infiltration 
was complete. The brains were cut coronally on a slid-
ing microtome at 4 μm and mounted on silanizated 
glass slides. For glial fibrillar acidic protein immuno-
histochemistry, brain sections were incubated with 
H2O2 (3%) for 20 min to eliminate endogenous peroxi-
dase activity, and blocked with serum blocking solution 
(Ultra V Block, TA-060-UB, Thermo-Scientific) for 20 
min at room temperature. Subsequently, sections were 
incubated in primary antibodies against glial fibrillar 
acidic protein (1/50 Thermo Scientific, RB-087) for 24 
hours at 4°C. Antibody detection was performed with 
the ABC kit (Vectastain Elite ABC-HRP Kit, PK-6101, 
Vector Laboratories) and 3-amino-9-ethylcarba-zole 
(AEC, TA-125-HA Thermo-Scientific) was used to visu-
alize the final product. All slides were photographed 
with an Axiocam ICc 5 digital camera mounted on Zeiss 
Lab.A1 microscope and images were analyzed with 
ZEN2 image analysis system and image J. All histo-
pathological examinations were performed by the same 
investigator who was blinded to the study groups.  

Cerebellum measurements: Purkinje cells with clearly 
distinguishable nuclei in 10 cerebellar lobules were 
counted and averaged in 4 random H&E stained sec-
tions. At the same time, the longest diameter of the 
nucleus of 100 Purkinje cells was measured. Glial fibri-
llar acidic protein positive cells per unit area were coun-
ted in 5 different lobules in the grizea layer of the 
cerebellum in glial fibrillar acidic protein stained slides 
(Arafat and Shabaan, 2019; Celik et al., 2018; El-Eraky El
-Azab et al., 2018). 

Hippocampus measurements: in 4 random sections, 
neurons with distinguishable nuclei and glial fibrillar 
acidic protein positive astrocytes were counted in CA1 
and CA3 regions of the hippocampus.  

Magnetic resonance spectroscopy of brain  

An automated multivoxel 2D chemical shift imaging 
sequence (TR = 1000 ms; TE = 35 ms; phase encoding x =
 24; phase encoding y = 24; number of excitation pulses 

= one) was used for 1H-MRS. FOV (60 mm), slice thick-
ness (4 mm) and the voxel size of the MRS (1.87 × 1.87 × 

4 mm3) were used. Tumor and 1H-MRS were placed 

by T2 weighted imaging, and shimming was done with 
the help of MRI scanner.  The volume of interest was 
chosen within the right striatum. The result of duration 
for 2D 1H-magnetic resonance spectrum acquisition was 
580 sec. Magnetom software (Siemans Healthcare) was 
used to process all the data. 

Statistical analysis 

SPSS version 15.0 (Chicago, IL, USA) was used to per-
form statistical analysis of this experimental study. 
Normality and homogeneity of variances were evalua-
ted by performing Shapiro-Wilk's and Levene's tests. 
Data results were shown as mean ± standard error of 
the mean (SEM). P≤0.05 value was considered as signifi-
cant. 

  

Results 

Sociability tests results 

The percentage of the time spent with stranger rat was 
found significantly higher in the control group and 
propionic acid + medroxyprogesterone group (p<0.05), 
compared to the propionic acid group. The number of 
ambulation in open field test was found less in 
propionic acid group compared to control group and 
propionic acid + medroxyprogesterone group (p<0.05). 
The passive avoidance latency was evaluated and there 
was a significant negative correlation between the pro-
pionic acid group and propionic acid + medroxyproges-
terone group (p<0.05) (Table I).  

Biochemical results 

The level of brain TNF-α was found significantly lower 
in the control group and propionic acid + medroxypro-
gesterone groups (p<0.05) compared to the propionic 
acid group in rats. The levels of IL-17 and IL-2 were 
also high in propionic acid group compared to control 
group and propionic acid + medroxyprogesterone 
group (p<0.05). The brain lactate level was measured 
and there was a significant negative correlation bet-
ween medroxyprogesterone group (p<0.05) propionic 
acid group and other groups. The results for the NGF 
level of brain were evaluated in rats. The level of the 
brain NGF was significantly low compared to control 
and propionic acid + medroxyprogesterone groups 
medroxyprogesterone group (p<0.05)  (Table I).  

Histopathological, immunohistochemical, and 
magnetic resonance spectroscopy results 

Neuronal counts in CA1 and CA3 regions of hippocam-
pus were evaluated and a reduced number of neurons 
were found in the propionic acid group compared to 
the control and propionic acid + medroxyprogesterone 
groups (p<0.05). Purkinje cell count in the cerebellum 
was done and this count was low in propionic acid 
group when we compared to the control and propionic 
acid + medroxyprogesterone groups medroxyproges-
terone group (p<0.05). The results of immunostaining 
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of glial fibrillar acidic protein were evaluated in CA1 
and CA3 regions of the hippocampus and cerebellum 
region of the brain. The immunopositivity of glial 
fibrillar acidic protein was significantly higher in the 
propionic acid group compared to the control and 
propionic acid + medroxyprogesterone groups medro-
xyprogesterone group (p<0.05) in both cerebellum and 
hippocampus part of the brain in rats. Lactate value 
percentage was evaluated with magnetic resonance 
spectroscopy and the results were significantly higher 
in the propionic acid group compared to the control 
and propionic acid + medroxyprogesterone groups in 
the brain part of rat medroxyprogesterone group 
(p<0.05; Table I). 

The neuronal counts in CA1 and CA3 regions of the 
hippocampus were evaluated using a cresyl violet stain. 
Normal pyramidal neurons were found in the control 
group. The propionic acid group showed neural body 
degeneration and decreased neural count and dysmor-
phological changes in both CA1 and CA3 regions. 
Propionic acid + medroxyprogesterone group revealed 
increased neural count and improved neural morpho-
logy changes in CA1 and CA3 regions (Figure 1). 

Glial fibrillar acidic protein immunostaining in the CA1 
and CA3 regions of the hippocampus was evaluated. 
The glial activity in the propionic acid group was found 
higher compared to the control and propionic acid + 
medroxyprogesterone groups in both the CA1 and CA3 
regions of the hippocampus in rats (Figure 2). 

The cerebellum was stained with hematoxylin and 
eosin stain and glial fibrillar acidic protein immuno-
staining. The control group revealed normal morpho-
logy of Purkinje neurons. The propionic acid group 
revealed increased glial activity with glial fibrillar aci-
dic protein and dysmorphological changes in Purkinje 
neurons. Propionic acid + medroxyprogesterone group 
revealed decreased glial activity with glial fibrillar 
acidic protein and improved Purkinje neural morpho-
logy inmorphology in the cerebellum of rats (Figure 3).  

Lactate duplets were evaluated with magnetic reso-
nance spectroscopy and the results were significantly 
higher in the propionic acid group compared to the 
control  and  propionic  acid  +  medroxyprogesterone 
groups in the brain part of rats (Figure 4). 

   

Discussion 

This study demonstrated that medroxyprogesterone 
has a positive role in the improvement of propionic acid
-induced autism model in rats due to its anti-
inflammatory effect and strong association with 
androgen receptors and hormones. Propionic acid-
induced autistic rats revealed abnormal sociability tests. 
Significant changes in the behaviors of rats were 
monitored in the medroxyprogesterone-treated group. 
This group revealed higher number of normal neuronal 
cells as compared to the propionic acid group and also 
improvement in the morphology of these cells in both 

Table I 

Effects of medroxyproprogesterone on different parameters in rat brain 

Parameters Control Propionic acid Propionic acid +  
medroxyprogesterone 

Sociability test (%time spent with the stranger rat) 72.3 ± 8.4 36.6 ± 5.9a 61.5 ± 4.6b 

Open field test (total ambulation) 20.7 ± 2.9 6.7 ± 1.8a 17.1 ± 3.9a 

Passive avoidance learning test (latency period in sec) 244.8 ± 28.9 106.4 ± 33.5b 113.5 ± 24.7 

Biochemical analysis of brain tissue     

TNF-alfa (pg/mg protein) 18.2 ± 4.1 78.8 ± 6.0a 49.5 ± 7.8c 

IL-2  (pg/g protein) 2.2 ± 0.4 318.7 ± 11.5b 98.6 ± 3.7d 

IL-17 (pg/g protein) 233.2 ± 18.7 523.4 ± 30.3b 379.8 ± 19.5d 

Lactate  (mmol/100 g wet weight) 1.3 ± 0.1 3.24 ± 0.3a 1.64 ± 0.2c 

NGF (pg/mg protein) 75.5 ± 8.1 33.2 ± 3.8b 54.4 ± 9.9c 

Histopathological and immunohistochemical data    

Neuronal count CA1 81.9 ± 6.7 54.5 ± 5.7b 69.4 ± 7.5c 

Neuronal count CA3 43.8 ± 5.9 31.2 ± 6.6a 38.9 ± 0.9c 

GFAP immunostaining index (CA1) 30.8 ± 1.4 66.8 ± 8.5b 46.1 ± 4.4c 

GFAP immunostaining index (CA3) 35.1 ± 5.5 65.4 ± 4.2a 48.8 ± 7.5c 

Purkinje count cerebellum 21.3 ± 2.4 11.5 ± 2.9a 17.7 ± 0.7d 

GFAP immunostaining index (cerebellum) 42.2 ± 6.6 55.1 ± 2.4a 44.7 ± 3.1c 

Magnetic resonance spectroscopy lactate value (%control) 100 345.8 ± 67.7b 131.4 ± 15.5d 

Data results were showed as mean ± SEM. One-way ANOVA was used. ap<0.01, bp<0.001 significant difference from normal groups; cp<0.05, 
dp<0.001 significant difference from propionic acid and saline group 
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CA1 and CA3 regions was evaluated. Decrease in the 
astroglial activity in the CA1 and CA3 region and 
improvement in the morphology of Purkinje cells were 
also evaluated in rats of the medroxyprogesterone 
group. Improved results of lactate duplets were found 
in the medroxyprogesterone group compared to the 
propionic acid group. 

Autism spectrum disorder is a brain disorder associated 
with neuroinflammatory changes in different parts of 
the brain. Different genetical models have been studied 
to understand the possible causes of this disease (Bill 
and Daniel, 2009). Endocrine disrupting compounds 
may affect the development of autism by disrupting the 
in utero hormonal milieu directly or changing the 
metabolism and action of maternal hormones (Braun, 
2012). In another study, it was proposed that autism 
may give a unique insight into the genetic and develop-
mental processes of the brain. It can shape early neural 
wiring patterns and make possible the process of 

socialism and communication (Courchesne et al., 2007).  

Activation of astrocytes and microglial cells, higher 
levels of inflammatory cytokines, and other factors are 
indicators of neuroinflammation in autistic patients 
(Kern et al., 2016). Higher levels of activated microglia 
and astrocytes in the hippocampus, white matter, and 
the neocortex have been reported in the autopsy of an 
autistic patient (Bauman and Kemper, 2005; Vargas et 
al., 2005). Both young and old patients showed these 
brain findings. It has been suggested that neuroinfla-
mmation may be present throughout the life of an 
autistic patient. The high reactivity of the immune 
system has been evaluated in the monocytes of 
peripheral blood of autistic patients (Molloy et al., 
2006). Evidence for peripheral immune activity was 
given because it may relate to the increased activity of 
microglia in the brain of autistic patients. These patients 
may present the peripheral macrophages after the 
migration into the brain. These cell types increase 

Figure 1: Microscopic view of cresyl violet stained hippocampus. Normal control group male rats CA1 and CA3. Normal pyrami-
dal neuron (A-B); propionic acid and saline group male rats have neural body degeneration and decreased neural count and dys-
morphological changes in CA1 and CA3 (C-D). propionic acid and medroxyprogesterone group male rats have increased neural 
count and improved neural morphology changes in CA1 and CA3 (scale bars = 50 μm) (E-F) 

C 

A 

D 

B 

E F 
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inflammatory cytokines, reactive oxygen species (i.e 
nitric oxide and hydrogen peroxide), and oxidative 
stress in the brain tissues (Dringen, 2005). Similar 
effects (Le Poul et al., 2003) and higher levels of 
inflammatory cytokines, tumor necrotic factors, and 
chemoattractant protein of macrophages have been 
reported in autism spectrum disorder (Vargas et al., 
2005). A positive correlation between autism-induced 
behaviors and serum level of inflammatory cytokines in 
22q11.2 deletion syndrome has been reported in a 
previous study (Ross et al., 2013).  

The biochemical results of this study are similar to 
previous studies of autism spectrum disorder in which 
we found the higher level of IL-17, IL-2, TNF-α, lactate, 
and NGF in the propionic acid group. This indicated 
neuroinflammation in the brain. The protective and anti
-inflammatory role of medroxyprogesterone have been 
reported in demyelinating disorders in a mouse model. 
A decrease in the levels of microglial markers (IL-β, 
TNF-α, iNOS) and demyelination was evaluated in that 

study (Mohammadi et al., 2021). The anti-inflammatory 
properties of medroxyprogesterone have been reported 
in many studies (Mohammadi et al., 2021; Wakatsuki et 
al., 2002; Haney and Weinberg, 1988; Piccinni et al., 
2019) and based on these properties it was hypothe-
sized that medroxyprogesterone acetate may be used to 
protect the propionic acid-induced autism model in 
rats. N-acetylcysteine has also been reported to protect 
the brain against propionic acid-induced neurotoxicity 
in rats due to its antioxidant and anti-inflammatory 
properties (Al-Dbass, 2014). 

Behavioral disability, including abnormal activities 
during playing and many other abnormal forms of 
social activities, are the main findings of autism 
spectrum disorder (Shultz et al., 2008). Many studies 
have been reported to evaluate the results of propionic 
acid on the social behavior of rats (Shultz et al., 2008; 
MacFabe et al., 2011). Propionic acid-treated rats reveal-
ed abnormal social behavior that was reported by the 
longer mean distance apart, less time spent in a close 

Figure 2: Microscopic view of glial fibrillar acidic protein stained CA1 and CA3 regions of hippocampus. Astrogliosis was charac-
terized by glial fibrillar acidic protein immunostaining. Normal control group male rats CA1 and CA3 (A-B); propionic acid and 
saline group male rats have increased astroglial activity CA1 and CA3 (C-D); propionic acid and medroxyprogesterone group 
male rats have decreased astroglial activity CA1 and CA3 (scale bars = 50 μm) (E-F) 
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A 

D 

B 
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area, less interaction and abnormal playing actions 
(Shultz et al., 2008). Sodium acetate is another fatty acid 
that also has a negative impact on the social behavior in 
rats (MacFabe et al., 2011). The abnormalities in the 
social behavior of rats were similar in both autism 
spectrum disorder and the propionic acid-treated rats 
(Shultz et al., 2008). Social behavioral tests have been 
tested in other studies (Moy et al., 2004; Silverman et al., 
2010). The rats with autism spectrum disorder revealed 
an abnormal approach to an unknown rat and prefer-
ence for social novelty was also reduced (Bambini-
Junior et al., 2011; MacFabe et al., 2011).  

Open field assay has also been reported in different rat 
models of autism spectrum disorder and hyperactivity 
was evaluated in the autistic rats (Narita et al., 2010; 
Schneider and Przewłocki, 2005). The behavioral tests 
have also been reported in different studies of rats 

(Erbas et al., 2018; Erbaş et al., 2014). 

Propionic acid and other fatty acids relevant to the 
process of autism spectrum disorder have been repor-
ted to induce neuroinflammatory processes (MacFabe et 
al., 2007; Shultz et al., 2008). Neuroinflammation inclu-
ding activated microglia and astrocytes was evaluated 
in the hippocampus. This neuroinflammatory process 
can cause abnormal behavior in the propionic acid-
induced autism model (Whitton, 2007). Propionic acid- 
related neuroinflammation was found in the neocortex 
and hippocampus (Shultz et al., 2008). Rats treated with 
propionic acid revealed increased activation of micro-
glia and astrocytes. Increased immunostaining of glial 
fibrillar acidic protein was also evaluated in the brains 
of propionic acid-treated rats (MacFabe et al., 2007). In a 
study of valproic acid-induced autism in mice, an 
increased level of inflammatory cytokines, higher acti-

Figure 3: Microscopic view of glial fibrillar acidic protein (A-C-E) and H&E stained (B-D-F) cerebellum. Astrogliosis was charac-
terized by glial fibrillar acidic protein immunostaining (Red-Brown staining). Normal control group male rat’s cerebellum and 
normal Purkinje cells (arrows) (A-B); propionic acid and saline group male rats have increased astroglial activity in the cerebel-
lum, and degenerative changes in Purkinje cells (arrows) (C-D); propionic acid and medroxyprogesterone group male rats have 
decreased astroglial activity in the cerebellum, and improved Purkinje cell morphology (arrows) in cerebellum (scale bars = 
50 μm) (E-F) 
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vity of glial cells, and morphological abnormalities in 
Purkinje cells were described (Al-Gholam and Ameen, 
2020). Abnormal behavioral activities, oxidative stress, 
and abnormalities in Purkinje cells have been reported 
in another study of autism in mice (Bakshi et al., 2018). 
Higher activity of inflammatory cytokines (TNF-α, 
interleukins), abnormal social behavior, higher level of 
apoptotic markers, and lower level of anti-apoptotic 
markers and morphological abnormalities were found 
in the propionic acid-induced autism model of rats 
(Tiwari et al., 2021). Abnormal social behavior, higher 
level of anxiety and stress, late response to painful 
stimulation, and a higher level of oxidative stress mar-
kers was evaluated in the study of autistic mice (Al-
Amin et al., 2015). Decrease in the number of Purkinje 
cells, a higher percentage of glial fibrillar acidic protein 
immunopositivity and a higher level of oxidative stress 
markers have been found in the autism study of rats 
(Arafat and Shabaan, 2019). Memory defects, abnormal 
behavior, neuroinflammatory and neurotransmitter 

cells imbalance, oxidative stress, higher level of infla-
mmatory cytokines and brain abnormalities were des-
cribed in the study of propionic acid-induced autism 
model of rats (Sharma et al., 2019). All these behavioral, 
biochemical and histopathological findings related to 
the autism model are similar to the findings of the 
current study. Many neuroprotective agents have been 
reported in the autism model of rats and mice. These 
neuroprotective agents improved the social behavior, 
decreased the level of inflammatory cytokines, impro-
ved the morphological abnormalities of Purkinje cells, 
and decreased the percentage of immunopositivity of 
glial fibrillar acidic protein in hippocampus and 
cerebellum of autistic rats and mice (Al-Gholam and 
Ameen, 2020; Bakshi et al., 2018; Tiwari et al., 2021; Al-
Amin et al., 2015; Arafat and Shabaan, 2019; Sharma et 
al., 2019). The improved results of medroxyprogester-
one in the cerebellum and hippocampus of rats are 
quite similar to the results of these studies of neuro-
protective agents. 

Figure 4: MR spectroscopy. A: MR spectroscopy chosen area (Red box), B: Normal Control Group male Rats, C: PA and saline 
group male rats, D: PA and MA group male rats  
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Abnormalities in mitochondrial functioning have been 
reported to induce autism spectrum disorder in the 
study of humans. It has been suggested that mitochon-
drial abnormality may be the neurobiological subtype 
of autism spectrum disorder (Goh et al., 2014). 
Abnormal mitochondrial activities have been reported 
in different studies of autism spectrum disorder (Giu-
livi et al., 2010; Oliveira et al., 2005; Correia et al., 2006; 
Tang et al., 2013). Magnetic resonance spectroscopy was 
evaluated and a higher level of lactate doublets have 
been reported in the brain part of autism spectrum 
disorder patient (Goh et al., 2014). The results of 
magnetic resonance spectroscopy in the current study 
are similar to these results. Low levels of lactate 
doublets in magnetic resonance spectroscopy were 
observed in the brain of the medroxyprogesterone-
treated group.        

 

Conclusion 

Behavioral, biochemical, histopathological and magne-
tic resonance spectroscopy results of this study  support 
the positive/improved effect of medroxyprogesterone 
on the propionic acid-induced autism model in rats.  
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