
Abstract
Background: Early diagnosis of Parkinson›s disease can play an important role in improving its prognosis. Due to controversies 
about the serum level of corticosterone and phosphate in parkinsonian rats, this study was designed to measure and evaluate the 
levels of corticosterone and phosphate as possible biomarkers of early diagnosis in rats with 6-OHDA-induced parkinsonism.
Methods: Forty rats were divided into three groups: control (n = 10), sham (n = 10), and 6-OHDA (n = 20). The rats in the 6-OHDA 
and sham groups underwent stereotaxic surgery to be injected with 6-OHDA and its carrier into their medial forebrain bundle 
(MFB). Apomorphine-induced rotational and cylinder tests were done to examine parkinsonism progression and sensory-motor 
function. Corticosterone and phosphate serum levels were measured in the serum and striatum.
Results: Net contralateral rotations and asymmetry scores in the fourth, sixth, and eighth weeks after surgery compared with the 
second week showed a gradual increase in the 6-OHDA group. The serum levels of corticosterone were 90 ± 13 before surgery, 
and they declined to 88 ± 36 and 55 ± 9 ng/L in the second and eighth weeks after surgery, respectively. The serum levels of 
phosphate were 6 ± 0.22 before surgery, and they decreased to 5.2 ± 0.13 and 5 ± 0.12 mg/dl in the second and eighth weeks 
after surgery, respectively. The serum levels of phosphate and corticosterone remained relatively unchanged in the sham and 
control groups.
Conclusion: In conclusion, the progressive death of dopaminergic neurons is accompanied by decreased serum corticosterone 
and phosphate levels. Thus, the serum level of corticosterone can be used as a biomarker in diagnosing Parkinson’s disease. In 
contrast, serum phosphate levels were still within the normal range and cannot be used as a biomarker.
Keywords: Parkinson’s disease, Neurodegeneration, Corticosterone, Phosphate

Introduction
Parkinson’s disease is the second most common 
neurodegenerative disorder after Alzheimer’s disease 
(1). From a pathological point of view, the gradual 
destruction of dopaminergic neurons in the striatum 
leads to a drop in dopamine levels in the corpus striatum. 
Parkinson’s disease usually occurs when 60% to 70% of 
dopaminergic neurons in the striatum are destroyed (2). 
Not only the dopaminergic neurons but also serotonergic 
and cholinergic neurons, and even catecholaminergic 
neurons, can be affected by Parkinson’s disease, and their 
function is usually impaired (3). 

The etiology of Parkinson’s disease has not been 

completely understood yet. Some studies consider 
oxidative stress, mitochondrial dysfunction, and 
some protein accumulations as contributing factors 
in its development (4). Parkinson’s disease also causes 
movement disorders, such as akinesia and bradykinesia, 
rigid muscles, impaired posture and balance, and tremors 
in the hands or fingers (3).

Early diagnosis of Parkinson’s disease may help 
healthcare providers choose the appropriate treatment 
to slow the neurodegenerative process and improve 
outcomes (5). Identifying sensitive and reliable 
biomarkers for Parkinson’s disease would be valuable 
for early diagnosis. Biomarkers also allow us to have 
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better patient follow-up and objective measurements in 
clinical trials (6). However, it should also be noted that 
research on biomarkers for Parkinson’s disease is still in 
the early stages despite the need to develop newer and 
more efficient treatment strategies. Biomarkers should 
be sensitive and reliable to indicate disease progression. 
Invasiveness, costs, and the patient’s response to 
pharmacological treatments should be considered (7).

Due to contradictions in findings about the level of 
corticosterone and phosphate in the serum and striatum 
of parkinsonian patients and the need to find a sensitive 
and reliable biomarker for early diagnosis of Parkinson’s 
disease diagnosis (2), this study was designed to measure 
the level of corticosterone and phosphate in the serum 
and striatum of rats with 6-hydroxy dopamine-induced 
parkinsonism. It also should be noted that 6-hydroxy 
dopamine-induced parkinsonism has a pathophysiology 
similar to Parkinson’s disease in humans; thus, it is the 
most appropriate model to study the early and late stages 
of Parkinson’s disease (8).

Materials and Methods
Animals and ethics
In this study, male Wistar rats weighing from 175 g to 
225 g were kept in individual large clean cages with free 
access to water and food. The rats were kept in a 21 °C 
environment with a 12-hour day/night cycle (9). All 
the procedures of the current study followed the ethical 
guidelines of the Research Council at Qazvin University 
of Medical Sciences for animal experiments (10).

The rats in this study were divided into three groups: 
6-OHDA (n = 20), sham, and control (each n = 10). 
Neither surgery nor injection was performed on the 
control group rats, but the sham and 6-OHDA groups 
underwent surgery for injection of 6-hydroxy dopamine 
and ascorbic acid solution as a neurotoxin carrier, 
respectively (11).

Apomorphine-induced rotational test
The incidence and severity of Parkinson’s disease in rats 
were examined by the apomorphine-induced rotation 
test. In this test, more than 30 spins in 30 minutes after 
injection of apomorphine indicated that the rats had 
Parkinson’s disease (12). At first, the animals were 
allowed to adapt to the new environment for 5 minutes; 
apomorphine hydrochloride (0.5 mg/kg) was injected 
intraperitoneally. After one minute, the number of 
complete rotations in 30 minutes was counted. The net 
number of rotations was calculated by subtraction of the 
contralateral and ipsilateral rotations. The experiment 
design can be seen in Figure 1. Apomorphine-induced 
rotational tests were performed before and in the second, 
fourth, sixth, and eighth weeks after the experiment (13). 
Only rats with less than ten spins in thirty minutes in the 
rotational test were included in this study.

Cylinder test
The cylinder test measures spontaneous forelimb use 
to assess the sensory-motor function in rodents with 
6.OHDA-induced parkinsonism (14). In this test, a rat is 
placed in a cylindrical container; the number of times it 
touches the wall is counted. After scoring based on the 
number of times the rat touches the right or left side or 
both sides, the results are expressed as asymmetry scores. 
The positive and negative asymmetry scores indicate the 
dominance of touching movements on the damaged and 
undamaged sides, respectively. Therefore, a severe hemi-
parkinsonian lesion results in a high positive asymmetry 
score.

Blood sampling
Blood samples were taken from the tail vein before 
the surgery and in the second and eighth weeks after 
stereotaxic surgery. In the eighth week blood samples 
were taken directly from the heart. Blood samples were 
centrifuged at 4000 rpm for 5 minutes to separate the 
serum from the precipitate, and serum samples were 
frozen at -80 °C. 

Injection and stereotaxic surgery
The rats were completely anesthetized with ketamine 
and xylazine (70 mg/kg and 6 mg/kg, respectively) by 
intraperitoneal injection. The hair on the skull was shaved, 
and the site of surgery was entirely disinfected. The exact 
surgery location was identified using the Paxinos and 
Watson rat brain atlas. The incisor bar was set at -3.3 
below the interaural line. The skull surface was exposed 
with an incision in the skin, and the bregma position was 
determined. Using a dental drill, two holes in the skull 
with the following coordinates were made: Anterior-
Posterior (AP): -4, Lateral (L): -1.8, Dorso-Ventral (DV): 
9, and AP: -4.4, L: -2, DV: 8.8. AP and L were measured 
from the bregma while DV was measured from the surface 
of the skull. Then, 4 μL of 6-OHDA dissolved in isotonic 
NaCl solution, containing 0.2% ascorbic acid, was slowly 
injected into the medial forebrain bundle (MFB) of the 
right hemisphere area for 8 minutes using a 10-μl syringe. 
The animals’ skull was then sutured and disinfected. 

Figure 1. The general design of the study
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Tissue sampling
Tissue sampling of the brain was performed after the rats 
were decapitated under deep anesthesia. After removing 
the animals’ brains, the brains were weighed, and the 
striatal tissues were isolated; then for the preparation of 
the striatal supernatant, the striata were homogenized in 
a solution of 100 mM hydrochloric acid (pH = 7.4), 750 
mM NaCl, 10 mM EDTA, 5 mM EGTA, and protease 
inhibitors. Finally, the samples were centrifuged at 2000 
rpm for 10 minutes, the solid particles precipitated and 
the supernatant was used for further analysis.

Statistical analysis
The collected data were expressed as mean ± standard 
error of mean (SEM). First, data were analyzed using the 
Kolmogorov-Smirnov test to determine their normality. 
Behavioral tests and biochemical data were compared 
using a one-way analysis of variance followed by the 

Newman-Keuls test. The software used for statistical 
analysis was SPSS version 20 and a P value ≤ 0.05 was 
considered as the level of significance.

Variable measurement
Corticosterone in both serum and striatal supernatant 
was measured according to the instructions of the ELISA 
kit (Eastbiopharm, USA). Also, corticosterone was 
measured based on readings at a wavelength of 450 nm 
and a sensitivity of 2.51 ng/mL. The colorimetric method 
was employed using a Biowave spectrophotometer 
(Model F2100) and Zist Chem phosphate kits to measure 
serum and striatal supernatant phosphate. 

Results
Behavioral tests
It is a well-established fact that an apomorphine-induced 
rotational test can evaluate the progression and severity 

Figure 2. Apomorphine-induced rotation test (net contralateral rotations in 30 minutes in different study groups) and cylinder test data (asymmetry score); A, 
B, C, and D present the data of the second, fourth, sixth, and eighth week after stereotaxic surgery, respectively
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of parkinsonism (15). Intraperitoneal injection of 
apomorphine as an agonist of dopaminergic neurons 
leads to asymmetrical rotations in rats (contralateral 
to the hemisphere). The net number of asymmetrical 
rotations is a quantitative tool for evaluating 6-OHDA-
induced parkinsonism. 

As shown in Figure 2, the rats in the sham and control 
groups did not show significant rotational behavior after 
injections. In contrast, the rats who received 6-hydroxy 
dopamine showed a higher number of net collateral 
rotations to the left side as a sign of parkinsonism 
progression. This indicated that the model had worked 
well and parkinsonism had been induced. The net 
collateral rotations gradually increased after stereotaxic 
surgery in rats in the 6-OHDA group and increased by 
63%, 88%, and 163% in the fourth, sixth, and eighth 
weeks after surgery, respectively, in comparison with the 
second week after stereotaxic surgery.

The cylinder test evaluates motor impairments 
in rodents especially rats with 6-OHDA-induced 
parkinsonism (14). The cylinder test results showed 
that before stereotaxic surgery, the asymmetry score in 
all study groups was almost zero and negligible. After 
stereotaxic surgery, the asymmetry score was close to 
zero in the control and sham group, but in the 6.OHDA 
group, the asymmetry scores gradually increased to 
0.11 ± 0.09, 0.19 ± 0.03, 0.29 ± 0.06, and 0.38 ± 0.04 in the 
second, fourth, sixth, and eighth weeks after receiving 
6.OHDA, respectively.

Serum levels of corticosterone and phosphate
Figure 3 and Table 1 show the serum levels of corticosterone 
and phosphate in different study groups before and in 
the second and eighth weeks after stereotaxic surgery. 
There were no significant differences in corticosterone 
levels between the study groups in the second week after 
stereotaxic surgery. In the eighth week after stereotaxic 
surgery, although the serum level of corticosterone in 
the 6-hydroxy dopamine group was 21% lower than in 
the control group, statistical analyses did not show a 
significant difference. However, corticosterone levels in 
the 6-hydroxy dopamine group were lower than those 
before stereotaxic surgery (P < 0.05). Before stereotaxic 
surgery, there were no significant differences in phosphate 

Figure 3. Serum corticosterone and phosphate levels in the study groups based on severity (sham, control, and 6-OHDA) (** and *** are significant P < 0.05 )

Figure 4. Apomorphine-induced rotation test data (net contralateral 
rotations in 30 minutes in the sham, symptomatic, and asymptomatic 
groups); A, B, C, and D show the data for the second, fourth, sixth, and 
eighth week after stereotaxic surgery, respectively
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levels between different study groups. Serum phosphate 
levels in the group receiving 6-hydroxy dopamine 
decreased by 13% (P < 0.01) and 17% (P < 0.001) in 
the second and eighth weeks after stereotaxic surgery, 
respectively, which were statistically significant.

The severity of parkinsonism and serum levels of 
corticosterone and phosphate
Based on the net number of rotations in the apomorphine-
induced rotation test results, the rats in the 6.OHDA 
group had a wide range in the net number of rotations. 
Some showed more rotations while others had fewer or 
no rotations. The rats of the 6.OHDA group were divided 
into two subgroups to be evaluated in a more detailed 
way: 1) symptomatic rats (n = 7) with > 200 rotations in 
30 minutes and 2) asymptomatic rats (n = 6) with < 30 or 
non-significant number of rotations in 30 minutes.

Figure 4 shows that the intensity of rotational behavior 
gradually increased in the weeks after stereotaxic surgery 
only in the symptomatic subgroup. The intensity of 
rotational behavior gradually increased in the weeks 
after stereotaxic surgery in the symptomatic subgroup 
and reached 230 ± 50, 262 ± 25, 305 ± 45, and 380 ± 45 in 
the second, fourth, sixth, and eighth weeks after surgery, 
respectively.

As shown in Figure 5, in the eighth week, serum 
corticosterone levels in the asymptomatic subgroup were 
lower than those before stereotaxic surgery, although 

this difference was not statistically significant. There was 
also no significant difference in serum corticosterone 
levels in the eighth week between the asymptomatic 
and sham subgroups. A progressive decrease in serum 
corticosterone level was observed in the symptomatic 
subgroup from 90 ± 13 before surgery to 36 ± 88 and 43 ± 9 
ng/L in the second and eighth weeks after stereotaxic 
surgery, respectively. Also, both of these changes, in 
comparison with former measurements, were statistically 
significant (P < 0.01). 

After stereotaxic surgery, a decrease in serum 
phosphate levels occurred in both asymptomatic and 

Figure 5. Serum corticosterone and phosphate levels in the study groups based on severity (sham, asymptomatic, and symptomatic rats) (*, **, and # are 
significant, P < 0.05 )

Figure 6. Levels of corticosterone and phosphate in the 6.OHDA group in 
both left and right striata (* is significant, P < 0.05 )

##

before 6-OHDA second week 
after 6-OHDA

eight week after 
6-OHDA

sham

asymptomatic
symptomatic

**

80

60

40

100

40

60

80

100

sham

asymptomatic
symptomatic

C
or

tic
os

te
ro

ne
 (n

g/
L)

C
or

tic
os

te
ro

ne
 (n

g/
L)

#
*

6.0

5.0

4.0

7.0

Ph
os

ph
at

e 
(m

g/
dl

)

**

4.0

5.0

6.0

7.0

*

Ph
os

ph
at

e 
(m

g/
dl

)

before 6-OHDA second week 
after 6-OHDA

eight week after 
6-OHDA

before 6-OHDA second week 
after 6-OHDA

eight week after 
6-OHDA before 6-OHDA second week 

after 6-OHDA
eight week after 

6-OHDA

*

right striatum

left striatum

0.00

10

20

30

40

C
or

tic
os

te
ro

ne
 (n

g/
L)

0.00

1.00

2.00

3.00

4.00

Ph
os

ph
at

e 
(m

g/
dl

)

Page: 4
Page: 5


Journal of Kerman University of Medical Sciences.  Volume 31, Number 3, 2024 109

Serum level of phosphate and corticosterone as biomarkers for Parkinson disease in rats

symptomatic subgroups. The decrease in phosphate 
level was more evident in the asymptomatic compared to 
the symptomatic subgroup. The serum phosphate level 
increased from 5.54 ± 0.15 before surgery to 5.2 ± 0.23 in 
the second week and 4.96 ± 0.06 mg/dL in the eighth week 
after surgery. The difference between the phosphate level 
in the eighth week compared to its level before stereotaxic 
surgery was significant (P < 0.05), while, the phosphate 
level in the eighth week was significantly lower in the 
asymptomatic compared to the sham group (P < 0.01). In 
the symptomatic subgroup, the phosphate level increased 
from 6.43 ± 0.3 before surgery to 5.45 ± 0.15 in the second 
week and 5.35 ± 0.12 in the eighth week after surgery. The 
decrease was statistically significant in both the second 
and eighth weeks compared to phosphate levels before 
surgery (P < 0.05).

Striatal levels of corticosterone and phosphate in 
symptomatic rats
Measurement of corticosterone and phosphate in the 
left and right striata of the symptomatic rats of the 
6.OHDA group revealed that phosphate levels in the left 
and right striata were 3.5 ± 0.2 and 3.7 ± 0.2, respectively. 
Corticosterone levels in the left and right striata were 
37 ± 8 and 25 ± 6, respectively (Figure 6). Statistical 
analysis also showed that corticosterone levels in the right 
striatum were significantly (P < 0.05) lower than in the left 
striatum. Statistical analyses also revealed that phosphate 
levels in the left and right striata were not significantly 
different (P > 0.05).

Discussion
Regarding the pathophysiology of Parkinson’s disease, 
it has been found that inflammation and oxidative stress 
are among the leading factors in the incidence and 
progression of Parkinson’s disease (16). By regulating 
cortisol secretion, the HPE axis can play an essential role 
in controlling inflammation in patients with Parkinson’s 
disease by its regulatory role. 

In Parkinson’s disease, the body typically experiences 
long-term stress; the body needs to adapt to this chronic 
stress, and the HPA axis secretes corticosterone to help 
the body adapt to the conditions. There is no consensus 
on the effects of glucocorticoids such as corticosterone on 
the central nervous system (17). As we know, neuronal 
inflammation and oxidative stress cause neuronal damage 

and apoptosis; some studies have suggested that short-
term glucocorticoid exposure inhibits inflammation 
and has a protective effect (18,19). On the other hand, 
other studies have suggested that long-term exposure to 
glucocorticoids can be harmful, increase inflammation 
and oxidative stress, and induce neurodegeneration 
(16,20,21). 

Various studies that have examined the levels of 
cortisol in patients with Parkinson’s disease have reported 
contradictory results. Some studies show that cortisol 
levels increase, and others have shown that it does not 
change significantly. Several reasons can be considered for 
the contradictory data of different studies: 1) differences 
in Parkinson’s induction methods in animal models, 2) 
different interventions and drug therapies in different 
studies (22), and 3) diagnosis methods and corticosterone 
levels over time (short-term and long-term) (23,24). 

The clinical signs and symptoms of Parkinson’s disease 
usually occur when most dopaminergic neurons are 
destroyed, and the level of dopamine in the striatum is 
low. Thus it is difficult to diagnose Parkinson’s disease 
in the early stages (25). There is almost no suitable 
diagnostic tool; some symptoms like REM sleep disorders 
and olfactory dysfunction can be seen, but none of these 
symptoms are enough to diagnose Parkinson’s disease.

Grigoruţă et al showed that wild-type rats in the acute 
and chronic phases of Parkinson’s disease had higher 
corticosterone levels in the symptomatic group than in the 
asymptomatic group, which contradicts the results of the 
present study. Also, another part of this study, performed 
on parkinsonian rats with the PINK knock-out gene, 
showed that corticosterone levels in symptomatic rats in 
the chronic phase were lower than in asymptomatic rats 
(2), which confirms the results of the present study.

In another study on Parkinson’s patients, Djamshidian 
et al found that lower corticosterone levels played an 
essential role in the progression of Parkinson’s disease 
and the development of antisocial behaviors (26). The 
results of their study verify the results of the present study.

Hartmann and colleagues’ study showed that patients 
with Parkinson’s usually have higher cortisol levels 
and lower expression of glucocorticoid receptors, in 
particular (27), which verifies the role of alterations in the 
HPA axis in the development of Parkinson’s disease and 
contradicts the results of the present study. Mizoguchi 
et al also showed that by removing the internal source 

Table 1. Serum level of phosphate and corticosterone in different study groups

Groups
Before surgery second week after surgery eighth week after

Corticosterone (ng/L) Phosphate (mg/dL) Corticosterone (ng/L) Phosphate (mg/dl) Corticosterone (ng/L) Phosphate (mg/dL)

Control 84 ± 12 6.4 ± 0.76 90 ± 22 5.9 ± 0.23 82 ± 11 6.3 ± 1

Sham 81 ± 12 6.2 ± 0.32 87 ± 17 6 ± 0.8 72 ± 9 7.1 ± 0.17

6-OHDA 90 ± 13 6 ± 0.22 88 ± 36 5.2 ± 0.13 55 ± 9 5 ± 0.12

All data are expressed as mean ± SEM.
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of corticosterone using adrenalectomy, parkinsonian 
rats had more memory and movement disorders than 
the control group. On the other hand, corticosterone 
replacement therapy relatively improved the cognitive 
and motor function of the rats after some time. However, 
it should be noted that dopamine levels also decreased 
in rats with adrenalectomy (28). Tentillier et al showed 
that injected liposomal glucocorticoids improved motor 
function compared with the control group, controlled 
Parkinson’s disease, and increased the survival of 
dopaminergic neurons in the striatum; they also showed 
that glucocorticoids protect dopaminergic neurons in the 
striatum by modifying macrophages, microglial cells, and 
inflammatory responses (29-31). In the study of Luan et 
al., it was shown that in the early stages of Parkinson’s 
disease, the level of corticosterone increased relatively 
but decreased in the middle stages. However, it was also 
observed that in the advanced stages of the disease, the 
level of corticosterone increased, showing a fluctuation in 
corticosterone levels (32).

Another factor examined in the present study 
was serum phosphate levels. It was found that in 
symptomatic parkinsonian rats, phosphate levels were 
significantly reduced. It should be noted that several 
previous studies have shown that due to its phosphoric 
properties, corticosterone reduces serum phosphate 
levels and is inversely related to it (33). Samavarchi 
Tehrani et al showed that patients with Parkinson’s 
had lower phosphate levels than the control group, and 
this observation confirms the present study findings 
(34). Abou-Raya et al. also showed that bone density in 
patients with Parkinson’s disease was lower than in the 
control group and that serum phosphorus and calcium 
levels were usually lower than in normal control groups 
(P < 0.001), indicating a disturbance in phosphorus 
levels in these patients (35). Håglin also illustrated that 
in smokers, increased serum levels of phosphate and 
triglycerides, which are associated with decreased levels 
of bone phosphate and bone density, significantly reduce 
the incidence of Parkinson’s disease in these people, 
which is due to adequate phosphate supply in the brain 
and prevention of mitochondrial dysfunction due to 
lack of sufficient phosphate. The results of their study 
additionally confirm the observations of the present 
study (36). In a study conducted by Meamar et al on the 
serum biomarkers of people with Parkinson’s disease, the 
patients were found to have lower phosphate levels than 
controls. Although they had lower phosphate levels, their 
phosphate was within the normal range (37).

Conclusion
In conclusion, our study revealed that progressive 
death of dopaminergic neurons in the striatum is 
associated with decreased serum levels of corticosterone. 
Parkinsonian patients can be expected to show a decrease 

in serum corticosterone levels. Thus, we can conclude 
that serum levels of glucocorticoids can be used as a 
biomarker in diagnosing Parkinson’s disease. Although 
serum phosphate levels decrease in Parkinson’s patients, 
the decreased phosphate levels are still within the normal 
range, so serum phosphate cannot be used as a biomarker 
to diagnose Parkinson’s disease.
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