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Abstract. Dexamethasone (DEX) is associated with many inflammation and metabolic diseases. We analyzed the effects of
DEX on the expression of estrogen metabolism enzyme 17β-HSD1 at the optic nerve. Rats were treated with different concentrations of intraperitoneal DEX. Western Blot analysis showed that 17β-HSD protein was expressed in the optic nerve tissue.
The enzyme was detected by immunohistochemistry on the terminal foot of Muller cells from the ganglion cell layer of rat
retina. ELISA analysis showed that the 17β-HSD1 protein expression of DEX-treated group is 2.4 fold comparing to the control group. The results indicated that DMXS sodium phosphate might modulate the expression of 17β-HSD1 protein in optic
tissue. This study sheds light on understanding of the relationship among DEX, 17β-HSD presence and distribution of visual
neural systems. At the same time, DEX treatment affects the athletic ability and memory of the animals. Compared with the
control group, the experimental group showed slow response to stimulation, inertia, depression, cowardice and lack of appetite.
The results of ethology experiments showed that all the parameters decreased by 15–30%.
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1. Introduction
Dexamethasone is a kind of glucocorticoid, it has anti-inflammatory, and anti-endotoxin effects, suppress the immune response and the resistance to shock and enhance the stress response among other
pharmacological effects, so it is widely used for the treatment of many diseases [1,2]. DEX may cause
hypokalemia syndrome, peptic ulcers, pancreatitis, children’s growth is restrained, and worsen glaucoma, cataract and diabetes [3]. As a steroid hormone, it is degraded by many enzymes such as 3α-HSD,
3β -HSD, 11β -HSD, 17β -HSD, SDR [4,5]. The 17β -HSDs family is mainly responsible for synthesis
and degradation of estrogens and androgens [6,7]. In recent years, studies have shown that they are
also taken part in DEX metabolism [8,9]. The distribution of this enzyme family is not restricted to
reproductive and endocrine systems [10,11].
The relationship between hormones and eye diseases has recently gained increased attention. The
corneal thickness changes along the female menstrual cycle. It is thicker at the time of ovulation to be
∗
Corresponding author: Zuobin Wang, International Research Centre for Nano Handling and Manufacturing of China,
Changchun University of Science and Technology, Changchun, Jilin 130022, China. Tel.: +86 18643020302; Fax: +86 431
85583099; E-mail: duguchuanzhi@163.com.

0928-7329/19/$35.00 c 2019 – IOS Press and the authors. All rights reserved
This article is published online with Open Access and distributed under the terms of the Creative Commons Attribution NonCommercial License (CC BY-NC 4.0).

S358

C. Liu et al. / The effects of dexamethasone on 17β-HSD1 levels at the rat optic nerve

gradually thinner up to the menstrual period [12,13]. The incidence of cataracts is higher in woman than
in men, especially in postmenopausal women, because of the lack of estrogens that is a well-known
risk factor [14]. Hormones also play important roles in neural regulation and protection, avoiding neural
degeneration [15,16]. It has also been found that estradiol can enhance the viability of primary nerve cell
cultures. The activation of estrogen receptors result in nerve protective effects, improve the interaction
between antioxidants and intracellular signal transduction pathways, inhibit apoptosis, enhance synaptic
sprouting and axonal regeneration, and improve the function of cholinergic nerves [17,18].
In the early 90s, the steroid hormonal, pregnenolone, dehydroepiandrosterone and progesterone were
found in the human retina [19]. In 2008, hormonal receptors were located at the rat retina by immunohistochemistry [20]. Zhang designed a study to explore the ovarectomy and sham-ovarectomy for studying
the effect of estrogen on ocular diseases and its role in retinal neovascularization. He found decrease of
estrogen level in blood contributes to retinal neovascularization, but too much damage to the optic nerve
and cause SD rats visual deterioration [21]. Garg et al. measured the serous steroid and 24 h urinary
steroid content in 30 (central serous chorioretinopathy, CSC) patients and the control group, and found
that the steroid content in the patients group was significantly higher than control group, and the female
patients were significantly higher than the male patients. Steroid hormones are involved in regulating
choroidal microcirculation, causing retinal pigment epithelium damage and local ion flow changes in
high dosage. The local metabolism of hormones plays an important role in gene regulation, nerve regulation and immune regulation [22]. Several studies demonstrated that hormones and the related enzymes
are closely involved with eye diseases [23]. We have studied the expression of 17β -HSD and the effects
of DEX in neural tissues of the rat eye.
2. Materials and methods
2.1. Materials
Sprague Dawley rats (SD rats) were purchased from the laboratory animal center of Jilin University
(Changchun, China), Dexamethasone sodium phosphate 5 mg/ml (Zhuo Feng Pharmaceutical Factory
of Zhengzhou, China), urethane (Heng Yuan biotech company of Shanghai, China) 15%. Paraformaldehyde solution (Sen Bei Jia Pharmaceutical Factory of Nanjing, China) 4%. Phosphate Buffer solution
(PBS, 0.01 mol/L, HP 7.4), Tris-TBS concentration is 0.05 mol/L, Western Blot Buffer (Glycine 2.9 g.
Tris 5.8 g, SDS 0.37 g, Methanol, 200 ml, H2O, 1000 ml), TBS Buffer (1 mol/L Tris·HCl (pH7.5)
10 ml. NaCl 8.8 g), 6 mg/ml BSA (blocking buffer). Rbbit anti-HSD17B1 (200 µg/ml, AVIVA Systems
Biology, USA). Goat anti-rabbit IgG-HRP (1 mg/ml, ABCAM).
The rat holder, retort stand about 1 meter height, A pool, Y maze (the arms is 450 mm length, 145 mm
breadth, 125 mm height), SYU Gel Imaging System (BIO-RAD,USA), FV1000 Laser Scanning Confocal Microscope (Olympus, Japan), CM 850 freezing microtome (Leica, Germany), OCT. Compound
(Leica, Germany), UV spectrophotometer (Pu Yuan Metrologic Instruments of Shanghai, China) beaker,
glass rod, test tube, graduated pipette, measuring cylinder, Constant temperature and humidity incubator,
glass slide.
2.2. Dexamethasone treatment assay
The experimental animals were 6–8 weeks of age, 400–600 g weight, they are healthy, lively, and curious about everything. Rats fed for three days at the laboratory to adapt the animals to the environment.
Then, DEX was intraperitoneally injected daily for 7 days. There were 5 groups (2 rats per group). The
DEX was given at 5 different concentrations (2 mg/kg, 1.5 mg/kg, 1 mg/kg, 0.5 mg/kg, 0.25 mg/kg).
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After 7 days, the health status of the rats was observed. Y maze, tail suspension test and forced swimming among DEX and control groups were recorded.
2.3. Extraction and measure of total protein
Eyes from ethyl urethane anesthetized rats were obtained and the neural tissues were carefully dissected. Tissues were homogenized in 250 µl cracking liquid (including PMSF) in an ice bath for 20 min.
and centrifuged at 4◦ C (12000 rpm for 5 min). The supernatant was used for protein determination and
ELISA.
The protein concentration of the samples was determined following the coomassie brilliant blue
method in J. Steroid. Biochem. Mol. Biol [24], The OD is determined at 595 wavelength absorption
values.
2.4. Western Blot of 17β -HSD1
First the optic nerves just extracted from control rats, the retina detachment lysis buffer in homogenizer. centrifugation, collected supernatant liquor, supernatant was used for Western Blot. The sample
protein concentration is 1.94 mg/ml. The Western Blot was identified by the method of E. Maser in J.
Steroid. Biochem. Mol. Biol [24]. Added rabbit anti-HSD17B1 (200 µg/ml, AVIVA Systems Biology,
USA), dilution 1:1000, 25◦ C, shake cultivation for 3 h and washed 3 times and added the second antibody goat anti-rabbit IgG-HRP (1 mg/ml, ABCAM), dilution 1:5000, 25◦ C, shake cultivation for 1 h,
washed 3 times. DAB and H2O2 were mixed about 2 ml, and then put them into nitrocellulose filter,
5 min in the room temperature.
2.5. Immunohistochemistry of 17β -HSD1
Retina tissues were got from DEX rats and controls. There are four samples from each group, right
eye or left eye. The optic nerves put into the paraformaldehyde solution 30 min, 4◦ C, then dip in 5%,
15%, 35% sucrose solution dehydration 10 min one after another, OCT imbedding, sliced, washed,
sealed. The sections were incubated with the first antibody, rabbit anti-HSD17B1 (200 µg/ml, AVIVA
Systems Biology, USA), dilution 1:100, 4◦ C, overnight and the second antibody donkey anti-rabbit IgGFITC (2 mg/ml, ABCAM), dilution 1:1000, 25◦ C, 2 h, then got the photo with laser scanning confocal
microscope.
2.6. Elisa of 17β -HSD1 assay
ELISA was used to measure the rat optic nerve of DEX-treated and control group. The control
group was given sterile water, while the experiment group was given 17β -HSD1 protein to react with
HSD17B1 antibody. Retina tissue lysis solution diluted 1:500 in PBS was put into the 96-well plate
wells (100 µL/plate) overnight at 4◦ C (the original concentration of protein is 1.94 mg/ml), then washed
three times for 2 min each time. After sealing with BSA (100 µL/plate, v/V = 5%) at 37◦ C for 1 h,
washed three times 2 min each time. 100 µL of first Ab HSD17B1 antibody diluted 1:50, 1:100, 1:200,
1:400, 1:600, 1:800, 1:1000, 1:1200 (v/V) in PBS were added into each plate. After incubation for 2 h,
at 37◦ C, washed three times for 2 min each time. Then, HRP Goat Anti-Rabbit Ig G diluted 1:6000 in
PBS were added, and closed the lid at 37◦ C for 1 h. Finally, washed three times for 2 min each time,
then TMB substrates were added to stop the reaction.
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Table 1
The correct times rats found food in Y maze assay

1 day
2 day
3 day
4 day
5 day
6 day
7 day
Average

A1
1
0
0
1
0
2
2
0.86

A2
2
1
3
3
4
3
4
2.57

A3
1
3
4
5
4
2
3
2.85

A4
1
2
1
3
2
3
2
2.0

A5
0
1
0
2
0
1
1
0.71

C1
2
1
3
0
1
2
2
1.57

C2
2
3
4
3
4
5
6
3.86

C3
2
1
1
3
2
2
2
1.86

C4
2
2
3
4
3
3
4
3.0

C5
3
3
2
3
4
4
5
3.38

The table show correct times rats found food in Y maze assay. A1, A2, A3, A4, A5 group rats which treated with DEX, the C1,
C2, C3, C4, C5 was the control groups. It is obviously in 7 days training healthy rats give more times in founding food average
2.8, but the experimental group just 2 in one minute.

Fig. 1. The picture was drawn by the average data in 7 days, each data measured 3 times, A1, A2, A3, A4, A5 group rats which
treated with DEX, the C1, C2, C3, C4, C5 was the control groups. Mean is 171.6 ± 13.4 s and 200.6 ± 14 s. Tail suspension
test shows experimental group got depression more easily than control.

3. Results
3.1. Dexamethasone treatment results
The SD rats injected intraperioneally with EDX in 2 mg/kg, 1.5 mg/kg, 1 mg/kg are death, 0.5 mg/kg
and 0.25 mg/kg groups are alive so the limiting concentration chose 0.75 mg/kg for the experimental
group. Control group was also measured by giving the same amount of physiological saline.
Seven day’s data were taken, the average value were calculated and given in Table 1, A1, A2, A3, A4,
A5 are the rats injected with DEX, indicating the food average is 2 s/min, but C1, C2, C3, C4, C5 of the
control group indicate the food average is 2.8 s/min in Y maze. Tail suspension test shows the average
time to give up struggling is 172 s in, but the blank is 200.6 s in average, which is decreased by 14.3%.
So, the DEX has negative influence for rats in emotion or exercise capacity (Fig. 1). Forced swimming
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Fig. 2. Forced Swimming Test (FST) shows rats with the DEX exercise capacity and the faculty of memory. It is obvious the
test results are similar in 3 days, but after the fourth day, the score improved. In the control group rats adapting the swimming,
the physical strength and memory became much worse than control rats. Especially the fifth, sixth, seventh day, experimental
group took more time, it is 67 ± 2 s, 76 ± 4 s, 90 ± 1 s. DEX group are in gray. The control group are in black. Data are shown
as the means ± standard error of the means, ∗ p < 0.05.

test observation records the time of rats got in desperate state in the water. Struggling time reduces to
19.25% for DEX group, but it is increased to 33.68% for control group (Fig. 2).
3.2. Extract and measure total protein
Standard curve of protein was drawn by coomassie brilliant blue method, based on the gradient dilution technique of BSA solution. The linear regression equation was y = 0.0055 ∗ x − 0.0053, R2 =
0.9987.
The sample was measured by three times, the absorption values were got at a wavelength of 595 nm,
and then calculated according to the standard curve. The average concentration of total protein was
1.94 mg/ml.
3.3. Western Blot of 17β -HSD1
To explore the 17β -HSD1 protein exists in the retina of normal rat. The total protein was got from
retina and analyzed by Western Blot. The PVDF filter shows the gray’s mark of 17β -HSD1 (Fig. 3). It
is about 44KD.
3.4. Immunohistochemistry of 17β -HSD1
The result of Immunohistochemistry (IHC) test 17β -HSD1 on rat optic nerve was shown in the Fig. 4.
In the picture it is clear shown about layers of retina, inner limiting membrane, nerve fiber layer, ganglion cell layer, inner plexiform layer, inner nuclear layer, outer plexiform layer and outer nuclear layer

S362

C. Liu et al. / The effects of dexamethasone on 17β-HSD1 levels at the rat optic nerve
Table 2
Elisa assay OD595 of 17β-HSD1

Sample
DEX
Control

17β-HSD1
1.74 ±
0.07
0.73 ±
0.08

1:50
1.51 ±
0.08
0.57 ±
0.07

1:100
1.37 ±
0.09
0.44 ±
0.1

1:200
1.11 ±
0.07
0.31 ±
0.06

1:400
0.51 ±
0.12
0.23 ±
0.07

1:600
0.2 ±
0.08
0.17 ±
0.04

1:800
0.12 ±
0.05
0.12 ±
0.05

1:1000
0.09 ±
0.02
0.1 ±
0.03

1:1200
0.08 ±
0.03
0.09 ±
0.04

Control
0.18 ±
0.03
0.02 ±
0.02

Fig. 3. Western Blot of 17β-HSD1 enzyme on rat optic nerve, on the picture lane 1 track is the rat optic nerve sample and lane
2 track is the blank with no sample.

Fig. 4. IHC shows 17β-HSD1 enzyme on rat optic nerve. The left shows green signal on layers of retina, inner limiting membrane, nerve fiber layer, ganglion cell layer, inner plexiform layer, inner nuclear layer, outer plexiform layer and outer nuclear
layer with red circle in experimental group, the right shows control rats have no signals in retina.

(Fig. 4a), but there is no signal in control groups (Fig. 4b). This experiment shows 17β -HSD1 enzyme
is in the rat retina. IHC shows the green signal on retina ganglion cell layer about Muller cells with
red circle, which is consistent with the previous reported that hormone enzyme may expressed in glial
cells [25].
3.5. Elisa of 17β -HSD1
The results show the 17β -HSD1 content of DEX group is 2.4 times higher than control group (Table 2,
Fig. 5), indicating that 17β -HSD1 takes part in DEX metabolism on rat optic nerve, it plays an important
role in local regulation of hormone level.
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Fig. 5. Elisa assays the content of 17β-HSD1 in DEX groups and control groups. In the picture the abscissa is 17β-HSD1
antibody with PBS dilute in 1:50, 1:100, 1:200, 1:400, 1:600, 1:800, 1:1000, 1:1200 (v/V), the ordinate is absorption values in
595 nm. the square means DEX group and triangle is control.

4. Discussion
Bisphenol A, pesticide and DEX are synthetic estrogen; they can combine with hormone receptor
or mimic hormones signaling pathways. They act like endogenous estrogen, because their structure are
highly similar to endogenous hormones [26], leading to excessive accumulation of endogenous hormone,
and making the body endocrine disorder, may even suffer from some diseases [27]. The endogenous
hormone also plays an important role in our eyes, and involve in many biochemical reactions, so the
abnormal level of hormone often causes eye diseases [28]. DEX is belong to steroid hormone and widely
used in our life such as anti-inflammatory drugs, rheumatic drugs, allergies drugs, asthma drugs, chronic
obstructive pulmonary drugs. So it has important significance to study the effects of excess DEX on our
retina.
This paper has studied about the relationship between DEX and retina. DEX has negative effect on
exercise, metabolism, memory of rat (Table 1, Figs 1 and 2), and this damage could not recover. Western
Blot results show that 17β -HSD1 express in optic nerve (Fig. 3). IHC experiments marked 17β -HSD1
in inner nuclear layer, inner plexiform layer, and ganglion cell layer on the rat retina (Fig. 4). ELISA
experiment results show that 17β -HSD1 content in DEX group is 2.4 times higher than the control
group (Fig. 5). This is interesting, as we known DEX is suppress growth hormone (GH), luteinizing
Hormone (LH), follicle-stimulating hormone (FSH), estradiol (E2) and progesterone (P). 17β -HSD is a
group of alcohol oxidoreductases which catalyze the reduction of 17-ketosteroids and dehydrogenation
of 17β -hydroxysteroids in steroidogenesis and steroid metabolism [30]. This includes interconversion of
DHEA, testosterone, estrone and estradiol [31]. Because a large amount of DEX was used in rats during
the experiment process, it needed a short time to complete the metabolism of these cortisone hormones.
It is bound to cause high expression of HSD family enzymes. We also know that 11hsd is a key enzyme
for the metabolism of cortisone. It is speculated that 17hsd will be involved in the DEX degradation of
many downstream metabolites, but it still lacks direct evidence.
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In short, we have studied the effects of hormone on optic nerve, the regulation relationship of enzymes
involved in hormone, enzyme activity and optic nerve physiology, which is worth exploring.
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