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Abstract
·AIM: To investigate the role of retinoic acid (RA) and

retinaldehyde dehydrogenase-2 (RALDH2) of retina and
choroid in the guinea pig lens-induced myopic eyes.

·METHODS: Totally 45 guinea pigs, at age of three weeks,

were randomly assigned into three groups: the normal
control, the lens-induced group and the recovering group.
Out of focus was induced by the -6.00D concave lens on the
left eye, and lasted for 15 days. All animals underwent
biometric measurement (corneal radius of curvature,
refraction and axial length). Subsequently, RA content in the
retina and RPE/choriod complex was detected by reversed-
phase high-performance liquid chromatography. RALDH2

protein in the retina and RPE/choriod complex was evaluated
by the immunohistochemical staining and Western blotting.

·RESULTS: After wearing -6.00D lens for 15 days, axial

length of the lens-induced eye extends and myopia was
formed, with RA contents increasing in both the neural retina
and RPE/choroid complex. Comparing with the lens-induced
group, myopic degree significantly relieved, and its RA
contents in both the neural retina and RPE/choroid complex
decreased in the recovering group. In the normal control,
RALDH2 protein was expressed positively in the retinal nerve
fiber layer (RNFL), inner plexiform layer (IPL) and lateral
border of outer nuclear layer (ONL). Retinal RALDH2 protein
increased in the lens-induced group, and was also positive in
the outer plexiform layer (OPL). In the recovering group,
retinal RALDH2 protein attenuated the expression in the OPL
turns to negative. RALDH2 protein was not expressed in the
choroid of any group.

·CONCLUSION: RA of retina and chorid participates in the

regulation of the lens-induced myopia in guinea pigs, which
may be related with retinal RALDH2 protein.
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INTRODUCTION

R etinoic acid (RA) is a derivant of vitamin A. With the
development of the studies on myopic pathogenesis, it

has been proved that RA of retina and choroid plays an
important role in the formation of myopia. At present,
myopic incidence rate in the school age children increases
significantly and the age of onset keeps on becoming
younger and younger in China [1,2]. Most of these myopia
patients has a correlation with too much work in a short
distance, belonging to lens-induced myopia [1]. As the animal
model of lens-induced myopia is similar with the human
myopia in the formation mechanism [3], we adopt the guinea
pig lens-induced myopia to discuss the effects of wearing
concave lens on RA content, and its synthesis rate-limiting
enzyme-retinaldehyde dehydrogenase-2 (RALDH2) of the
retina and choroid to provide the scientific references for the
further study on the correlation between RA and the
development of myopia.
MATERIALS AND METHODS
Materials Forty-five clean guinea pigs at age of 3 weeks
that each weighing 140-170g were provided by the Animal
Department of the Central South University, and randomly
divided into 3 groups: the normal control, lens-induced
group, recovering group. All animal experiments were
performed in accordance with the Guide for the Care and
Use of Laboratory Animals published by the National
Institutes of Health (NIH Publication No.86-23, revised 1986).
The concave lens was -6.00D optical resin lens provided by
Hong Kong Optical Lens Co., Ltd. Its diameter was 12mm
and the inner arc curvature was 9.61mm. The one-time
Murphy dropper was pruned to make it into a frame and the
concave lens were agglutinated to the self-made frame
(Figure 1). Two small apertures were left at the bottom of
the frame for the lens cleaning and air circulation. Three
small blades should be kept at the bottom of the frame.
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Figure 1 One-time Murphy dropper was pruned to make it
into a frame and the concave lens were agglutinated to the
self-made frame.

Figure 2 Self -made frame was sutured and fixed to the soft
tissue around the fossa orbitalis of the left eye.

Pentobarbital sodium of 0.3% (30mg/kg) was injected to the
abdominal cavity for anaesthesia, and the hairs around the
fossa orbitalis were sheared. The self-made frame was
sutured and fixed to the soft tissue around the fossa orbitalis
of the left eye (Figure 2). The guinea pigs were fed in
different cages separately and provided indoor fluorescent
light. The cycle for light and dark is 12/12 hours per day.
The lens-induced group should wear the concave lens for 15
days. The recovering group should wear the lens for 12 days
before removal of the flame and the lens, and then three
days of normal visual environment should be offered.
According to the scheduled experimental time, the corneal
radius and refraction were measured with the
photokeratometer and retinoscopy optometry. Type-A
ultrasonic was adopted to measure the axial length (accurate
to 0.01mm) for three times and the average value was taken.
Methods The guinea pigs were killed with overdose
pentobarbital sodium. The eyeballs were removed and the
protomerite tissue was excise and then the vitreous body
was put on ice. Three deutomerite calices opticus were

picked for each group, and the optic nerve was marked.
Neutral formalin buffer solution of 10% was used to make
into paraffin block for the RALDH2 immunohistochemistry
dyeing. The 12 deutomerite calices opticus left were
adopted in each group and were divided along the sagittal
plane through the optic nerve into two parts. One part was
used for measuring the RA content by the reversed-phase
high-performance liquid chromatography and the other part
was used for detecting RALDH2 protein.
Neural retina and RPE/choroid complex from the
deutomerite calices opticus was separated and weighed. The
RA contents in the neural retina and RPE/choroid complex
were measured respectively. The atRA standard was
purchased from the Sigma-Aldrich (C20H28O2, molecular
mass: 300.44). Chromatographic condition was as follows:
the Waters uBondapak C18 reversion phase chromatography
column (150mm伊3.9mm),themobilephasewasV(acetonitrile):
V (0.1% glacial acetic acid solution) =86:14, with flow rate
of 1.0mL/min, detected wave length of 350nm, column
temperature of 25℃ , sample size of 20滋L. The RA
contents (ng) in the neural retina or RPE/choroid complex
per mg were calculated.
RALDH2 protein detected by the Western blotting refers to
reference [4] in the neural retina and RPE/choroid complex.
The first antibody was rabbit anti-RALDH2 polyclonal
antibody (Santa Cruz, U.S.A), working concentration 1:500.
Target strap was performed grey value analysis by Bandscan
5.0 image analysis software, GAPDH as the internal control;
the relative expression of target protein was calculated.
The paraffin section was cut at the thickness of 5滋m to
conduct the immunohistochemistry dyeing. The SP kit was
purchased from Beijing Biosynthesis Biotechnology Co.,
Ltd. The dyeing procedure was conducted according to the
instruction in the SP kit. The working concentration of
anti-RALDH2 polyclonal antibody was 1:300. The antibody
was substitute with double distilled water to conduct
negative control.
Statistical Analysis All the data was demonstrated in
mean依SD. The data was processed with SPSS 11.0 statistical
package. One-way ANOVA test was adopted to compare
the corneal radius, the refraction of eyeballs, axial length,
relative expression quantity of RALDH2 protein and the RA
content.
RESULTS
Effects of Concave Lens on the Ocular Refractive State
After the -6.00D concave len was wore for fifteen days, the
axial length of the lens-induced eye was extended and
myopia was formed (the relative myopic diopter was about
3.6D). Statistical significance was shown in contrast with its
self control eye and normal control eye ( <0.01), while
there were no obvious changes of corneal radius detected
( >0.05). Compared with the lens-induced group, the
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myopic degree significantly relieved in the recovering group
( <0.01). There were statistical differences in the diopter,
axial length between the normal control and the recovering
group ( <0.01,Table 1).
Effects of Concave Lens on RA Contents in the Neural
Retina and RPE/ Choroid Complex RA content in the
neural retina per mg of the left eye from the normal control
was about (1.27依0.22)ng, and in the RPE/choroid complex
per mg was about (0.25依0.08)ng. RA contents of the neural
retina and RPE/choroid complex in the lens-induced group
were higher than that in the normal control, and the
differences showed statistical significance (Neural retina

=12.384, RPE/choroid =9.669, <0.01). In contrast
with the lens-induced group, RA contents in both the neural
retina and RPE/choroid complex decreased in the recovering
group (Neural retina =7.883, RPE/choroid =6.585, <
0.01), but its contents was still higher than the normal control
(Neural retina =5.115, RPE/choroid =3.165, < 0.01),
which differences showed statistical significance (Table 2).

Effects of Concave Lens on RALDH2 Protein in the
Retina and the Choroid According to the immunohisto-
chemistry dyeing results, RALDH2 protein was expressed
positively in retinal nerve fiber layer (RNFL), inner
plexiform layer (IPL) and lateral border of the outer nuclear
layer (ONL) of the normal control, and the pigmentation was
all in the cytolymph with the color being buffy (Figure 3A).
RALDH2 protein was not only expressed in retinal these
places with enhancement, but also expressed positively in
retinal outer plexiform layer (OPL) in the lens-induced
group (Figure 3B). In the recovering group, retinal RALDH2

protein attenuated and the expression in OPL turned to
negative (Figure 3C). RALDH2 protein was not expressed in
the choroid of any group.
According to the results of Western blotting analysis,
RALDH2 protein positive expression can be detected in
neural retina of each group, but there was none detected in
the RPE/choroid complex. The expression quantity of
RALDH2 protein in the neural retina increased in the

Table 1 Effect of concave lens on ocular refractive state                             ( sx ± , n=15) 

Groups Eyes n Corneal radius of 
curvature (mm) Refraction (D) Axial length (mm) 

Normal control Left 15 3.53±0.02 +1.25±0.28 7.83±0.05 

 Right 15 3.53±0.04 +1.18±0.24 7.82±0.06 

Lens-inducation Left 15 3.53±0.03 -2.35±0.80 d,f 8.26±0.08d,f 

 Right 15 3.55±0.03 +1.20±0.30 7.85±0.04 

Recovery Left 15 3.54±0.03 -0.50±0.25b,d,f 8.05±0.06b,d,f 

 Right 15 3.53±0.04 +1.23±0.20 7.83±0.05 
bP<0.01 vs lens-induced group; dP<0.01 vs the left eye; fP<0.01 vs the normal control. 

Table 2  Effect of concave lens on RALDH2 and RA in the retina and choroids           ( sx ± , n=12) 

Groups n RALDH2 (Ret) RA (Ret, ng) RA (RPE/Cho, ng) 

Normal control 12 0.08±0.02 1.27±0.22 0.25±0.08 

Lens-inducation 12 0.43±0.08 a 2.60±0.30 a 0.63±0.11a 

Recovery 12 0.26±0.05 a,c 1.74±0.23 a,c 0.36±0.09a,c 

Ret: retina, Cho: choroid. aP<0.05 vs the normal control; cP<0.05 vs the lens-induced group. 

Figure 3 A: The positive signal of RALDH2 protein, as brown-yellowish granules, was localized in retinal nerve fiber layer (RNFL), inner
plexiform layer (IPL) and out-edge of outer nuclear layer (ONL) in guinea pig. However, no positive signal was found in choroid; B:
Compared with the normal control, the increase of retinal RALDH2 protein was found in the lens-induced eyes. The positive signal was
localized in the RNFL, IPL, outer plexiform layer (OPL) and out-edge of ONL, and no positive signal was found in choroid; C: Compared
with the lens-inducation, the decrease of retinal RALDH2 protein was found in the RNFL, IPL and out-edge of ONL in the recovering group.
No positive signal was found in OPL and choroid. SP伊600.
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lens-induced group, and in contrast with the normal control,
and its differences showed statistical significance ( =14.706,

<0.01). The expression of RALDH2 protein decreased in
the recovering group ( =6.243, <0.01), but is still higher
than the normal control ( =11.576, <0.01), and the
differences showed statistical significance(Table 2, Figure 4).
DISCUSSION
Since the establishment of the myopic models, the surgeons
both at home and abroad had conducted many studies on the
correlation between RA and myopia. At present, it is proved
that the RA system in the retina and the choroid plays an
important role in the formation of the myopia. These studies
penetrated most deeply in the studies on the experimental
myopia of chickens. It was detected that the RA content
increased in the retina and decreased in the choroid of the
chickens with form-deprived myopia [5] and lens-induced
myopia [6]. It was found that the exogenous RA could
interfere with the proliferation of the scleral fibroblasts and
chondrocytes of the chickens to affect the development of
myopia and studies[7]. Mertz [6] also found
that RA had selective effects on the retinal defocusing
signal; -15D spherical lens could induce the increase of RA
content in the retina and the decrease of RA content in the
choroid of the chicken; while +15D spherical lens could
induce the decrease of RA content in the retina and increase
of RA content in the choroid. Besides, Mertz [8] also
thought that the choroidal RA might be one of the key
factors mediating the transfer of myopic signal from the
retina to the sclera, and choroid could directly convert the
retinol to RA, which could not only combine with 28D-30D
protein to stop it from being washed away by the blood flow
but also diffused to the scleral tissue to regulate the scleral
remodeling of myopia.
However, the changes of RA in the mammal's experimental
myopia were different from the changes of chickens. The
RA contents in both the retina and the choroid of myopia
increased which had a correlation with the species
differences and the eyeball constitutional structure
differences[9-11]. What's more, its scleral fibroblasts expressed
RA receptor and could recognize the biological signal
mediated by RA to affect the scleral remodeling procedure

by regulating the expression of Fibulin-1 protein[12,13]. In this
research, we found that after the guinea pigs wore the -6.00D
concave lens for fifteen days, the axial length of the
lens-induced eye extended and myopia was formed, the
myopic dimensionality of which was about 3.6D. The RA
contents in the retina and the choroid both increased and the
RA content in the retina was 4-5 times in the choroid. The
above results were consistent with the results of the related
researches on the guinea pig myopia conducted by
McFadden [11]. We also found out that after the guinea
pigs from the recovering group wore the -6D lens for ten
days and then being offered with 3-day normal visual
environment, its myopic degree was significantly lower than
in the lens-induced group, and the RA contents in the retina
and the choroid both decreased, further proving that RA
played an important role in the formation of the
lens-induced myopia of guinea pigs. To deeply analyze the
reasons for the changes of RA content, we had detected the
change of RA synthesis rate-limiting enzyme in the retina
and the choroid.
There were mainly three kinds of rate-limiting enzymes
participating in the RA synthesis procedure: 1) AHD2:
oxidized multiple kinds of aldehydes and had many
substrates, and the retinol was one of its main physiological
substrates；2) RALDH2: the key rate-limiting enzyme to
catalyze the retinol to convert to RA through dehydrogenation.
It selectively took the retinol as the substrate and had higher
specificity than AHD2. The activity changes of RALDH2

directly affected the production quantity of RA; 3) V1: only
expressed in the retina during the embryo period. So, in this
research, we detected the changes of RALDH2 protein in the
lens-induced myopia of the guinea pigs. At present, it has
been found that RALDH2 is expressed in the retina and the
choroid of the chicken, and the expression level in the
choroid is much higher than in the retina [14,15]. The research
conducted by Rada [16] in 2012 already prove that the
high expression of choroidal RALDH2 in the recovering
process of the chicken form-deprived myopia was the main
cause of the increase of the RA content. However, there
exist contradictory conclusions. In the report of the research
conducted by Bitzer [17] in 2000, RALDH2 mRNA was
detected in the retina of the chicken, but not detected in the
choroid. As there were different changing trends of RA in
the retina and the choroid between the chicken myopia and
the guinea pig myopia, and there existed species differences
of ocular structure between the two, we could not adopt the
correlation between RALDH2 and the chicken myopia for
the study of the mammal's myopia. In present research, it
has been found that RALDH2 protein was expressed
positively in the retina but not expressed in the choroids.
After the guinea pigs wore the concave lens for 15 days,
retinal RALDH2 protein significantly increased while in the

Figure 4 Western blotting technique detection of RALDH2

protein in the guinea pig neural retina 1,2: Normal control;
3,4: Lens-inducation; 5,6: Recovery.
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recovering group decreased, the same changing trend with
the RA in the retina. According to the immunohisto-
chemistry location analysis, the RALDH2 protein was
mainly distributed in the inner layer of the retina (such as
RNFL and IPL); in the lens-induced group, the expression
of RALDH2 protein increased in the inner layer of the
retina, and was also expressed positively in the OPL; in the
recovering group, negative expression in the OPL was
detected. Besides, we haven't detected the RALDH2 protein
in the choroid of the guinea pigs, and its RA content was
only 1/4-1/5 of the RA content in the retina. So we
presumed that the possible sources of RA may be: 1)
directly transferred by the retina; 2) produced through
catalysis by other RA synthetases; 3) transferred through the
blood flow of the choroid by other parts of the body. All
these possibilities call for further researches in the future.
It can be seen that, after the visual environment changes
induced by the concave lens being recognized by the retina,
retinal RALDH2 protein increases which can induce the
increase of RA production, and then the RA content in the
choroid increases, finally, participating in the regulation of
the guinea pig lens-induced myopia.
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