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Abstract 
Purpose: To investigate the effects of intravitreal injection of cyclopentolate on form deprivation 
myopia in guinea pigs. Methods: Thirty-five guinea pigs at age of 3 weeks were randomly divided 
into 5 groups (n = 7 for each group): deprived, deprived plus saline, deprived plus cyclopentolate, 
normal control, and cyclopentolate group. Form deprivation was only performed in right eyes 
with translucent membranes for 4 weeks. Physiological saline and cyclopentolate were intravi-
treally injected into deprived eyes at four-day intervals. All the left eyes remained untreated as 
group control. Refraction was measured by retinoscopy after cycloplegia. The axial dimensions 
were measured by A-scan ultrasound. Subsequently, retinal histology was observed by light mi-
croscopy. Results: After 4 weeks of treatment, intravitreal injection of cyclopentolate significantly 
reduced the degree of myopia in the deprived eyes (from −3.92 D to −0.86 D, P < 0.001), and re-
tarded the increase of vitreous chamber depth (from 3.83 ± 0.06 mm to 3.70 ± 0.05 mm, P < 0.001) 
and axial length (from 8.42 ± 0.04 mm to 8.30 ± 0.05 mm, P < 0.001) in the deprived eyes. Histo-
logical examination revealed no evidence of retinal damage of eyes injected with physiological sa-
line or cyclopentolate compared with normal control eyes. Conclusions: Intravitreal administra-
tion of cyclopentolate reduces axial elongation of the deprived eyes in guinea pigs. Further inves-
tigations are required to identify the optimal dose. 
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1. Introduction 
Form deprivation myopia (FDM) in mammals has been linked to disruption of emmetropization due to poor 
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image quality on the retina of deprived eye. A variety of ocular conditions that lead to varying degrees of visual 
deprivation in human eyes such as corneal opacity [1] and vitreous haemorrhage [2] are associated with myopia 
in humans. It has been demonstrated in a wide range of animal species including chicks [3], tree shrews [4], 
guinea pigs [5] [6], monkeys [7] [8], fish [9] and mice [10]. The experimental myopia of animal models shares 
similar characteristic features with human myopia, such as an increase in the axial length of the eye [11].  

Muscarinic antagonists were reported to inhibit or decrease the development of FDM [12]-[16]. McBrien et al. 
[12] found that the non-selective muscarinic antagonist atropine inhibited experimentally induced myopia through 
chronic intravitreal injection. Tropicamide, another non-selective muscarinic antagonist, was also proved to be 
partially effective in inhibiting myopia in chicks [16]. The M1-selective antagonist pirenzepine was effective in 
reducing the axial elongation associated with experimental myopia in a dose-dependent manner [13] [14]. Cot-
triall et al. [15] revealed that the M4-selective antagonist himbacine was effective in preventing the development 
of myopia in chicks. Many other antagonists were tested in the deprived eyes of chicks as well [16].  

Atropine is also the most widely investigated pharmacological agent for the prevention of children myopia 
progression. The higher the concentration of atropine is, the greater the control effect of myopia progression is, 
and the more the adverse effects are [17] [18]. The safety profile of atropine (i.e., its effect on pupil size and ac-
commodation) has always been of concern and prohibited many children from utilizing this medication. How-
ever, photophobia due to mydriasis and blurring of near vision from induced cycloplegia often disturb children 
and resulted in a high rate of noncompliance from children. 

Cyclopentolate, a type of muscarinic antagonist, is widely used as a cycloplegic and mydriatic agent for eye 
examination in clinical practice. Yen and colleagues [19] found that the mean myopic progression of children 
with use of cyclopentolate 1% eye drops every night was statistically less than that with use of normal saline eye 
drops. Furthermore, topical administration of cyclopentolate dilated the pupil in all eyes of guinea pigs but did 
not change other ocular parameters (i.e., refraction, vitreous chamber depth, axial length) [20]. However, the 
long-term effect of cyclopentolate on myopia control is not fully determined, and it has not yet been evaluated 
the effectiveness on FDM in animals. 

The guinea pigs are a promising alternative to other mammals for experimental myopia, as they are born with 
a well-developed visual system [5] [6]. The purpose of this study was to investigate the effects of intravitreal in-
jection of cyclopentolate on FDM in guinea pigs.  

2. Materiors and Methods 
2.1. Animals 
Thirty-five pigmented guinea pigs at age of 3 weeks were obtained from the breeding room in Thai town, Feng-
xian District, Shanghai City, China. These animals were randomly divided into 5 groups (n = 7 in each group): 
deprived, deprived plus saline, deprived plus cyclopentolate, normal control, and cyclopentolate group. Guinea 
pigs were reared at 25˚C with a 12-12 h light-dark cycle. The animal research was approved by the Animal Care 
and Ethics Committee at Jinshan Hospital of Fudan University, Shanghai, China. The treatment and care of the 
animals were conducted according to the ARVO Statement for the Use of Animals in Ophthalmic and Vision re-
search. 

2.2. Form Deprivation Myopia 
The procedure of form deprivation has been detailed in a previous study [5]. Briefly, the right eyes of guinea 
pigs were occluded with self-made translucent membranes, which were held in place based on their rubber-band 
effect around the mouth and head of guinea pigs. The left eye, nose, mouth and ears were exposed. The guinea 
pigs cooperated well in the process of wearing the occluders, and anaesthesia was not necessary for this proce-
dure. The diffusers did not compromise the cornea, and the right eyes could blink behind the occluders freely. 
The occluders made from milky white latex gloves were opaque, soft and elastic with the thickness less than 
0.06 mm, and light transmission of 60%. The diffusers were examined once a day to ensure they were in place. 

2.3. Treatment Protocols 
Guinea pigs were intraperitoneally injected with 100 mg/kg ketamine HCL (Gutian Pharmaceutical Company, 



T. Li et al. 
 

 
12 

Fujian, China). After anesthesia, the right eyes of the guinea pigs received intravitreal injections through the pars 
plana 1 mm from the limbus using a 26-gauge needle at four-day intervals for a total of 7 injections during 4- 
week treatment periods according to their treatment group. The deprived plus cyclopentolate group and cyclo-
pentolate group received 10 µL of cyclopentolate (10 µg/µL; Alcon, US) at 9 a.m. To test for a possible vehicle 
effect, 10 µl of physiological saline were intravitreally injected in the right eyes in deprived plus saline group. 
The occluders were renewed after every injection. All the left eyes remained untreated as a control. 

2.4. Refraction and Biometric Measurement 
Each eye was measured before treatment and after 4 weeks of treatment. Cycloplegia and dilation of the pupil 
was induced by 4 drops of tropicamide 0.5%, and 30 minutes later ocular refraction was measured with a streak 
retinoscope. All refractive errors were measured in the horizontal and vertical meridians, which was described in 
Howlett et al. [6]. Refractions were reported as spherical equivalents (sphere plus half the cylinder). A refractive 
accuracy of 0.25 D has been determined previously by Zhou et al. [21]. 

The axial dimensions were measured by A-scan ultrasound (11 MHz; Hiscan A/B, Opticon, Italy) under cor-
neal topical anesthesia (oxybuprocaine hydrochloride 0.4%, Santen, Japan), including axial length (a distance 
from the corneal apex to the vitreous-retinal interface, including cornea thickness), anterior chamber depth (a 
distance from the corneal apex to the front surface of the lens, including cornea thickness), lens thickness and 
vitreous chamber depth (a distance from the back of the crystalline lens to the vitreous-retinal interface). The ul-
trasound probe was directly in contact with the cornea during the axial measurement. A genuine measurement 
was confirmed when clear traces of various components of the eye with consistent waves and amplitudes were 
detected [22]. Peaks were selected for the front of the cornea, the front and back of the crystalline lens, and the 
vitreous-retinal interface. The average value was then used for analysis. All measurements were performed by 
the same examiner who was masked to the treatment group assignment.  

2.5. Retinal Histology 
Retinal tissue was acquired for retinal histology at the end of the treatment. Guinea pigs were administered a le-
thal dose of sodium pentobarbital (150 mg/kg). Right eyes of the animals were enucleated and fixed with para-
formaldehyde 4% in 0.1 M phosphate buffer solution (PBS, pH 7.4) for 24 h at 4˚C. The eyeballs were then he-
misected equatorially with removal of the lens and vitreous body. The eyecups were immersed in fresh parafor-
maldehyde 4% solution, followed by a routine histological processing text. Sections of approximately 4-µm 
thickness (0.5 mm from the temporal margin of the optic disc) were cut on a microtome, mounted on slides, 
stained with hematoxylin and eosin. Slides were examined at ×200 magnification on an Olympus microscope 
fitted with a digital camera. 

2.6. Statistical Analysis 
Statistical Package for the Social Sciences software (version 16.0, SPSS, Inc.) was used for statistical analysis. 
Data were expressed as mean ± standard deviation (SD). Paired t tests were performed to compare intra-group 
differences. One-way analysis of variance (ANOVA) was used to compare inter-group differences. If ANOVA 
showed a significant difference, a Bonferroni post-hoc test was applied to determine whether there were signifi-
cant differences between pairs of groups. P < 0.05 was considered statistically significant.  

3. Results 
3.1. Effect of Cyclopentolate on Refraction  
The eyes of guinea pigs, at age of 3 weeks, initially showed mild hyperopia. No statistically significant differ-
ence in the refraction was observed between the right and left eyes. After the right eyes were occluded for 4 
weeks, the deprived eyes became significantly myopic compared with the fellow eyes and normal control eyes 
(P < 0.001 and P < 0.001, respectively; Table 1 and Figure 1). 

Intravitreal injection of cyclopentolate (700 µg) significantly reduced the degree of myopia in the deprived 
eyes compared to deprived plus saline group (from −3.92 ± 0.64 D to −0.86 ± 0.69 D, P < 0.001; Table 1). 
However, FDM could still be induced in deprived eyes which had undergone cyclopentolate treatment, because  
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Table 1. Cycloplegic ocular refraction and biometric dimensions of the right and left eyes in guinea pigs at the end of 
4-week treatment period.                                                                                   

Groups Eye Refraction (D) Axial length (mm) Anterior chamber  
depth (mm) 

Lens thickness  
(mm) 

Vireous chamber  
depth (mm) 

Deprived 
Right −3.86 ± 0.65c 8.41 ± 0.06c 1.21 ± 0.04 3.39 ± 0.04 3.81 ± 0.05c 

Left 1.29 ± 0.31 8.24 ± 0.04 1.22 ± 0.03 3.39 ± 0.03 3.63 ± 0.04 

Deprived + saline 
Right −3.92 ± 0.64c 8.42 ± 0.04c 1.21 ± 0.04 3.38 ± 0.04 3.83 ± 0.06c 

Left 1.18 ± 0.27 8.23 ± 0.03 1.21 ± 0.04 3.38 ± 0.04 3.64 ± 0.04 

Deprived +  
cyclopentolate 

Right −0.86 ± 0.69abc 8.30 ± 0.05abc 1.21 ± 0.05 3.39 ± 0.04 3.70 ± 0.05abc 

Left 1.26 ± 0.28 8.23 ± 0.03 1.21 ± 0.04 3.38 ± 0.03 3.64 ± 0.04 

Normal control 
Right 1.27 ± 0.28 8.22 ± 0.04 1.21 ± 0.04 3.39 ± 0.04 3.62 ± 0.04 

Left 1.23 ± 0.27 8.22 ± 0.05 1.21 ± 0.03 3.38 ± 0.03 3.63 ± 0.05 

Cyclopentolate 
Right 1.26 ± 0.30 8.23 ± 0.04 1.20 ± 0.03 3.39 ± 0.03 3.64 ± 0.04 

Left 1.29 ± 0.24 8.24 ± 0.04 1.21 ± 0.03 3.39 ± 0.03 3.64 ± 0.05 

Data were expressed in mean ± SD. aP < 0.05, compared with deprived group; bP < 0.05, compared with deprived plus saline group; cP < 0.05, com-
pared with normal control group. 
 

 
Figure 1. Average refraction (mean ± SD) of the right and left eyes at the end of 4-week treatment pe-
riod in the different groups (n = 7 guinea pigs for each group). Asterisks refer to the difference between 
the right and left eyes in each group. **P < 0.001; *P < 0.05.                                       

 
its refraction showed a statistically significant difference compared with fellow eyes (P < 0.001). In contrast, 
intravitreal injection of physiological saline caused no significant effect on the refraction of deprived eyes com-
pared to the deprived eyes in the deprived group (P = 1.00). In non-deprived age-matched animals, there was no 
statistically significant difference in the ocular refraction of between cyclopentolate treatment and normal con-
trol. No statistically significant difference was observed in the refraction of fellow eyes in the different treatment 
groups (F = 0.475, P = 0.75).  
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3.2. Effects of Cyclopentolate on Ocular Biometric Dimensions 
After 4 weeks of treatment, there were significant differences in vitreous chamber depth (VCD) and axial length 
(AL) between the deprived and fellow eyes in deprived plus cyclopentolate group (P < 0.001 and P < 0.001, re-
spectively; Figure 2, Figure 3). Significant differences in VCD and AL were also observed between the de-
prived eyes in deprived plus cyclopentolate group and the deprived eyes in deprived plus saline group (P < 
0.001 and P < 0.001, respectively; Table 1). Intravitreal injection of cyclopentolate (700 µg) significantly re-
tarded the increase of VCD (from 3.83 ± 0.06 mm to 3.70 ± 0.05 mm, P < 0.001; Table 1) and AL (from 8.42 ± 
0.04 mm to 8.30 ± 0.05 mm, P < 0.001; Table 1) in the deprived eyes compared to those of the deprived eyes in 
the deprived group and deprived plus saline group.  

However, the increase of VCD and AL in the deprived eyes was not suppressed completely by cyclopentolate 
treatment, because its VCD and AL showed a statistically significant difference compared with fellow eyes. In 
contrast, intravitreal injection of physiological saline caused no significant effect on VCD and AL of deprived 
eyes compared to the deprived group. In non-deprived age-matched animals, there was no statistically signifi-
cant difference in the VCD and AL of between cyclopentolate treatment and normal control.  

As illustrated in Table 1, there were no statistically significant differences in anterior chamber depth, lens 
thickness, VCD, and AL between the right and left eyes in normal control group. There were no statistically sig-
nificant differences in anterior chamber depth and lens thickness of deprived eyes in different treatment groups, 
as well as anterior chamber depth, lens thickness, VCD and AL of fellow eyes in different treatment groups.  

3.3. Retinal Histology 
As can be seen in Figure 4, guinea pigs showed a normal arrangement of ganglion cell layer (GCL), inner plex-
iform layer (IPL), inner nuclear layer (INL), outer plexiform layer (OPL), outer nuclear layer (ONL) and photo-
receptor layer (PL). Histological examination revealed these layers were similar in retinal structure and integrity 
among all the 5 groups. There was no apparent evidence of retinal damage of eyes injected with physiological 
saline or cyclopentolate compared with normal control eyes.  
 

 
Figure 2. Average vitreous chamber depth (mean ± SD) of the right and left eyes at the end of 4-week treat-
ment period in the different groups (n = 7 guinea pigs for each group). Asterisks refer to the difference be-
tween the right and left eyes in each group. **P < 0.001; *P < 0.05.                                      
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Figure 3. Average axial length (mean ± SD) of the right and left eyes at the end of 4-week treatment pe-
riod in the different groups (n = 7 guinea pigs for each group). Asterisks refer to the difference between 
the right and left eyes in each group. **P < 0.001; *P < 0.05.                                     

 

 
Figure 4. Light microscopy in right eyes of guinea pigs for the six groups. No abnormality was detected 
in any layers of the retinal tissue from posterior pole (0.5 mm away from optic disc). GCL: ganglion cell 
layer; IPL: inner plexiform layer; INL: inner nuclear layer; OPL: outer plexiform layer; ONL: outer 
nuclear layer; PL: photoreceptor layer; A: deprived group; B: deprived plus saline group; C: deprived 
plus cyclopentolate group; D: normal control group; E: cyclopentolate group; Bar: 50 µm.               

4. Discussion 
The present study demonstrated intravitreal administration of cyclopentolate could reduce the excessive axial 
elongation and the concomitant development of FDM in guinea pigs. Furthermore, our findings of similar results 
for anterior chamber depth and lens thickness across all the groups indicate that their development was unrelated 
to the different treatment modalites.  
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Cyclopentolate is a muscarinic receptor antagonist like atropine [23], which is widely used in clinical practice. 
Atropine has many ocular and systemic side effects (e.g., allergic conjunctivitis, glare, gastric pain) [18] com-
pared to cyclopentolate, and hence it is not a popular choice of drug for myopia treatment. Although short-acting, 
minimal side effects of cyclopentolate make it a potential drug for anti-myopia therapy. Observing 96 children in 
Taiwan, Yen et al. [19] found that the mean myopic progression was −0.578 D/y in the cyclopentolate group and 
−0.219 D/y in the atropine group, both of which were statistically less than that in the control group. However, 
no further study reported the effect of cyclopentolate on myopia in children and animal models. To the best of 
our knowledge, this study is the first to evaluate the effectiveness of intravitreal injection of cyclopentolate on 
FDM in guinea pig eyes. In the current study, intravitreal injection of cyclopentolate showed a significant inhi-
bitory effect on deprivation-induced myopia in guinea pigs, but there were still significant differences in refrac-
tion, VCD and AL between the deprived and fellow eyes. They could not completely inhibit the development of 
FDM, suggesting the doses of cyclopentolate (700 µg) or the frequency of its administration (intravitreal injec-
tions at four-day intervals) might be too low to induce a complete elimination of myopia. In addition, after intra-
vitreal injection of cyclopentolate in the non-deprived animals, their refraction and ocular biometric dimensions 
showed no significant changes, indicating that local cyclopentolate had no effect on the normal refractive de-
velopment in guinea pigs. 

Topical administration of pirenzepine can prevent induced form-deprivation [24] and lens-induced [25] expe-
rimental myopia in guinea pigs by inhibiting axial elongation. Evaluating various concentrations of the musca-
rinic antagonists, Luft et al. [16] found that only atropine, pirenzepine, and oxyphenonium prevented FDM, 
whereas others including tropicamide, dexetimide, scopolamine, benztropine, dicyclomine, gallamine, mepen-
zolate, propantheline, procyclidine, 4-diphenylacetoxy-N-methylpiperidine, hexahydro-sila-difenidol, p-fluoro- 
hexahydro-sila-difenidol, methoctramine, AFDX-116, quinuclidinyl benzilate, were ineffective or partially ef-
fective. The action of cyclopentolate in the present study may be different from previous antagonists due to dif-
ferent types of antagonists or experimental species. 

The deprived eyes whether injected or not showed a decrease in mean refraction, accompanied by an elonga-
tion of the VCD and AL. Previous studies revealed an increase in AL of the deprived eye was mainly due to 
elongation of the vitreous chamber [6] [26]. Compared with only deprivation, physiological saline injection had 
little effect on refraction and ocular biometric dimensions. Although the saline vehicle injection may disturb the 
intraocular balance [27], it had no significant influence on the natural development of eyes.  

Histological evidence from the present study found no retinal damage at the effective dose of 700 µg cyclo-
pentolate. Retinal structure and integrity in guinea pigs induced by intravitreal injection of cyclopentolate was 
consistent with the results of intravitreal administration of atropine, pirenzipine and tropicamide in chicks [16]. 
Le et al. [24] also found no obviously toxic effects on the eyes treated with topical administration of pirenze-
pine. 

Muscarinic receptors are one of the important facts during the development of myopia. Although the ocular 
tissues of guinea pigs express muscarinic subtypes M1 to M5 [28], it remains unknown how the muscarinic an-
tagonists affect ocular growth. The effect of atropine on myopia control is considered by a retinal based me-
chanism mediated via muscarinic receptor signaling and non-accommodative way [28]. Cyclopentolate is a non- 
specific antagonist, and hence its interaction with different receptors is potentially complex. The mechanism for 
cyclopentolate treatment may be through molecular signals involved the local connection between the retina and 
sclera, which directly influence the sclera growth [29] or induce a series of signaling cascade from retinal pig-
ment epithelial to sclera [30]. We don’t know whether anti-myopia effects of cyclopentolate is also independent 
of accommodation (such as with atropine). In addition, further investigations are needed to confirm whether ef-
fects of cyclopentolate could be mediated by nonmuscarinic mechanism. It is well-known that muscarinic anta-
gonist benztropine blocks dopamine transporter [31], thus cyclopentolate may also exert some similar activity 
through dopamine system. 

5. Conclusion 
In conclusion, intravitreal injections of cyclopentolate are effectively able to reduce the refraction, VCD and AL 
of deprived eyes in guinea pigs. Further investigations are required to identify the optimal dose of cyclopentolate 
treatment. 
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