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Objective: With the aids of ophthalmic imaging techniques for animals, the spatiotemporal characterization of MNU-induced retinitis 
pigmentosa (RP) rats were performed.
Methods: Sprague-Dawley (SD) rats were randomly divided into normal group (N), MNU-low-dose group (L) and MNU-high-dose 
group (H). Rats in the L and H group were given intraperitoneally injection with 40 and 60 mg/kg of MNU, a kind of alkylating agent, 
respectively. The body weight, electroretinogram (ERG) and retinal structure were observed on day one (D1), D3, and D7 after MNU 
administration. FFA, OCT, TUNEL staining, and immunostaining of Iba1 were also performed.
Results: After MNU injection, the weight and ERG amplitudes of rats in both L and H groups decreased gradually, compared to those 
of the normal group (P < 0.05). Fundus imaging revealed enlargement of the optical disc and slightly reduced shadow of retinal 
vessels in both L and H groups, which were more obvious on D7. No significant morphological changes of retinal vessels were found 
under FFA. OCT and retinal histological examination revealed that outer nuclear layers (ONL) became thinner gradually in both L and 
H groups, and disappeared in H group at D7. MNU administration increased the numbers of apoptotic cells and Iba1-positive cells in 
the retinas gradually, showing a dose-dependent effect.
Conclusion: MNU gradually reduced the ONL thickness and the ERG amplitudes in the MNU-induced RP model revealed by various 
ophthalmic imaging techniques, along with the increased apoptosis of photoreceptors, the microglia cells activation, which provide 
indicators for new intervention effect for RP.
Keywords: retinitis pigmentosa, animal model, N-methyl-N-nitrosourea, microglia

Introduction
Retinitis pigmentosa (RP) is a group of genetic disorders that involve a breakdown and loss of cells in the retina. It 
affects approximately 1 in 4000 individuals worldwide and can result in serious visual impairment or blindness.1 This 
progressive degeneration of the retina can lead to vision loss and eventual blindness. Symptoms of RP often begin with 
decreased night vision and the gradual loss of peripheral vision, eventually leading to tunnel vision or total blindness in 
severe cases. The causative genes for RP are highly heterogeneous.2 The exact pathogenesis of this disease is not yet 
fully understood and clinically it is still lack of effective prevention and treatment measures. Establishing suitable animal 
models is a necessary condition for the research on the pathogenesis and therapeutic intervention for RP.3

MNU, also known as N-methyl-N-nitrosourea, is an alkylating agent originally used in chemotherapy for leukemia.4 The 
MNU-induced RP rat model is one of the commonly used animal models in RP research. In the context of MNU-induced RP, the 
specific degeneration occurs mainly in the outer retinal layers (ONL), particularly the photoreceptor cells (PRs).5 In greater 
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details, the model shows a progressive loss of photoreceptor cells, which can effectively simulate the pathophysiological 
progression of RP and exhibits distinct spatiotemporal characteristics. Studies have found that MNU can induce mammary 
cancer in female animals and has been widely used in related research.6 Subsequently, researchers found that a single 
intraperitoneal injection of MNU can induce retinal degeneration in rodents, with the damage mainly limited to the photoreceptor 
cells.7 The induction of retinal damage by MNU has also been observed in other animal species, including rabbits, zebrafish, etc., 
showing selective damage to the photoreceptor cells.8 This model is widely used for RP-related research.

This selective vulnerability of the ONL to MNU-induced damage highlights the model’s relevance for understanding 
the mechanisms underlying photoreceptor degeneration. Specially, the main damaging effect of MNU on photoreceptor 
cells is attributed to the nitrogen atom, causing instability in the associated carbonyl groups, forming electrophilic groups 
that bind to nuclear DNA through cross-linking, disrupting DNA transcription and replication, damaging DNA structure, 
causing DNA breakage, and inhibiting cell division and proliferation. When the body is damaged by MNU, it initiates 
a stress response to repair the damaged DNA. If the damage is mild, it can to some extent prevent further action, 
maintaining the overall normal structure and function of the cells; if the damage is severe, it leads to cell death.9 The 
selective action of MNU on the photoreceptor cells in the retina may be related to the active metabolism of these cells, 
abundant mitochondria, high oxygen consumption, and continuous renewal of membrane disks.10

Microglial cells are the resident immune cells of the central nervous system, including the retina.11 They could 
undergo activation and contribute to the progressive degeneration of retinal cells, particularly photoreceptors. Based on 
previous research, this study, combined with various small animal ophthalmic imaging equipments, observeed a novelly- 
spatiotemporal characterization of the disease course characteristics of the MNU-induced RP rat model. We also focused 
on activation of microglial cells in the model, providing experimental indicators for exploring new interventions for RP.

Materials and Methods
Experimental Subjects
Healthy SPF-grade male SD rats (8–9 weeks old, purchased from the Experimental Animal Center of the Air Force 
Medical University) were acclimated to the following conditions: room temperature of 22–25°C, with a 12/12-hour light/ 
dark cycle, for 3 days with ad libitum access to water. The use of experimental animals followed the relevant regulations 
of ARVO and the Regulations on the Management of Experimental Animals in China. The ethical and legal approval was 
obtained from the Animal Care and Use Committee of the Air Force Medical University and the Fuzong Clinical Medical 
College of Fujian Medical University.

Preparation of MNU Solution
Firstly, calculated the required amount of MNU, the alkylating agent, (for example, to induce RP model at a dose of 
60 mg/kg in 10 SD rats weighing 300 g each, the amount of MNU needed would be MNU = 60×10 × 0.3 = 180 mg). 
Then, calculated the corresponding concentration of the MNU solution for injection at a volume of 10 mL/kg, as well as 
the required volume of physiological saline (for instance, if MNU was administered at 60 mg/kg and injected at a volume 
of 10 mL/kg, the corresponding concentration of the MNU solution should be 6 mg/mL, and 180 mg of MNU would 
require a volume of physiological saline of 180/6 = 30 mL). Finally, added an amount of ice acetic acid at a concentration 
of 0.05% based on the volume ratio (for example, if preparing a MNU solution requiring 30 mL of physiological saline, 
then 30×0.05% = 0.015 mL = 15 μL of ice acetic acid was needed to be added). Mixed thoroughly to form the solution, 
stored it at 4°C for later use, and prepared it immediately before use.

Experimental Grouping and MNU-Induced RP Modeling
Thirty-six SD rats were randomly grouped as follows: The rats were numbered starting from “1” and weighed 
simultaneously. After sorting by weight in ascending order, a set of random numbers (two digits) was selected from 
Appendix 15 of the Statistical Textbook (People’s Medical Publishing House, 3rd Edition). These random numbers were 
then assigned to the rats according to their corresponding weight-based numbers, resulting in 36 random numbers. 
Starting from the beginning, every three sequentially numbered rats were sorted based on the corresponding random 
number, resulting in groups 1, 2, and 3, which corresponded to the normal group (N), the low-dose MNU group (L), and 
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the high-dose MNU group (H), with each group comprising 12 rats. Rats in the low-dose and high-dose MNU groups 
were administered MNU at doses of 40 mg/kg and 60 mg/kg, respectively, via intraperitoneal injection, while the normal 
group received no treatment. Relevant indicators were measured at 1, 3, and 7 days after modeling, followed by 
molecular biological indicators detection using eye specimens.

Weight Measurement
At 1, 3, and 7 days after modeling, the weight of each group of rats was recorded in grams.

ERG Measurement
Rats were anesthetized via intraperitoneal injection with a combination of pentobarbital sodium and dormicum (at 
a dosage of 0.3 mL/kg and approximately 0.05 mL per rat, respectively). Based on the standardized protocol for small 
animal visual electrophysiology established in our laboratory, the ISCEV five-item ERG test was conducted, including 
the dark-adapted 0.01 response, dark-adapted 3.0 response, dark-adapted Ops wave response, light-adapted 3.0 response, 
and light-adapted Flicker response. The right eye was tested uniformly. Data for each rat was recorded separately, and the 
amplitude values (μV) of the dark-adapted 3.0 ERG and light-adapted 3.0 ERG b-waves were calculated. The specific 
experimental procedures were the same as previously reported.12 The rats’ corneas were kept moist during the 
experiment, and after the test, levofloxacin eye drops were promptly administered to prevent infection.

Slit Lamp Photography of the Ocular Surface
Following the ERG assessment, a slit lamp was used to adjust the slit to a narrow shape (approximately 5 mm). The right 
eye of the rat was placed on a small animal support platform, and after pupil dilation, the slit lamp light band was 
positioned at the center of the cornea. Using the central retinal reflex method, photographs were taken and observed at 
25x magnification.

Fundus Photography, OCT, and FFA Examination
Under anesthesia and pupil dilation, the rat was placed on a small animal support platform for angle adjustment. Fundus 
photography and OCT imaging of the rat’s eye were conducted according to the methods described previously,13 with 
attention paid to maintaining corneal moisture. The OCT images were analyzed using the OCT image analysis software 
(version 2.0, Optoprobe, Canada) provided with the OCT device, measuring the distance from the retinal pigment 
epithelium (RPE) to the outer plexiform layer (OPL) at 800 μm from the optic disc. Fluorescein fundus angiography 
(FFA) was performed using a Heidelberg retinal angiograph. Following the methods, 10% sodium fluorescein (0.1 mL/ 
100 g) was injected intraperitoneally, and after waiting approximately 1 to 2 minutes, the laser probe was aimed at the 
rat’s eyeball for focusing until a clear retinal image was obtained. Subsequently, the instrument was switched to blue light 
mode (FFA) to observe the retinal vascular imaging. Sequential observations were made in the order of temporal 
superior, temporal inferior, nasal superior, and nasal inferior, with the optic disc as the center for subsequent analysis.

Collection of Eyeball Specimens
After ophthalmic morphological examination, rats from each group and time point were euthanized by cervical 
dislocation. The right eyeballs were placed in a mixed fixative for histopathological, immunofluorescence staining, 
and TUNEL staining, while the left eyeballs were frozen in liquid nitrogen for subsequent analysis.

Retinal Histopathological Paraffin Sections and HE Staining
After fixation of the eyeballs at 4°C for 2 hours, the cornea of each group of rat eyeballs was cut with corneal scissors, 
and then further fixed for 24 hours. Retinal histopathological paraffin sections with HE staining was performed (same 
method as before), and photographs were taken using a microscope. For each HE-stained section, the thickness of the 
corresponding ONL was measured at the central region (approximately 200 μm from the optic nerve), the mid-peripheral 
region (approximately 2000 μm from the optic nerve), and the peripheral region (approximately 4000 μm from the optic 
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nerve). Three HE-stained section specimens were taken for each time point in each group of rats, and the average values 
were recorded.

Retinal Iba1 Immunofluorescence Staining
The method for immunofluorescence staining of retinal Iba1 in rats was the same as before. Fluorescence microscope 
images were taken, and photographs of the central field of the retina (×400) were captured. The number of Iba1-positive 
cells in the outer retina (outside the outer plexiform layer), inner retina (inside the outer plexiform layer), and the entire 
retina were counted. Three specimens were used for each time point in each group, and the average values were recorded.

TUNEL Staining Paraffin Sections
Retinal sections were routinely dewaxed to water, followed by immersion in preheated trypsin solution at 37°C for 
30 minutes. After washing with PBS, a mixture of A and B from the TUNEL assay kit, in a 1:9 ratio, was used at 
approximately 50 μL per tissue, and was prepared as needed for the required volume. Negative control samples only 
received 50 μL of B solution, and were then incubated at room temperature for 2 hours. After further washing with PBS, 
DAPI was applied at room temperature for 10 minutes, followed by another round of PBS washing, and finally mounting 
with 50% glycerol. Fluorescence microscope images were taken, and high magnification views (×400) of the central 
region (200 μm from the optic nerve), mid-peripheral region (2000 μm from the optic nerve), and peripheral region 
(4000 μm from the optic nerve) of the retina were photographed for counting TUNEL-stained positive cells. Three 
specimens were used for each time point in each group, and the average values were recorded.

Statistical Analysis
SPSS 16.0 software was used for data statistical analysis. The data from the experiment were found to be normally 
distributed, represented as mean ± standard deviation. One-way analysis of variance (ANOVA) was employed for 
intergroup comparison, using LSD-t test (for homogeneity of variance) or Dunnett’s T3 test (for inhomogeneity of 
variance), with P < 0.05 indicating statistical significance. Graphs were created using GraphPad 5.01 software.

Result
Effect of MNU on Body Weight in Rats
Before modeling, there were no statistically significant differences in body weight among the normal group, MNU low- 
dose group, and MNU high-dose group of rats (P > 0.05). Within one week after MNU injection, the body weight of rats 
in the MNU low-dose group and MNU high-dose group gradually decreased, in contrast to the gradual increase observed 
in the body weight of rats in the normal group. At D1, D3, and D7, there were significant differences in body weight 
between the MNU low-dose group or MNU high-dose group and the normal group (P < 0.01). At D7, the body weight of 
rats in the MNU low-dose group showed a tendency to rebound, while the MNU high-dose group continued to exhibit 
a decreasing trend (Figure 1).

Effect of MNU on the Retinal Function in Rats
Dark adaptation 3.0 ERG response mainly reflects the function of the retinal rod system, while light adaptation 3.0 ERG 
response mainly reflects the function of the cone system. The ERG results showed that after modeling, the amplitude of 
the b-wave in the light adaptation 3.0 ERG response did not decrease significantly in the D1, low-dose MNU group, and 
high-dose MNU group rats, with no statistically significant difference compared to the normal group rats (P > 0.05). 
However, at this time, the amplitude of the b-wave in the dark adaptation 3.0 ERG response decreased significantly, with 
a statistically significant difference compared to the normal group (MNU low-dose group vs normal group, P < 0.05; 
MNU high-dose group vs normal group, P < 0.01). On D3 and D7, the visual function of rats in the low-dose MNU 
group and high-dose MNU group gradually decreased, with the b-wave amplitude in the low-dose MNU group rats being 
higher than that in the high-dose MNU group, and the difference was statistically significant (P < 0.05) (Figure 2).
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Effect of MNU on the Structure of the Rat Ocular Fundus and Retinal Vessels
After intraperitoneal injection of MNU on Day 3, the dilated pupils of rats were observed under a slit lamp to examine 
the red reflex of the fundus. The results indicated that in the control group, a red reflex was visible in the fundus of the 
rats, while in the low-dose MNU group and high-dose MNU group, the fundus response appeared pale (Figure 3A). 
Fundus photography revealed that after MNU injection, the optic disc contour of the fundus in the low-dose and high- 

Figure 1 Effect of MNU on body weight in rats. Plot of quantitative analysis of body weight in rats of each group within 1 week after MNU injection. Both low dose (40 mg/kg) 
and high dose (60 mg/kg) of MNU gradually decreased rats’ body weight. N: normal group; L: MNU-low-dose group; H: MNU-high-dose group; **: P < 0.01 vs normal group.

Figure 2 Effect of MNU on the retinal function in rats. Typical ERG waveforms (A) and statistical analysis of the b-wave amplitude in Dark-adapted 3.0 ERG (B) and Light- 
adapted ERG (C) on D1, D3 and D7 after MNU injection. MNU of low dose (40 mg/kg) and high dose (60 mg/kg) significantly reduced the amplitudes of ERG responses 
gradually. The amplitude of ERG in the MNU-low-dose group was higher than that in the MNU-high-dose group. The MNU has a dose-dependent effect of the retinal 
function. N: normal group; L: MNU-low-dose group; H: MNU-high-dose group. *(**): P < 0.05 (P < 0.01) vs normal group; #(##): P < 0.05 (P < 0.01) vs MNU-high-dose 
group.
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dose MNU groups gradually widened, especially noticeable by Day 7, with a slight decrease in retinal vessel shadows 
(Figure 3B). Fluorescein fundus angiography (FFA) examination of the low-dose and high-dose MNU groups showed no 
leakage of fluorescein sodium or neovascularization, suggesting no significant changes in retinal vascular structure 
(Figure 3C).

Effect of MNU on the Retinal Morphology in Rats
Optical coherence tomography (OCT) results demonstrated a gradual disappearance of the outer nuclear layer (ONL) in 
the retinas of rats in the low-dose and high-dose MNU groups after MNU injection. In normal rats, the ONL appeared as 
a low-density shadow (black), whereas in the low-dose and high-dose MNU groups, the ONL appeared as a high-density 
shadow (white) after MNU injection, forming a high-density sheet shadow between the outer plexiform layer (OPL) and 
retinal pigment epithelium (RPE), including the inner and outer segments (ie, IS/OS), making it difficult to clearly 
distinguish the boundary of the ONL. Quantitative analysis of the distance from RPE to OPL in the retina revealed that 
on Days 1, 3, and 7 after modeling, this distance gradually decreased in the retinas of rats in the low-dose and high-dose 
MNU groups compared to the control group, with statistically significant differences (P < 0.05). Additionally, the 
distance from RPE to OPL in the retinas of rats in the high-dose MNU group was smaller than that in the low-dose MNU 
group, with statistically significant differences evident by Day 7 (P < 0.05) (Figure 4). Histopathological examination of 
the retinas was consistent with the OCT findings. After MNU injection, the ONL in the central, mid-peripheral, and 
peripheral regions of the retinas gradually disappeared in the low-dose and high-dose MNU groups. On Day 1 after 
modeling, there was no statistically significant difference in ONL thickness between the low-dose MNU group and the 
control group (P > 0.05), while in the high-dose MNU group, there was a statistically significant difference in ONL 
thickness compared to the control group in the central and mid-peripheral regions of the retina (P < 0.05). By Day 7, 
almost all of the ONL had disappeared in the entire retina of rats in the high-dose MNU group, while in the low-dose 
MNU group, the ONL had completely disappeared in the central and mid-peripheral regions, with some residual structure 
in the peripheral region. There were no apparent changes in the inner nuclear layer (INL) or ganglion cell layer (GCL) of 
the retina (Figure 5).

Figure 3 Effect of MNU on the structure of the rat ocular fundus and retinal blood vessels. (A) Typical images of slit-lamp in the rats all groups at D3 after MNU injection. 
Typical images of ocular fundus (B) and FFA (C) at D1, D3, and D7 after MNU administration. MNU reduced the reflection light of ocular fundus and widened the optic disc 
contour on the fundus. There were no significant changes in retinal vascular structure, such as vessel defect and leakage of fluorescence, in rats of MNU-low or high dose 
group. N: normal group; L: MNU-low-dose group; H: MNU-high-dose group; Arrows: Enlargement of fundus.
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Effect of MNU on the Photoreceptor Apoptosis in Rat Retinas
TUNEL staining is used to label apoptotic cells, and the dye TdT enzyme binds to fragmented DNA fragments, resulting 
in a green color (as used in this experiment). TUNEL staining results showed no TUNEL-positive cells in the retinas of 
rats in the normal group. On Day 1 and Day 3 after modeling, there were significant statistical differences in TUNEL- 
positive cells between the normal group and the MNU low-dose group, as well as the MNU high-dose group (P < 0.01, 
not indicated in the figure). On Day 1 after modeling, there were a significant number of TUNEL-positive cells in the 
central, mid-peripheral, and peripheral regions of the retinas of rats in the MNU high-dose group, while in the MNU low- 
dose group, TUNEL-positive cells were present in the central and mid-peripheral regions of the outer nuclear layer 
(ONL), and no positive cells were observed in the peripheral region. The number of TUNEL-positive cells in the ONL of 
the MNU high-dose group was greater than that in the MNU low-dose group, with a statistically significant difference 
(P < 0.05). On Day 3 after modeling, the number of TUNEL-positive cells increased in the MNU low-dose group. In the 
central region of the ONL, almost all of the ONL had disappeared in the MNU high-dose group, with only a small 
number of positive cells remaining, which was fewer than in the MNU low-dose group (P < 0.01). The number of 
TUNEL-positive cells increased in the mid-peripheral and peripheral regions of the retina in the MNU high-dose group, 
with a statistically significant difference compared to the MNU low-dose group (P < 0.01). On Day 7 after modeling, no 
TUNEL-positive cells were observed in the retinas of rats in the MNU low-dose group or the MNU high-dose group 
(Figure 6).

Figure 4 Effect of MNU on the retinal morphology in-vivo in rats. Typical retinal OCT images of rats in D1, D3 and D7 after MNU administration (A), and statistical analysis of the 
length from RPE to OPL in retinas (B). MNU administration turned the low density appearance of ONL in OCT images into high density shadow. The length from RPE to OPL was 
gradually decreased after MNU administration with a dose-dependent effect. N: normal group; L: MNU-low-dose group; H: MNU-high-dose group. * (**): P < 0.05 (P < 0.01) vs 
normal group; #: P < 0.05 vs MNU-high-dose group. 
Abbreviations: OPL, outer plexiform layer; RPE, retinal pigment epithelium.
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Effect of MNU on Microglia Activation in the Retina of Rats
After modeling, the number of Iba1-positive cells in the retinas of rats in the MNU low-dose group and MNU high-dose 
group gradually increased, mainly in the outer retina. The difference in the number of Iba1-positive cells in the retinas 
between the MNU groups and the normal group was statistically significant (P < 0.05). On Day 3 after modeling, the 
number of microglial cells in the outer retina significantly increased in both the MNU low-dose group and MNU high- 
dose group, and the difference compared to the normal group was statistically significant (P < 0.01). The activated 
microglial cells exhibited a larger size and reduced peripheral processes, resembling an amoeboid shape. At this time, the 
MNU high-dose group had a higher number of Iba1-positive cells in the retina compared to the low-dose group (P < 
0.05). On Day 7 after modeling, there were almost no Iba1-positive cells in the outer retina of both the MNU low-dose 
group and MNU high-dose group, and the difference compared to the normal group was not statistically significant 
(P > 0.05). At this time, the majority of Iba1-positive cells were located in the inner retina, and the difference 
compared to the normal group was statistically significant (P < 0.05) (Figure 7).

Discussion
Actually, there have been researches on the MNU-induced retinal degeneration animal model. Our study’s innovation lied 
in the application of multimodal ophthalmic examination methods, along with supplementary explorations from aspects 

Figure 5 Effect of MNU on the retinal morphology ex-vivo in rats. Typical retinal paraffin sections with HE staining of the rats in each group and the statistical analysis of the 
ONL thickness at the central (MI), mid-peripheral (MP) and peripheral (P) retinas at D1 (A), D3 (B), and D7 (C) after MNU administration. MNU significantly reduced ONL 
thickness gradually, with the central part of the retinas involved at first, and then the peripheral part of the retinas. The ONL thickness in the MNU-high-dose group was 
significantly reduced compared to the MNU-low-dose group. N: normal group; L: l MNU-low-dose group; H: MNU-high-dose group. * (**): P < 0.05 (P < 0.01) vs normal 
group; # (##): P < 0.05 (P < 0.01) vs MNU-low-dose group. 
Abbreviations: ONL, outer nuclear layer; INL, inner nuclear layer; GCL, ganglion cell layer; MI, Middle retina; MP, midperipheral retina; P, peripheral retina; No, None.

https://doi.org/10.2147/JIR.S474102                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2024:17 9250

Yan et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


such as microglial activation. By applying the ophthalmic inspection equipment, we found out that MNU had no 
significant effect on the retinal vasculature of rats. The disappearance of the red reflex and the enlargement of the 
optic disc contour in the fundus may be due to the disappearance of retinal photoreceptor cells and the thinning of the 
retina. This provides further evidence of the selective damaging effect of MNU on photoreceptor cells. An appropriate 
dose of MNU can cause a progressive loss of retinal photoreceptor cells and a gradual decline in retinal function until 

Figure 6 Effect of MNU on the photoreceptor apoptosis in rat retinas. Typical images of TUNEL staining of the retinas in rats of each group and the statistical analysis of the 
TUNEL-positive cells number at the central, mid-peripheral and peripheral retinas at D1 (A), D3 (B), and D7 (C) after MNU administration. MNU induced cell apoptosis in 
the ONL of the rat retina, and the number of apoptotic cells in the MNU-high-dose group was much higher than that in the MNU-low-dose group before the ONL 
disappeared, with the difference being statistically significant. N: normal group; L: l MNU-low-dose group; H: MNU-high-dose group. # (##): P < 0.05 (P < 0.01), compared to 
the MNU-low-dose group. 
Abbreviations: ONL, outer nuclear layer; INL, inner nuclear layer; GCL, ganglion cell layer; No, None.

Figure 7 Effect of MNU on microglia activation in the retina of rats. Typical images of Iba1 immunostaining in the rat retina of each group and the statistical analysis of the 
Iba1-positive cells number in the retinas at D1 (A), D3 (B), and D7 (C) after MNU administration. MNU activated the microglia cells and increased the number of Iba1- 
positive cells in the retina of rats, reaching a peak at D3. The number of Iba1-positive cells in MNU-high-dose group was higher than that in the MNU-lower dose group, with 
a significant difference. N: normal group; L: MNU-low-dose group; H: MNU-high-dose group; * (**): P < 0.05 (P < 0.01) vs normal group; #: P < 0.05 vs MNU-low-dose 
group. 
Abbreviations: ONL, outer nuclear layer; INL, inner nuclear layer; GCL, ganglion cell layer.
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complete loss.14 Generally, the literature often uses a dose of 60 mg/kg; and there are also studies indicating that 40 mg/ 
kg is the minimum dose to cause retinal damage,14,15 which may be related to different experimental conditions. In this 
part of the experiment, we used two doses of MNU to induce retinal damage models in rats, and observed through retinal 
morphological and functional indicators, finding that both doses could significantly damage photoreceptor cells. This 
damaging effect progressed from the central part of the retina to the peripheral part, and the damaging effect of the low 
dose (40 mg/kg) MNU on the peripheral part of the retina was not significant. What is interesting, we found that the rats 
of the low-concentration group returned to normal weight at D7, but the thickness of ONL in the retina continued to 
decline. The MNU itself has a certain sensitivity and specificity for ONL in the retina. MNU primarily affects tissues 
with a higher metabolic rate, such as the retina, where its affinity is stronger. Therefore, even though the low dose of 
MNU has minimal systemic effects, it could still continue to impact retinal function and structure.

Retinal functional ERG testing found that after the action of MNU, the amplitude of the rod system decreased earlier 
and more significantly than that of the cone system, suggesting that this model first damages rod cells and then cone cells, 
consistent with previous research reports,16 and consistent with the trend in human RP diseases where rod cells undergo 
apoptosis first, followed by involvement of cone cells.17 Studies have found that in animal models of light-induced retinal 
damage, the degree of decrease in rod system amplitude is more significant than that of the cone system, indicating 
severe damage to rod cells. However, in the rat ischemia-reperfusion injury model, we found that the degree of damage to 
the cone system after modeling occurred earlier and was more severe than that of the rod system (data not yet published). 
This suggests that rod and cone cells may have different sensitivities to various damaging factors (chemical, physical, 
ischemic-hypoxic, etc).

In addition, in this part of the experiment, we systematically observed the changes in the rat retina after MNU injury 
using small animal OCT imaging technology. We found that the outer nuclear layer (ONL) in the OCT images 
transitioned from a normal low-density image (black) to a high-density image (white). Optically, this is caused by an 
increase in tissue cell scattering index (dispersion value). Similar phenomena have been observed using OCT in animal 
models of light-induced retinal damage18 and other RP model animals.19 This is possibly related to changes in the nuclear 
morphology of ONL cells. The principle of OCT imaging is based on receiving reflected light and scattered light. When 
there is more reflected light on the tissue surface, the OCT device receives more reflected light, resulting in a high- 
density image. Another factor is related to the scattering of light within the tissue structure. Changes in cellular 
morphology and structure can alter their scattering structure. The degree of scattering is determined by the density and 
size of particles between tissues; the greater the particle density, the stronger the scattering.20 The main mechanism of 
ONL cell death in MNU is through apoptosis, which involves cell shrinkage, nuclear condensation, followed by nuclear 
fragmentation and dissolution.21 These changes may cause an increase in optical reflection and scattering index, leading 
to the “white shadow” appearance of ONL in OCT images.This part of the experiment also confirmed the involvement of 
apoptosis in MNU-induced ONL damage through TUNEL staining. However, TUNEL staining revealed that apoptotic 
positive cells did not occupy the entire ONL, while the OCT images showed the entire layer of ONL appearing as 
a “white shadow”. TUNEL staining only labels degraded DNA fragments in late-stage apoptotic cells and cannot mark 
early changes in the apoptosis process (including morphological changes on the cell membrane and nucleus). Therefore, 
the changes in ONL density shadows in OCT images may serve as an indicator for the early detection of cell apoptosis. 
Whether these changes in cell density shadows observed in OCT are limited to ONL or can also be observed in the inner 
nuclear layer (INL) and ganglion cell layer (GCL) awaits further verification in different models.

Microglias are surveillance cells in the retina that are normally in a non-activated state. However, when they are 
stimulated by injury or changes in the surrounding microenvironment, their morphology changes from a non-activated 
elongated structure to an activated amoeboid structure.10 Iba1 is a calcium ion channel expressed in microglia, and its 
expression increases when microglia are activated. It is involved in processes such as membrane edge fluctuations and 
migration.22 Immunofluorescence staining using Iba1 revealed that in normal rat retinas, there are only a few non- 
activated microglia in the inner retinal layer. After MNU injection, the cell bodies of microglia in the retina enlarge and 
migrate towards the outer retinal layer, and their number gradually increases over time. This indicates that microglia are 
involved in the pathogenesis of MNU-induced RP in rats, which is consistent with reports on other RP animal model.23 
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The activation of microglia may be due to the damaging effect of MNU on photoreceptor cells, leading to the release of 
inflammatory and cytokine factors that activate microglia.

Indeed, in human RP, the progression is usually relatively slow, typically starting with peripheral retinal damage 
before affecting the central retina. In this animal model, however, the progression is much faster, usually within about 
seven days, with the central retina being affected first, followed by the peripheral retina. Although the human RP has 
a longer progression, the loss of photoreceptor cells is thought to be due to apoptosis. Our experimental results also show 
the apoptosis of photoreceptor cells through TUNEL staining, suggesting that these findings are of certain similarity to 
that of human RP. Additionally, the use of different concentrations of MNU in our model is aimed at exploring the 
progression speed of the disease and the time window for pharmacological intervention. In our previous studies, we 
conducted some exploratory intervention experiments, administering treatment either simultaneously with MNU injec-
tion or prior to it. This provides clinical evidence suggesting that early intervention may be beneficial for patients with 
a family history of RP or for those who have been diagnosed with RP.

In this study, a successful modeling of the MNU-induced rat RP model was achieved, providing a novelly- 
spatiotemporal characterization of the disease course in retinal morphology and function by various ophthalmic imaging 
techniques. The central retina was affected earlier compared to the peripheral retina, and rod cells were affected earlier 
compared to cone cells. Furthermore, activated microglia was observed in this model. These findings provide indicators 
for subsequent investigations into the intervention effects and mechanisms of new treatments for RP.
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