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Abstract 

Backgrounds: The human eye is a sophisticated and sensitive sensory organ. Due to 

its dynamic and static barriers, efficient drug therapy for eye diseases is problematic. 

Polymeric delivery systems have been rapidly developed to overcome this problem, 

where polymeric dendrimers have received much attention for their unique structures. 

However, there is insufficient research on whether dendrimer nanomaterials could be 

used in ophthalmology. Poly (amidoamine) (PAMAM) is a kind of commercialized 

and extensively used dendrimer. Herein the ocular cytotoxicity and biosafety of 

PAMAM dendrimers were deeply evaluated by conducting in vitro and in vivo 

experiments on ocular systems. The effects of generation (G4.0, G5.0, and G6.0) and 

concentration on cell metabolism, apoptosis, and oxidative damage were carried out. 

Ocular irritation and intravitreal injection effects were also measured. 

 

Results: The results showed that the cytotoxicity of PAMAM increased with 

increasing generation number. PAMAM at a concentration that below 50 μg/mL was 

less harmful to the ocular tissues, whereas it caused apparent damage when above 50 

μg/mL in the investigated situation. Moreover, singlet oxygen generation was detected 

in the cells after 50 μg/mL (and above) PAMAM treatment. The in vivo results show 

that there is no macroscopic structural change observed from fundus and 

histopathological section images, whereas it shows more functional impairment 



according to optical coherence tomography (OCT) and electroretinogram (ERG) 

when treated by 100 μg/mL PAMAM.  

 

Conclusion: Overall, a higher concentration of PAMAM, such as above 50 μg/mL, 

may cause ocular functional damage. The concentrations that are (or lower than) 50 

μg/mL showed good biocompatibility and biosafety in human ocular cells and tissues. 

 

Keywords：Biocompatibility; Dendrimer; PAMAM; Drug therapy; Ophthalmology; 

Biosafety. 

  

Background          

The human eye is the most important and delicate optical organ in the body, 

providing the ability to perceive surrounding objects by converting an optical signal 

into an electrical one. The intricate eye can be divided into two anatomical segments: 

the anterior segment and the posterior segment(1). In the past decades, there has been 

an increase in ocular diseases that lead to blindness, which are due not only to eye 

trauma and infections but also to both the long-term improper use and high doses of 

drugs. Although the various dynamic and static barriers of the eye helps to prevent the 

invasion of pathogens, these protective barriers can lead to the low systemic 

bioavailability of useful drugs for the injured or diseased eye(2). This leads to the 

more frequent use of drugs with a low therapeutic index, which ultimately causes the 

deposition of concentrated solutions on the surface and inside of the eye, resulting in 

the production of toxic effects and damage to the ocular cells and tissues(3). To 

overcome these problems, nano-scaled drug delivery systems have been rapidly 

developed. Dendrimer nanomaterials, which are novel three-dimensional 

macromolecules with highly branched ordered structures, have been studied as 

carriers for drug delivery(4). Dendrimers have superior advantages owing to their 

highly controlled structure, responsiveness to pH stimuli, availability of a large 

number of functional groups for drug molecule attachment, and a high degree of 



control over the drug’s release(5, 6). Although several types of dendrimers have been 

synthesized and investigated, Poly (amidoamine) (PAMAM) dendrimers were the 

most widely investigated and commercialized ones. PAMAM dendrimers are highly 

branched, dendritic, nano-sized polymeric composites with ethylenediamine as the 

nuclear structure(7). The surface of PAMAM contains plenty of amino groups, which 

not only provides numerous positive charges but can also be used for functional 

modification. Owing to its cell membrane-penetrating and high drug-loading 

efficiency, PAMAM has been used as a carrier of drugs for treating retinal diseases(8, 

9), glaucoma disease(10), and corneal inflammation(11). However, there are not many 

published studies on whether the use of dendrimers in the ocular system is safe(12, 

13). For the safe usage of PAMAM-based nanomaterials, the difference in drug 

sensitivity between different cells should be taken into account(14). Previous studies 

have demonstrated that different terminal groups of nanomaterials, such as hydroxyl 

(-OH), amino (-NH2), and carboxyl (-COOH), have different cytotoxicities, whereas 

the one with amino group termination was the most toxic(15). Therefore, the primary 

PAMAM dendrimers terminated with amino groups are of great importance in the 

clinical safety investigation. As a result, in the present study, PAMAM dendrimers 

were evaluated for its biocompatibility to obtain guidance for its future use in ocular 

therapy. 

 

Results and Discussion  

Cytotoxicity is contingent on the chemistry of PAMAM dendrimers. The contact 

between a surface cationic charge of PAMAM dendrimers and negatively charged cell 

membranes is the main reason for toxicity. Among all common terminal groups, 

amine provides the most surface cationic charge of PAMAM dendrimers, which 

means PAMAM is more representative in the assessment of biocompatibility. For this 

reason, we mainly chose PAMAM to evaluate the ocular cytotoxicity. As shown in 

Table 1, the average size of PAMAM G4.0, G5.0, and G6.0 was about 4.52±1.05nm, 

14.7±2.03nm, and 21.2±3.10nm, respectively. All three generation PAMAM had a 

cationic charge surface. 



 

Table 1 

Summary of size and zeta potential of PAMAM dendrimers. 

Dendrimer Type Size (nm) Zeta (mv) 

PAMAM G4.0 4.52±1.05 4.38±0.28 

PAMAM G5.0 14.7±2.03 10.35±1.08 

PAMAM G6.0 21.2±3.10 18.33±0.50 

Results indicate the average mean ± SD, n=3. 

 

In vitro biocompatibility evaluation 

The biocompatibility of different PAMAM solutions was tested on HCECs, HLECs, 

and RPEs, which correspond to the ocular surface, anterior segment, and the posterior 

segment, respectively. The PAMAM G5.0 solution had no significant effect on cell 

growth when the concentration was lower than 50 μg/mL (Fig. 1). By contrast, when 

the concentration was 100 μg/mL, less live HLECs were detected and many cracked 

cells appeared at the same time, indicating that a high concentration of PAMAM G5.0 

had a significant impact on cell activity (Fig. 1D). 

Fig.1.Fluorescence images of HLEC cells incubated with PMAMA-NH2 G5.0 

aqueous solution with concentrations of (A) 5 μg/mL, (B) 25 μg/mL, (C) 50 μg/mL, 

and (D) 100 μg/mL overnight after FDA staining for 15 mins. 

 

According to previous studies on different animals and mammalian cells， the size 



and charge of PAMAM nanomaterials are highly relevant to their toxicity(16-18).  

For further quantification of the cytotoxicity, different areas were chosen for cell 

counting by ImageJ software. There was an obvious decrease in cell number with the 

50 μg/mL PAMAM G5.0 solution (Fig. 2A). For accurate quantification of the 

biocompatibility of PAMAM, which has been used more as a drug carrier in the 

therapeutic field(19, 20), its cytotoxicity at the concentration range of 1-100 μg/mL in 

three different ocular cell lines was evaluated using the CCK-8 method. As shown in 

Fig. 2, the cytotoxic effects of commercial PAMAM were dependent on its 

concentration and generation number. All three PAMAM generations showed evident 

cytotoxicity toward the HLECs, as indicated by the low cell viabilities of below 65% 

at PAMAM G4.0 concentrations of over 75 μg/mL, below 60% at PAMAM G5.0 

concentrations of over 50 μg/mL, and below 50% at PAMAM G6.0 concentrations of 

over 50 μg/mL (Fig. 2B). The high number of positive charges of the dense terminal 

amines of PAMAM interact with the negatively charged lipid bilayers of the cell 

membrane, which eventually leads to membrane disruption(21, 22). At the same time, 

PAMAM showed a time-dependent cytotoxic effect. After 24 h of incubation, there 

was no significant difference in cell viability at the G4.0 concentrations of 5–100 

μg/mL because of the low toxicity of this particular PAMAM dendrimer, indicating 

that 50 μg/mL was not the determining concentration for the cytotoxicity effect. 

However, after 48 and 72 h incubation with PAMAM G4.0, a significant decrease in 

its cytotoxicity was noted when the HCECs were exposed to the highest concentration 

of 100 μg/mL, the decrease was approximately 40% (Fig. 2C)(23). Remarkably, the 

different types of cells had different resistance to PAMAM, in the order of HCECs > 

HLECs > RPEs (Fig. 2D). This is probably because the cornea is the outer barrier of 

the eye, and the retina is a sensitive tissue for photoelectric conversion. 

 

 

 



Fig. 2. Concentration and generation dependent cell viability of PAMAM incubated 

with HCECs, HLECs, and RPEs. (A)HLECs density after PAMAM G5.0 treatment 

overnight. (B) The cell viability of different generations and concentrations of 

PAMAM incubated with HLECs. (C) Time-dependent cell viability of PAMAM G4.0 

incubated with HCECs. (D) The cell viability of PAMAM G5.0 in different ocular 

cells when the concentration is 50 μg/mL. 

 

The apoptotic effect was detected by Hoechst 33342 staining, which is a method used 

to distinguish apoptotic cells from healthy cells (Fig.  3). Apoptotic cells usually 

exhibit condensed DNA or fragmented nuclei that show up as bright blue fluorescence, 

which necrotic and healthy cells do not have(24). Unlike the control cells (Fig. 3A), 

RPEs incubated with 50 and 100 μg/mL of PAMAM G5.0 showed enhanced 

chromatin fluorescence from Hoechst 33342, which made up the majority of the cell 

nucleus (Fig. 3C and D). The results revealed that PAMAM G5.0 at over 50 μg/mL 

induced DNA condensation prominently. 

The cytotoxicity of nanoparticles has been proven to have its origins in the oxidative 

stress induced by free radical formation(25). PAMAM G5.0 was chosen to assess its 

capability of inducing ROS generation, where DCFH-DA was used as the indicator 

molecule that could be rapidly oxidized to dichlorofluorescein (a detectable 



fluorescent species) in the presence of ROS(26). As shown in Fig. 4, PAMAM G5.0 

could generate singlet oxygen. Compared with the fluorescence intensity of the 

positive control cells (Fig. 4A), the fluorescence intensity of PAMAM G5.0-treated 

cells remained at a low level, where that at the lowest concentration of 5 μg/mL 

seemed brighter than the intensity at the other concentrations. Considering the 

obvious toxicity of the cationic PAMAM of high concentrations as well as a 

prolonged (24h) irritation, the number of residual lived cells was low. According to 

Fig. 2C, the RPEs were more sensitive to the toxicity of cationic PAMAM. These 

caused a brighter fluorescence intensity at the lowest concentration of 5μg/mL than 

that at the other concentrations. Besides, the ROS level was found to be PAMAM 

concentration, generation number, and time-dependent(27). 

 

Fig. 3. Hoechst 33342 stained cell nuclear morphology of RPEs in different 

concentrations of PAMAM G5.0 solution treatment after 24 hours incubation. 

PAMAM G5.0 solution: (A) PBS as a control; (B) 25 μg/mL; (C) 50 μg/mL; and 

(D)100 μg/mL. 



 

Fig. 4. Singlet oxygen generation and enhanced in vitro cytotoxicity. Fluorescence 

images of RPEs incubated with PAMAM G5.0 solution (A) Rosup solution as positive 

control, (B) 5 μg/mL, (C) 25 μg/mL , (D) 50 μg/mL, (E）100 μg/mL. 

 

In vivo biocompatibility evaluation 

The in vivo environment is more complicated than the in vitro one. To further 

determine the feasibility of the biomedical application of the dendrimers in the ocular 

system, PAMAM G5.0 was tested for its ability to cause acute ocular irritation at 50 

and 100 μg/mL. As shown in Fig. 5, after fluorescein disodium salt staining, no 

obvious damage on the corneal surface could be seen at different times. Because the 

eye itself has a protective barrier and tear scour alternate behavior, the slit lamp 

results proved that there was no difference between the high and low concentrations 

of PAMAM G5.0 in terms of non-damaging effects, which was in accord with the fact 

that HCECs were more resistant to adverse environments. 

The PAMAM solutions were further intravitreal injection into the vitreous body 

antrum of the right eye in rabbits for evaluation of the in vivo biosafety. The in vivo 

effect of PAMAM on the fundus tissue morphology and visual function were 

investigated. As shown in Fig. 6, the fundus images showed that there was no 

noticeable difference with or without PAMAM injection in both investigated 

concentrations (50 and 100 μg/mL). Much blood capillary and optic disc were shown 

in the untreated opposite eyes’ fundus (Fig. 6 A2 and B2). Compared with the 

untreated opposite eye, no abnormality of fundus blood capillary and optic disc was 



found after 50 μg/mL PAMAM injections in the investigated conditions (Fig. 6 A1 

and B1). No difference was found between the concentrations of 50 and 100 μg/mL 

(Fig. 6 A1 and A2). 

Fig. 5. Representative slit-lamp photographs (with or without fluorescein disodium 

staining) of the rabbit eyes irritated by PAMAM G5.0 at the concentration of 50 

μg/mL (A1-A4, B1-B4) and 100 μg/mL (C1-C4, D1-D4) pre-treatment and 

post-treatment 0.5 h, 2 h, 4 h. 

 

Fig. 6. The fundus images of the rabbit eyes after 20 μL PAMAM G5.0 intravitreal 

injection for 7 days at the concentration of 50 μg/mL (A1) and 100 μg/mL (B1). The 

untreated opposite eyes were severed as the negative control (A2 and B2). 

 

The in vivo effects of PAMAM with different concentrations on the ocular tissues, 

such as cornea and retina, were also investigated by the histological paraffin sections 

observation (Fig. 7). The cornea has a characteristic five-layered structure consisting 

of the epithelium, Bowman’s membrane, stroma, Descemet’s membrane, and 



endothelium(28). The corneal tissue from rabbits treated with dendrimer had a clear 

organizational structure (Fig. 7 A and B)(29). Similar results were found in the retinal 

tissues (Fig. 7 C and D). 

Fig. 7. Light photomicrographs of histological section images of the cornea (A, B) 

and retina (C, D) after 50 μg/mL (A and C) and 100μg/mL (B and D) PAMAM G5.0 

intravitreal injection for 7 days. 

 

The structure of the retina is complete and the boundary is clear after PAMAM 

treatment, no matter at 50 or 100 μg/mL. The OCT was conducted to obtain a more 

accurate evaluation of the intraocular biocompatibility of the nanomaterials (Fig. 8). 

OCT is a cross-sectional, micrometer-scale imaging modality, which has been widely 

applied in ophthalmology clinics. The OCT images showed that there was no 

significant toxicity at both concentrations of 50 and 100μg/mL in the 3 days 

postoperatively, compared with preoperative eyes (Fig. 8 A1, A2, and B1, B2). When 

the postoperative time increased to 7 days, however, the results came out differently. 

There were a large number of hyperintense spots visualized in the vitreous cavity 

when exposure by the PAMAM 100 μg/mL injection at 7 days postoperatively (Fig. 8 

B3). By contrast, the vitreous cavity kept clear when the injected PAMAM 

concentration is 50 μg/mL. These results indicated that although there was no obvious 

morphology change detected in the ocular tissues, the high concentration (such as 100 

μg/mL) of PAMAM injection may have some unknown effect on the retina. As a 

result, the visual function of the retina was evaluated to confirm the in vivo biosafety 



of the PAMAM at the 50 and 100 μg/mL.  

The visual function of the retina was measured by ERG. As shown in Fig. 9, the ERG 

results showed that they were no obvious difference in the PAMAM treatment by 50 

μg/mL postoperatively 7 days, no matter in the light adaptation (Fig. 9 A-iii and -iv) 

or dark adaptation (Fig. 9 A-i and ii), which means that the PAMAM injection does 

not influence the cone and rod functions in the retina(30, 31). There was also no 

obvious difference in the light adaptation after the PAMAM treatment with 100 

μg/mL postoperatively one-week (Fig. 9 B-iii and -iv). However, although 0.01 ERG 

of the dark adaptation results showed no significant difference in the treated or 

untreated eyes (Fig. 9 A-i), the 3.0 ERG results of the dark adaptation revealed that a 

significant change in the a-wave was found when the eye was exposure to 100 μg/mL 

PAMAM after 1 week (Fig. 9 B-ii). The amplitude of a-wave in the untreated eye (Fig. 

9, ii-left eye) was 8.5μV, whereas the amplitude of a-wave in 100 μg/mL PAMAM 

treated right eye was 1.3 μV. A significant amplitude reduction of the a-wave was 

found in this situation, which meant that there was some abnormality in cone function 

when the eye was injected with 100 μg/mL PAMAM. These results tell that a higher 

concentration of PAMAM, such as above 50 μg/mL, may cause ocular functional 

damage to some extent. The concentrations that are (or lower than) 50 μg/mL showed 

good biocompatibility and biosafety in human ocular cells and tissues. 

 

Fig. 8. Pre (A1, B1) and postoperative 3 days (A2, B2), 7 days (A3, B3) OCT images 

of the fundus (A-i, B-i) and its cross-section view (A-ii, B-ii) after 50 μg/mL (A) and 

100μg/mL (B) PAMAM G5.0 intravitreal injection for 1 week. 

 



 

Fig. 9. The ERG results of the rabbit eyes after 50 μg/mL (A-right eye) and 100 

μg/mL (B-right eye) PAMAM G5.0 intravitreal injection for 7 days. The untreated 

opposite eyes were severed as the negative control (A-left eye, B-left eye). ERG 

MODE: Dark Adapted 0.01 ERG (i), Dark Adapted 3.0 ERG (ii), Light Adapted 3.0 

ERG (iii), and Light Adapted 3.0 Flicker 30Hz ERG (iv). 

Conclusions 

High concentrations of PAMAM, a novel nano-drug carrier, can trigger both apoptosis 

and singlet oxygen generation in ocular cells, such as HCECs, HLECs, and RPEs. 

Moreover, its cytotoxicity depends on its concentration, generation number, and time. 

Although it does not have highly strict boundaries to distinguish its degree of safety or 

its harmful dose, the in vitro results above indicate that the safety limit for PAMAM 

dendrimers of over generation 5.0 maybe 50 μg/mL, whereas that for dendrimers 

below generation 4.0 maybe 75 μg/mL. Although a more exact quantification in 

ocular cells is still needed, the present finding of the intraocular biocompatibility of 

the PAMAM at the concentration of 50 μg/mL nonetheless provides meaningful 

guidance toward its future use in ocular-related medical therapy. 

Methods 

Reagents and Materials 

Fluorescein diacetate (FDA) was purchased from Sigma-Aldrich (Shanghai, China). 

The Hoechst 33342 stain, Cell Counting Kit-8 (CCK-8), lactate dehydrogenase 

release assay kit, 2ʹ,7ʹ-dichlorodihydrofluorescein diacetate (DCFH-DA), and reactive 



oxygen species (ROS) assay kit were purchased from Beyotime Biotechnology Co. 

(Shanghai, China). Hank’s balanced salt solution (HBSS) was purchased from Dalian 

Meilun Biotechnology (Dalian, China). Fetal bovine serum (FBS), 

trypsin-ethylenediaminetetraacetic acid solution, penicillin-streptomycin solution, and 

Dulbecco’s modified Eagle’s medium/nutrient mixture F-12 (DMEM/F-12; 1:1 ratio) 

were purchased from Thermo Fisher Scientific (Carlsbad, CA, USA). 

Phosphate-buffered saline (PBS) was purchased from Boster Biological Technology 

(Pleasanton, CA, USA). The PAMAM G4.0 dendrimer, PAMAM G5.0 dendrimer, and 

PAMAM G6.0 dendrimer (generation 4.0, 5.0, and 6.0 solutions, respectively, all with 

an ethylenediamine core) were purchased from Sigma-Aldrich (Shanghai, China). All 

chemicals were of analytical grade and stored and used according to the 

manufacturers’ instructions. 

Cell culture 

Human lens epithelial cells (HLECs) and retinal pigment epithelium cells (RPEs) 

were cultured in DMEM/F-12, whereas human corneal epithelial cells (HCECs) were 

cultured in DMEM/F-12 containing L-glutamine. Both culture media contained 10% 

FBS and 1% penicillin-streptomycin, and all cells were incubated at 37℃ in 5% 

CO2-containing humidified atmosphere. 

Animals 

Seven to nine-week-old male New Zealand White rabbits were obtained from 

Wenzhou Medical University Animal Laboratory. The rabbits' experiment protocol 

was approved by the Laboratory Animal Ethics Committee of Wenzhou Medical 

University. All in vivo experiments were performed consistent with the Animal 

Experimentation Guidelines of Wenzhou Medical University. 

Particle size and zeta potential  

The particle size and zeta potential of PAMAM were measured by dynamic light 

scattering (DLS). The different generations PAMAM nano-particle was dissolved in 

Milli-Q water at 25℃ at a concentration of 500μg/mL and well mixed by vortex 

finder for 5 mins, respectively. The values were recorded in triplicate for each sample 



to gain the average particle size and zeta potential. 

In Vitro Cell viability assay 

Cell Activity assay 

HLECs in the logarithmic growth phase were seeded into 96-well plates and cultured 

at 37℃ under 5% CO2. Then, 20 μL of different concentrations of PAMAM G5.0 (5, 

10, 50, and 100 μg/mL) was added to the respective wells of the plate. After 24 h 

incubation, the cells were stained with FDA (diluted 1000 times) for 15 min. Then, 

after 3 rapid washes with PBS, the green fluorescence of the live cells was monitored 

by fluorescence microscopy. 

Cytotoxicity Assay 

Cytotoxicity was evaluated by CCK-8 test. HECEs, RPEs, and HLECs were 

precultured in 96-well plates at the density of 5 ×103 cells every well. To compare the 

cytotoxicity effect of different PAMAM dendrimer nanomaterials, the cells were 

treated with PAMAM dendrimer of different concentrations and algebra, and the 

control cells were likewise treated with PBS of the same volume. After 24, 48, and 72 

h of incubation, the culture medium was replaced with 100 μL of fresh culture 

medium containing a 10% volume of CCK-8 solution and the plates were incubated 

for approximately 2 h. The optical density (OD) values were detected with a 

fluorescence microplate reader. The cell viability was calculated as follows: Cell 

viability (%) = (ODdisposed – ODblank)/(ODcontrol – ODblank). 

Apoptosis Detection 

HLECs (1 × 104 cells/well in a 96-well plate) were treated with different 

concentrations of PAMAM G5.0 (5, 25, 50, or 100 μg/mL) and incubated at 37℃ 5% 

CO2 overnight. Thereafter, 100 μL of Hoechst 33342 stain was added to each well of 

the plate, and incubation was carried out at room temperature in the dark for 5 min. 

Then, after washing 3 times with PBS (3 min per wash), the blue fluorescence was 

detected by fluorescence microscopy. 

Singlet Oxygen Generation 



PAMAM G5.0 was chosen to assess its singlet oxygen generation capability, as 

detected using a commercial assay kit with the DCFH-DA fluorescent probe. In brief, 

different concentrations of the PAMAM G5.0 solution and PBS were mixed with 10 

μM DCFH-DA, respectively. The fluorescence of the mixed solutions was detected 

with a multifunctional enzyme spectrometer and fluorescence microscope.  

In Vivo tissue assay 

Acute ocular irritation assessment  

PAMAM solutions of different concentrations (50 and 100 μg/mL) were dripped onto 

the ocular surface of Japanese white rabbits, where 3 drops of each concentration 

were applied, respectively. Then, the status of the eyes before and 0.5, 2, and 4 h after 

the procedure was detected using a slit lamp following fluorescein disodium salt 

staining. 

Intravitreal injection  

All instruments were sterilized at high temperature and humidity. The anesthetized 

rabbits were dilated the pupil with atropine, then Iodine was used to sterilize and 

topical anesthesia is performed with propantheline. After that 20 μL of the 50 and 100 

μg/mL PAMAM solutions were respectively injected into the right eye of rabbits 

intravitreally at the temporal margin of the cornea 4 mm with a 30G syringe. The 

fundus retinal structures of the eyes were determined by optical coherence 

tomography (OCT) before and postoperative 3 days, and 1 week after the injection 

procedure. The retinal morphologies and visual functions were observed by fundus 

camera examination and electroretinogram (ERG) at postoperative 1 week 

respectively. Then the rabbits were euthanized by air embolism after excessive 

anesthesia. The eyeballs were collected and the histological paraffin sections of 

cornea and retina were prepared and stained by hematoxylin-eosin staining according 

to the standard procedure(32, 33).   

Statistical analysis 

The statistical analysis and one-way analysis of variance were performed with 

GraphPad Prism (version 8.0). The significance level was set at p < 0.05. Differences 

with p > 0.05 were considered statistically insignificant, those with p < 0.05 (*) were 



considered significant, and those with p < 0.01(**) and p < 0.001(***) were 

considered very significant. 
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Figures

Figure 1

Fluorescence images of HLEC cells incubated with PMAMA-NH2 G5.0 aqueous solution with
concentrations of (A) 5 μg/mL, (B) 25 μg/mL, (C) 50 μg/mL, and (D) 100 μg/mL overnight after FDA
staining for 15 mins.



Figure 2

Concentration and generation dependent cell viability of PAMAM incubated with HCECs, HLECs, and
RPEs. (A)HLECs density after PAMAM G5.0 treatment overnight. (B) The cell viability of different
generations and concentrations of PAMAM incubated with HLECs. (C) Time-dependent cell viability of
PAMAM G4.0 incubated with HCECs. (D) The cell viability of PAMAM G5.0 in different ocular cells when
the concentration is 50 μg/mL.



Figure 3

Hoechst 33342 stained cell nuclear morphology of RPEs in different concentrations of PAMAM G5.0
solution treatment after 24 hours incubation. PAMAM G5.0 solution: (A) PBS as a control; (B) 25 μg/mL;
(C) 50 μg/mL; and (D)100 μg/mL.



Figure 4

Singlet oxygen generation and enhanced in vitro cytotoxicity. Fluorescence images of RPEs incubated
with PAMAM G5.0 solution (A) Rosup solution as positive control, (B) 5 μg/mL, (C) 25 μg/mL , (D) 50
μg/mL, (E100 μg/mL.



Figure 5

Representative slit-lamp photographs (with or without �uorescein disodium staining) of the rabbit eyes
irritated by PAMAM G5.0 at the concentration of 50 μg/mL (A1-A4, B1-B4) and 100 μg/mL (C1-C4, D1-D4)
pre-treatment and post-treatment 0.5 h, 2 h, 4 h.



Figure 6

The fundus images of the rabbit eyes after 20 μL PAMAM G5.0 intravitreal injection for 7 days at the
concentration of 50 μg/mL (A1) and 100 μg/mL (B1). The untreated opposite eyes were severed as the
negative control (A2 and B2).



Figure 7

Light photomicrographs of histological section images of the cornea (A, B) and retina (C, D) after 50
μg/mL (A and C) and 100μg/mL (B and D) PAMAM G5.0 intravitreal injection for 7 days.



Figure 8

Pre (A1, B1) and postoperative 3 days (A2, B2), 7 days (A3, B3) OCT images of the fundus (A-i, B-i) and its
cross-section view (A-ii, B-ii) after 50 μg/mL (A) and 100μg/mL (B) PAMAM G5.0 intravitreal injection for
1 week.



Figure 9

The ERG results of the rabbit eyes after 50 μg/mL (A-right eye) and 100 μg/mL (B-right eye) PAMAM G5.0
intravitreal injection for 7 days. The untreated opposite eyes were severed as the negative control (A-left
eye, B-left eye). ERG MODE: Dark Adapted 0.01 ERG (i), Dark Adapted 3.0 ERG (ii), Light Adapted 3.0 ERG
(iii), and Light Adapted 3.0 Flicker 30Hz ERG (iv).


