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Purpose: To explore the feasibility of cyclophosphamide (CP) via a sub-Tenon micro- 
perfusion system (SMS) in rabbits, and assess its therapeutic efficacy in severe ocular 
inflammation.
Materials and Methods: Distribution and pharmacokinetics of CP were evaluated in vivo, 
and the concentrations of CP in plasma, vitreous humor, and retina/choroid were quantitated 
by ultra-high-performance liquid chromatography-tandem mass spectrometry (UPLC-MS 
/MS) at different time points. After induction of severe experimental uveitis, rabbits were 
divided into three groups (n=8 in each): the SMS group, subconjunctival injection (SI) group, 
and control group. Clinical inflammatory score was assessed in rabbits. Electroretinography 
and histopathology were performed on post-treatment day 8. Statistical analyses were 
performed using Mann–Whitney and Kruskal–Wallis tests. P-value less than 0.05 was 
considered significant.
Results: The concentrations of CP in vitreous humor and retina/choroid in the SMS group 
were significantly higher than that of the SI group at 3, 6, 10, and 24 hours (P<0.01), while 
plasmatic CP concentrations were comparable at all time points in the SMS group and SI 
group (P>0.05). The SMS group showed significantly less inflammation compared to the 
control group and SI group. Furthermore, the restoration of retinal structure and function 
were more obvious in the SMS group compared with conventional SI application.
Conclusion: Sub-Tenon micro-perfusion of CP exhibited satisfied therapeutic efficacy in 
rabbits with severe ocular inflammation and may provide a promising alternative for con-
trolling ocular inflammatory disease and immune-mediated ocular diseases.
Keywords: cyclophosphamide, sub-Tenon drug delivery, ocular inflammation, treatment, 
rabbit

Introduction
Uveitis, a group of diseases characterized by intraocular inflammation, is one of 
the leading causes of preventable blindness all over the world.1 Particularly, 
severe and refractory inflammation is still a major challenge due to poor targeted 
drug delivery of effective anti-inflammatory agent. Since uveitis is an immune- 
mediated inflammatory ocular disease, a variety of immunosuppressants have been 
widely used to control inflammation in severe and refractory cases.2–5 Among 
them, cyclophosphamide (CP) displays better steroid-sparing and disease remis-
sion-inducing effect.6 It was first introduced in 1952, initially for managing 
uveitis of unknown etiology.7 Subsequently, it was used to treat severe 

Correspondence: Ding Lin 
Department of Ophthalmology, Changsha 
Aier Eye Hospital, Aier School of 
Ophthalmology, Central South University, 
No. 388, Section 2, Furong Middle Road, 
Changsha City, Hunan Province 410005, 
People’s Republic of China  
Tel +86 13787255158  
Email linding@csu.edu.cn

Drug Design, Development and Therapy                                               Dovepress
open access to scientific and medical research

Open Access Full Text Article

submit your manuscript | www.dovepress.com Drug Design, Development and Therapy 2020:14 3407–3416                                            3407

http://doi.org/10.2147/DDDT.S250541 

DovePress © 2020 Zhao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

D
ru

g 
D

es
ig

n,
 D

ev
el

op
m

en
t a

nd
 T

he
ra

py
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-1195-4841
http://orcid.org/0000-0002-1968-329X
http://orcid.org/0000-0003-4225-2778
mailto:linding@csu.edu.cn
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php


inflammatory ocular disorders.8–10 Nevertheless, systemic 
administration of CP can cause undesirable side-effects 
that limit its clinical application.11,12

CP must be metabolized by cytochrome P450 enzymes 
in order to become biologically active. Cytochrome P450 
enzymes were detected in the ocular tissues (including 
corneal epithelium, ciliary body, and retinal pigment epithe-
lium), where CP is supposed to be activated in the eye.13,14 

To minimize the potential systemic side-effects, ocular drug 
delivery (via intravitreal route or transscleral route) has 
been investigated to specifically deliver drug to the target 
tissue. Intravitreal delivery of immunosuppressants has 
gained popularity for treating uveitis.15–17 However, this 
route is invasive and has a multitude of risks, such as 
endophthalmitis, subconjunctival and vitreous hemorrhage, 
intraocular pressure elevation, retinal detachment, and 
aggravating vitreous opacity.18,19 In comparison, the trans-
scleral route is safer to deliver to the posterior ocular 
segment.20 Sub-Tenon delivery involves introducing the 
drug to the sub-Tenon space located between the Tenon’s 
capsule and sclera, which enables the drug to diffuse into 
the vitreous directly from sclera. It is also believed that the 
transscleral route is suitable for delivering formulation into 
vitreous with optimal therapeutic level and minimal sys-
temic exposure.21,22 However, it is difficult to maintain the 
sustained drug concentrations at target tissue by single sub- 
Tenon administration due to the rapid clearance of drug by 
blood and lymphatic flow.23,24 Thus, development of 
a sustained release platform using sub-Tenon administra-
tion may provide an approach to achieve stable drug con-
centrations and prolonged drug duration.

Our previous work showed that sub-Tenon sustained 
delivery of dexamethasone effectively inhibited the sever-
ity of uveitis in rabbits.25 However, management of severe 
and refractory ocular inflammation recalcitrant to corticos-
teroids therapies often requires combined application of 
CP. Therefore, our current study aimed to investigate the 
delivery efficiency of CP via a sub-Tenon micro-perfusion 
system (SMS) to the vitreous and retina, and assess its 
therapeutic efficacy in rabbits with severe experimental 
uveitis.

Materials and Methods
Animals
Animal experiments were handled in compliance with the 
Association for Research in Vision and Ophthalmology 
(ARVO) statement for the Use of Animals in Ophthalmic 

and Vision Research, and the protocol (No. 2019sydw0045) 
was approved by the Animal Ethical Committee of Central 
South University. Belgium pigmented rabbits with body 
weight of 2.5–3.0 kg (either sex) were used and provided 
by the Department of Laboratory Animals of Central South 
University (Changsha, China). The animals were anesthe-
tized with an intramuscular injection of 0.1 mL/kg Xylazine 
Hydrochloride (2 mL:0.2 g, Huamu Animal Health Products 
Co., Jilin, China). The eyes were topically anesthetized with 
0.5% proparacaine hydrochloride (Alcaine, Alcon-Couvreur, 
Puurs, Belgium). Animals were euthanized by intravenous 
injection of 3 mL lidocaine hydrochloride and 3 mL air.

In vivo Study
Sixty rabbits were randomly assigned into two groups: the 
SMS group (n=30) and subconjunctival injection (SI) group 
(n=30), with each group including six rabbits at each time 
point. In the SMS group, after anesthesia, rabbits were 
administered SMS in the left eyes (Figure 1), which was 
prepared according to our previous study.25 Briefly, 
a catheter with a micro-needle (BD Intima Ⅱ Closed IV 
Catheter System, Becton, Dickinson Co., USA) was 
inserted into sub-Tenon space, the micro-needle was then 
removed and a catheter was placed between the Tenon’s 
capsule and sclera, approximately 5 mm past the limbus in 
the superior temporal quadrant of the left eye. After that, 
0.3 mL of 20 mg/mL CP (0.2 g, Jiangsu Shengdi 
Pharmaceutical Co., Ltd., Jiangsu, China) was released 
into the sub-Tenon as the initial dosage. Another end of 
the catheter was attached to a micro-pump releasing of CP 
(20 mg/mL) at the rate of 0.1 mL/h for 10 hours. In the SI 
group, 0.3 mL of CP (20 mg/mL) was given under topical 
anesthesia in the left eye using a 30-gauge needle. After 
administration, plasma and ocular samples were collected at 
1, 3, 6, 10, and 24 hours in both groups. Blood samples 
obtained from auricular vein of rabbits were immediately 
centrifuged at 3000 g for 10 minutes to extract plasma. The 
rabbits were then euthanized at different time points and 
their eyeballs were enucleated and washed with 0.9% 
normal saline to remove blood, residual drug, and the con-
junctiva. Ocular tissues including vitreous humor and 
retina/choroid compound were dissected and weighted 
respectively. All samples were stored in Eppendorf tubes 
at −20°C until analysis.

Drug Assay
CP standard (>98% purity) and ifosfamide (>98% purity) 
were obtained from the National Institute for the Control 
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of Pharmaceutical and Biological Products (Beijing, 
China). CP was used to construct the standard curve and 
ifosfamide was used as an internal standard (IS). All other 
chemical agents used were of analytical grade. The con-
centration of CP in the samples was determined by ultra- 
high-performance liquid chromatography-tandem mass 
spectrometry (UPLC-MS/MS) method. Liquid chromato-
graphic separation was performed on a C18 Hypersil ODS 
column (150 mm×2.1 mm, i.d., 5 μm particle size; Thermo 
Scientific, USA) at 40°C using an Ultimate 3000 system 
with a Chromeleon Xpress ver2.4 workstation. The mobile 
phase consisted of ammonium acetate (pH=3.2) and acet-
onitrile (20:80, v/v) at a flow rate of 0.2 mL/min. The total 
running time was 7.0 minutes, and the injection volume 
was 5 μL. Mass spectrometric detection was performed on 
a Thermo ORBITRAP VELOS PRO in the positive ioni-
zation and MS/MS (selective ion monitoring) mode. The 
protonate molecular ions [M+H]+ with m/z 261 and m/z 
233 were selected as precursor ions for CP and ifosfamide, 
respectively. XcaliburQual Browser software was used for 
data acquisition and analysis.

Weighted retina/choroid compound was homogenized 
with 0.9% normal saline (1:5, w/v) using a Bio-Gen 
PRO200 Homogenizer (Pro Scientific, USA). After homo-
genization, a volume of 200 μL of each sample (plasma, 
vitreous humor, and retina/choroid homogenate) was trans-
ferred to a centrifuge tube of 1.5 mL and added with 
a volume of 20 μL aliquots of IS (50 ng/mL). Then the 
mixture was vortexed for 30 seconds and extracted with 
n-hexane (0.5 mL) and acetate ester (0.5 mL) for 1 hour, 
and centrifuged at 14,000 rpm for 5 minutes. The organic 
layer was separated and the extract was evaporated under 
a gentle stream of nitrogen gas at 45°C until it was 

completely dry. The dried residue was dissolved with 
50 μL of mobile phase and centrifuged at 14,000 r/min 
for 5 minutes, and 5 μL of the supernatant was injected 
into the LC-MS/MS system for analysis.

Pharmacokinetic Parameter Estimation
The pharmacokinetic parameters were estimated using non-
compartmental analysis (Kinetica version 5.1, Thermo Fisher 
Scientific, Inc., Waltham, MA, USA). The pharmacokinetic 
parameters for each sample, including the area under the 
concentration–time curve from zero to 24 hours (AUC0–24), 
elimination half-life (T1/2), the peak concentration (Cmax), and 
the time to reach peak concentration (Tmax) were analyzed.

Experimental Uveitis Rabbit Model and 
Treatment
The anti-inflammatory efficacy of CP-SMS was assessed in 
a severe experimental uveitis rabbit model. Rabbits were 
intravitreally injected with Mycobacterium tuberculosis 
H37Ra antigen (Becton, Dickinson Co., USA) suspended 
in phosphate-buffered saline (PBS; 80 µg; 1 µg/µL) after 
pre-immunization to establish the severe experimental 
uveitis.25–27 Rabbits were then randomly assigned to three 
groups: (1) SMS group (n=8): rabbits were treated with SMS 
of 20 mg/mL CP for 7 days (10 h/day); (2) SI group (n=8): 
rabbits received SI of 20 mg/mL CP for 7 days; (3) control 
group (n=8): rabbits did not receive any treatment.

Clinical Observation
The clinical signs of inflammatory response in the 
anterior chamber and vitreous humor were observed with 
slit-lamp biomicroscopy and indirect ophthalmoscopy 
(with a 20-diopter aspheric lens) on days 3 and 7 and 

Figure 1 Schematic of sub-Tenon micro-perfusion of CP in rabbit. CP was released via sub-Tenon micro-perfusion system consisting of a catheter, a micro-needle, and 
a micro-pump, then it permeated into the vitreous from the scleral surface.  
Abbreviation: CP, cyclophosphamide.
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images of ocular appearance were taken as well. The signs 
of anterior chamber fibrin and vitreous opacity were 
graded 30 minutes after treatment using a 0–4 grading 
scale (0=none, 0.5=trace, 1=mild, 2=moderate, 3=severe, 
and 4=totally opacified).28,29 Clinical scores were assessed 
by a single observer (MQP) who was blinded to the 
allocation.

Electroretinography (ERG)
Retinal function was evaluated by recording scotopic ERG 
using a Ganzfeld Q450 SC universal electrophysiological 
diagnostic system (Roland Consult, Germany) on post- 
treatment day 8. Following overnight dark adaptation, the 
rabbits were anesthetized, and the pupils were dilated with 
1% tropicamide and 2.5% phenylephrine eye drops 
(Santen, Osaka, Japan). The gold-ring electrode was 
placed on the cornea. The reference platinum needle elec-
trode was inserted subcutaneously on the forehead, and the 
tail root of the rabbit was connected to ground electrode. 
All procedures were performed under dim red light. 
Scotopic ERG responses were stimulated using a white 
light of 3.0 cd s/m2 intensity. The amplitude of the b-wave 
was calculated and recorded on a commercial RETImap 
system (Roland Consult, Germany).

Histopathological Examination
Histopathological analyses were performed on post- 
treatment day 8. All rabbits were sacrificed and the eye-
balls were enucleated instantly, and immersed in a fixative 
solution containing 4% paraformaldehyde for 2 hours, and 
embedded in paraffin. The paraffin sections of 4-µm were 
cut through the papillary optic nerve plane, and stained 
with hematoxylin and eosin (H&E). Images were taken 
under light microscopy (Olympus, Tokyo, Japan). 
Histopathology of the retina was examined by a masked 
pathologist for the severity of retinal damage and graded 
using a 0–5 grading scale as previously reported.30

Statistical Analysis
Statistical analyses were performed using SPSS 22.0 soft-
ware (IBM Corp., Armonk, NY, USA). The results of the 
differences between the two groups at each time point 
were analyzed by Mann–Whitney test. Statistical compar-
isons for the clinical evaluation and b-wave amplitude 
among different groups were performed using Kruskal– 
Wallis test with Dunn post-hoc tests. P-value<0.05 was 
considered statistically significant.

Results
CP Concentrations and Distribution 
Characteristics
CP and distribution characteristics in plasma, vitreous 
humor, and retina/choroid via SMS and SI are shown in 
Figure 2. Compared with plasmatic CP concentrations, the 
retina/choroid and vitreous humor showed relatively higher 
levels of CP in both SMS and SI groups. As shown in 
Table 1, the concentrations of CP in retina/choroid and vitr-
eous humor at 3, 6, 10, and 24 hours were notably higher in 
the SMS group (P<0.01) and without a significant difference 
at 1 hour (P>0.05), as compared with the SI group. For 
plasma, no statistically significant differences at all time 
points were seen between the SMS group and the SI group 
(P>0.05). In addition, the CP concentration of plasma was 
negligible at 24 hours following either SMS or SI.

Figure 2 CP distribution characteristics in plasma, vitreous humor, and retina/ 
choroid via SMS and SI.  
Abbreviations: SMS, sub-Tenon micro-perfusion system; SI, subconjunctival 
injection.
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Pharmacokinetics
The pharmacokinetic parameters of CP in plasma, vitreous 
humor, and retina/choroid are presented in Table 2. Cmax 

of CP in plasma, vitreous humor, and retina/choroid in the 
SMS group were 381.23±108.06 ng/mL, 832.31±137.46 
ng/mL, and 4929.68±323.02 ng/g, respectively, while 
those in the SI group were 522.33±110.25 ng/mL, 560.88 
±87.59 ng/g, and 3200.88±699.74 ng/g, respectively. The 
peak CP levels of vitreous humor and retina/choroid were 
greater in the SMS group than the SI group. AUC0–24 of 
CP in plasma was lower in the SMS group than the SI 
group. However, AUC0–24 of CP in ocular tissues were 
significantly higher (1.81-times in vitreous humor and 
1.57-times in retina/choroid) for the SMS group than the 
SI group. Tmax of CP in plasma and retina/choroid were 

similar between the two groups, which were 1 hour in 
plasma, and 3 hours in retina/choroid. Vitreous Tmax was 
shorter in the SI group (1 hour) than that in the SMS group 
(3 hours). In the SMS group, the T1/2 in plasma, vitreous 
humor, and retina/choroid were 6.63±3.75 hours, 8.07 
±4.43 hours, and 7.59±1.46 hours, respectively. In the SI 
group, the T1/2 were 5.82±2.76 hours, 7.56±3.02 hours, 
and 8.30±2.06 hours, respectively.

Efficacy Outcomes
Images of the ocular appearance on post-treatment days 3 
and 7 for all groups are displayed in Figure 3. The rabbits 
developed severe anterior chamber fibrin, pupil synechiae, 
and vitreous opacity in the control group (Figure 3A and D). 
However, less clinical signs of inflammation were observed 

Table 1 Cyclophosphamide Concentrations in the Plasma, Vitreous Humor, and Retina/Choroid in SMS and SI Groups

Time (hours) SMS Group SI Group P-value

Plasma
1 335.29 (274.26–554.51) 570.90 (321.43–604.78) 0.06

3 186.16 (117.80–231.76) 201.85 (121.35–246.54) 0.70

6 33.69 (11.70–75.42) 32.70 (23.41–76.86) 0.49
10 24.70 (11.20–34.80) 23.51 (17.66–34.76) 0.94

24 5.27 (2.87–10.01) 3.75 (1.34–12.11) 0.59

Vitreous humor

1 598.02 (496.70–765.66) 645.74 (500.23–746.30) 0.94
3 882.05 (654.32–961.01) 421.98 (360.26–553.74) <0.01

6 576.76 (403.90–717.67) 317.10 (237.65–396.54) <0.01

10 273.27 (222.53–432.11) 116.60 (87.44–179.95) <0.01
24 108.81 (100.30–181.66) 68.96 (54.02–81.71) <0.01

Retina/choroid
1 3522.89 (2965.43–3970.44) 3127.74 (2526.00–3414.61) 0.09

3 4993.30 (4329.56–5210.29) 3157.88 (2113.80–4057.62) <0.01

6 2570.87 (2154.55–3101.50) 1152.63 (978.60–1826.77) <0.01
10 1151.27 (986.08–1687.00) 894.46 (696.76–982.13) <0.01

24 565.64 (509.60–765.02) 296.06 (198.79–344.99) <0.01

Note: Data presented as median (range). 
Abbreviations: SMS, sub-Tenon micro-perfusion system; SI, subconjunctival injection.

Table 2 Pharmacokinetics of Cyclophosphamide in Plasma, Vitreous Humor, and Retina/Choroid via SMS and SI

Parameters SMS Group SI Group

Plasma Vitreous Humor Retina/Choroid Plasma Vitreous Humor Retina/Choroid

AUC0–24(h*ng/mL, h*ng/g) 1307.82±203.14 8217.05±531.92 40,688.41±2616.30 1528.26±158.01 4535.88±646.84 25,829.21±1818.80

T1/2 (h) 6.63±3.75 8.07±4.43 7.59±1.46 5.82±2.76 7.56±3.02 8.30±2.06

Cmax (ng/mL) 381.23±108.06 832.31±137.46 4929.68±323.02 522.33±110.25 560.88±87.59 3200.88±699.74

Tmax (h) 1.00±0.00 3.00±0.00 3.00±0.00 1.00±0.00 1.00±0.00 3.00±0.00

Note: Values presented as means±standard deviation. 
Abbreviations: SMS, sub-Tenon micro-perfusion system; SI, subconjunctival injection; AUC0–24, the area under the concentration–time from zero to 24 hours; T1/2, 
elimination half-life; Cmax, the peak concentration; Tmax, the time to reach peak concentration.
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in the SMS group and SI group (Figure 3B, C, E, and F). 
Furthermore, there were no signs of inflammation in the 
SMS group on post-treatment day 7 (Figure 3F).

Clinical signs of inflammatory response were assessed 
by anterior chamber fibrin and vitreous opacity. As shown 
in Figure 4, the SMS and SI groups significantly reduced the 
clinical inflammatory scores on post-treatment days 3 and 7 

in comparison to the control group (P<0.01). The SMS 
group had the lowest clinical score among the three groups. 
For anterior chamber fibrin, there was no significant differ-
ence between the SMS group and the SI group on post- 
treatment day 3 (P=0.783), but the SMS group had a lower 
score than the SI group on post-treatment day 7 (0.06±0.18 
vs 0.63±0.23; P<0.01; Figure 4A). Moreover, the mean 

Figure 3 Images of the ocular appearance for the control group (A and D), SI group (B and E), and SMS group (C and F) on post-treatment days 3 and 7. The eyes in the 
control group had severe anterior chamber fibrin and vitreous opacity, whereas there were less inflammatory signs in the SI group and SMS group. The eyes at day 7 in the 
SMS group appeared normal. The arrow indicates the response of inflammation.

Figure 4 Clinical signs of inflammatory response in control group, SI group and SMS group. Mean anterior chamber fibrin scores (A) and mean vitreous opacity scores (B) 
were assessed on post-treatment days 3 and 7 (n=8). #P<0.05, ##P<0.01.
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vitreous opacity score was notably lower in the SMS group 
compared with the SI group at any observation time point 
(Figure 4B).

Histopathological section images and histological scores 
of the retina in all groups are illustrated in Figure 5. The 
control group manifested severe inflammation and 

remarkable inflammatory cell infiltration in the retina. The 
retinal structure was disorganized with a photoreceptor layer 
fully damaged (Figure 5A). Meanwhile, moderate disruption 
of the retinal structure and photoreceptor layer could be 
observed in the SI group (Figure 5B). There were no sig-
nificant differences in the mean histological score of the 

Figure 5 Representative histopathologic section images of the retina in the control group (A), SI group (B), SMS group (C), and normal rabbits (D) (20× magnification; Scale 
bar −50 µm). Sections of the retina were photographed on post-treatment day 8. Histological scores of the retina in the control group, SI group, and SMS group (E). *P<0.05, 
**P<0.01.
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retina between control group and SI group (4.87±0.35 vs 3.88 
±0.35; P=0.108; Figure 5E). In contrast, the retinal structure 
was rescued with normal or only slight damage to the photo-
receptor outer layer found in the SMS group (Figure 5C). The 
mean histological score of the retina in the SMS group was 
significantly lower than the SI group (P=0.039; Figure 5E) 
and control group (P<0.01; Figure 5E).

Retinal Function Evaluation
Scotopic ERGs were used to evaluate the retinal function 
in uveitis rabbits, the results of b-wave amplitude in all 
groups are shown in Figure 6. The rabbits in the SI group 
and SMS group showed significantly greater b-wave 
amplitudes as compared to the control group (P<0.01). 
Furthermore, the b-wave amplitude in the SMS group 
was comparable to the normal rabbits (P>0.05) and nota-
bly greater than the SI group (P<0.01).

Discussion
In the present study, we demonstrated the ability of SMS 
to achieve satisfied concentrations of CP in the vitreous 
and retina with low systemic exposure. Additionally, we 
further proved that SMS loaded with CP effectively 
resolved inflammatory symptoms and preserved retinal 
function in experimental uveitis rabbits.

Treatment of severe uveitis requires efficient ocular 
drug level to rapidly control the initial inflammation and 
subsequent sustained maintenance drug level to achieve 
prolonged therapeutic action to prevent disease relapse.31 

Trans-Tenon’s retrobulbar infusion of drug using a blunt 
cannula is a safe and effective treatment for uveitis.32 In 
the current study, SMS was optimized by inserting 

a catheter directly into the sub-Tenon through a micro- 
needle without the need for a surgical cut down or an 
incision, which is as convenient as the intravenous route 
to provide an easy and safe repeated injection process. The 
releasing amount of CP into the sub-Tenon was controlled 
by an auto-infusion pump which delivered 6 mg CP as an 
initial dose and subsequently dropped down to 
a maintenance dose (2 mg every hour). This drug delivery 
strategy is suitable for treating severe uveitis because it 
can provide personalized drug therapy according to the 
severity of disease.

We characterized the CP distribution and pharmacoki-
netics in plasma, retina/choroid, and vitreous via the SMS 
using the conventional SI administration as a comparative 
modality. Our results showed that CP levels of vitreous 
humor and retina/choroid in the SMS group were much 
higher within 24 hours (except 1 hour) than inthe SI group. 
This indicated that CP released from SMS was more 
efficient to arrive at posterior segment tissues than that 
from SI. Several factors are attributed to this phenomenon. 
Firstly, higher CP concentration at the delivery site could 
be obtained via SMS due to slower clearance rate. It has 
been shown that the vascular density is low in sub-Tenon’s 
area,33 which can decrease drug clearance by blood flow. 
Furthermore, the concentration gradient can enhance drug 
penetration from the scleral surface to the retina/vitreous.-
34–36 Thus, the longer period for CP loading at the injec-
tion site, the higher possibility for CP penetrating into the 
sclera and getting to the ocular tissue. For pharmacoki-
netics study, AUC0-24 of CP in the vitreous and retina/ 
choroid in the SMS group was greater than that in the 
SMS group. Although the SMS group had a later Tmax in 
the vitreous, higher Cmax is crucial for ocular diseases.

It has been shown that severe ocular inflammation 
could be observed in experimental uveitis models.25 In 
the current study, we started the treatment 24 hours after 
the model induction when severe intraocular inflammation 
occurred. The clinical inflammatory scores of the anterior 
chamber and vitreous humor in the control group were 
gradually increased over time, whereas those in the SI 
group and SMS group were decreased. Compared with 
the SI group, the SMS group showed a significant reduc-
tion in inflammatory scores on post-treatment day 7. These 
data suggested that SMS loaded with CP effectively inhib-
ited ocular inflammation. Furthermore, retinal histopatho-
logical and ERG analysis showed that the restoration of 
retinal structure and function were more obvious in the 
SMS group, suggesting that the delivering CP via SMS 

Figure 6 Scotopic ERG responses in the control group, SI group, SMS group, and 
normal rabbits. Mean b-wave amplitude in all groups were observed on post- 
treatment day 8 (n=8 eyes for each group). Error bars represent the SD, **P<0.01.
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was more potent in protecting retinal function compared 
with conventional SI application.

Although the rabbit ocular anatomy and physiology 
resemble that of humans, caution is necessary when extra-
polating the ocular drug delivery system in humans from 
the experimental data obtained in the animal model.37 In 
contrast to humans, rabbits possess much thinner sclera, 
which facilitate penetration of drug from episcleral space 
into the choroid/retina and vitreous. Moreover, the basal 
metabolic rate in a rabbit is faster, which may shorten the 
half-life of the drug in ocular tissues due to an increase in 
drug clearance rate. Consequently, the dosage of CP and 
the release rate of the SMS should be changed and 
designed accordingly if it is used for patient with uveitis. 
The systemic and ocular complications associated with 
local delivery of CP via SMS remains unclear. Further 
study is necessary to address these concerns. Moreover, 
we expect the present drug delivery system can be 
upgraded in the future to cure other severe ocular immune- 
mediated diseases.

Conclusions
Releasing of CP through a sub-Tenon micro-perfusion 
system achieved high CP concentrations in the retina/ 
choroid and vitreous humor, which relieved ocular inflam-
mation and restored both retinal anatomical structure and 
function in the rabbit model with severe uveitis. It may 
become a promising candidate for treating ocular inflam-
mation and immune-mediated ocular diseases.
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