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Abstract: Objective: This study aimed to develop a novel release system for grafted islets. Materials and methods: A 
graphene oxide-FTY720 release system was constructed to test the drug loading and releasing capacity. The recipi-
ent rats were divided into four groups as following: Experiment group A (EG A) and B (EG B); Control group A (CG A) 
and B (CG B). In each group, (2000±100) IEQ microencapsulated islets were implanted into the abdominal cavity 
of the recipients with oral FTY720, local graphene oxide-FTY720 injection, without immunosuppressants, and with 
graphene oxide-saturated solution respectively. We detected the immunological data, the blood glucose level, and 
pericapsular overgrowth to show the transplantation effect. Results: 31% of adsorptive FTY720 was released within 
6 h, and 82% of FTY720 was released within 48 h. From day 5 to 8, the amount of PBL in EG B was significantly less 
than those in EG A (P<0.01). The CD3+ and CD8+ T lymphocytes were suppressed 3 days longer in EG B than in EG 
A. On day 19 posttransplantation, the blood glucose level in EG B was much lower than that in EG A (P<0.01). On 
the same day, pericapsular overgrowth was grade I in EG B, grade II in other groups. Conclusions: Graphene oxide-
FTY720 complex showed a drug releasing effect. Local application of graphene-FTY720 releasing system could 
decrease the amount of peripheral blood lymphocytes (PBL) and the percentage of CD3 and CD8 T lymphocytes in 
blood for longer time than oral drug application. This releasing system could achieve a better blood glucose control.
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Introduction

Lim first used alginate polylysine to encapsu-
late islet cells and successfully transplanted 
them into rats with diabetes [1]. From then on, 
great progress has been made in islet trans-
plantation. In 2008, the Collaborative Islet 
Transplant Registry (CITR) reported that among 
325 patients who received 649 islet transplan-
tations from 712 donors, only 23% of them 
remained free from insulin injection 3 years 
after the first transplantation [2]. The applica-
tion of islet transplantation is limited by the 
shortage of donors, immune rejection, high 
costs, and serious side effects associated with 
long-term administration of immunosuppres- 
sants.

In order to overcome immune rejection, micro-
encapsulation was introduced to protect the 
transplants from immunological rejection [3]. 
However, microcapsules could not provide a 
perfect immunoisolation for the grafts and peri-
capsular overgrowth would lead to a function 
loss of the transplanted islets [4, 5]. So immu-
nosuppressants were still administered to in- 
hibit immunological rejection [6].

FTY720, as a novel immunosuppressant, could 
significantly prolong the survival of the grafts, 
reduce the side effects of immunosuppressa- 
nts, reverse immunulogical rejection, and was 
nontoxic to grafted islets [7-10]. When FTY720 
was administered in normal rats at an oral dose 
of 0.1-10 mg/kg, the peripheral blood lympho-
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cytes reduced apparently within 3 hours and 
recovered to normal level within 1 to 2 weeks 
[11]. FTY720 local administration also had bet-
ter water-solubility and fat-solubility, higher bio-
availability, and higher drug concentration in 
grafts and lymph nodes than in blood [12].

There were still problems involved in the use of 
FTY720, such as the large dosage administra-
tion, the apparent side effects on the whole 
body, and the availability of low concentration 
of drugs at the target organs [13-15].

Therefore, local immunosuppressant releasing 
system had been reported to show good effect 
[16-20]. Graphene oxide was a single-atomic-
layered material made from nature graphite 
crystals [21, 22], which could be used in medi-
cine as a drug carrier because of its superior 
drug loading capacity and excellent biocompat-
ibility [23-26]. In this study, we chose microen-
capsulated islets mixed with graphene oxide-
FTY720 to inject into abdominal cavity of the 
recipients, and attempted to create a local 
immunosuppression microenvironment by tak-
ing the advantage of the drug releasing sy- 
stem.

In summary, we aimed to design graphene 
oxide-immunosuppressant complex as a new 
immunosuppressive releasing system around 
the grafted islets to achieve a better local im- 
munosuppression after transplantation.

Materials and methods

Animals

The present study was approved by the Ethics 
Committee of the First Clinical Hospital at- 
tached to the Harbin Medical University. 80 
specific-pathogen-free (SPF) male Sprague Da- 
wley rats (10 to 12 weeks old and 200-300g in 
weight) were chosen as donors; 32 SPF male 
Wistar rats (7 to 8 weeks old and 150-200 in 
weight) were chosen as recipients. Animals 
were provided by Experimental Animal Center 
of the First Clinical Hospital. The rats were 
placed in 12 h/12 h light/dark cycle and fed 
with standard laboratory food (PMI feed) and 
water ad libitum.

Reagents

Dulbecco’s modification of Eagle’s medium 
(DMEM), Rosewell Park Memorial Institute 

(RPMI)-1640 culture medium, fetal bovine 
serum, penicillin, and streptomycin were pur-
chased from Invitrogen (Burlington, Canada); 
Ham’s F12 nutrient medium (HAM-F12), Hanks’ 
balanced salt solution (HBSS), Ethylene Dia- 
mine Tetra-acetic Acid (EDTA), and collagenase 
were purchased from Sigma (St. Louis, United 
States of America); Streptozotocin was pur-
chased from Upjohn, Kalamazoo (MI, USA); 
Dithizone (DTZ), Ficoll 400, green fluorescent 
dye SYTO, ethidium bromide (EB) and rat insulin 
radioimmunoassay kits were purchased from 
LINCO (St. Charles, MO, USA); 2.2% high purity 
low viscosity high-guluronic acid (LVG) alginate 
(Pronova) was obtained from FMC Biopolymer 
(Drammen, Norway); Fluorescscein Isothiocya- 
nate (FITC) anti-rat CD3, PE anti-rat CD8 were 
purchased from BioLegend (California, USA); 
and FTY720 standard product was from Ca- 
yman (Ann Arbor, USA).

Preparation of grapheme oxide saturated solu-
tion

Graphene oxide (the average diameter of one 
layer of graphene was 200 µm, its thickness 
was equal to one carbon atom, total 40 mg  
graphene provided from Harbin Institute of 
Technology, Harbin, China) was put into 200 ml 
deionized water, dispersed uniformly, and then 
put into 500 W ultrasonator for 30 min. The 
harvested graphene oxide suspension was cen-
trifuged at 60 rpm for 15 min, and the superna-
tant (graphene oxide saturated solution) was 
isolated, kept sealed in plastic tubes, and then 
stored for later use.

Drug loading test

Different doses of FTY720 (1 mg, 3 mg, 5 mg, 
and 7 mg) were added into 50 ml graphene 
oxide saturated solution. After 24 h, the solu-
tion was centrifuged at 10000 rpm, and the 
supernatant was harvested for absorbance 
test. According to Lambert-Beer’s Law, A (ab- 
sorbance)=k·cl, where k is constant of propor-
tionality, c is concentration of light absorbing 
materials, and l is transparent liquid layer thick-
ness. At the maximum absorption wavelength 
of 220 nm, the absorbance of different sam-
ples was obtained, and the maximum FTY720 
absorption dosage was identified according  
to drug concentration-absorbance standard 
curve.



Effect on islet transplantation

12392 Int J Clin Exp Pathol 2015;8(10):12390-12399

Drug releasing capacity test

A 50 ml graphene oxide-FTY720 solution 
(FTY720 reached maximum absorption dos-
age) was prepared and added into 50 ml deion-
ized water to test the drug release. 2 ml was 
taken to test the absorbance every 6 h, and 2 
ml deionized water was added to keep the vol-
ume. Above experiment was repeated five 
times, the mean value was calculated, and the 
drug releasing rate-time curve was obtained.

Establishment of type I diabetic rat models

The diabetic model used in this study had been 
described previously [27]: SD rats were fasted 
overnight and given a single injection of strep-
tozotocin (90 mg/kg) from day 10 to day 14 
before transplantation. After 48 h, blood glu-
cose was measured by using a One Touch sys-
tem (Johnson & Johnson, USA). Rats which had 
non-fasting blood glucose levels higher than 20 
mmol/L on two separate occasions were identi-
fied as a successful model. Blood was collected 
through tail vein for biochemical analysis.

Rat islet isolation and microencapsulation

Rat bile duct cannula perfusion was conducted 
with 20 mL Cold HBSS containing 1.5 mg/mL 
collagenase V. Digestion of the islets was car-
ried out at 37°C, and the cells were purified 
with Ficoll density gradient solution at 4°C, as 
described previously [28, 29]. Rat pancreatic 
islets were collected and counted. Islet equiva-
lents (IEQ) were calculated as (Σ islet number in 
each diameter × corresponding coefficient) × 
dilution factor [30].

Islet microencapsulation was undertaken as 
described previously [31-33]. Briefly, the cell 
pellets were mixed with 2.2% alginate (Pronova, 
Norway) in a ratio of 1:6 (v/v) and then placed 
in electrostatic droplet generator (Serial No. 
LS-01.005, Dottikon, Switzerland). The encap-
sulated islets were then collected into a petri 
dish containing 1.1% barium chloride solution 
and washed with saline. The cells were resus-
pended in 15 mL RPMI1640 (containing 10% 
Fetal Bovine Serum, penicillin, and streptomy-
cin) and subsequently stained with DTZ and 
green fluorescent dye (SYTO/EB). The microen-
capsulated rat pancreatic islets were cultured 
in HAM-F12 medium at 37°C in a 5% carbon 
dioxide (CO2) incubator.

Islet identification and activity detection

Islet activity was estimated by SYTO green and 
EB staining and observed under fluorescence 
microscopy (BX51TF, Tokyo, Japan). Islets with 
more than 50% stained cells were defined as 
living islets and expressed as a percentage of 
total islet number in each group [34].

Aliquots of 25 islet equivalents were washed 
with glucose-free medium prior to static glu-
cose challenge. The islets were incubated in 
low (2.8 mM) or high (20 mM) glucose concen-
tration medium at 37°C in 5% CO2 for 30 min. 
Supernatant samples were collected, and insu-
lin concentrations were measured using a rat/
mouse insulin enzyme-linked immnosorbent 
assay kit (Linco, MO). Insulin sensitivity index 
(ISI) was calculated as the ratio of the insulin 
concentration in high-glucose solution to the 
concentration in low-glucose solution [35].

Experiment groups

Diabetic rats were anesthetized by 7% chloral 
hydrate injection into abdominal cavity with 0.5 
mL/100 g weight. Microencapsulated islets 
were added into 2 ml graphen oxide solution or 
graphen oxide-FTY720 solution, and injected 
into the abdominal cavity of the recipients 
through a small cut on the abdominal wall. All 
recipients were divided into the following four 
groups:

Experiment group A (EG A): (2000±100) IEQ 
microencapsulated islets were implanted into 
abdominal cavity (n=8) and 0.087 mg FTY720 
was administrated orally. The dosage of FTY720 
(0.5 mg/kg·d) was enough to reach the blood 
concentration of maintaining whole body immu-
nosuppression [14].

Experiment group B (EG B): (2000±100) IEQ 
microencapsulated islets were implanted into 
abdominal cavity (n=8) with graphene oxide-
FTY720 solution (0.087 mg FTY720/0.2 mg 
graphene oxide/ml) locally through abdominal 
cavity injection. The dosage of FTY720 in this 
group was equal to that in EG A.

Control group A (CG A): (2000±100) IEQ micro-
encapsulated islets were implanted into ab- 
dominal cavity (n=8) without immunosuppre- 
ssants.

Control group B (CG B): (2000±100) IEQ micro-
encapsulated islets were implanted into ab- 
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dominal cavity (n=8) with 2 ml graphene oxide 
saturated solution administered through local 
abdominal cavity injection.

Peripheral blood lymphocyte count

Blood samples from the recipients were col-
lected through caudal vein at the following time 
points: 0 h (before transplantation), 4 h, 8 h, 
and 24 h, followed by day 2, 5, 8, and 12 after 
transplantation [15], then diluted in 5 µl of 
1.5% acetic acid solution, and the amount of 
leucocytes were counted. Another 2-3 µl vein 
blood was obtained for smear test after Wright’s 
staining, which was observed under high power 
lens. About 400 leucocytes were collected, and 
the percentage of lymphocytes was counted.

Analysis on T lymphocyte subsets

Caudal vein blood (50 µl) was added with 15 µl 
fluorescent antibody (anti-CD3-FITC and anti-
CD8-PE), incubated for 30 min, then added 1 
ml red blood cell lysis solution, centrifuged for 
15 min. The supernatant was discarded. The 
precipitate was washed with phosphate buff-
ered saline (PBS) and fixed with 1% paraformal-
dehyde for 10 min. Cells were detected by flow 
cytometry (FACtarplus, BD Company, USA).

Blood glucose detection

Rat blood glucose was taken before transpl- 
antation and at day 5 (first week), 12 (second 
week), 19 (third week), and 33 (fourth week) 
after transplantation. Rats which showed non-
fasting blood glucose levels higher than 20 
mmol/L on two separate occasions, less move-
ment, and constant weight loss were identified 
with functional loss of the grafts.

sules was calculated. The severity of over-
growth was assessed as Grade 0: more than 
75% of microcapsules had no surface adhe-
sion; Grade I: more than 75% of the microcap-
sules surface had less than 25% surface adhe-
sion; Grade II: more than 75% of microcapsule 
surfaces showed 25-50% surface area adhe-
sion; and Grade III: more than 75% of the micro-
capsules surface had more than 50% surface 
area adhesion [36].

Immunohistochemistry analysis

The parafin sections of microencapsulated 
grafts were processed as following: dewaxing, 
hydration, PBS washing, antigen retrieval, 3% 
hydrogen peroxide sealing for 20 min, 5% nor-
mal goat serum sealing, first antibody (rabbit 
anti-rat CD3) incubation, rewarming, second 
antibody incubation (goat anti-rabbit antibody 
with biotin labeling), diaminobenzidine staining, 
toasting at 60°C for 2 h, hematoxylin staining, 
and dehydration. The pericapsular overgrowth 
was then observed under microscope. The yel-
low staining CD3 T lymphocytes in each high 
magnification around the capsule were count-
ed and compared in each group to evaluate the 
grade of pericapsular overgrowth.

Statistical analysis

Statistical analysis was performed using SPSS 
version 17.0 software (SPSS Inc., USA). Data 
were expressed as means ± standard devia-
tions. One-way analysis of variance with Stu- 
dent-Newman-Keuls test for post hoc analysis 
was used for comparisons of between groups. 
Two samples from in vitro culture or in vivo 
transplant were compared using t-tests. Values 
of P<0.05 were considered statistically sig- 
nificant.

Figure 1. FTY720 release changing with time. Experiments performed five times.

Evaluation of pericapsu-
lar overgrowth

Two rats in each group 
were euthanatized every 
week. The abdominal ca- 
vity was cut open and  
the accumulation of gra-
phene oxide and peri- 
capsular overgrowth we- 
re observed. Adhesive 
microcapsules were sep-
arated and counted, and 
the ratio of overgrown 
microcapsules to every 
100 retrieved microcap-
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Results

Drug loading and releasing of graphene oxide

The concentration of graphene oxide saturated 
solution was 0.2 mg/ml according to the drug 
concentration-absorbance standard curve. Ab- 
out 1 ml graphene oxide saturated solution was 
loaded with FTY720 0.087 mg. FTY720 releas-
ing rate changing with time in graphene oxide-
FTY720 complex was shown (Figure 1). There 
was burst release in the initial stage. 31% of 
adsorptive FTY720 was released within 6 h, 
and the drug releasing rate slowed down 
between 6 h and 30 h. After 36 h, a balance 
was reached by drug adsorption and release. 
After 48 h, 82% of FTY720 was released.

Activity detection of microencapsulated islets

Observation under inverted microscope sho- 
wed that islets were transparent or semitrans-
parent and stained with orange red. They were 
round and oval shape in varied size (50-350 
µm in diameter). Under fluorescence micro-
scope, the live islets were stained green, and 
dead islets were stained red. The survival rate 
of islets reached 90%. The average ISI value 
was 4.87±0.33. Average 1-3 islets were encap-
sulated in one capsule. The diameter of cap-
sules varied from 100 µm to 500 µm (Figure 2).

Immunological changes in recipients after islet 
transplantation

Changes of peripheral blood lymphocytes (PBL) 
after transplantation were shown (Figure 3A). 
In EG A, the amount of PBL decreased rapidly 
after transplantation and reached the lowest 
value (3914±297/μl) at 4 h after transplanta-

tion. Then the amount of PBL increased slowly 
to day 2, increased rapidly 2 days later, and 
then recovered to the pretransplantation level 
(8465±166/μl) on day 8. In EG B, the amount 
of PBL decreased rapidly after transplantation, 
reached (5039±368/μl) at 4 h, and decreased 
further. The lowest value reached 4215±339/
μl. The amount of PBL increased on day 2 after 
transplantation and recovered to the pretrans-
plantation level on day 12. From 4 to 24 h, the 
amount of PBL in EG B was significantly more 
than those in EG A (P<0.01). From day 5 to 8, 
the amount of PBL in EG B was significantly less 
than those in EG A (P<0.01). From 4 h to day 5, 
the amount of PBL in EG B was significantly less 
than in CG B (P<0.01).

The percentage of CD3+ T lymphocyte subsets 
in EG A decreased rapidly within 4 h posttrans-
plantation and reached 36.1 (±1.24)%. It in- 
creased rapidly on day 5 and recovered to the 
pretransplantation level on day 12. The per-
centage of CD3+ T lymphocyte subsets in EG B 
decreased rapidly within 4 h posttransplanta-
tion and reached 43.2 (±1.66)%. It then re- 
ached the lowest value at 8 h, then increased 
slowly within 8 h to day 8, increased rapidly 
after day 8, and recovered to the pretransplan-
tation level on day 12. The percentage of CD3+ 
T lymphocyte subsets in EG A was significantly 
lower than in EG B within 4 h to day 5 posttrans-
plantation (P<0.01), and significantly higher 
than in EG B on day 8 (P<0.01). There were sig-
nificant difference between EGs and CGs within 
4 h to day 5 post-transplantation (P<0.01) 
(Figure 3B).

The percentage of CD8+ T lymphocyte subsets 
in EG A decreased rapidly after transplantation 

Figure 2. Activity detection of microencapsulated islets. A. DTZ stain of islets (100×). B. SYTO-green and EB stain of 
islets (100×). C. Microencapsulated islets (150×). A. The red stain represented the islets; B. The green stain repre-
sented live islets, red stain represented dead islets; C. 1-3 islets were encapsulated in one capsule.
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and reached the lowest value of 29 (±1.71)% at 
8 h, and it was maintained a stable level from 8 
h to day 5, then increased rapidly after day 5, 

icant difference between EG B and CG B from 4 
h to day 5 after transplantation (P<0.01). There 
were no significant differences observed 

Figure 3. A: ΔP<0.01 EG B 
vs. EG A; *P<0.01 EG B vs. 
CG B; B: ΔP<0.01 EG B vs. 
EG A; *P<0.01 EG B vs. CG 
B; C: ΔP<0.05 EG B vs. EG A; 
*P<0.01 EG B vs. CG B.

Figure 4. Changes in blood glucose of recipients after transplantation, ΔP<0.01 
EG B vs. EG A.; *P<0.01 EG B vs. CG B.

and recovered to the pre-
tranplantation level on day 
12. The percentage of CD- 
8+ T lymphocyte subsets in 
EG B decreased rapidly and 
reached the lowest value of 
38.2 (±2.21)% at 8 h. This 
value was significantly hi- 
gher than that in EG A 
(P<0.01). The percentage 
of CD8+ T lymphocyte sub-
sets in EG B was significant-
ly higher than that in EG A 
from 8 h to day 5 (P<0.05) 
and significantly lower than 
that in EG A on day 8 
(P<0.01). There were signif-
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between pre- and post-transplantation in CGs 
(P>0.05) (Figure 3C).

Changes in blood glucose of recipients after 
transplantation

The blood glucose in all groups decreased to 
normal level within 5 days posttransplantation 
and maintained a normal level to day 12. After 
that, the blood glucose in all groups increased 
gradually, which rised much slower in EG B than 
in other groups. On day 19 posttransplantation, 
the blood glucose value differed significantly  
in EG B (P<0.01) and insignificantly in EG A 
(P>0.05), compared to those in CGs. And the 
difference was significant between EG A and EG 
B (P<0.01). On day 33 posttransplantation, the 
blood glucose in all groups recovered to their 
pretransplantation levels (Figure 4).

Pericapsular overgrowth after transplantation

Pericapsular overgrowth was divided into grade 
0 to III under light microscope (Figure 5A). The 
changes of pericapsular overgrowth (0-III gra- 
de) with time in all groups were shown (Table 
1). The grade of pericapsular overgrowth in EG 
A and CGs were the same at each time point. 
But on day 19 (third week) posttransplantation, 
compared to grade I overgrowth in EG B, grade 
II overgrowth was seen in other groups.

Comparison of the pericapsular overgrowth in 
all groups on day 19 posttransplantation was 
shown. The yellow staining cells were less than 
10 in EG B under each high magnification, while 
they were more than 30 in EG A and CGs (Figure 
5B).

Discussion

The clinical application of microencapsulated 
islet transplantation was limited by functional 
loss of grafted islets, immunoisolation imper-
fection of the microcapsules, and oxygen and 
nutrients insufficiency of the encapsulated 
islets caused by pericapsular overgrowth [37]. 
Although the administration of immunosup-
pressants could solve these complications to 
some extent, it brought problems such as 
apparent side effects, and imperfection of 
immunological suppression [7, 8]. Therefore, 
local immunological suppression therapy was 
considered as a good option. It provided the 
advantage of taking direct effect of immuno-
suppressant on grafts to inhibit immune rejec-
tion. To avoid damages of the grafts, sensitized 
T lymphocytes and immune rejection could be 
inhibited by injecting immunosuppressants 
around the grafts [38-40].

While local administration of immunosuppres-
sants through sustained drug releasing system 
could prolong the effect of immunosuppres-
sants. Graphene oxide had a high specific sur-
face area, and its drug loading capacity was as 
high as 238% and superior to other drug carri-
ers [41]. In the present study, the drug loading 
rate of graphene oxide was 43.5% and drug 
releasing rate reached 31% at 6 h, and reached 
82% at 48 h.

CD3 was a specific molecular marker on the 
surface of T lymphocytes and CD3 positive lym-
phocytes were frequently detected in allografts. 
For the islet allo-transplantation, CD3 and CD8 

Figure 5. A. Grade of overgrowth, from 0-III grade under light microscope (150×). B. Comparison of the pericapsular 
overgrowth in both EGs on day 19 posttransplantation (400×). (In each group, two recipients were analyzed) the 
black arrows represent the yellow stained T lymphocytes, and the white arrows represent the capsules.
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molecular markers were chosen to response 
the effect of FTY720 on peripheral blood lym-
phocytes in the recipients. The results showed 
that systemic (oral) drug administration showed 
good effect to inhibit the homing of peripheral 
blood lymphocytes, while abdominally local 
drug administration took a better effect. It was 
proved to inhibit lymphocyte homing for longer 
time with the continuous release of the immu-
nosuppressants. In Figure 3, the amount of 
PBL in EG A was inhibited to the lowest value 
within 24 hs and recovered to pretransplanta-
tion level on day 8. While in EG B, PBL was 
inhibited to the lowest value on day 2 and 
recovered to pretransplantation level on day 
12. This proved that local drug releasing sys-
tem application had a longer time inhibition on 
PBL than FTY720 oral administration.

Notably, in Figure 3B and 3C, the percentage of 
CD3+ T lymphocyte subsets in EGs was inhibit-
ed to the lowest level within 4 hs, while the per-
centage of CD8+ T lymphocyte subsets in EGs 
was inhibited to the lowest level within 8hs. 
This proved that CD3+ T lymphocyte subsets 
were more sensitve to FTY720 than CD8+ T 
lymphocyte subsets. The CD3+ and CD8+ T 
lymphocytes were suppressed 3 days longer in 
EG B than in EG A. This further proved that the 
local administration of immunosuppressant re- 
leasing system produced an inhibiting effect for 
longer time.

In Figure 4, the blood glucose in EG B increased 
much slower than in other groups. On day 19 
posttransplantation, there was significant dif-
ference between the blood glucose of EG A and 
EG B (P<0.01). Although the blood glucose 
value in all groups rised back to pretransplanta-
tion level on day 33, we found that with admin-

istration of the same dose of FTY720 through 
diffirent ways, EG B showed a better blood glu-
cose control than EG A and CGs on day 19. This 
indicated that the local use of graphene oxide-
FTY720 release system could apparently inhib-
it immune rejection around the grafted islets 
and kept most islets survival and normal func-
tion on day 19. Because we only tested the 
effect of FTY720 administration one time, we 
loaded the same dose of FTY720 with gra-
phene oxide to the oral FTY720. So the loading 
dose was far less than the saturated dose in 
grapheme oxide. If we loaded enough dose of 
FTY720 with graphene oxide, the releasing 
time and blood control would be much better.

In Figure 5, on day 19 posttransplantation, 
compared to the grade II overgrowth in EG A 
and CGs, only grade I overgrowth was seen in 
EG B. The yellow stained CD3+ T lymphocytes 
were fewer than 10 under one high magnifica-
tion in EG B, but were more than 30 in EG A and 
CGs. We also observed that once oral FTY720 
administration could not show apparent effe- 
ct on inhibiting CD3+ aggregation around the 
microencapsulated islets because of its rapid 
reduce in blood concentration. Although local 
administration of grapheme oxide-FTY720 re- 
leasing system couldn’t keep the blood concen-
tration as high as oral FTY720, it could keep a 
continuous drug release for longer time. These 
data proved that local FTY720 releasing sys-
tem could inhibit the aggregation of T lympho-
cytes around the microcapsules and reduce 
the pericapsular overgrowth grade for longer 
time.

In conclusion, graphene oxide-FTY720 compl- 
ex showed a drug releasing effect. Local appli-
cation of graphene-FTY720 releasing system 
could decrease the amount of PBL, and the per-
centage of CD3 and CD8 T lymphocytes in 
blood for longer time than oral drug application. 
This releasing system was also proved to 
reduce the aggregation of T lymphocytes ar- 
ound the microcapsules and reduce the peri-
capsular overgrowth. So we could make a bet-
ter blood glucose control through reducing the 
damage of grafted islets via inhibiting PBL, CD3 
and CD8 T lymphocytes in blood and the peri-
capsular overgrowth. However, some limita-
tions of graphene oxide drug loading system 
were also observed in our study: the tardiness 
in vivo clearance of graphene oxide and the ini-
tial drug burst release phenomenon. Further 

Table 1. Changes of pericapsular overgrowth 
(0-III grade) with time in all groups
Groups\Time d 12 d 19 d 26 d 33
EG A 1 I II II III

2 I II II III
EG B 1 I I II III

2 I I II III
CG A 1 I II II III

2 I II II III
CG B 1 I II II III

2 I II II III
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studies are needed to optimize the grapheme 
oxide-FTY720 release system to improve the 
islet transplantation.
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