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Abstract

A hydrophobic peptide, cyclosporin A (CyA), was incorporated in microspheres based on poly(laeticlprolactone)
(P(LA-b-CL), LA/CL (in molar ratio): 78.7/21.3 and 48.1/51.9) and poly(lactide-co-glycolide) (PLGA, LA/GA: 80/20) using oil-
in-water (O/W) emulsion solvent evaporation method. The microspheres were characterized by SEM, DSC and X-ray diffraction,
and CyA release rate was determined by HPLC. Itwas revealed that CyA can be efficiently loaded into all the microspheres (exceed
96%). Compared to PLGA microspheres, P(bACL) microspheres liberated CyA more rapidly. Within the first day, about 75,

50 and 12% of CyA released from P(LACL) (48.1/51.9), P(LAb-CL) (78.7/21.3) and PLGA microspheres, respectively,
which can be attributed to the partial crystallization occurring in PE-8+) microspheres. CyA levels in whole blood were

also tested. In comparison with PLGA microspheres, PB-8L) microspheres provided a higher blood level of CyA. The
maximum CyA concentration in whole blood620, 450 and 400 ng mi for P(LA-b-CL) (48.1/51.9) P(LAb-CL) (78.7/21.3)

and PLGA microspheres, respectively) was reached at the second day post administration. And thie!CB}loAicrospheres
showed a constant CyA level (about 100—200 nglirflor extended periods of time (several weeks). Such CyA-loaded B{LA-

CL) microspheres displaying higher CyA concentration during the first few days and similar constant blood CyA level thereafter
showed more advantages than those prepared with PLGA and could meet clinical needs more efficiently.

© 2005 Elsevier B.V. All rights reserved.

Keywords: Cyclosporin A; P(LAb-CL); PLGA; Microspheres
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property of suppressing various T-lymphocyte func- gain more satisfactory release rate, a wider range of

tions, particularly the production of interleukin-2
(IL-2) (Christopher et al., 20Q1During the last two

loading materials need to be screened. However, there
were still no reports on using other materials, such as

decades, CyA has become the most frequently usedthe copolymers based on lactide asdaprolactone,

drug in the prophylaxis and therapy of graft rejection
in all types of solid organ and bone marrow trans-
plantation. Its introduction considerably improved the

for controlled CyA release.
In this paper, we pursued the development of a new
microsphere formulation of the extremely hydrophobic

management of graft versus host disease, a major caus@eptide CyA. The objectives of the present study were:

of treatment failure in bone marrow transplantation.
CyA is also a useful tool in the treatment of a number
of autoimmune disease&ghan, 1989; Roy, 1994
The conventional formulations of CyA (Sandimnf)n
caused marked intra- and inter-individual variation in
drug pharmacokimetics. Neofglanother formulation,

is a microemulsion of pre-concentrated CyA designed
to provide better consistent absorption of the drug.
Although this orally administered CyA has more stable
drug metabolism, its gastrointestinal absorption is still
incomplete and variable due to CyAs extremely hy-
drophobic characteGennery et al., 1999; Tom et al.,
2000. Some researcherksdosli et al., 1985; Altschuh
etal., 1992; Ko and Dalvit, 199Bave indicated that the
intramolecular H-bonds (produced by NH groups) re-
sultin averyrigid configuration, which play a dominat-
ing role in the incomplete and erratic bioavailability of
CyAfrom all dosage forms. Furthermore, CyAis costly
and time consuminganuel et al., 200R and in clin-
ical, the prolonged repeated treatment with CyA is not

(i) toincorporate CyA into biodegradable microspheres
based on poly(lactide-s-caprolactone) (P(LA>-CL))

with two different ratios, as well as PLGA; (ii) to char-
acterize these microspheres and in vitro release study;
(iii) to take preliminary in vivo study, thus to compare
these new copolymers with PLGA for controlled CyA
release.

2. Materials and methods
2.1. Materials

Cyclosporin A was obtained from East-China Phar-
maceutical Factory (Hangzhou, China) and used as sup-
plied. Cyclosporin D was purchased from Fujian Kerui
Pharmaceutical Co. Ltd. (Fuging, China). P(lbACL)
was prepared in Professor Yasuda's lab. (Hiroshima
Univ., Japan), PLGA was synthesized in our lab. All
samples were purified by extraction with hydrochlo-

advisable because it has severe side effects like nephro+ic acid (0.1 M) to ensure removal of trace catalyst

toxicity, gingivitial hyperplasia and neurological

residuals, followed by washing with distilled water and

disorders. The development of a means of enhancing dried. The characteristics of all samples are presentedin

absorption and bioavailability of systemically effective
but poorly absorbed CyA is thus urgently needed.

Up to date, most work has been focused on the
study of CyA-loaded microspherefRgjas Silva et
al., 1999; Aberturas et al., 2002; Kim et al., 2002a;
Vallelado et al., 200 nanoparticels Guzman et
al., 1993; Chacon et al., 1996; Chacon et al., 1999;
Molpeceres et al., 2000; Gref et al., 2001; Chen et al.,
2002; Ugazio et al., 2002and emulsionKim et al.,
20021. The majority of materials used are biodegrad-
able aliphatic polyesters, such as pehg@aprolactone)
(PCL), poly(lactide) (PLA) and its glycolide copoly-
mers (PLGA). Most of these CyA controlled delivery
systems showed little practical feasibility when optimal
drug concentration time profile at the sites of action, as
well as sufficiently long effective period, is concerned
(Campos et al., 2001; Lee et al., 200in order to

Table 1 Poly(vinyl alcohol) (PVA, MW 88,000, degree

of hydrolysis 88%) was purchased from Aldrich Chem-
ical Company (St. Louis, MO, USA). All the other sol-
vents and chemicals were of analytical grade and used
as received.

2.2. Preparation of microspheres

CyA-loaded microspheres were prepared by the oil-
in-water (O/W) solvent evaporation method described
in previous documentsSanchez and Alonso, 199ba
Briefly, about 160 mg of polymers and 40 mg of CyA
were dissolved in 4 ml of dichloromethane (DCM) at
room temperature, then the organic phase was emulsi-
fied into 50 ml of PVA aqueous solution (0.4%, w/w)
at 1000 rpm with mechanic stirring. After the complete
evaporation of DCM under magnetic agitation (about
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Table 1

Characteristics of block copolymers of LACL and PLGA used in this experiment

Sample Monomer composition (wt.96) Mp2 My /Mp?2 Tg° (°C) TmP (°C)
PLGA (LA/GA) 80.0 20.0 27,300 1.58 46.8 ntd.
P(LA-b-CL) (LA/CL) 78.7 21.3 31,000 1.78 nd. 61.6
P(LA-b-CL) (LA/CL) 48.1 51.9 22,400 1.34 ng. 67.7

a Monomer composition,, andM,,/M,, were calculated fromiH NMR.
b Ty and Ty, were determined by DSC.
¢ Not detectable.

3 h, at room temperature), the microspheres were col- Pyris 1 Perkin-Elmer Corp., USA). All the samples
lected by centrifugation at 4000 rpm, washed three were heated in crimped aluminum pans, and the first
times with double-distilled water and dried in vacuum scan was measured at a heating rate 6{/nin from

at4°C. room temperature to 20@, subsequent scan was from
—60°C to 100°C followed by cooling the sample to
2.3. Determination of drug content in the —60°C.

microspheres
2.6. X-ray diffraction analysis

CyA entrapment in the microspheres was calculated
by the difference between the theoretical feed and that  In order to investigate the crystallization behavior
found in the external aqueous phase after centrtfugation of the copolymers after forming microspheres, the dry
of the suspension at 4000 rpm for 15 min at room tem- powders was examined with the Rigaku X-ray diffrac-
perature. CyA concentration in the external aqueous tometer (D/MAX-2000/PC Series, Japan) equipped
phase was assayed by a high performance liquid chro-with a graphite monochromator-filtered Cuxkadi-
matography system (HPLC, Waters, MA, USA) with ation.
an Agilent Ggcolumn (5um, 4.6 mmx 250 mm). The
HPLC system consists of Waters 510 pump and Wa- 2.7. Characterization of the microspheres by SEM
ters 486 UV detector set at 210 nm, the mobile phase
was methanol/water (80/20, v/v) and the flow rate was ~ Dried microspheres were firstly mounted onto stubs

1.0 ml/min. using double-sided adhesive tape without being gold-
coated, thendirectly observed using a scanning electron
2.4. Particle size analysis microscope (JSM-5501LV, Tokyo, Japan) at an accel-

erating voltage of 20 kV.

The particle size and size dispersion of the micro-
spheres were measured by the laser light scattering

technique using a Coulter LS-230 Particle Size Ana- About 10mg of microspheres were incubated in

lyzer (Miami, USA). The microspheres were firstdis- 4 £ 1 ot 0.1 M phosphate buffer (pH 7.4) containing

persed in 100 ml of double-distilled water containing 50, sodium dodecy! sulphate (SDS) at°&Z The
0.05% Tween 80 and sonicated for 15 s to re-disperse samples (3 ml) were withdrawn at predetermined time

thf rr1||cros$her§s. The pakrtlcle S'ﬁe at 60% O(;,the 10~ intervals and centrifuged for 10 min at 409y, the
tal volume Iraction was taken as the average Iametersupernatant was collected and replaced by the same

(n=3). amount of fresh buffer solution. The amount of CyA
released into the medium was determined by HPLC.

2.8. In vitro release study

2.5. DSC analysis
2.9. Animal studies
To investigate the physical state of CyA and poly-
mers in the microspheres, the thermal analysis was Sixteen Wistar rats (weighted from 200 to 250 g)
performed by differential scanning calorimetry (DSC, were obtained from the Central Stabulary of Zhe-
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jlang College of Traditional Chinese Medicine, and D (CyD) as internal standard. The injection volume
randomly divided into four groups of four animals was 20ul. The HPLC system consists of a Spectra-
each. Three groups of CyA-loaded microspheres and physics model SP 8800/8810 LC pump (San Jose, CA),
one group of CyA suspension in 1 ml of 0.1% (w/v) amodel SP 100 UV detector and a SP 4400 integrator;
sodium carboxymethyl cellulose (CMC-Na) for com- the mobile phase consisted of 62% acetonitrile and 38%
parison were administered subcutaneously at a dose ofH,0O. Separation was performed with a reverse phase-
15 mg kg ! to nuchal regions of rats. The venous blood type column (Bondapak-C18 250mm 4.6 mm,
samples were collected from the postorbital vein sinus 10um) thermostated at 7 0.1°C, the flow rate was

at predetermined intervals up to 1 month after the drug 1.4 mlmir L. The retention times were 6.5 and 7.9 min
administration. for CyA and CyD, respectively.

2.10. Determination of CyA in whole blood
3. Results and discussion
Since 90-98% of CyA is bound to plasma proteins
in the blood Christopher etal., 20Qlitis necessaryto  3.1. Microspheres preparation and
detectits contentin the whole blood. In this experiment, characterization
CyA concentration in whole blood was determined by
HPLC and the assay procedures ar&elseme 1 CyA-loaded microspheres based on P(bAGL)
After above treatment, CyA concentrationintheun- (78.7/21.3), (LAb-CL) (48.1/51.9) and PLGA (80/20)
derlayer was determined by HPLC using cyclosporin were successfully prepared by the oil-in-water emul-

0.5 ml of whole blood samples + 1 ml of diluted HCI (0.1 M)

Vortexed for about 2 min
Then centrifugated at 4,000 rpm (15 min)

]

the supernatant + 3 ml of ether

Vortexed for about 2 min
Then centrifugated at 4,000 rpm (15 min)

the supernatant + 2 ml of diluted NaOH (0.1 M)

Vortexed for about 2 min
Then centrifugated at 4,000 rpm (15 min)

r The supernatant was placed in 50C
water bath to evaporate ether

added 120 pl of 70% acetonitrile and 0.5 ml of hexane

Vortexed for about 2 min
Then centrifugated at 4,000 rpm (15 min)

20 pl of the underlayer was injected for HPLC

Scheme 1. The treating process of whole blood before HPLC determination.
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Table 2
Entrapment efficiency and particle size of three kinds of
microspheres(n= 3, meant S.D.)

Sample Entrapment Mean
efficiency? diameter
(%) (m)

PLGA (80/20) 97.8#0.36 36.16: 1.80

P(LA-b-CL) (78.7/21.3) 96.64-1.48 34.43t1.38

P(LA-b-CL) (48.1/51.9) 97.9& 0.67 31.142.64

2 All microspheres were prepared under the same experimente
condition as follows: polymer concentration: 4% (w/v); theoretical
CyA-loading: 20% (w/w); PVA concentration: 0.2% (w/v); stirring
speed: 1000 rpm. —

b Entrapment efficiency was calculated by the ratio of the actual 3 kM X 25 00e Bum OBBB 18/DEC/B3
drug loading to theoretical drug loading. A) T :

sion solvent evaporation method. In this study, like
many other reportsSanchez et al., 1995b; Allemann
et al., 1998, high CyA entrapment efficiency can be
achieved for all types of microspheres, which were pre-
pared under the same conditions and show similar di
ameter Table 2. Such high efficient entrapment can
be resulted from two reasons. On one hand, owing tc
its high hydrophobic nature, CyA solubility in water is
only about 4ug mi~ (Ismailos et al., 1991; Ford et al.,
1999; for another reason, since all these polymers use: s e
in our experiments are hydrophobic, lipophilic CyA is A oS : _ ¢
more prone to distribute in the loading matrices than in Rk A DO 10um BBRR N
external aqueous. (B) -

The surface morphologies of the three types of mi-
crospheres were observed by SEM, which are displaye
in Fig. 1L PLGA microspheres showed a compact and
smooth surface; a smooth surface with a few concave
can be observed for P(LA-CL) (78.7/21.3) and the
surface of the microspheres composed of P{i-61)
(48.1/51.9) became rough and irregular. The distinc
differences can be resulted from the different physico-
chemical character of these three copolym&able J).

For PLGA microspheres, due to its amorphous charac
ter, solvent evaporation occurred at an even rate durin
the solidification of the emulsion drops, thus produced s
microspheres with smooth surface. As for the copoly- 28kV . X2, 08 CBERG>1 0/DEC./03
mers of lactide and:-caprolactone, the introduction (C)
of e-CL segments changed the character of PLA to a Fig. 1. Scanning electron micrographs of cyclosporin A-loaded

: : : ig. 1. i i Y i -
e e mae fom () LA (05, 5 Py
, - ! (78.7/21.3) and (C) P(LA-CL) (48.1/51.9).

PLA, phase separation could happen during the pro-

cess of solvent evaporation, thus leaded to the different

surface morphology. DSC traces of the microspheres
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Fig. 2. DSC thermograms of (A) cyclosporin A-loaded microspheres
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and (B) blank polymers: a, P(LA-CL) (48.1/51.9); b, P(LAb-CL)
(78.7/21.3); ¢, PLGA (80/20) and d, plain CyA crystals.

and blank polymers are representedrig. 2 The re-
sults suggest the distinct crystallization ©CL seg-
ments in all the samples although a decreaskdor
P(LA-b-CL) (78.7/21.3) (from 67.7 to 61.2C) and
P(LA-b-CL) (48.1/51.9) (from 61.6 to 58.7&) after

forming microspheres can be observed. It seemed that
the effect of preparing conditions on the crystallinity of
e-CL segments was insignificant. These results could

Intensity (a. u.)

~

26 (degree)

. ——— T v .
0 10 20 30 40 50 60

Fig. 3. Powder X-ray diffraction diagrams of CyA-loaded micro-
spheres made from: a, P(U&CL) (48.1/51.9); b, P(LAB-CL)

(78.7/21.3) and ¢, PLGA (80/20).

3.2. Invitro release behavior

Fig. 4, compares CyA release profiles from the
three types of microspheres. On the whole, in vitro
release behaviors of CyA from P(LB-CL) micro-
spheres are quite different from that of PLGA micro-
spheres. The drug release rate decreased in the order of

100+

40- /*/ E/

-
204t

Cumulative CyA released (%)

Time (days)

50

Fig. 4. Invitrorelease profiles of cyclosporin A-loaded microspheres
. . . in 0.1 M phosphate buffer solution (pH 7.4, containing 0.2% SDS)
also be proven by X-ray diffraction pattern, which are 5t 37°c. @) cyA-P(LA-b-CL) (48.1/51.9); &) CyA-P(LA-b-CL)

shown inFig. 3.

(78.7/21.3) andm) CyA-PLGA (80/20).
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P(LA-b-CL) (48.1/51.9), P(LAb-CL) (78.7/21.3) and
PLGA. In all the cases, CyA release can be divided
by two different phases: burst release within the first = 700
few days and the subsequent sustained release. In addi
tion, it can be seen that P(LB-CL) (48.1/51.9) micro-
spheres showed more serious burst release within the
first day (almost 75%) than P(LA-CL) (78.7/21.3)
(about 50%) and PLGA microspheres (12%). There- *
after, CyA continued release at a reduced rate in the .
case of P(LAb-CL) microspheres; but for the PLGA
microspheres, CyA release rate was almost constant.

ng/ml)
o
=3
<=
1

600

hole blood

500

400 -

nin w

300

" A\

tio

CyA concentra

60% of CyA can be liberated from the microspheres 100 E\

in 50 days. With respect to PLGA microspheres, our ¥ E\E\E

results are in good accord with other repotiisgta et 0t

al., 1999; Lee et al., 2002 0 4 8 1 16 20 M
It is generally accepted that drug release rate from Time (days)

microspheres is strongly dependent on polymer crys-
Fig. 5. In vivo release profiles of cyclosporlin A-loaded micro-

tﬁ.lllne behaVIOfr ﬁ'nd drthdISp?rS|onl(State' In t.hIShStUdy’ spheres (suspended in 1 ml of 0.1% CMC-Na) after subcutaneously
the absence of the endothermic peak at 13324 the injected in Wistar rats.®) CyA suspension andl) CyA-PLGA

DSC traces (curve a—c Ifig. 2A) which corresponds  (80/20). Each point represents the mea®.D. of four animals.
to T, of CyA for all the three types of microspheres
suggests that no crystallization of CyA occurred
during microsphere preparation. The crystallinity
of the microsphere was also studied by DSC and concentration in whole blood after single dosage
X-ray diffraction. High crystallization of P(LA>-CL) administration to Wistar ratgrigs. 5 and 6 show
can be apparently observed. It was reported that the CyA concentrations after subcutaneous injection of
crystallization of the polymers during micirosphere CyA-loaded microspheres based on P(bAGL),
formation may produce micro voids in the micro- PLGA and CyA suspension using 0.1% CMC-Na
spheres, which can function as channels for water as a suspending agent. For CyA suspension, CyA
penetration Jrata et al., 199p In addition, owing to blood levels rapidly reached 700ngThl within
the contemporaneous presence of the amorphous an® days, followed by quick decline to 100 ngTAl
crystalline regions in P(LA-CL), it is conceivable after 10 days. For microsphere formulations, a max-
that the tendency of phase separation would becomeimum blood level occurred at the second day post
more evident when the content efCL segments  administration of P(LAb-GL) microspheres 520
increased from 21.3 to 51.9% (as showrkig. 1). and 450 ng mt! for P(LA-b-CL) with high and low
Above explanation mainly accounted for the burst ¢-CL content, respectively). Thereafter, CyA levels
release. The subsequent slower CyA release from gradually decreased to 200 ngthlafter 12 days and
P(LA-b-CL) microspheres could be attributed to the maintained between 100 and 200 ngtburing the
more slower degradation of such polymers compared 24-day period. In comparison, PLGA microspheres
with PLGA. AsLee et al. (2002)ndicated, the release  showed the lowest drug concentration during the
of CyA from PLA/PLGA particles is dependent on the first 2 days. The maximum CyA concentration in
dissolution diffusion of drug from the matrices as well whole blood (400 ng mi) was reached 2 days after

asl the matrices erosion. injection, during the following 22 days, CyA level
could maintain at about 200 ng Til. On the whole, the
3.3. Invivo studies blood level profiles showed essentially similar pattern

as those found in vitro for all formulations studied.
In order to evaluate and compare these three Inclinical,immediately after transplantation the im-
CyA microsphere formulations, we tested CyA mune response againstthe graftis especially strong. In
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Fig. 6. In vivo release profiles of cyclosporin A-loaded microspheres (suspended in 1 ml of 0.1% CMC-Na) after subciutaneously injected in
Wistar rats. &) CyA suspensionfll) CyA-P(LA-b-CL) (48.1/51.9) and®) CyA-P(LA-b-CL) (78.7/21.3). Each pointrepresents the meghD.
of four animals.

order to avoid early destruction of the graft, a repeated 4. Conclusions

high dose of CyA should be administered by oral or

injection route everyday during the initial stage. Many In this paper, CyA-loaded microspheres based on
literatures regarding solid organ transplantation reflects P(LA-b-CL) with different e-CL content (21.3 and
ageneralrelationship between higher concentrations 0f51.9%) and PLGA were prepared using the oil-in-
CyA and the prevention of acute rejecti@tiong et al., water (O/W) solvent evaporation method. Under the
1992; Strome et al., 1993; Haug et al., 2D0sfter the same preparing conditions, all types of microspheres
immunologically stormy early stage, the immune sys- with the mean size of about 38n showed high drug
tem gradually adapts to the new organ, therefore, the encapsulation efficiency (exceed 96%). DSC and
continued use of CyA at reduced blood concentration X-ray diffraction indicate that CyA was amorphously
was needed. In addition, since most patients even will dispersed in all polymer matrices. In vitro release rate
require life-long immunosuppression to maintain sta- decreased in the order of P(UACL) (48.1/51.9),
ble graft acceptancdrgyes et al., 1993; Burke et al., P(LA-b-CL) (78.7/21.3) and PLGA microspheres.
19949, such low CyA concentration is more favorable P(LA-b-CL) showed more evident initial burst release
for patients to mitigate side effects. From above results, behavior compared with PLGA microspheres. This
it can be seen that compared with conventional PLGA difference was attributed to the different crystalline
microspheres, the microsphere formulation based on character of loading materials after forming micro-
P(LA-b-CL) microspheres enable CyA to reach blood spheres. In vivo evaluation reveals that, compared with
levels which is higher to have a pharmacological re- PLGA microspheres, a single shot of P(IbASL) mi-
sponse to inhibit the incidence of severe acute rejec- crospheres could provide a higher blood level of CyA
tion episodes. In addition, this formulation can main- during the initial 2 days, as well as constant levels for
tain the levels in whole blood for extended period of the followed extended periods of time (several weeks).
time compared with CyA suspension. Therefore, such Taking into account that almost all conventional CyA
formulation could overcome the limitations of those on formulatibns has a narrow therapeutic window and
the market and better meet the requirement in clinical. dominant dose-dependent immunomodulatory effects,
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these findings may lead to an improvement in the effi- Gref, R.P., Quellec Sanchez, A., Calvo, P., Dellacherie, E., Alonso,

ciency of the drug and the compliance of the patients.
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