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Uptake of cyclosporine A loaded colloidal drug carriers by mouse

peritoneal macrophages in vitro!
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ABSTRACT

AIM: To investigate the uptake of cyclosporine A loaded
colloidal drug camriers by mouse peritoneal macrophage
(MPM) in vitro. METHODS: The [*H]cyclosporine
A Joaded colloidal particles: pelylactic acid nanospheres,
polylactic acid nanocapsules, and microemulsions were
prepared.  The [ *H]cyclosporine A loaded colloidal par-
ticles were incubated with MPM for 30 min at 37 C,
then the cells were separated from the colleidal particles
and the radioactivity was measured by a liquid scintilla-
tion counter. RESULTS: In comparison to the cy-
closporine A solution, the binding to polylactic acid
nanospheres produced a 20-fold increase in the uptake of
cyclosporine A by MPM in 30 min incubation, whereas
some obvious decrease in the uptake of cyclosporine A by
MPM was observed in the binding of cyclosporine A with
polylactic acid namocapsules or microemulsions. The
surfactant coating and plasma protein adsorption were
fourd to have marked effects on the uptake of cy-
closporine A loaded nanospheres by MPM. CONCLU-
SION: Our present study indicated that colloidal drug
carriers might affect the tarpeting of cyclosporine A to
mononuclear phagocyte system .

INTRODUCTION

Cyclosporine A (CyA), a lipophilic endecapeptide
consisting of 11 amino acids, has been used in the treat-
ment of solid organ and marrow transplantation to avert
graft rejection since 1978. Its mode of action is still un-
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clear, but its main target appears t be the T lympho-
cyte!'),  CyA can mediate immunosuppression of prima-
1y cytotoxic T cell responses by selectively impairing the
release of interleukin-1 from macrophages and that of in-
terleukin2 from activated T helper cells®’. The suc-
cessful delivery of macromolecular drugs is often prob-
lematic. Protein and peptide drugs generally can not be
effectively absorbed by oral administration, since they are
liable to be hydrolyzed or denatuted in the gastrointestinal
tract. Parenteral administration also poses some prob-
lems, for these drugs are usually quickly metabolized and
eliminated from the blood stream. One of the current
approaches to achieve a high bioavailability of proteins or
peptides utilizes the use of novel drug delivery carriers,
such as liposomes, nanospheres, nanocapsules, and mi-
croemulsions'®~). It was found that most of these col-
loidal particles were quickly to be recognized by the
monoenuclear phagocytic sysiem and the polymorphonucie-
ar lenkocytes and are targeted io these phagocyte cells
which are also the main target sites of CyA'*"® . How-
ever, few studies related to the investigation on the uptake
of CyA loaded colloidal carriers by phagocyte cells have
been reported, which is assumed to be closely relevant to
the immunosuppressive effect of CyA. In the present
study, we prepared three kinds of [*H]CyA loaded col-
loidal particles; polylactic acid(PLA) nanospheres, poly-
lactic acid nanocapsules, and microemulsions. The
mouse peritoneal macrophages (MPM) were used as a
cell model to investigate the uptake of colloidal particles
loading CyA by cells in vitro. The possible mechanism
and factors affecting the uptake were also discussed.

MATERIALS AND METHODS

Drugs and reagents CyA was obtained from
Sichuan Industrial Institute of Antibiotics (Chengdu, Chi-
ra); [PH]CyA with a specific radioactivity of 3.26 x
10'" Bq/g and a radiochemical purity over 94 % was pro-
vided by China Institute of Atomic Energy (Beijing, Chi-
na); Polylactic acid (PLA) with the molecular weight of
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15 000 was obtained from Shandong Medicinal Products
(Jinan, China); L-g-lecithin, Pluronic Fy, Cremophor
RH 40, Brij 78, Myrj 53, and Myzj 59 were purchased
from Sigma (St Louis, MO); Triton X-100 was pur-
chased from FARCO (Chemical Supplies, Hong Kong);
2,5-Diphenyloxazole (PPO) and 1, 4-bis(5-phenyl-2-ox-
azolyl )-benzene ( POPOP) were provided by Fluka
(Buchs, Switzerland); All other chemicals were of ana-
Iytical reagent grade.

Instruments Liquid Scintillation Counter, Phar-
macia WALAC 1410, Turku, Finland; Submicro Particle
Sizer, Model 370, Santa Barbara, California, USA.

Mice KM mice (20 g+2 g, Grade [I, Cenifi-
cate No 01-3049} of both sexes were obtained from the
Department of Experimental Animals, Beijing University
Health Science Center.

Preparation of CyA loaded colloidal particles
The CyA loaded PLA nanospheres and nanocapsules were
prepared by the method of emulsion-evaporation'® .  For
the CyA loaded PLA nanospheres, 50t mL acetone solu-
tion containing 50 mg CyA {with [*H]CyA) and 450 mg
PLA were injected inmto 150 mL water containing 375 mg
Pluronic Fgg at 0~ 2 T under 60 x g agitation. There-
after, the mixture was evaporated at 60 C in a bath 50
mL. For the CyA loaded PLA nanocapsuies, 50 mL
acetone solution (in bath at 70 T) containing 50 mg
CyA (with [PH]CyA), 100 mg L-o-lecithin, 0.5 mL
oil, and 350 mg PLA were injected into 150 mL water
(bathed at 70 C) containing 375 mg Pluronic Fy under
60 x g agitation. Then the mixture was evaporated at
60 T in a bath 50 mL. The CyA loaded microemul-
sions were prepared with the Cremophor RH 40 as a sur-
factant, 1, 2-propylene glycol and ethanol as co-surfac-
tants. The particle size of each kind of colloidal particles
was measured by a Submicro Particle Sizer. The details
and abbreviated descriptions of the tested samples are list-

Tab 1. Codes and the related data of test samples.

ed in Tab 1.

Preparation of MPM suspension MPM was
prepared as described previously® . Briefly, six KM
ntice were killed by cervical dislocation, then each mouse
was peritoneally injected with 4 mlL cool D-Hanks’ solu-
tion. The peritoneum of the mouse was massaged for 1
min and the solution inside the abdominal cavity was re-
moved, pooled, and mixed homogeneously. A sample
was taken for the cell counting and the final cell suspen-
sion was diluted to a concentration of 1 x 107 cells/L by
adding RPMI-1640 medium containing 5 % fetal calf
serum.
Uptake of [*H]CyA loaded colloidal particles
by MPM invitro  Tested sample 0.5 mL and 1.0 mL
of MPM suspension were added together in a 5-mL cen-
trifogation tube. Then the tubes were maintained at
37 T for 30 min and shaken at 5-min intervals. Afier
incubation the suspension was placed on ice to stop the
uptake and then centrifuged at 60 x g for 5 min to sepa-
rate ceils from nanospheres, nanocapsules, or microemul-
sions. The supernatant was discarded and the cell pellet
was resuspended and washed twice with saline by cen-
trifugation. A paralle! protocol with the MPM suspen-
sion only was carried out as the cell control.

Scintillation counting The cell precipitate ob-
tained in each tube was digested for 1.5 hat 75 Cin a
solution containing 80 pL. formic acid and 20 ¢ oxydol.
Bray scintillation fluid {5 mL) was added and mixed.
After standing for 1 h, the radioactivity (dpm) was mea-
sured by a scintillation counter.

Another operation with 0.5 ml, test samples only
was performed at the beginning of the digestion and the
result was taken as the [*H]control. In order to avoid
the possible variance that may result from the poor scpa-
ration of the cells and the colloidal particles, a parallel
protocol with each test sample only was carried out at the

o Radicactivity CyA
Sanple Stabilizer Particle size/ concentration/ concentration/
““’ 1x 1078 Bg-L™" gLt
[*H]CyA-NSC Pluronic Fe 5911 2.6 1.0
[*H)CyA-NCC Phuonic B 82237 2.6 1.0
[*H]CyA-MBC RH 40 216 2.6 1.0
[PH]CyA-Sot Tween 80 2.6 1.0

CyA, Cyclosporine A; NSC, Nanoepheres colloid; NOC, Nanocapsules colloid; MEC, Microsmmisions colloid ; Sol, Solution; RH 40,
Cremophor RH 40.
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very beginning of the scintillation counting in each study
and the radioactivity (dpm) from each parallel protocol
was deduced from the uptake value (dpm) of each test
sample.

Blood protein adsorption on the surface of
colloidal particles Mouse plasma was added into test
sample after it was prepared. Then fest sample was ho-
mogenized by shaking at 37 C for 5 min. Afier blood
protein adsorption, the in vitro uptake test was conducted
as described above.

Surfactants coating on the surface of col-
loidal particles Three kinds of surfactants: Brij 78,
Myrj 53, and Myrj 59 were used to modify the surface of
the colloidal drug camiers. The surfactant was added in-
to the test samples and then homogenized under ultrasonic
condition for 5 min'® .  After surfactant coating, the in
vitro uptake test was conducted as described above.

Statistical analysis Resulis were expressed as x
* 5 and analyzed by r-test to compare the different up-
take between test samples.

RESULTS

The uptake of CyA loaded colloidal particles
by MPM of different test samples As shown in
Tab 2, the incubation of the cells with nanospheres had a
great increase in uptake and the cells with nanocapsules or
microemulsions had decreased uptake, respectively. In
comparison with [*H]CyA-Sol, a 20-fold increase in up-
take by the MPM was observed when CyA was bound to
nanospheres.  However when CyA was bound to
nanocapsules or microemulsions, about 27.2 % and
51.0 % decrease in the uptake by MPM was observed,
respectively. The average radioactivity value (dpm) of
[*H] control was 46581240 + 3611453. The value of
control was less than 1000 in each study.

Tab 2. In vitro uptake of [*HICyA loaded colloidal parti-

cles by mouse peritoneal macrophage at 37 °C. n =5.
£xs. "P<0.05, P<0.01 vs [3H]CyA-Sol.

Sample dpm (after 30 min) Change/ %
[*H]CyA-NSC 457026 + 23660° + 2000
(*HICyA-NCC 15820 + 1390° ~27.2
[*H]CyA-MEC 10640  1287° ~51.0
[*H]CyA-Scl 21733 + 5087 0.0
[*H] Control 46581240 + 3611453
Cell controf 940 + 47

Effect of blood protein adsorption on the up-
take As shown in Tab 3, the blood protein adsorption
studies demonstrated an increase in the uptake of CyA by
MPM when the amount of the mouse plasma had in-
creased 10 40 pL in the 0.5 mL test sample. Compared
with the [*H]CyA-NSC in the absence of plasma, there
was no markedly different uptake of CyA by MPM adding
20 uL plasma to the 0.5 mL tested sample. A 1.29-fold
increase in uptake by MPM was found when the plasma
added to the test samples increased to 40 pL.

Effect of surfactant coating on the uptake
As shown in Tab 4, compared with [*H]CyA-NSC with-
out surfactant coating, all kinds of surfactants used to
modify the surface of the nanospheres greatly decreased
the uptake of CyA by MPM. In comparison with the
nanospheres  without surfactant coating, 76.5 %,
91.7 %, or 96.5 % decrease in uptake by MPM was
observed when the surface of nanospheres was coated by
Brij 78, Myrj 53, or Myrj 59, respectively. The results
also demonstrated a good relationship between the HLB
value of surfactant and the ability of the surfactant to de-
crease the uptake. When the HILB value of the coating
surfactant increased, the uptake of CyA loaded
nanospheres decreased.

Tab3. Effect of blood protein adsorption on i vitre uptake of [H] CyA loaded nonospheres by mouse peritoneal
macrophage at 37 °C. n=5, £xs. P>0,05, P <0.01 vs [*AICyA-NSC with no plasina. @ means percent of vol-

wne.
Plazna of mouse Dpm
Sampie (pL) (after 30 min) Change/ %
[*H]CyA-NSC 0.0 457020 + 23660 0.0
[*H]CyA-NSC 200 {p=4 %) 434473 + 110366 -4.9
[*H]CyA-NsC 40.0 (p=8 %) 1045260 + 111493° +129
Cell control 800 + 187
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Tab 4. Effect of surfactant coating on in vitro uptake of [*H]CyA loaded nanospheves by mouse peritoneal macrophage
at37 C. n=5. xzs. *P<0.05 P<0,01 vs°HICyA-Sol. 'P<0.01 vs [3H]CyA-NSC without surfactant coating.

HLE: hydrophile-lipophile balance.

Surfactant Surfactant

Change Change vs

dpm ;

Sample (HLB) tration/ % (afier 30 min) vy o(;;ltml/ [“H]C%A-Sol/
[*H]CyA-NSC None (control) 457026 + 23660° 0.0 + 2000
[*H]CyA-NSC Brij 78 (15.3) 2.0 107486 + 120805 —76.5 +390
[*H]CyA-NSC Mytj 53 (17.9) 2.0 38000 + 92534 -91.7 +74.8
[*H]CyA-NSC Mytj 59 (19.1) 2.0 16113 + 3413 -9%.5 -25.8
[*H)CyA-Sol 21733 + 5086 0.0
Cell control BT+ 173

DISCUSSION posed that when the hydrophilicity of surfactants coated

On the basis of the results presented in the experi-
ment, we found that on binding CyA with nanospheres
the uptake was ncreased, while on binding CyA with
nanocapsules or microemulsions the uptake was de-
creased. The increased uptake of CyA loaded
nanospheres was possibly due to the rapid uptake of the
nanospheres by macrophages[m’"]. The decreased up-
take of CyA loaded in nanocapsules or microemulsions
may be probably due to the soft surface of the particles
and the large amounts of surfactants used in preparation of
these two colloidal camiers™® . From the results of the
surfactant coating experiment, we can conclude that the
surfactant coating can surely decrease the uptake by
macrophages. It is generally assumed that the rapid col-
loidal carrier phagocytosis was mediated by the adsorption
of blood components onto the surface of the parti-
cles®~?) . The interactions between the colloidal parti-
cles and the blood components are complex. These com-
ponents might be reversibly or imeversibly adsorbed on
the surface of the particles, and might be replaced by oth-
ers. The analysis of plasma protein adsorbed on the col-
loidal particles has been established using two-dimensional
polyacrylamide gel electrophoresis'?). The relevance of
the adsorbed plasma to the in vivo fate of the colloidal
particles still remains unclear. The results of present
study showed that the plasma adsorption can strongly acti-
vate phagocytosis by macrophages (Tab 3).

In the case of colloidal carriers, the rapid uptake by
MPS may be partially retarded by coating the particles
with surfactants. In fact, the use of hydrophilic coatings
to decrease uptake of colloidal particles by the MPS has
become an important recent development. It was pro-

on the surface of the colloidal carriers increased, the up-
take of the carriers by MPS decreased!™ . The results
presented here showed that when the hydrophile-lipophile
balance (HLB) value of the surfactants increased, the up-
take of CyA loaded in nanospheres was decreased (Tab
4). Brij78, Myrj 53, and Mytj 59 are surfactants con-
taining blocks of poly ethylene glycol(PEG). It is pro-
posed that the flexibility and rapidly changing structure of
the PEG chains made the MPS difficult 1o recognize the
colloidal particlesl™. The molecular weights of PEG
blocking these surfactants are: Brij 78 with PEG 1000,
Myrj 53 with PEG 2000, and Myrj 59 with PEG 5000.
A direct relationship has been observed between the length
of PEG chain on the particle surface and the upiake by
macrophages. The uptake by MPM decreased with in-
creasing PEG molecular weight (Tab 4) .

In conclusion, colloidal drug carriers can affect the
targeting of CyA to mononuclear phagocytic system,
This targeting can be affected by plasma adsorption and
can be controlled by changing the surface character of the
particles.

ACKNOWLEDGEMENT We thank Dr LI Hong-Shan
{ University of Georgia, USA) for providing technical as-
sistance .

REFERENCES

1 Horsburgh T, Wood P, Brent L. Suppression of in vitro
Iymphocyte reactivity by cyclosporin A; existence of a popula-
tion of drig-resistant cytotoxic lymphocytes. Namwre 1980;
286: 609—11.

2 Bunjes D, Hardi C, Rollinghoff M, Wagner H.  Cyclosporin
A mediate immmosuppression of primary cytotoxic T cells re-



ISSN (253-9756  Acta Pharmacol Sin
E-mail aps@ mail . shene. ac. cn

FERFAEEE 2001 Jan; 22 (1)
Phn/Fax 86-21-6474-2620 <6l -

13

sponses by impairing the release of interlenkin 1 and interleukin
2. Eur J inmnunol 1981; 1k 657-061.

LiHS, 7hao JL., Wei SL. Preparation of cyclosporin A load-
ed polylactic acid nanoparticle colloids and their oral bioavail-
abilities on rats. Chin Pharm J 1999; 34 532 - 6.

Calvo P, Sanchez A, Maninez J, Lopez M1, Calonge M,
Pastor IC, et al. Polyester nanocapsules as new ocular deliv-
ery system for cyclosporine A.  Pharm Res 1996; 13: 311~
5.

Guzman M, Molpeceres 1, Garcia F, Aberturas MR, Ro-
driguez M. Formation and characterization of cyclospotine-
loadedt nanoparticles.  J Pharm Sci 1993; 82; 498 - 503.
Stolnik S, Mum L, Davis §5. Long circulating microparticu-
late drug carriers. Adv Drug Del Rev 1995; 16: 195 - 214,
Gref R, Domb A, Quellec P, Blunk T, Muller RH, Verba-
vatz, eral. The controlied intravenous delivery of drugs us-
ing PEG-coaled stearically stabilized nanospheres. Adv Drug
Del Rev 1995; 16; 215~ 33.

Storm G, Belloit SO, Daemen T, Lasic DD.  Surface modi-
fication of nanoparticles 10 opposc uptake by the mononuclear
phagocyie system.  Adv Drug Del Rev 1995; 17; 31~ 48.
Zhang €Q, Liao GT., Wei DP. Increase in gentamicin uptake
by cultured mouse peritoneal macrophage and rat hepatocytes
by its binding to polybutylcyanocynoactylate nanoparticles.
Int J Pharm 1998; 164; 21-7.

Becler S, Functions of human monomiclear phagocyte sys-
tem. Adv Drug Del Rev 1988; 2. 1-29.

Manil L, Davin }C, Duchenne C, Kubiak C, Foidart J, Cou-
wreur P, et al. Uptake of nanoparticles by rat glomerular
mesangial cells i vivo and in vitro. Pharm Res 19%; 11
1160 -3.

Blunk T, Hochstrasser DF, Sanchez JC, Muller BW, Muller
RH. Controlled carriers for intravencus drug targeting-deter-
mination of plasma protein adsorption patterns on surface-modi-
fied latex particles by two-dimensional polyacrylamide gel elec-
trophoresis.  Electrophoresis 1993; 14 1382 -7.

Allen T™M. The use of glycolipids and hydrophilic polymers in

avoiding rapid uptake of liposomes by the mononuclear phago-
cyte system.  Adv Drug Del Rev 1994; 13: 285-309,
Dunn 8§, Brndley A, Davis 8$S§, Davis MC, Illum L.
Polystyrene-PEG particles as model system for site specific
drug delivery. 2. The effect of Peg surface density on the in
vitre cell interaction and in vivo biodistribution. Pharm Res
1994; 11; 10l6-22.

14

MREEEWARMITRER A RGN REN
PRSP REX!

I OA,K B (ARAFEEFHIERAAHK
e, b3 100083, 1)

X@IR AWML PR R LA /R
4 Jf

By, B9/ BN 1 A A S 3ot SR LI AR
MR R, A&k MEPH]SFRAR AN
KER, SORPOR BT = R W, LI R
L R 4 IR A S S AR R, 9 /) LR FE 4
AP IR A A SR RN RO B, R, BK
BRAT 6 B A0 MU XTI AL A B BEBUA X MR
20 %, TSR BERN B FL 0 i S g A T IR AU o A
B SEIER B FEEAR  SOE ) o T AT %
i 70 A6 o 2 TR v R R o A e SRR A B
W, 2. HIHAEE A SR TR TR i
MO LR E A B FE R

(FHEma REE)



