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ABSTRACT - The pharmacokinetics of cyclosporin A (CsA) after single and multiple oral dosing of new CsA self-micro-
emulsifying drug delivery system (SMEDDS) in dogs were estimated. A single dose study was performed following a two-
way crossover design against six dogs with reference SMEDDS. For a multiple dose study, three dogs were allocated for
each drug, and 100 mg of drug was administered daily for 6 days. Whole blood concentration of CsA was analyzed by radio-
immunoassay. Both drug showed identical blood concentration profiles in both studies, and no statistical difference was
detected in pharmacokinetic parameters. The relative bioavailabilities of test SMEDDS were 91.4% and 89.1%, respectively,
in the single dose study and the last day of multiple dose study. Especially, multiple dose study proved the good relationship
between C-0/C-2 and AUC for reference SMEDDS, which is an indispensable part of therapeutic drug monitoring. These
results suggest newly formulated CsA SMEDDS possibly shows identical pharmacokinetics and pharmacodynamic behav-
iors in clinical trials.

Key words — Cyclosporin A, Single dose, Multiple dose, Microemulsion, SMEDDS (self-microemulsifying drug

delivery system), Pharmacokinetics.

After the introduction of cyclosporin A (CsA) in the clinics
in the 1980s, the survival rate of transplant patients has sig-
nificantly improved.” Although new immunosuppressive drugs
such as tacrolimus and sirolimus were recently developed and
selected as alternative for CsA, CsA still remains as primary
immunosuppressive agent.”> CsA has many benefits for ther-
apy, without the bone marrow toxicity resulting from other
cytotoxic immunosuppressants.”’ However CsA is also asso-
ciated with adverse reactions such as renal and hepatic dys-
function, hypertension, peripheral fever and hypertrichosis.”
Therefore, maintaining a suitable therapeutic concentration so
as to avoid incidence of organ rejection and adverse reactions
is one of the major concerns in CsA treatment.” Hence, CsA
is classified as a drug with narrow therapeutic index which
requires therapeutic drug monitoring (TDM) for patients."

From a pharmaceutical standpoint, CsA is an intricate drug,
hardly introduced into formulations due to its hydrophobic
property.*> CsA product, Sandimmune capsules, characterized
by variable and incomplete oral absorption, was introduced in
clinical practice two decades ago.>® Currently, self-micro-
emulsifying drug delivery system (SMEDDS) of CsA, which
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spontaneously forms microemulsions in the gastrointestinal
tract, is the most commonly prescribed drug.”® The most
prominent improvement of this formulation is a significantly
reduced intra- and inter- individual variance in oral absorption
as well as an improved bioavailability, allowing more reliable
dosage regimen and therapy.” There are presently 5 FDA
approved CsA generics with a 20% market share in the USA,”
irrespective of the several new generic candidates currently
under development all over the world."™'" Although devel-
opment of generic CsA offers a reduced cost alternative with
equal efficacy and outcomes, clinical scientists have suggested
concerns over the therapeutic equivalence of the generic CsA
products.'>'> They insist a bioequivalence test which is per-
formed in a selected group of healthy volunteers cannot pre-
cisely reflect the complicated clinical situations where patients
undergo transplantation of major elimination organs such as
the liver or kidney.'¥

More extensive formulation research and more accurate
bioequivalence test are compulsory to address the concerns of
generic CsA products. In this study, relative bioavailability and
pharmacokinetics of newly developed CsA SMEDDS were
evaluated in single and multiple dose studies in dogs with ref-
erence SMEDDS. A single dose study was performed fol-
lowing a two-way crossover design with reference SMEDDS.
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For a multiple dose study, the blood concentration at 2 hours
(C-2) after dosing and trough concentration (C-0) before dos-
ing were estimated to define a relationship with bioavailability
following a general protocol for TDM of CsA in the clinic.

Materials and Methods

Materials

Newly designed SMEDDS soft capsules containing 100 mg
of CsA were used for the study.’ Sandimmune Neoral® 100
mg soft gelatin capsules (Novartis Co, Switzerland) were selected
for reference SMEDDS currently available on the market.

Single dose pharmacokinetic study

A single dose study was conducted as a randomized two-
way crossover study with a 1-week washout period between
treatments. Six male dogs, weighing 12.0~15.0 kg, were ran-
domly divided into two groups. Each group received either test
SMEDDS or reference SMEDDS in the first period. After one
week of the wash-out period, each group received the other
drug during the second period. Dogs were fasted for 12 hours
before dosing and for an additional 4 hours after dosing. Both
drugs, containing 100 mg of CsA, were orally administered via
the pharynx. Approximately 30 mL of water was administered
immediately using a syringe. Whole blood samples (3 mL)
were collected pre-dose and at 0.5, 1, 1.5, 2, 4, 6, 8, 12 and 24
hours after dosing. Whole blood samples were obtained from
the cephalic vein into plastic tubes containing EDTA and were
frozen at —20°C until analysis.

Multiple dose pharmacokinetic study

The multiple dose study was conducted for duration of 6
days. Six dogs were randomized into two groups for admin-
istration of test and reference formulations. Dogs were indi-
vidually housed and allowed access to water and were fed
twice daily. The dosing interval was set to 24 hours to avoid
any possible acute renal toxicity and pulmonary infection from
immune suppression. 100 mg of loading dose was adminis-
tered 12 hours before the first dosing. A 100 mg of main-
tenance dose was administered every 24 hours for 6 days.
Blood samples (3 mL) were obtained from the cephalic vein.
On the first day and the last day of experiment, blood samples
were colleted before dosing and at 1, 2, 4, 6, 9 and 24 h after
dosing. For the other days, blood samples were obtained prior
to dosing (C-0) and 2 hours after dosing (C-2).

Analysis of CsA in the whole blood
The whole blood concentrations of CsA were measured by
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radioimmunoassay using Cyclo-Trac SP® RIA kit (Diasorin,
Stillwater, USA). Briefly, 100 uL of whole blood sample was
mixed with 400 pL. of methanol on a vortex for 60 sec. It was
centrifuged at 1,600xg for 5 minutes. From the supernatant
layer containing the methanol extract, 50 uL. was removed and
placed in a test tube for gamma-counting and added 100 pL of
'] Cyclo-Trac SP® and 1 mL of Anti-Cyclo Trac SP Immu-
nosep”. After fully mixing with a vortex, mixture was left to
stand in room temperature for 1hour and centrifuged at
1,600xg for 20 minutes at room temperature. After centri-
fuging it, supernatant was discarded and the test tube was left
upside down on a filter paper for 1 minute to allow natural
drainage of the remaining fluid. The radioactivity of the pre-
cipitate left in the bottom of the test tube was measured with
a gamma counter (1470 WIZARD, Perkin Elmer, CA). A cal-
ibration curve was prepared using the supplied kit calibrators
in the concentration range of 20, 61, 154, 379 and 1099 ng/
mL. The accuracy was 5.4, 2.1, 9.8, 1.3 and 3.8%, and the
intra-assay coefficient of variation was 12.1, 6.4, 7.5, 5.5 and
4.7%, and the inter-assay coefficient of variation was 10.1, 8.4,
4.7, 6.9 and 8.1%, respectively for each concentration. The
overall quantification limit was 20 ng/mL.

Data analysis

Whole blood concentration—time data of CsA was analyzed
by conventional non-compartmental pharmacokinetic tech-
niques using WinNonlin (Pharsight Inc., Mountain View, CA).
Pharmacokinetic parameters were expressed in terms of mean
+ standard deviation. The estimated pharmacokinetic param-
eters of each treatment were statistically compared using the
student’s t-test, with significance at P < 0.05.

Results and Discussion

Pharmacokinetic parameters of CsA SMEDDS in single
dose study

The whole blood CsA concentration-time profile is shown in
Figure 1. The whole blood CsA concentration-time profiles of
two formulations were almost identical each other. The phar-
macokinetic parameters after oral administration of test SMEDDS
were: AUCo_un =3983.3 £693.0 ng-h/mL, Cpax=928.4 £+ 134.0
ng/ml, T =1.83+0.41h, Vg =265.75+77.07 L, Cl=23.65
+3.95 L/h and MRT =6.02 + 0.59 as shown in Table 1. The
relative bioavailability AUC_,4, and Cy, of test SMEDDS
were 91.47% and 90.63%, respectively, compared to those of
reference SMEDDS. There were no significant differences in
pharmacokinetic parameters between both formulations after
single dose treatment (p > 0.05).
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Figure 1-Whole-blood concentration profiles of CsA following
single oral dosing of test (O) and reference SMEDDS (@) in dogs
at a 100 mg dose of CsA (n=6, mean + S.D.).

Table I-Pharmacokinetic Parameters of CsA after Single Oral
Administration of Test SMEDDS and Reference SMEDDS in
Dogs

EE{SS‘SS Test SMEDDS P value

AUCy »om (ng'h/mL) 4354.63+584.78 398330£693.04 034
AUCy,., (ngh/mL) 4630.18+647.86 4318.98+651.87  0.43
Com(ng/mL)  102436+210.15 9284313401 036
Tonax () 1.83+0.26 1.83+0.41 1.00

Tyn (h) 6.75+1.66 767£099 027

Vee (L) 2123145465  265.75:77.07  0.16

Cl (L/h) 21.94+3.01 23654395 042

MRT (h) 5.56+0.57 6.02£059 026

Pharmacokinetic parameters of CsA SMEDDS in multi-
ple dose study

The pharmacokinetic parameters and the whole blood CsA
concentration-time profile of CsA during multiple dose treat-
ment of both formulations are shown in Table II and Figure 2,
respectively. No significant differences were detected between
pharmacokinetic parameters in both formulations during the

multiple dose treatments (p > 0.05).

The pharmacokinetic parameters between the singe dose
study and the first day of the multiple dose study cannot be
exactly comparable due to a different time point of blood sam-
pling and a loading dose for the multiples dose study. How-
ever, AUC and C,,, of the single dose are much higher than
those of the first day of multiple treatments (Table I and II).
The decreased absorption of CsA (AUC and C,,) can be
explained by a food effect. Although the advantage of self-
microemulsifying formulation is apparent in terms of absorp-
tion enhancement, food generally decreases the absorption of
CsA."*17 Muller et al. reported a fat-rich meal decreased AUC
and Cp, of CsA by 15 and 26%, respectively, in healthy
humans.'®)

By comparison, pharmacokinetic parameters between the
first day and the last day of treatment showed that the AUC of
the last day in each formulation increased after the multiple
dose treatment (3835.22 £779.50 vs 5315.45 + 1047.53 ng'h/
mL for test SMEDDS and 3962.10 £ 688.32 vs 4736.08 +
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Figure 2—Whole-blood concentration profiles of CsA following
multiple oral dosing of test (O) and reference SMEDDS (@) in dogs
at a 100 mg dose of CsA per day. Dotted blood concentration pro-
files from 2™ to 5% day are hypothetical blood concentration (n=3,
mean + S.D.).

Table II-Pharmacokinetic Parameters of CsA after Multiple Oral Administrations of Test SMEDDS and Reference SMEDDS in

Dogs
Test SMEDDS Reference SMEDDS
1% day 6" day 1 day 6™ day

AUC ;24 (ng-h/mL) 3835.22 +779.50 5315.45 +1047.53 3962.10 + 688.32 4736.08 + 683.10
Cinax (ng/mL) 892.06 +347.43 1218.61 +307.71 868.91 +£398.32 1203.30 + 472.52

Thax (h) 2.00 + 0.00 1.00 + 0.00 2.00 + 0.00 1.00 + 0.00

Tin 6.84 +1.44 8.72+1.43 8.18 £2.06 7.97 £0.88

Vs (L) 263.70 £20.16 249.59 + 98.56 295.72+32.15 247.65 + 54.86
CI(L/h) 26.88 £5.99 19.38 £4.31 25.81+4.93 21.39+2.86
MRT (h) 8.17+0.70 8.62+1.77 8.84+0.34 5.13+£0.70
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Figure 3—Distribution of C-0 (a) and C-2 (b) during the multiple
treatments of test and reference SMEDDS.

Table III-Pearson's Correlation Coefficient between Blood
Concentrations (C-0, C-2) and AUC of Test SMEDDS and
Reference SMEDDS

Test SMEDDS

Reference SMEDDS

Pearson's correlation P Pearson's correlation

coefficient value coefficient P value
C-0 0.794 0.059 0.828 0.083
C-2 0.699 0.136 0.619 0.266

683.10 ng'h/mL for reference SMEDDS). C, also increased
after the multiple dose treatment (892.06 + 347.43 vs 1218.61
+307.71 ng/mL for test SMEDDS and 868.91 £398.32 vs
1203.30 +£472.52 ngh/mL for reference SMEDDS). The
increased AUC and C,,,x may stem from an accumulation of
CsA in body and a decreased clearance (Table II).
Therapeutic drug monitoring is an integral part of CsA treat-
ment for organ recipients. Normally, trough concentration (C-
0) of CsA has been considered to accurately reflect systemic
exposure of CsA (AUC) to the patients and is used as an index
to set up the next dose scheme."'® But recent clinical studies
performed with a self-microemulsifying formulation of CsA
proved that blood concentration at 2 hrs after dosing (C-2) was
much more accurate in extrapolation of AUC with a reduced
incidence of organ rejection.'”?® Figure 3 shows distribution
of C-2 and C-0 of both formulations during the multiple dose
treatment. Test SMEDDS showed lower range of C-0 than
those form reference SMEDDS with statistical difference (p =
0.046). However, C-2 of test SMEDDS showed narrower dis-
tribution than those of reference SMEDDS with no statistical
difference (P =0.945). Pearson's correlation coefficients between
blood concentrations (C-0, C-2) and AUC were estimated and
shown in Table III. Generally, Pearson's correlation coefficients
between C-2 and AUC were much higher than the value
between C-0 and AUC, suggesting C-2 is a more reliable index
for TDM. Additionally, test SMEDDS also showed a relatively
good relationship between C-2 and AUC like reference
SMEDDS. These data suggest CsA SMEDDS may be utilized
in a human bioequivalence study and in clinical pharmaco-

J. Kor. Pharm. Sci., Vol. 39, No. 2(2009)

Su-Geun Yang and Hee-Jong Shin

dynamic studies with a high degree of reliability. Additionally,
more precise observation will be required to practice TDM
with test SMEDDS based on a trough concentration (C-0).

Conclusion

The relative bioavailability and pharmacokinetic parameters
of newly formulated CsA SMEDDS was compared with San-
dimmune Neoral in a single and multiple dose study in dogs.
The pharmacokinetic parameters of both formulations showed
no significant difference among each other after single and
multiple dose treatments, suggesting that the newly formulated
SMEDDS possibly demonstrates identical pharmacokinetic
and pharmacodynamic behavior with reference SMEDDS in
clinical trials.
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