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Effect of food on the bioavailability of cyclosporin A for mulation

Ab stract. Aim: We re cently suc ceeded in
pre par ing soft gel a tin cap sules con tain ing a
new self-nanoemulsifying for mu la tion con-
sisting of cyclosporin A (CsA), triacetin,
poly oxyl 40 hy dro ge nated cas tor oil, polysor-
bate 20, medium chain triglycerides and me-
dium chain mono- and diglycerides. The soft
cap sules con tain ing the new for mu la tion ex-
hib ited a sig nif i cantly im proved phys i cal sta-
bility in terms of the ap pearance of the gel atin
capsule shells and the composition of the fill
mass during long-term stor age, compared to
com mer cially avail able soft cap sules con tain -
ing CsA, in which ethanol was employed as a
cosolvent of CsA. In the pres ent study, the in -
fluence of a fat-rich meal on the bioavail-
ability of CsA from the soft capsule con tain-
ing the new for mulation (test drug) was eval-
uated and the re sults compared to those ob -
tained with a representative soft capsule of
CsA. Vol un teers and meth ods: A ran domized,
open-label, 3-way crossover study was per -
formed in the test cap sules and ref erence soft
capsules, in a fasted state or after a fat- rich
breakfast. 18 healthy male vol unteers re -
ceived a sin gle dose of the reference formula-
tion (Neoral, Novartis Co., ��� City? Na -
tion?) or test for mulation (2 cap sules each,
200 mg as CsA) with 240 ml of wa ter with a
1-week washout pe riod between the treat-
ments, af ter a fat-rich (670 kcal, 45 g fat)
breakfast (for the test drug, Treatment A; for
the ref erence drug, Treatment B) or a 12-h fast -
ing (for the test drug, Treatment C). Serial
blood samples, collected over a 24-h pe riod
af ter the ad min is tra tion, were as sayed for
blood CsA concentrations us ing a specific
monoclonal radioim muno assay. Re sults: The
dif fer ences in bio avail ability pa ram e ters (i.e.,
AUC0-24h, AUC0-� and Cmax) be tween the
treatments were within the range of 80 – 125%
of the reference treat ment. An anal ysis of
vari ance (ANOVA) re vealed no sig nif i cant
differences (p > 0.05) between sub jects, for -
mu la tions or pe ri ods. The 90% con fi dence in-
tervals (CI) in dicated that the dif ferences be -

tween the treat ments (Treatments A and B,
Treatments A and C) were also within the cri -
te ria. Con clu sion: These re sults in dicate that
the bioavailability of CsA from the test drug is 
equivalent to ref erence in the fed state, and is
likely to be less in fluenced by a fat-rich meal.
Therefore, the new for mulation of CsA us ing
triacetin ap pears to have an ad vantage over
the commercial soft cap sules of CsA us ing a
volatile cosolvent such as ethanol.

Introduction

The introduction of cyclosporin A (CsA)

into clin ical use in the 1980s re sulted in a sig -

nificantly improved sur vival rate for transplant

pa tients [Kahan 2004]. CsA still re mains the

cornerstone of many immunosuppressant regi-

mens in the area of transplantation. How ever,

because of its hydrophobic nature and poor

water solubility, the oral bioavailability of CsA

is low (30%), with con siderable variation be -

tween in dividuals (5 ~ 50%) [Schroeder et al.

1995]. Moreover, the bioavailability of a for -

mu la tion is of ten in flu enced by food in take

[Brunner et al. 2000, Gupta et al. 1990,

Mueller et al. 1994a]. For example, a fat-rich

breakfast in creased the bioavailability of CsA

from soft gelatin cap sules con taining an oil-

 based emul si fy ing for mu la tion (Sandimmune

capsules) by more than 37% [Mueller et al.

1994a], which forms coarse emulsions (mean

droplet size, 3.73 �m) in gas tro in tes ti nal fluid

[Andrysek 2003]. A similar in crease (i.e.,

29% increase) as the re sult of a fat-rich break-

fast was also ob served for the bioavailability

of Cicloral cap sules (Hexal AG, ��� City?

Ger many), a ge neric for mu la tion of Neoral

capsules [Kees et al. 2004]. Fat-rich food
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might in crease the secretion of bile into the

lumen, thereby in creasing the bioavailability

of CsA via its ac cel er ated dis so lu tion, aided

by bile ac ids. On the con trary, a 15% de crease

in the bioavailability of CsA as the re sult of a

fat-rich break fast was ob served for soft gel a-

tin cap sules con tain ing a self-nano emulsify-

ing formulation (Neoral cap sules) [Mueller et 

al. 1994a], which forms nanoemulsions

(mean drop let size < 100 nm) in gastrointesti-

nal fluid. The mech anism of this de creased

bioavailability is not clearly understood at

pres ent.

The bioavailability of a CsA oral liq uid

formulation in a bottle, which re quires predi-

lution with tap water or apple juice prior to its

oral ad min is tra tion, is also in flu enced by food

in take. ASanCya oral so lution (SangStat Co., 

��� City? CA, USA) was re called from the

market because of the lack of bioequivalence

when ad ministered with ap ple juice com-

pared with wa ter as the dil uent [Henney

2000]. On the con trary, the bioavailability of

a Neoral oral so lution was not in fluenced by

di lu tion [Kovarik et al. 2002]. The reduced

ab sorp tion of CsA ap peared to arise from the

char ac ter is tics of for mu la tion [Honda et al.

2004, Ko varik et al. 2002].

The above re sults sug gest that the bio-

availability of CsA var ies with the food de -

pending on the for mulation of the drug.

Therefore, the effect of food on the bio -

availability of CsA needs to be care fully ex -

amined before a conclusion on the for mula-

tion can be reached.

We re cently suc ceeded in preparing soft

gel a tin cap sules con tain ing a new self- nano -

emulsifying for mu la tion which ex hib ited sig-

nif i cantly im proved phys i cal sta bil ity in

terms of the ap pearance of the gel atin cap sule

shells and the composition of the fill mass

during the long-term stor age [Yang 2005].

This for mu la tion con sisted of CsA, triacetin,

polyoxyl 40 hy drogenated castor oil, polysor-

bate 20, medium chain triglycerides and me-

dium chain mono- and diglycerides, of which

composition was op timized based on an ex am-

ination of the pseudo-ternary phase di agram.

The unique difference in this new for mulation

is the re place ment of vol a tile co sol vents such

as eth a nol in com mer cially avail able CsA for -

mulations (e.g., Neoral cap sules) with tri ace-

tin, a non vol a tile cosolvent. As a re sult of this

re place ment, the evap o ra tion of the cosolvent

and the migration of wa ter from and to gelatin

shells could be avoided [Yang 2005].

Although, the ad vantage of the new for -

mulation is clear in terms of physical sta bility,

a con clusion on the ad vantage of a for mula-

tion would require in formation on bioavail-

ability, because the bioavailability of CsA is

likely to be sensitively influenced by the in-

take of food [Brun ner et al. 2000, Gupta et al.

1990, Henney 2000, Kees et al. 2004, Mueller

et al. 1994a]. In the present study, therefore,

the effect of food, es pecially fat-rich food, on

the bioavailability of CsA was in ves ti gated

for the new for mu la tion in com par i son with

ref er ence (Neoral) cap sules. A 3-way cross -

over study was con ducted for the fed and the

fasted states.

Test and reference

medications

The test formulation, in a soft gel atin cap-

sule, was composed of CsA, triacetin, poly-

oxyl 40 hy drogenated castor oil, polysorbate

20, medium chain triglycerides and medium

chain mono- and diglycerides, based on the

result of a pseudo-ter nary phase di a gram study.

A soft gelatin cap sule con taining 100 mg of

CsA (Neoral; Novartis Co., ��� City? Swit -

zerland) was used as the ref erence drug. Prior

to the bio equivalence study, test capsules

were confirmed, by an electrophoretic light

scat ter ing spectrophotometer (Nicomp 370,

Par ti cle siz ing sys tems, ��� City? CA,

USA), to form nanoemulsions when im-

mersed in saline, pH 1.2 buffer, pH 6.8 buffer

and distilled wa ter, with an ap proximate

mean drop let size of 20 ~ 40 nm at 37ºC (Fig-

ure 1).

Study design and subjects

A sin gle-dose, ran dom ized, open-la bel,

and 3-way crossover study was con ducted

based on the Food and Drug Ad ministration

Guid ance en ti tled “Oral Ex tended (Con-

trolled) Re lease Dos age Forms, In Vivo

Bioequivalence and In Vitro Dissolution

Testing” issued on September 9, 1993 and

“Food-Effect Bioavailability and Fed Bio-

equi valence Stud ies” is sued on De cem ber 9,

2002. The study was performed in accordance
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with the revised Dec laration of Hel sinki for

biomed i cal re search in volv ing hu man sub-

jects [Howard-Jones 1982] and the rules of

Good Clin ical Practice [Allen and Vanden-

burg 1992]. The pro tocol for the study was

approved by Eth ical Committee of the En gi-

neering Re search Center (ERC), Se oul Na -

tional University (Seoul, Ko rea). 18 healthy

non-smoking male vol unteers, rang ing in age

from 21 – 23 years (22 � 0.5 years) and in

weight from 60 – 75 kg (67 � 2.1 kg) com-

pleted the study. The volunteers were selected

af ter pass ing a clin i cal screen ing pro ce dure

in clud ing a phys i cal ex am i na tion and lab o ra-

tory tests (blood anal y sis, he mo glo bin, he-

mato crit, WBC, platelet, dif fer en tial count ing

of WBC, blood urea nitrogen, total bilirubin,

to tal cho les terol, to tal pro tein, al bu min, al ka -

line phosphatase, glucose fasting, sGOT and

sGPT; and a urineanalysis, spe cific gravity,

color, pH, sugar, al bu min, bil i ru bin, RBC,

WBC and cast). Volunteers were excluded if

they were possibly sensitive to this type of

medication, had a history of any hepatic, or

re nal, or car dio vas cu lar sys tem ill nesses, or

had pre viously taken al cohol or other medica-

tion for an ex tended long pe riod of time. All

par tic i pants signed a writ ten in formed con-

sent af ter they had been in formed of the na -

ture and de tails of the study in ac cordance

with the Korean Guidelines for Bioequiv-

alence Test (KGBT 1998). All sub jects

avoided the use of other drugs for at least 1

week prior to the study and un til after its com-

pletion. They also re frained from al coholic

bev er ages and xanthine-con tain ing foods and

beverages 48 hours prior to each dos ing and

until the collection of the last blood sample.

Each vol un teer re ceived 2 ref er ence cap-

sules (i.e., Neoral 200 mg dose of CsA, Lot

no. F47MFD0501) and 2 capsules of the test

for mu la tion (i.e., 200 mg dose of CsA in soft

gel a tin cap sules, Lot no. SNU001) in a stan-

dard 3 × 3 crossover model (single dose, ran-

domized, 3-treatment, 3-pe riod crossover de -

sign). There was a 1-week washout pe riod

among the doses. The sub jects were hos pital-

ized (Samsung Hos pital, Se oul, Ko rea) at

9:00 p.m. 1 day be fore the study and fasted 12

hours be fore and 4 hours af ter the administra-

tion of each drug. At 4 hours af ter an oral ad -

ministration, all subjects were given stan-

dard ized meals.

For each study period, the sub jects were

randomly as signed to re ceive test cap sules

with or without a high-fat break fast (Treat-

ments A and C) and reference cap sules with a

high-fat breakfast (670 kcal, 45 g fat) (Treat-

ment B). At 8:00 a.m., the median cubital vein

of the subject was cannulated (D&B-CATH,

Seoul, Korea). In Treatments A and C, each

drug was administered with 240 ml of tap wa -

ter 30 minutes af ter the start of the high-fat

breakfast at 9:00 a.m. In Treatment C, each

drug was administered in a similar manner

under fasting conditions.

An ap proximately 7 ml aliquot of blood

was col lected via the can nula in tubes contain-

ing EDTA (BD Vacutainer, BD Diagnosis,

��� City? NJ, USA) at the following times:

predose (con trol), 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8,

12, and 24 hours after ad ministration. A

heparinized nor mal sa line in ject able so lu tion,

1 ml, was flushed af ter each blood sampling

and 2 ml of blood was discarded in each sam-

pling. Sub jects were not allowed to remain in

a su pine po sition or to sleep dur ing the whole

blood collection pe riod. Vital signs and ad -

verse events were repeatedly monitored dur-

ing the hos pitalization phase. The blood sam-

ples were stored frozen at –20ºC un til

anal y sis.

Analysis of CsA in blood CsA

The con cen tra tions of CsA in blood sam-

ples were analyzed us ing a Cyclo-Trac SP®

Effect of food on the bioavailability of cyclosporin A for mulation 3

CPH-5588  / 07.03.2006

Figure 1. The mean drop let size of CsA micro-

emulsions from test for mulations pre pared with dif-

ferent dis persion me dia. Each data point rep resents

the mean � SD.



RIA kit (Diasorin, Stillwater, ���, USA). In 

a typ i cal ex per i ment, blood sam ples (100 �l)

were mixed vigorously with methanol (400

�l) and cen trifuged. 50 �l of the methanolic

super na tant was with drawn, in cu bated in a

glass tube with 100 �l of 125I Cyclo-Trac SP

and 1 ml of Anticyclo-Trac SP Immunosep

solution for 1 h. Af ter centrifugation, the

supernatant was discarded and the ra dioactiv-

ity of the precipitate in each tube was counted

for 1 min us ing a well type �-scin til la tion

counter (1470 WIZ ARD, Perkin Elmer,

��� City ? CA, USA). A cal ibration curve

was prepared using the sup plied kit calibra-

tors in the concentration range of 20, 61, 154,

379 and 1,099 ng/ml. The ac curacy was 5.4,

2.1, 9.8, 1.3 and 3.8%, and the intra-assay co -

efficient of variation was 12.1, 6.4, 7.5, 5.5

and 4.7%, and the inter-as say co efficient of

variation was 10.1, 8.4, 4.7, 6.9 and 8.1%, re-

spectively for each con centration. The overall

quan ti fi ca tion limit was 20 ng/ml.

Pharmacokinetic analysis

Non-compartmental pharmacokinetic char-

ac teristics were derived by standard methods,

us ing the WinNonlin pro gram (Standard ver -

sion 3.1, Pharsight Inc., Mountain View, CA,

USA), when necessary. The maximum blood

con cen tra tion (Cmax), time to reach Cmax (tmax)

and the concentration at the last mea sured

time (C24h) were compiled from con centra-

tion-time data. The area un der the blood CsA

con cen tra tion-time curve (AUC) ex trap o -

lated to in finity (AUC0-�) was cal culated in 2

steps, us ing a log-linear trapezoidal for mula

for up to the last measured time and extrapo-

lation to time in finity. The AUC from time

zero to the last point (AUC0-24h) was cal cu-

lated us ing a log-linear trapezoidal for mula.

The AUC from the last de termined time (i.e.,

24 h) to infinity was calculated by C24h/�,

where �, the ap parent rate constant for elimi-

na tion, was es ti mated by lin ear re gres sion

(weight ing 1/Ces ti mated) of the log-trans-

formed plasma con centrations dur ing the ter-

minal log-linear de cline phase. The ap parent

ter mi nal elim i na tion half-life (t½) was cal cu-

lated by 0.693/�.

Statistical analysis of data

Statistical anal yses were performed us ing

SPSS ver sion 12.0 (SPSS Inc., Chicago, IL,

USA), us ing the gen eral linear model (GLM).

Analyses were performed on log-transformed

AUC0 - 24h, AUC0-� and Cmax and on un trans-

formed tmax and t½. AUC0-24h, AUC0-� and

Cmax were used to as sess the rel ative bio avail-

ability between treat ment. tmax and t½ were

tested for se quence and treat ment effects us -

ing an analysis of variance (ANOVA).

Treatments A and B were com pared to as -

sess the bioequivalence be tween the test cap -

sules and ref erence cap sules in the fed state.

The point es timate (i.e., ratio of the mean pa -

ram e ters) be tween treat ments was cal cu lated. 

All pa rameters were tested for carry-over ef -

fect us ing crossover analysis techniques in

the GLM. The primary method used to com-

pare the rel a tive bioavailability pa ram e ters

(AUC0-24h, AUC0-� and Cmax) was 90% CI

computed from the two 1-sided t-test method

with � = 0.05 on ratios of the geo metric means

for the treatments [Schuirmann 1987].

To as sess the effect of food on the bio -

availability of test cap sules, the pharmaco-

kinetic pa rameters from Treatments A and C

were analyzed us ing the same methods. Sta-

tis ti cal com par i sons of pharmacokinetic

parameters (tmax and t½) be tween the fasted and

fed states were performed us ing ANOVA. The

effect of food was as sessed us ing cri te ria in

which 90% CI for the ra tio be tween fasted

and fed states were within the ac ceptance cri -

teria pro posed by the Center for Drug Evalua-

tion and Re search, De partment of Health and

Human Services, US Food and Drug Ad min-

is tra tion (Cmax 90% CI, 80 – 125; AUC0-�

90% CI, 80 – 125).

Results and discussion

Clinical observations

No se rious ad verse events were found dur -

ing the study period. Beginning from 30 min to

3 h, a slight fe ver and hot sen sation or ru be-

faction of the face, ex tremities, and some-

times generalized, was ob served in most of

the subjects for both drugs. The symptoms

spontaneously sub sided with time and no

med i cal man age ment was re quired.

Yang, Kim, Chung and Shim 4
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Bioavailability parameters

The mean blood CsA con cen tra tion-time

data from the 3 treatments are shown in Fig-

ure 2 and the relevant bioavailability pa rame-

ters are summarized in Table 1. In the fed

state, blood con cen tra tion-time pro files of

CsA were al most nearly be tween the test

(Treatment A) and reference cap sules (Treat-

ment B) (Fig ure 2A). As a re sult, the bio avail-

ability pa ram e ters (i.e., AUC0-24h, AUC0-�,

and Cmax) of the test med ication were within

Effect of food on the bioavailability of cyclosporin A for mulation 5
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Table 2. Summary of statistical anal ysis for the ef fect of food on the bioavailability of CsA for mu la tions in

the fed and fasted state.

A) Treatments A and Ba (i.e., test and reference cap sules in the fed state)

AUC0-24h AUC0-� Cmax tmax t½
(ng �	h/ml) (ng �	h/ml) (ng/ml) (h) (h)

Point es ti mateb 0.97 0.98 0.97 1.16 0.93

90% CIc or pd 91.0 
 � 104.3 89.5 
 � 103.2 92.7 
 � 102.8 p = 0.198 NDe

a Ref erence cap sules in the fed state (i.e., Treatment B) served as ref erence. b Geo metric mean ra tios of

pa ram e ters be tween treat ments. c Con fidence in tervals for the dif ference be tween the treat ments. d Anal y-

sis of variance at sig nificant level of 0.05. e Not de termined.

B) Treatment A and Treatment Cf (i.e., test cap sules in fed and fasted states)

AUC0-24h AUC0-� Cmax tmax t½
(ng × h/ml) (ng × h/ml) (ng/ml) (h) (h)

Point es ti mate 0.91 0.89 0.94 1.29 0.90

90% CI or p 85.1 
 � 97.5 83.5 
 � 96.4 89.2 
 � 99.0 p = 0.009 ND

f Test cap sules in the fasted state (i.e., Treatment C) served as ref erence.

Ta ble 1. Pharmacokinetic pa ram e ters for CsA fol lowing a sin gle oral ad ministration of 200 mg of the ref er-

ence for mulation (Sandimmune Neoral) and the test for mulation un der fasted and fed states to 18 healthy

male vol un teers.

Pa ram e ters AUC0-24h AUC0-� Cmax tmax t½
(ng × h/ml) (ng × h/ml) (ng/ml) (h) (h)

Arith me tic mean 4,602.1 4,897.2 1,066.9 2.0 6.4

Test cap sule SD* 921.3 1,052.0 152.5 0.5 1.4

in fed state Geo met ric mean 4,508.7 4,783.3 1,056.7 1.9 6.3

(Treat ment A) emean-SD 3,642.8 3,807.2 916.0 1.5 4.9

emean+SD 5,580.4 6,009.7 1,218.9 2.4 8.0

Arith me tic mean  4,706.6 5,069.9 1,094.2 1.7 6.9

Neoral cap sules SD 914.8 1,026.6 163.3 0.5 1.4

in fed state Geo met ric mean   4,627.96 4,877.4 1,082.7 1.7 6.7

(Treat ment B) emean-SD  3,839.3 4,092.6 931.8 1.2 5.4

emean+SD  5,578.5 6,053.4 1,258.1 2.2 8.5

Arith me tic mean 5060.0 5465.7 1,140.1 1.5 7.2

Test cap sule SD 1102.6 1273.5 185.7 0.4 1.8

in fasted state Geo met ric mean 4948.5 5332.1 1,124.3 1.5 6.9

(Treat ment C) emean-SD 3978.6 4243.8 941.6 1.2 5.2

emean+SD 6154.8 6699.4 1,342.5 1.9 9.3

* Stan dard de vi a tion.



the cri teria of bioequivalence to the reference

med i ca tion (Ta bles 1 and 2A). No sig nif i cant

differences were ob served be tween the 2

med i ca tions in terms of pe riod, for mu la tion

or se quence, as ev idenced by p val ues greater

than 0.05 (ANOVA, data not shown). The

90% CI (%) of the difference ranged from

91.0 ~ 104.3, 89.5 ~ 103.2 and 92.7 ~ 102.8

for the AUC0-24h, AUC0-� and Cmax, re spec-

tively (Table 2A). The above data in dicate

that the test and reference cap sules are

bioequivalent in the fed state when estimated

based on FDA and KFDA guide lines.

The effect of a fat-rich breakfast on the

bioavailability of CsA in the test med ication

was in vestigated in Treatments A and C. In

fed state, the tmax was sig nif i cantly re tarded

from 1.5 – 2.0 h in arithmetic mean, and the

Cmax was decreased from 4,948.5 to 4,508.7

ng/ml in geo metric mean (Tables 1 and 2).

The AUC of the test cap sule was also de -

creased about 10% by the fat-rich meal. How-

ever, the mean ra tios of parameters (AUC0-

 24h, AUC0-� and Cmax) be tween treat ments

were within the range of 80 – 125% (Table 1),

ex hib it ing no sig nif i cant dif fer ence in terms

of pe riod, for mu la tion or se quence (i.e., p val -

ues > 0.05 by ANOVA, data not shown), and

the 90% CI of the difference were in the range

of 85.1 ~ 97.5, 83.5 ~ 96.4 and 89.2 ~ 99.0 for

AUC0-24h, AUC0-� and Cmax, re spec tively

(Ta ble 2B). The 90% CI were also within the

criteria.

It is gen erally known that the effect of

food in take on the bioavailability of highly

soluble and highly permeable drugs (Class I

of bioclassification sys tem, BCS) in im medi-

ate-re lease for mu la tions is min i mal [Mar ti -

nez et al. 2002, Wu and Benet 2005], but is of -

ten sig nif i cant for BCS Class II (i.e., drugs

with low sol u bil ity and high per me abil ity) or

Class III (i.e., drugs with a high solubility and

low permeability) drugs [Martinez et al. 2002,

Wu and Benet 2005]. In deed, the ab sorption

of CsA, a Class II drug [Chiu et al. 2003],

from oil-based emul si fy ing for mu la tions (e.g.,

Sandimmune capsule), was highly variable

and greatly in creased by a fat-rich meal [Hon-

charik 1991]. The effect of food could be sig-

nif i cantly re duced by em ploy ing micro emul -

sifying for mulations (e.g., Neoral capsule)

[Kahan et al. 1995, Mueller et al. 1994a,

1994b]. The re duction can be at tributed to the

spon ta ne ous and rapid for ma tion of mi cro- or

nanoemulsions from these for mulations

[Pouton 2000].

In our pre vious study, a gelatin soft cap-

sule con taining a new self-nanoemulsifying

for mu la tion was de vel oped by em ploy ing

triacetin, as a cosolvent of CsA, in stead of

eth a nol in com mer cial emul sion prod ucts. By

this re place ment, the phys i cal sta bil ity of the

soft capsule (e.g., ap pearance of gel atin shell

and composition of the fill mass of the soft

capsule) dur ing long-term stor age could be

substantially improved [Yang 2005], com-

pared to commercial prod ucts which con tain

ethanol [Duplay 2005]. The bioavailability of 

CsA from the soft capsule con taining the new

formulation was shown to be equiv alent to a

reference (Neoral) capsule in the fasted state

for healthy Korean volunteers [Yang 2005].

In the present study, the effect of fat-rich

food on the bioavailability of CsA, a typ ical

prob lem as so ci ated with CsA for mu la tions,

was tested, and com pared to the case for ref er-
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Figure 2. The mean blood CsAcon cen tra tion-time 

pro files fol low ing the oral ad min is tra tion of CsA soft

capsules to 18 healthy vol unteers at a 200 mg dose

of CsA (i.e., 2 cap sules), A) test (-�-) and ref erence

(-�-) capsules in fed state, B) test cap sules in fed

(-�-) and fasted (-�-) states. Each data point rep re-

sents the mean � SD.



ence cap sules. The re sults ob tained in the

present study indicate that the bioavailability

of CsA from our for mu la tion con tain ing tri-

acetin (test drug) is equivalent to ref erence

capsule (reference drug), and is less in flu-

enced by a fat-rich breakfast. Therefore, we

con clude that our for mu la tion (i.e., triacetin

con tain ing self-nanoemulsifying for mu la tion

of CsA in soft gel atin cap sules) has ad van-

tages over the clas sical self-nanoemulsifying

for mu la tion of CsA, in which volatile co sol-

vents of CsA (e.g., eth a nol and poly eth yl ene

glycol) are used, in terms of physical sta bility

of the dos age form dur ing the storage and

consistency of the bioavailability of CsA

regardless of food intake.
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