
Received 11 September 2001
Revised 13 December 2001

Copyright # 2002 John Wiley & Sons, Ltd. Accepted 20 December 2001

BIOPHARMACEUTICS & DRUG DISPOSITION
Biopharm. Drug Dispos. 23: 53–57 (2002)

Published online in Wiley InterScience (www.interscience.wiley.com). DOI: 10.1002/bdd.295

Minimal Effect of Ketoconazole on Cyclosporine
(SangCyATM) Oral Absorption and First-Pass Metabolism in
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ABSTRACT: The current work evaluated the effect of the CYP3A inhibitor ketoconazole on the oral
absorption and first-pass metabolism of cyclosporine administered as the SangCyA formulation.
Groups of 6 male Sprague–Dawley rats were administered SangCyA (5 and 15mg/kg) by
oral gavage alone and with ketoconazole (30mg/kg). Blood cyclosporine levels were measured
over 6 h, encompassing the cyclosporine absorption window. A significant vehicle effect on
SangCyA absorption was observed. Comparing a 15mg/kg dose, cyclosporine Cmax (mean� SD
1.12� 0.16 mg/ml) and AUC0�6 (5.34� 0.71 mgh/ml) were 50% lower when propylene glycol
was used as gavage vehicle instead of saline (2.19� 0.94 mg/ml and 9.52� 2.52 mgh/ml,
respectively). Coefficients-of-variation for these parameters were halved in the propylene glycol
vehicle however Tmax was unaffected. Ketoconazole increased cyclosporine Cmax and AUC0�6 by
50–60%, regardless of the vehicle or the cyclosporine dose, without altering Tmax (2–3 h). The
small effect of ketoconazole suggests that CYP3A-mediated intestinal and first-pass hepatic
metabolism are minor determinants of cyclosporine oral bioavailability in rats. Copyright # 2002
John Wiley & Sons, Ltd.
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Introduction

Cyclosporine is an immunosuppressive agent
used extensively to prevent the rejection of
transplanted organs [1–3]. Cyclosporine is meta-
bolized by cytochrome P450 3A (CYP3A) and
clinical studies with the original Sandimmune1

(SIM) and the more bioavailable Neoral1 (NEO)
formulations have shown that cyclosporine oral
bioavailability can be improved 3–5-fold in
patients and healthy volunteers by coadministra-
tion with the potent CYP3A inhibitor ketocona-
zole [4–6]. Dose-normalized cyclosporine Cmax

was increased 3–4-fold by ketoconazole in these
subjects (consistent with increased absorption
and/or inhibition of first-pass cyclosporine me-
tabolism) and a detailed pharmacokinetic analy-
sis indicated that up to two-thirds of the
ketoconazole effect on cyclosporine oral bioavail-
ability could be attributed to inhibition of
cyclosporine metabolism in the small intestine
[4,6]. Ketoconazole has also been shown to
increase cyclosporine bioavailability in dogs [7],
however it did not affect SIM oral absorption or
first-pass metabolism in rats [8]. Cyclosporine is
poorly metabolized by rat liver and intestinal
microsomes in vitro [8,9] and the failure of
ketoconazole to improve cyclosporine bioavail-
ability in this species in vivo suggests that
intestinal and first-pass metabolism by CYP3A
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may not be significant determinants of cyclos-
porine oral bioavailability in this species. An
unaddressed concern from the previous rat study
was whether the high cyclosporine dose (25mg/
kg) may have saturated metabolism in vivo, thus
overcoming metabolic inhibition by ketoconazole
(10 and 20mg/kg).

The current report describes identical studies
in rats measuring the effect of ketoconazole on
cyclosporine oral absorption and first-pass me-
tabolism using the SangCyATM formulation
(SANG). At the time of this work, SANG was
marketed as a generic form of NEO [3,10],
however it has since been withdrawn due to
vehicle-dependent lack of bioequivalence [11].
There are limited published data describing
SANG absorption in rats [12] and no reports of
its potential interaction with ketoconazole in any
species. To avoid the abovementioned concern
over metabolic saturation, lower cyclosporine
doses of 5mg/kg (the clinical therapeutic dose)
and 15mg/kg are administered with a large
excess of ketoconazole (30mg/kg). Equivalent
doses of ketoconazole resulted in up to 9-fold
increases in levels of the CYP3A substrate K02 in
the same species of rat [13]. Potential vehicle-
dependence of the ketoconazole effect on cyclos-
porine oral bioavailability is evaluated by
conducting parallel experiments using saline
and propylene glycol as the gavage vehicle. A
significant vehicle effect on SANG absorption is
observed and its relevance to the withdrawal of
this product is discussed.

Experimental

SangCyATM cyclosporine oral solution, USP
[modified] (100mg/ml) (Sangstat Medical Cor-
poration, Hayward, CA) was commercially avail-
able at the time of the study. Male Sprague–
Dawley rats (250–300 g) with jugular vein cannu-
lae were purchased from Harlan (Madison, WI).
Animal dosing and blood sampling were con-
ducted by Northview Pacific Laboratories Inc.
(Hercules, CA) in accordance with the Animal
Welfare Act. Rats were individually housed at
18–268C and allowed free movement and access
to water. Animals were fasted from 12 h prior to
dose administration until study completion.

Separate groups of 6 rats were administered
SANG (5 and 15mg/kg) by oral gavage alone
and with ketoconazole (30mg/kg). Doses were
prepared by mixing SANG (0.25 or 0.5ml) with
ethanol (0.4ml) or a suspension of ketoconazole
in ethanol (250 or 375mg/ml) followed by
dilution to the appropriate volume with either
0.9% saline or propylene glycol. Rats were
administered 1.5ml/kg of each dose using a
standard gavage needle. Blood samples (500 ml)
were taken prior to the dose and at 0.5, 1, 2, 3, 4
and 6h post-dose through a jugular vein cannula.
Samples were collected in Microtainer1 tubes
(Becton–Dickinson, Franklin Lakes, NJ) contain-
ing sodium EDTA anti-coagulant and were
stored in the refrigerator prior to analysis. Blood
volume was replaced after each draw by saline
and cannula patency was maintained using
saline–heparin. No precipitation or hemolysis of
blood samples were observed over the course of
the study.

Whole blood samples (400 ml) were extracted
and analyzed by HPLC with UV detection as
described previously [8]. Coefficients of variation
for 100, 500 and 3000 ng/ml cyclosporine quality
control samples (12 samples per concentration
measured over 4 days) were 5, 4 and 3%,
respectively, and all concentrations were within
5% of nominal values. Peak cyclosporine con-
centration (Cmax) and time to achieve this
concentration (Tmax) were measured directly
from concentration versus time profiles. Area
under the concentration–time curve (AUC0–6)
was calculated using the linear trapezoidal
method. Pharmacokinetic parameters for the
different doses were compared using an un-
paired t-test (normally distributed data) or the
Mann–Whitney rank sum test.

Inhibition of cyclosporine metabolism by keto-
conazole at the dose employed was confirmed in
vitro by incubations with liver microsomes from a
human donor and from dexamethasone-induced
rats. Gavage emulsions from rat studies with a
15mg/kg dose were diluted in methanol, pro-
viding stock solutions containing 1mM cyclos-
porine alone or with 4.5mM ketoconazole. Five
ml of each stock solution was added to a 0.5ml
incubation mixture containing 200 mg/ml liver
microsomal protein and 1mM NADPH in 0.1M
phosphate buffer (pH 7.4). Final concentrations
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of cyclosporine and ketoconazole in the incuba-
tion mixtures were 10 mM (a saturating substrate
concentration) and 45 mM, respectively. Samples
were incubated for 30min then extracted and
analyzed for cyclosporine and metabolites as
described previously [8].

Results and Discussion

Consistent with clinical reports and published rat
data, dose-normalized cyclosporine Cmax and
AUC0–6 were 3–7-times higher for SANG (Table
1) than previously reported for SIM while Tmax

was reduced by 2–3 h [3,8,10,12]. SANG absorp-
tion was particularly sensitive to the gavage
vehicle such that cyclosporine Cmax and AUC0–6

were reduced by 50% when SANG was adminis-
tered in propylene glycol rather than saline
(Figure 1). Coefficients of variation for these
parameters were also halved in the propylene
glycol vehicle. Coadministration of ketoconazole
increased cyclosporine Cmax and AUC0–6 by 50–
60%, regardless of the dose or the vehicle
employed. Tmax was not altered by vehicle or
ketoconazole. Microsomal metabolism studies
using diluted gavage emulsions found that
ketoconazole completely eliminated cyclosporine
metabolism in both rat and human liver micro-
somes even though cyclosporine was used at a
saturating substrate concentration.

The small increase in cyclosporine absorption
effected by ketoconazole in these animals is

consistent with our previous finding that lower
ketoconazole doses (10 and 20mg/kg) had no
effect on cyclosporine absorption or first-pass
metabolism from the SIM formulation (25mg/
kg) [8]. The ketoconazole concentration in the
current gavage emulsions (38mM) was 54 000-
times higher than its reported Ki (0.7 mM) [14],
indicating ketoconazole levels were more than
sufficient to inhibit cyclosporine metabolism in
vivo. The effect of ketoconazole was not different
for the 5 and 15mg/kg cyclosporine doses,
however the large excess of ketoconazole and
its potency as a CYP3A inhibitor suggest that this
does not arise from saturation of metabolism at

Table 1. The effect of ketoconazole on cyclosporine oral absorption in ratsa

Parameter SANG dose

5mg/kg 15mg/kg 15mg/kg

Gavage vehicle Saline Saline Propylene glycol
Cmax (mg/ml) 0.84� 0.30 (36) 2.19� 0.94 (43) 1.12� 0.16 (14)e

+ketoconazoleb 1.25� 0.26 (21)c 3.53� 0.91 (26)c 1.71� 0.17 (10)d,e

Tmax (h) 1 (1–8) 2 (2–3) 3 (2–6)
+ketoconazoleb 4 (2–8) 2 (1–3) 3 (2–4)
AUC0�6 (mgh/ml) 4.95� 1.85 (37) 9.52� 2.52 (26) 5.34� 0.71 (13)e

+ketoconazole b 8.09� 1.05 (13)c 15.29� 3.80 (25)c 8.30� 1.09 (13)d,e

aData are mean � SD (CV%) except Tmax which are median (range).
b30mg/kg.
cStatistically different from control P50.05.
dStatistically different from control P50.001.
eStatistically different from saline vehicle P50.005.
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Figure 1. Mean cyclosporine concentrations vs time profiles
(n=6) for rats administered SANG (15mg/kg) alone or with
ketoconazole (KC; 30mg/kg) using saline or propylene glycol
as the gavage vehicle

Copyright # 2002 John Wiley & Sons, Ltd. Biopharm. Drug Dispos. 23: 53–57 (2002)

KETOCONAZOLE EFFECT ON SANGCYA ABSORPTION 55



the cyclosporine doses used. Published reports
demonstrate poor metabolism of cyclosporine
by rat liver microsomes [8] and negligible
cyclosporine metabolism by rat small intestinal
microsomes in vitro [9]. The relatively small
ketoconazole effect on cyclosporine bioavailabil-
ity observed in this study is consistent with poor
intestinal and first-pass hepatic metabolism of
cyclosporine in rats in vivo. In the absence of
significant metabolism, even complete inhibition
of CYP3A by ketoconazole (as indicated by the in
vitro data) will only result in a small increase in
cyclosporine oral bioavailability. Ketoconazole is
also a modest inhibitor of the intestinal drug
efflux transporter P-glycoprotein (P-gp) [13,15].
The high ketoconazole dose employed in the
current study may partly inhibit P-gp-mediated
cyclosporine efflux in the intestinal tissue of
these animals, and this may also contribute to the
small increase in cyclosporine levels.

The significant reduction in SANG absorption
when administered in propylene glycol bears
further discussion. One explanation for this effect
is sequestration of the lipophilic cyclosporine in
the propylene glycol vehicle, thus preventing its
partitioning into the aqueous phase adjacent to
the intestinal wall. A similar effect of lipid vehicle
on cyclosporine absorption was not observed in
our previous study, where corn oil did not alter
the pharmacokinetics of the SIM formulation [8].
This discrepancy suggests that simple sequestra-
tion of cyclosporine in a lipid vehicle is not the
predominant explanation for SANG vehicle
sensitivity. A comparison of excipients used in
the different cyclosporine formulations is pro-
vided in Table 2. SANG is significantly more
water soluble than SIM and has substantially
higher oral bioavailability. The mechanism for
increased SANG solubility has not been pub-
lished, however it may involve formation of

microemulsions as observed for the NEO for-
mulation [10]. Decreased SANG absorption in the
presence of excess propylene glycol most likely
arises from disruption of the critical excipient
interactions responsible for increased cyclospor-
ine aqueous solubility and/or intestinal perme-
ability. Despite a reduction in absolute
cyclosporine levels, the variability in cyclospor-
ine pharmacokinetic parameters was lower when
administered in propylene glycol rather than
saline, presumably due to more uniform dissolu-
tion of the highly lipophilic cyclosporine in the
more lipid-like vehicle.

In conclusion, the small effect of high-dose
ketoconazole on cyclosporine levels in rats
suggests that CYP3A-mediated first-pass meta-
bolism in the intestine and liver are not sig-
nificant determinants of cyclosporine oral
bioavailability in this species. Rats may not be a
useful preclinical model in which to evaluate
metabolic drug interactions with cyclosporine.
The vehicle effect on SANG absorption is of some
interest in light of the withdrawal of this product
[11]. SANG is bioequivalent to NEO when both
are administered in chocolate milk, a more lipid-
like vehicle, but they are not bioequivalent in the
aqueous vehicle apple juice [3,11]. The reason for
this difference has not been reported, however
the current findings suggest that interactions of
SANG, and potentially NEO, with the more
lipid-like chocolate milk vehicle may signifi-
cantly alter cyclosporine absorption. Further
studies are required to elucidate the mechanism
of such interactions.
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