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ABSTRACT

The unripe fruits (UF) and ripe peels (RP) of Citrus aurantium are two widely used Chinese herbs.

Cyclosporine, an

important immunosuppressant with narrow therapeutic window, is clinically subject to relevant interaction with Citrus herbs as
with grapefruit juice. This study investigated the effects of coadministration of UF and RP on cyclosporine pharmacokinetics
in rats. Sprague-Dawley rats received cyclosporine (2.5 mg/kg) orally with and without the UF and RP decoctions individually.
Blood samples taken via cardiopuncture were assayed for cyclosporine by a specific monoclonal fluorescence polarization immu-
noassay. After coadministration orally with UF decoction, the C,,, and AUC_ of cyclosporine were significantly decreased by
72.8% and 55.6%, respectively. However, when RP was coadministered orally, no conspicuous alteration of cyclosporine phar-
macokinetics was observed. It can be concluded that UF, but not RP decoction, significantly decreased the bioavailability of oral
cyclosporine. We suggest that coadministration of Citrus herbs with cyclosporine is better avoided to ensure the efficacy and

safety of cyclosporin medication.
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INTRODUCTION

The unripe fruits (UF) and ripe peels (RP) of Citrus
aurantium, a sour orange, are widely used in clinical
Chinese medicine for different therapeutic purposes.
UF are collected in May-June and clinically used in the
treatment of food retention, constipation with abdomi-
nal pain, distention in the chest and epigastrium”. The
chemical constituents of UF include naringin, narin-
genin, hesperidin, neohesperidin, B-carotene, l-carotene,
citraurin, synephrine, N-methyltyramine, auraptenol,
rhoifolin, lonicerin, poncirin, limonin and 5-O-desmeth-
ylnobiletin®?. RP are collected in July and used for
treating pain in the epigastrium or abdomen and poor
appetite due to stagnation of spleen and stomach(.
RP contains naringin, naringenin, hesperidin, neohes-
peridin, B-carotene, l-carotene, citraurin, synephrine,
N-methyltyramine, auraptenol, aurantiamaric acid and
aurantiamarin®-),

Chemotaxonomically, Citrus aurantium belongs to
the same genus as grapefruit and shares many common
constituents including naringin, naringenin and hesperi-
din®. UF and RP decoctions may clinically be subject
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to relevant interaction with western medicines like
cyclosporine as grapefruit juice does™®.

Cyclosporine, a cyclic peptide, is a potent immuno-
suppressant with narrow therapeutic window. Suprath-
erapeutic level of cyclosporine may lead to adverse effects
including nephrotoxicity, thrombotic-microangiopathy and
hypertension®® whereas subtherapeutic level causes acute
rejections of heart, kidney and liver in transplant patients(?).

Cytochrome 3A4 (CYP3A4) and P-glycoprotein
(P-gp) are associated with the first pass extraction of
cyclosporine®. Lines of evidence from previous studies
suggested that grapefruit juice inhibited the metabolism of
cyclosporine by CYP3A4 at the site of intestinal absorp-
tion and caused the increased exposure of cyclosporine®.
Therefore, this study is aimed to investigate the effects of
co-administration of UF and RP decoctions on the absorp-
tion and disposition of cyclosporine in rats.

MATERIALS AND METHODS
1. Chemicals

Cyclosporine (Neoral®, 100 mg/mL) was a gift
kindly provided by Novartis Co. Ltd. (Taiwan). UF and
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RP were purchased from a traditional Chinese pharmacy
in Taichung and identified by microscopic examination.
The specimens were deposited at the Institute of Chinese
Pharmaceutical Sciences. TDx kit was supplied by
Abbott Laboratories (Abbott Park, IL, USA). Rhodamine
123 was purchased from Aldrich Chemical Company
(Milwakee, WI, USA). Milli-Q plus water (Millipore,
Bedford, MA, USA) was used for all preparations.
Vacutainer tube containing EDTA was purchased from
Becton Dickinson (Franklin Lakes, NJ, USA).

I1. Preparation of Decoctions

To prepare decoctions, 25 g of UF and RP were each
added 500 mL of water, and then heated on a gas stove.
After boiling, the mixture was heated gently until the
volume of decoction was reduced to less than 100 mL.
The mixture was filtered while hot and sufficient water
was added to make 100 mL to afford decoctions contain-
ing 0.25 g of crude drugs in each mL.

1. Instrumentation

The high-performance liquid chromatography
(HPLC) apparatus included a pump (LC-10AS, Shimad-
zu, Japan) and an UV/VIS detector (SPD-10A, Shimad-
zu, Japan). The RP-18¢ column (Apollo®, 5 um, 250x4.6
mm) was equipped with a guard column (LiChrospher
100, 5 pm).

IV. Fingerprinting and Quantitation of Naringin in Decoc-
tions of UF and RP

The decoction (3 mL) was added with methanol
(7 mL). The mixture was then vortexed for 30 sec and
centrifuged at 9860 rpm for 15 min. In order to obtain
more detailed fingerprints, the wavelength of UV detec-
tor was set at 220 nm and the flow rate was 1.0 mL/min
with a gradient elution program as follows: acetonitrile/
water: 20/80 (0 min), 80/20 (60 min). As for the quanti-
tation of naringin in both decoctions, the wavelength of
was set at 280 nm and an isocratic elution with acetoni-
trile/water (22/78) was used®.

V. Animals and Drug Administration

Following an overnight fast, male Sprague-Dawley
rats (n = 7) were given oral cyclosporine orally at a dose of
2.5 mg/kg with and without the UF or RP (2 g/kg) decoc-
tions, in a crossover design, respectively. Drug admin-
istrations were carried out via gastric gavage. Two-week
was allowed for washout between two treatments.

Another group of male rats (n = 8) were fasted over-
night before intravenous bolus of 0.8 mg/kg cyclospo-
rine with and without an oral dose of UF decoction in a
crossover design. Cyclosporine was given via tail vein.
UF decoction was orally administered via gastric gavage
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immediately after the bolus of cyclosporine. The control
rats received an equal volume of water orally.

VI. Blood Collection

Blood samples (0.3 mL) were withdrawn via cardio-
puncture at 20, 40, 60, 180, 300, 540, 1440 and 2880 min
after the oral dose of cyclosporine. For iv bolus, blood
samples were collected at 5, 10, 20, 40, 60, 180, 300 and
540 min. Blood samples were collected in vacutainer
tubes containing EDTA, and stored at 4°C and then
analyzed within 24 hr. Water was supplied with gastric
gavage at 3-hr intervals during the experiment. The
animal study adhered to “The Guidebook for the Care
and Use of Laboratory Animals (2002)” (Published by
The Chinese Society for the Laboratory Animal Science,
Taiwan, ROC).

VIIL. Quantitation of Cyclosporine in Blood

Blood cyclosporine concentration was assayed by
a specific monoclonal fluorescence polarization immu-
noassay method (FPIA). The assay was calibrated for
concentrations from 25.0 to 1500.0 ng/mL.

VL. Data Analysis

Noncompartment model of WINNONLIN (version
1.1, SCI software, Statistical Consulting Inc., Apex,
NC, USA) was used for the computation of pharmaco-
kinetic parameters of cyclosporine. The area under the
serum concentration - time curve (AUC,_,) was calcu-
lated by the trapezoidal rule to the last point. Pharma-
cokinetic parameters among various treatment groups
were compared using paired Student’s t-test or one way
ANOVA with Sheffe’s test, taking p < 0.05 as significant.

IX. Everted Rat Gut Sac Study

The effects of UF and RP decoctions on P-gp func-
tion were evaluated through everted gut sac study. Nine
Sprague-Dawley rats were sacrificed and the jejunum and
ileum were isolated. After flushing with ice-cold saline,
each segment was everted and both ends were ligated
tightly to prepare a 25-cm long gut sac. It was then
immersed in 50 mL of medium TC 199 prewarmed at
37°C and preoxygenated with a mixture gas of 95% O,/
5% CO,. After incubating under the same conditions for
20 min, 3 mL of rhodamine 123 solution (20.0 mg/mL in
medium 199) was introduced into the everted sac (serosal
side). The transport of rhodamine 123 solution from the
serosal to mucosal surfaces across the intestine was then
measured fluorometrically (Luminescence Spectrometer
LS-50B, Perkin Elmer, USA) as a control sampled every
20 min from the mucosal medium until 100 min. UF and
RP decoctions were added to medium TC 199 to give
designated final concentrations of 5 and 10 mg/mL. The
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transport of rhodamine 123 was measured as described
for the control.

RESULTS

HPLC fingerprints of UF and RP decoctions are
shown in Figure 1, indicating that their constituents are
profoundly different. The contents of major constituent
naringin in UF and RP decoctions were 0.66 and 1.12
mg/mL, respectively. Figure 2 depicts the blood cyclo-
sporine profiles after oral dosing of cyclosporine alone
(2.5 mg/kg) and coadministrations with UF and RP
decoctions (2 g/kg). The pharmacokinetic parameters of
cyclosporine after various treatments are listed in Table 1.
After coadminstration with UF, the C,,, and AUC_; of
cyclosporine were significantly decreased by 72.8% and
55.6%, respectively. In contrast, no significant alteration
of cyclosporine pharmacokinetics was observed after
coadministration with RP decoction.

Figure 3 depicts the blood cyclosporine profiles
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Figure 1. HPLC fingerprints of (A) RP and (B) UF decoctions
detected at 220 nm.

Table 1. Pharmacokinetic parameters of cyclosporine in seven rats
given cyclosporine alone (2.5 mg/kg, Cy) and coadministered with
UF and RP decoction (2 g/kg, Cy+UF and Cy+RP) in a crossover
design

Treatments
Cy Cy+UF Cy+RP
Parameters
AUCo-2880 411.0+23.0° 182.4+21.1° 381.4+495
Chnax 777.7+£29.7°  211.3+40.8° 6752+ 62.6°
Tmax 57.1+£29 105.7 £26.5 429+52
MRT 719.9 £ 16.1 975.7+55.3 733.8+38.8

Data expressed as mean + S.E. Means in a row without a common
superscript differ, p < 0.05.

AUC.850 (mg - min - mL™!): area under concentration-time curve to
the last point.

Chnax (ng * mL'l): the peak or maximum concentration.

Tmax (min): the time of peak concentration.

MRT (min): mean residence time.

(For continuous variables, means in a row with superscripts without
a common letter differ, p < 0.05.)
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after intravenous bolus of cyclosporine alone (0.8 mg/kg)
and coadministration with UF decoction (2 g/kg). No
significant change of cyclosporine pharmacokinetics was
observed between two treatments.

The effects of UF and RP decoctions on the efflux of
rhodamine 123 in jejunum and ileum are shown in Figures
4 and 5, respectively. The results indicated that RP decoc-
tion significantly inhibited the efflux of rhodamine 123
from serosal side to mucosal side in jejunum, whereas UF
decoction exerted no influence on P-gp function.

DISCUSSION

This study employed a rat model to evaluate the
effects of coadministration of two Citrus herbal decoc-
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Figure 2. Mean (+ S.E.) blood concentration-time profiles of
cyclosporine after oral administration of cyclosporine alone (2.5
mg/kg) (e) and coadministration with UF (o) and RP (V) to eight
rats in a crossover design. *p < 0.05; **p < 0.01; ***p < 0.001

compared with cyclosporine alone using one way ANOVA with
Sheffe’s test.
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Figure 3. Mean (+ S.E.) blood concentration-time profiles of
cyclosporine after intravenous bolus of cyclosporine alone () and
co-administration with UF (o).
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Figure 4. Average transport of rhodamine 123 (ng/mL) across jejunum and ileum in the absence (@) and the presence of UF decoction at

concentrations of 5 mg/mL (o) and 10 mg/mL (V).
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Figure 5. Average transport of rhodamine 123 (ng/mL) across jejunum and ileum in the absence (e) and the presence of RP decoction at
concentrations of 5 mg/mL (o) and 10 mg/mL (V). *p < 0.05; **p < 0.01 compared with control alone using one way ANOVA with Sheffe’s

test.

tions on cyclosporine pharmacokinetics. This rat model
has been validated through an interaction between St.
John’s wort and cyclosporine in a previous study!?. The
results showed that UF, but not RP decoction signifi-
cantly decreased the oral bioavailability of cyclosporine.
Our previous study reported that RP caused significant
increase of cyclosporine oral bioavailability and resulted
in acute intoxication of pigs®. Such discrepancy of RP
- cyclosporine interaction between pigs and rats might
be attributed to species difference or due to different
dose used. As UF - cyclosporine interaction in pigs has
not been reported, no comparison can be made between
these two animals.

Although UF and RP are from the same plant,
their influences on cyclosporine pharmacokinetics were
found markedly different. The possible reason for these

discrepant effects might be attributed to the changing
constituents at different stage of fruit ripeness. For
instance, lonicerin, rhoifolin and 5-O-desmethylnobiletin
were only reported in UF but not in RP, indicating that
these constituents might disappear upon maturation.
Besides, aurantiamaric acid and aurantiamarin exist in
RP, but not in UF. Therefore, the HPLC fingerprints of
UF and RP decoctions showed conspicuous difference.
However, the causative components in UF decoction
to dramatically lower the cyclosporine bioavailability
remain unknown and await further studies.

Grapefruit juice is well known for its effect in
elevating the exposure of cyclosporine!®, whereas the
UF decoction showed an opposite effect in this study.
Grapefruit juice contains naringin, naringenin, querce-
tin, bergamottin, 6°,7’-dihydroxybergamottin, hesperi-
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din, rutin, apigenin, campherol and kaempferol, among
which naringin, the major constituent, has been proved
not the causative agent for grapefruit juice - cyclosporine
interaction'). The lack of influence on cyclosporine
pharmacokinetics by naringin was also confirmed by
this rat model in our laboratory (data not shown). On
the other hand, two minor constituents, bergamottin and
6,7-dihydroxybergamottin, instead were professed to be
the possible causes for such kind of interaction!>!%, As
indicated in the results from the inhibition on CYP3A4 -
mediated metabolism in in vitro experiments!>!3), these
two constituents might be responsible for the modula-
tion of intestinal CYP3A4 caused by grapefruit juice
consumption("+1%),

Recently, a study with furanocoumarin - free grape-
fruit juice proved that furanocoumarins are the mediators
of the grapefruit juice - felodipine interaction, indicat-
ing that furanocoumarins are the active ingredients for
enhancing the systemic exposure of felodipine and prob-
ably other CYP3A4 substrates that undergo extensive
intestinal first-pass metabolism'®). Probably due to the
absence of bergamottin and 6,7-dihydroxybergamottin,
UF and RP did not result in any elevation of cyclosporine
exposure as grapefruit juice did. In our study, after the
removal of lipophilic fraction upon partitioning with ethyl
acetate, the remaining aqueous fraction of RP decoction
significantly decreased the blood level of cyclosporine,
as the corresponding UF decoction did (data not shown),
indicating that the discrepancy between RP and UF
decoctions on cyclosporine exposure should be attributed
to the lipophilic components. It can also be proposed that
the ethyl acetate fraction of RP seemed to compensate the
effect of its aqueous layer. Which constituents in the aque-
ous fractions of UF and RP decoction actually caused the
marked decrease of cyclosporine exposure is still on the
agenda of future research.

In order to illuminate the possible mechanism, the
effect of coadminisatration of UF decoction on the phar-
macokinetics of intravenous cyclosporine was also inves-
tigated. However, no significant influence on cyclosporine
pharmacokinetics was found, implying that the interac-
tion between UF decoction and oral cyclosporine should
occur at the absorption site. The fate of cyclosporine at
the absorption site is affected by two possible mecha-
nisms, being pumped out by P-gp in intestine surface and
subsequently metabolized of the residual by CYP3A4 in
intestine!!”).  Therefore, the agents that exert any influ-
ence on the functions of P-gp and/or CYP3A4 will affect
the absorption and the disposition of cyclosporine. This
study measured the effect of UF and RP on the function
of intestinal P-gp using everted rat gut sac to explore
the possible involvement of P-gp in the interaction. Our
results demonstrated that UF did not affect the function of
intestinal P-gp, suggesting that the decreased bioavailabil-
ity of cyclosporine was not associated with the function
of intestinal P-gp. In contrast, RP significantly inhibited
the function of intestinal P-gp and this might explain the
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much higher bioavailability of cyclosporine upon coad-
ministration with RP relative to UF.

Regarding to the effect on CYP3A4, a previous
study reported that UF and RP decoctions exerted very
weak or even no inhibition on the CYP3A activity of
human liver microsomes in testosterone 6-hydroxyl-
ation'®. Based on previous pharmacokinetics studies on
traditional Chinese medicine, we found that it was indis-
pensable for various water soluble polyphenol glycosides
to be biotransformed to lipophilic derivatives before
absorption, and the aglycones were further metabolized
to conjugated metabolites!>??. Since the metabolism
of the constituents in Citrus herbs has not been taken
into consideration, it is therefore not appropriate to
extrapolate the in vitro effect on CYP3A for explain-
ing the in vivo interactions. Therefore, the mechanism
of interaction between Citrus herbs and cyclosporine is
still unclear and more efforts should be devoted to the
relevant inquiries.

In conclusion, the coadministration of UF, but not
RP decoction markedly decreased the oral bioavailabil-
ity of cyclosporine in rats. Together with our previous
results from studies of cyclosporine pharmacokinetics
in pigs, it seems prudent for organ allograft recipients
to avoid the concurrent use of Citrus herbs to ensure the
efficacy and safety of cyclosporine.
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