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ABSTRACT

Thiswork determined the mechanisms of enhancing the oral bioavail ability
of Spinosin (SP1). Thein situ perfusion method was used in rats to study
the absorption mechanisms of SPI alone or combined with the P-gp
inhibitors Verapamil (Ver) and cyclosporin A (CsA). The drug absorption
rate constant(Ka) and apparent absorption coefficient (Peff) had little
significant effect on duodenum, jejunum, ileum and colon at 40ug-mL-
fconcentration of Spinosin(P>0.05), Compared with SPI group, SPI+Ver
and SPI+ CsA groups were increased significantly(P<0.05), Ver and CsA
remarkably enhanced the effect of intestinal absorption of SPI on
duodenum(P<0.05), The results of absorption in the intestines indicated
that Efflux pump P-gp might exert some effects on the absorption of SPI. In
conclusion, these data indicate that P-gp inhibitors are an effective and
promising delivery system to enhance the oral bioavailability of poorly
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water-soluble drugs.

INTRODUCTION

Spinosin (2"-B-O-glucopyranosyl swertisin,
C,H.,0,.), abioactiveherbal ingredient isolated from
Semen Ziziphi Spinosae, playsanimportantrolein se-
dation and hypnosig**2., It significantly potentiated the
hypnotic effect of pentobarbita by decreasingdeepla
tency, increasing deeping time, and enhancing therate
of degp onset induced by subhypnotic doses of pento-
barbital®®. Themechanism of thisactionmay berelated
to postsynaptic 5-HT , receptors™. While, previous
research showed that, asasinglecomponent, spinosin
waspoorly absorbed inratsafter ora administration™.

In recent decades, the crucial roleof efflux trans-
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portersin drug absorption and disposition has gained
cong derableattention’?. Theinhibition or induction of
transporters can lead to significant drug-drug interac-
tion by affecting various pharmacokinetic parameters
of thedrugt®. P-glycoprotein (P-gp), the most exten-
sively studied ATP-binding cassette transporter, func-
tionsasabiologica barrier by extruding toxic substances
and xenobioticsout of cals?. Thehypothesisthat inhi-
bition of P-gpimprovesthebioavailability of drugsthat
aresubstratefor thisefflux transporter isgaining wide-
spread recognition’. Upto date, theroleof P-gp efflux
transporter in spinosin metabolism rarely reported. To
investigatethe effect of P-gp on spinosin absorption,
we used thein situ perfusion method to compare the
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absorption rateand permegbility at duodenum, jgunum,
ileumandcoloninrats.

MATERIALAND METHODS

Reagentsand chemica s. Spinosin was purchased
from S Chuan Welkegi Medical Tech-nology Co., Ltd.
(Chengdu, People’s Republic of China). The purity of
this compound was determined to be higher than 98%
by normalization of the peak areadetected by HPLC.
CsA and Ver were purchased from Novartis Pharma
SenAG (Basd, Switzerland). Acetonitrilewasof HPLC
gradefrom TediaCompany, Inc (Fairfidd, OH, USA).
Purified water prepared by the Millipore system
(Millipore, Bedford, MA, USA) was used for all the
preparations. Other chemica swere of analytical grade.

| nstrumentation andchromatographic conditions

A ZORBAX SB-C18column (250 mm* 4.6 mm,
5um) analytical columnfromAgilent Co. wasused. As
the mobilephase, abinary mixtureof acetonitrile-water
(20:80,v/v) was ddlivered viaawaters 2695 pumpin
isocratic mode at aflow rate of 1.0ml/min. Thewaters
2487 detector was set at 335nm and al measurements
were performed at room temperature. An EM PORE-
2000 workstation was used for data acquisition.
Animas.Ma e Sprague Dawley rats (200-255g, Centrd
Animd Laboratory of ZhengZhou University, ZhengZhou,
People’s Republic of China) were used to perform this
study. They wereacclimatized for at least 5daysprior to
use. All theanimal experimenta procedureswere ap-
proved by theingtitutiona animd ethical committeeand
wereincompliancewiththeNationd Ingtitutesof Hedth
Guidefor Careand Useof Laboratory Animals.

Single-passintestinal perfusionstudies

Thesurgica procedurefor thesngle-passperfusion
studieswas based on established methods as described
previoudy!"9. Brigfly, e ghteenmae Sprague Dawley rats
weredivided ran-domly into three groups of six rats each.
Theratswerefasted overnight prior to theexperiments
withfree accessto water. Anesthes awasinduced by the
intrgperitoned adminigtra-tion of 20% urethane (0.6mL/
kg). Thepre-disposal treatment of ratswasthesameas
abovedescribed. Afteral0cmlong midlineincisonwas
made, theduodenum (1 cm distal to the pyloric sphinc-

ter), jgunum (15 cmto the pyloric sphincter), ileum (20
cm proximal to the cecum), and colon (2 cmdistal to
cecum) of eachrat weres multaneoudy can-nulated with
polyethylenetubesand ligated at both ends. Carewas
takento performthesurgery gently to minimizethedam-
ageandmaintainintact bloodcrculation. After beingrinsed
with physiologicd sdinesolution at 37°C, the selected
segmentswereattached to the perfusionassembly, which
included aperigdtic pump (BT100F1; Baoding Longer
Precision Pump Co, Ltd, Hebel, People’s Republic of
Ching). Theentiresurgica areawascoveredwith apiece
of sterilized absorbent gauze wetted with normal saline
solution at 37°C. The perfusion solution was obtained
by dispersing the Spinosinin Krebs-Ringsperfusate so-
lution at adrug concentration of 40ug/mL and was incu-
bated ina37°C water bath to maintain the temperature.
Beforetheexperiment, theintestina segmentswere per-
fused with the test solution at aflow rate of 0.2 mL/
minutefor 30 minutesto achieveabsorption equilibrium
and stable outflow rates. Subsequently, intestind perfu-
sate sampleswerecollected over 15 minuteinterva sfor
duration of 1 hour (15, 30, 45, 60 minutes) in5mL glass
vids Attheend of theexperiment, dl samples, incdluding
the perfusion samplesfrom both theinlet and outlet drug
solutionsat different time points, wereimmediately as-
sayed by HPLC. Thesampleswereprepared for HPLC
analysisby adding 200 uL of perfusion sample which
was added to two volumes of absol ute methanol, and
after vortexingfor 2 minutes, themixturewascentrifuged
at 15,000 rpm for 20 minutes. A 10-uL aliquot of the
upernatant wasinjected intotheHPLC system. All vias
wereweighed beforeand after perfusion. The perfused
intestinal segmentsbetweentwo cannulaswereexcised
without dragging, andtheir lengthsweremessured using
slk thread. Theabsorp-tion rate constant (Ka) and ap-
parent permesbility coefficients (Peff) were calculated
usingthefallowingequetions:

(1- T xQ,
Ka — in in
V
C. V
_Qin X |n(LUt x Lm)
Peff — Cin Vin

A
V =7zR’L A=2zRL
Vout = rnout /pout Vin = rT!n/pin
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wherem_istheweight of theinlet solution, m_ isthe
weight of theexiting solution, p, isthedensity of the
inlet solution, p isthedensity of theexiting solution,
V, isthevolumeof theinlet solution, Vout isthevolume
of theexiting solution, Q. istheflow rate (mL/minute)
of theinlet solution, Cinisthe concentration (ug/mL)
of thedrugintheinlet solution, Cout isthe concentra-
tion (ug/mL) of the drug in the exiting solution, Visthe
volumeof the perfused segment (mL), L isthelength of
theintestina segment (cm), and Ristheradiusof the
intestinal segment (cm).

Statistical analysis Theresultsarereported asthe
mean = standard deviation (SD). Statistical analysis was
performed by one-way analysis of variance. There-
sultswereconsidered significant if P<0.05.

METHOD VALIDATION

The method wasfully validated according to the
currently accepted Food and Drug Administration
bioanal ytical method validation gui dance with respect
to specificity, linearity, precision and accuracy, recov-
ery and gtability.

Specificity

The Specificity waseva uated under theRP-HPLC
conditionsused, spinosnwaseluted 5.8 min. Typical
chromatogramsof blank perfusion solution, blank per-
fusion solution spiked with spinosinshowninFigurel,
smple protein preci pitati on with acetonitrile was suffi-
cient toisolate the analytesfrom the biol ogical matrix
without any interfering endogenous peaks.

Linearity

Different amountsof spinosinwereadded to 300l
of blank perfus on solution to obtain the spiked samples
werethen treated with the aboveextraction procedures
and analyzed. Thelinear regression of thecurvefor the
peak area (Y) versus concentration was
Y =18652x+39332. The R? for the standard curvesare
0.9994.Thecalibration curve of spinosinin perfusion
sol ution showed good linearity over the concentration
rangeof 3-55ug/mL, and thedetection limit of Spinosin
was 1.5ug/mlL.

Accuracy and precision
Theaccuracy and precision of intra-day and inter-
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Figurel: aRP-HPL C chromatogramsof blank blank perfu-
sion solution(—), b blank perfusion solution spiked with

spinosin(—)

day determinations were assessed by analyzing QC
samplesinsix replicates at three concentration levels
(low, medium and high) on the sameday and onthree
consecutivevaidation days. Theintra- and inter preci-
sonfor dl sampleswaslessthan 6.4%.Theextraction
recoverieswereevaluated at three concentration levels
(low, mediumand high) for andytesfromsix perfuson
solution samples spiked before extraction to those af -
ter extraction. Themean recovery for dl sampleswas
greater than 95.4%.

Salility

Thestability of spinosinin perfusion solutionwas
determined through threefreeze-thaw cyclesin corre-
sponding quality control samples. The percentage of

deviation fromthe concentration observed waslessthan
5.8%.

RESULTSAND DISCUSSION

Intheintestina absorption studies, the absorption
characteristicsof the spinosin alone or combined with
P-gpinhibitorswereassessed infour different intestinal
segments. The absorption rate constant (Ka) and ap-
parent permeability coefficients (Peff) obtained in Situ

Hn Tudian Jounual
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Abbreviations: Ka, absor ption rateconstant; min, minute;
SD, standard deviation; SPIP, single-passintestinal perfu-
sion

Figure2: TheKaobtained for in situ perfusion in the SPIP
model for four different intestinal segments. Thedataare
presented asthemean+ SD (n=6)
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Abbreviations: P, appar ent per meability coefficients, min,
minute; SD, standard deviation; SPIP, single-passintestinal
perfusion.

Figure3: TheP_ obtained for in situ perfusioninthe SPIP
model for four different intestinal segments. Thedataare

presented asthe mean+ SD (n=6)
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Abbreviations: Ka, absor ption rateconstant; min, minute;
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Figure4: TheKaobtained for in situ perfusion in the SPIP
model for four different intestinal segments. Thedataare

presented asthemean+ SD (n=6)
perfusioninthesingle-passintestina perfusion (SPIP)
mode for thefour different intestinal sesgmentsarepre-

sented in Figures 2 and 3, respectively. Theabsorption
rate constant (Ka) in duodenum, jgfunum, ileum and

colon were (0.062+0.002), (0.052+0.000 9),
(0.049+0.001), (0.053+0.0007)cm™, respectively.
Comparisons of the Ka and Peff for spinosinalone or
combined with P-gp inhibitorsin the SPIP model are
pre-sented in Figures 4 and 5. The data show that the
coadministrationwith the P-gp inhibitorshad higher Ka
and Peff vauesthan thespinosin doneindl four intes-
tinal segments, which could bedueto the P-gpinhibi-
tion by CsA or Ver. Inaprevious study, our group ob-
served that the absorption of spinosininintestina tract
variedlittleindifferent PH conditiong¥. Theresultsin-
dicated that the absorption of spinosin could beaffected
by theP-gp, whichwiddy distributedinintestina tract.
CsA and Ver inhibited the efflux of spinosin by P-gp
located on the membrane of theintestina tract barrier,
whichresultingin anincreaseof thespinosin absorption
intheintestingl.
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Abbreviations: P_,, appar ent per meability coefficients; min,

minute; SD, standard deviation; SPIP, single-passintestinal
perfusion

Figure5: TheP_ obtained for in situ perfusioninthe SPIP
model for four different intestinal segments. Thedataare
presented asthe mean+ SD (n=6)

CONCLUSON

Inconclusion, theresultsfor the absorption mecha
nismsintheintestinesindicated that efflux pump P-gp
might exert some effectson the absorption of SPI. All
of these results suggest that the enhanced oral
bioavailability of spinosin can beattributed to combined
with P-gpinhibitors. Additional studiesareneeded to
determinethe precise mechanism by which P-gpin-
hibitorsenhancetheora biocavailability of drugs. Due
tothechangeof the parametersof the bioavail ability of
substrate drugs caused by Chinese materiamedicaand
itschemica compositionsthrough acting onintestina
P-gp could influencethe drug safety and efficacy, itis
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important that pharmacistsshould attach importanceto
the spinosininteractionsin theconcomitant useof Chi-
nesetraditional medicinesand western drugsso asto
promoterational drug use.
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