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ABSTRACT

AlIM: To examine the in-vitro transport route of tetramethylpyrazine (TMP) across porcine buccal mucosa and to
investigate the effects of drug concentration, pH in donor chamber, and 1-octanol/buffer partition coefficient on
transbucca permeation. METH ODS: In-vitro permeation of TMP through porci ne buccal mucosawas sudied by
using in-line flow through diffusion cellsat 37 1. The permeability of TMP was evaluated at dif ferent donor pH
and drug concentration. Permeability of unionized (P,) and ionized TMP (P,) was calaulated by using the Scientist®
software. RESULTS: Theseady stateflux of TMPincreased linearly with the donor concertration (r°=0.96) at pH
7.4. The permeability and the partition coefficient increased with pH. P, and P, were 9.05x 10° cm- s* and 2.99 x
107cm- s', respectively. The total permeability coefficient increased with the fraction of unionized form.
CONCLUSION: TMP permeated through buccal mucosaby a passve diffuson process. The partition coefficient
and pH dependency of drug permeability indi cated that the drug was transported mainly viathe transcellular route
by apartition mechanism.

INTRODUCTION paracel lular route and the transcel lular route The physi-
cochemical properties of the diffusant determine the
dominant route. For lipophilic compounds, the
transcelular pathway isthe main route. For hydro-
philic compounds, paracellul ar trangport isthe primary
route.

The examination of penetration route for
transbuccal drug delivery isimportant because it is fun-
damental to sl ect the proper penetration enhancer to
improve the drug permeability. Based on the cellular
gructure of the oral mucosa, there aretwo possble

Theflux of drug through the membrane under sink
pathways for passive drug transportation — the

condition for paracellular route can bewritten as™:
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tercellular spaces

h,: pathlength of the paracellular route

e areafraction of theparacellular route

C,: donor drug concentration

Theflux of drug through the membrane under sink
condition for transcellular route can be written as™:

(1'6) Dc Kc
‘]c = h C:d (2)

K.: partition coefficient between lipophilic cell
membrane and the agqueous phase

D,: diffusion coefficient of the drug in the
transcellular spaces

h.: pathlength of the transcellular route

Tetranethylpyrazine (TMP), isolated from thetra
ditional medicinal herbs Ligusticum wallichii Franch.
or L chuanxiong Hort, has been widely used in China
for the treatment of cardiovascular and cerebrovascu-
lar diseasd?. TMP isabas ¢ drug with short half life
(t,,= 2.89 ). Frequent administration of thisdrug is
needed to keep an effective plasma concentration.
Drugs dedlivered through mucosacan enter sysemic
circulation and bypass the hepatic first-pass effect. The
non-keratinized buccal mucosaoffers higher permeabil-
ity compared to the transderma route. Therefore, de-
livery of TMP for systemic usevia buccd mucosais
invedigated. The present sudy isto examine the ef-
fects of drug concentration at pH 7.4, pH in donor
chamber, and 1-octanol/buffer partition coefficient on
transbucca permeation and the possible in-vitro trans-
port route of tetramethylpyrazine (TMP) across por-
cine buccal mucosa
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MATERIALSAND METHODS

Chemicalsand reagents Tetramethylpyrazine
(lot: 990108) was purchased from Beijing Ingtitute of
Pharmaceutical | ndustry (Beijing, China). Citric acid

monohydrate was purchased from JT Baker Chemical
Co (Phillipsburg, NJ, USA). Sodium phosphate
(Na,HPO,: 7H,0) was purchased from Fisher Scientific
(Fair Lawn, NJ, USA). All other chemicaswere of AR
grade.

Collection and preparation of buccal tissue
Porcine buccal tissue wassdlected as animal model for
its high smilaritiesto that of human being in term of
gructure and composition”. Buccal tissue was obtained
from aloca daughterhouse (L ong RanchInc, Manteca,
CA, USA) and stored in normal saline solution at 41
upon collection. The mucosal membrane was separated
by removing the underlying connective tissue with sur-
gical scissors and mounted between donor and receiver
chambers of the diffuson cellsfor permestion studies.

Analytical methods TMP was quantified by us-
ing HPLC. TheHPLC system conssted of an SPHERI-
5 RP-18 Brownlee™ column (Applied Biosystems), a
Waters M590 pump, a Gilson 115-UV absorbance
detector, and a Hitachi L7200 autosampler. Datawere
analyzed by EZChrome software (Scientific Software,
CA, USA). Themobile phasewas composed of metha-
nol and digtilled water & the ratio of 60:40. Flow raeis
1 mL-min*. TMPin sample was detected at 285 nm.

Transbuccal permeation studies? In-vitro per-
meation of TMP through porcine buccad mucosa was
gsudied by using in-line flow through diffuson cells
(PermeGear, Riegelsville, PA) at 37 12 for 24 h. Tem-
perature was maintained at 37 1T by water jacket sur-
rounding the chambers. The receiver chamberswere
filled with Mcllvainebuffer solution a pH 7.4 and the
donor chambers were filled with TMP solution of dif-
ferent concentration a pH 7.4 or TMP saturated
Mcl Iva ne buffers of different pH (from 2.4 to 7.4).
The recei ver chambers were gtirred with Tefl on coated
magnetic sirringbars. The sampleswere collected every
90 min by using a fraction collector (Gilson FC 205
Fraction coll ector, Middleton, WI, USA) and anayzed
by HPLC. Experiments were conducted in triplicates
for each condition. Thetotal amount of drug penetrated
through the membrane wasdetermined and plotted as a
function of time. The permedhility coefficients(P) were
calculated from thelinear part of the curves asfollows
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dQ/dt
P="2C. 3)

A: the surface area of diffusion, cm?

dQ/dt: amount of TMP permeated per unit time at
Seady state, mg- st

C,: donor drug concentration, g- L™

The permesability of TMP was evaluated at itssatu-
rated concentration of different pH (from 2.4 to 7.4).
The steady state flux (J=P C,) of TMP a pH 7.4 was
caculated at different drug concentration. Permeabil-
ity of unionized (P,) and ionized TMP (P,) was calcu-
lated by using the Sci entist® software (Mi croMath Sci-
entific Software, Salt Lake City, Utah, USA).

Solubility of TMP (C) determination at differ-
ent pH Thesolubility of TMP at different buffer solu-
tions was determined by shake-flask method. Extra
drugswere put in the screw-capped gl ass scintillation
vias with buffer solution and equilibrated under con-
gtant shaking at 3771 for 24 h. The aqueous phase was
then separated and diluted. The concentration of TMP
in this phasewas determined by HPLC.

Partition coefficient determination at differ-
ent pH 1-Octanol was used to represent the
biomembrane. The partition coefficients between 1-
octanol and Mcllvaine buffer solutions at dif ferent pH
(from 2.4 to 7.4) were determined by shake-flask
method. The two phases were mutually saturated be-
foreuse. Equa volume of TMP buffer solution (400
mg- L) and 1-octanol were mixed in the screw-capped
glass scintillation viadsand equilibrated under congtant
shaking at 37°C for 24 h. The agueous phase was then
separated and the concentration of TMP in this phase
was determined by HPLC. The partition coefficients
(K,4,) were calculated usng the foll ow equation
Cuy— Cae

aq

C

age

Kolw = (4)

C,q- initial concentration of TMPin buffer solution,
gL?

Cae: €quilibrium concentration of TMPin buffer
solution, g- L™

RESULTS

Effect of donor drug concentration on TM P flux
at pH 7.4 The geady gateflux of TMP a pH 7.4
increased with the donor concentration. A linear rela
tionship was observed between the flux and drug con-
centration (r>=0.96, Fig 1).
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Fig 1. Effect of donor drug concentration on TMP steady
stateflux at pH 7.4.

Effect of pH in donor chamber The solubility
of TMP at different pH buffer solution decreased with
pH. Theresultswere shown in Tab 1.

Tab 1. TMP solubility at different pH.

pH 3.0 40 50 68 74 8.0

Solubility/g-L* 1267 7.07 560 474 441 429

Both the apparent 1-octanol/buffer solution parti-
tion coefficient and the permeability coefficient of the
drug increased with the pH of the buffer solution in
donor chamber (Fig 2). Excellent linearity wasobsarved
between the permeability coefficient and the partition
coefficient (Fig 3).

DISCUSSION

The linear relationship between the steady state
flux a pH 7.4 and donor drug concentration showed
that the transport of TMP through bucca mucosa at
the concentration range from 0.46 t0 4.29 g- L"* was a
passive diffuson process (Fig 1).
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Fig 2. Effect of pH on permeability coefficient and par tition
coefficient of TMP.
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Fig 3. Correlation of 1-octanol/buffer solution partition
coefficient and TMP per meability.

According to eguations mentioned above and the
assumption that drug will have the same partition ten-
dency a 1-octanol and the biomembrane, the perme-
ability of drug should havenothing to do withthe parti-
tion coefficient if it goes through the paracellular route
(Eq 1), whilethe permeability shal vary with the parti-
tion coefficient if the drug was transported via the
transoellular route (Eq 2). Therefore, the transport route
of drug permesation can be reflected since partition co-
efficient ispH dependent. I n our sudy, the permeabil -
ity of TMP was proportiona to the partition coefficient
(Fig 3) and both of them increased with pH (Fig 2),
which showed a transcellular route to be the main
pathway. To further explain our experiment results,
we assume that unionized form mainly goes through
transcellular route and the ionized form trangportsvia

the paracell ular route, the steady state flux can be ex-
pressed by thefollowing equation:

J=PC=J,+J=P,C,+P, C (5)
J;: totd flux of TMP
J,: transcellular flux
J: paracdlular flux
C,: concentration of unionized TMP
C.: concentration of ionized TMP
C;: total drug concentration
P, total drug permesbility

SO

G _C
P, = Pua +Pia (6)

TMP isabasic drug with pK, of 3.51'¥. The per-
centage of different species at a given pH can be calcu-
lated by using the Henderson-Hesselbalch equation.

[unionized]
pH = pK,+ IOQW (7)

P, and P, were calculated by fitting P,, C/C, and
C/C, a different pH to equation (6). The cal culated
curve (P ,) was plotted with the experimenta datain
Fig2. Thetota permeability coefficient increased with
the fraction of unionized form (Fig 4). The cal culated
value for P, was 9.05x10° cm- s*, which is about 30
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Fig4. Reationship between permeability coefficient and
the fraction of different species of TMP.
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times higher than P;, 2.99x10"cm- s*. These results
suggested that TMP transports via transcellul ar route
based on our assumption. A limitation of our study
was that the partition coef ficient was determined from
1-octanol/buffer not biomembrane/buffer solution. Fur-
ther sudiessuch as direct examination of thedrug pen-
etration will be conveyed to confirm the pathway of
TMP.
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