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Kinetic and thermodynamic aspects of the interface transfer of cefoperazone and its pivaloylox-

ymethyl ester were studied in a two-phase system composed of aqueous buffers and #-octanol by
using the absolute reaction rate theory. In terms of the net thermodynamic parameters for the pro-
cess, ASincreased and AF decreased as the lipophilicity increased. With the increased ratio of for-
ward (&, to backward rate constants (&), the ester was more lipophilic than cefoperazone, but the

aqueous solubility was reduced.
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Gastrointestinal absorption of drugs usually de-
pends upon their ability to penetrate lipid barriers.
Based on the pH-partition hypothesis, the degree
of absorption of weak acidic and basic drugs de-
pends on their lipid solubility and degree of ioniza-
tion.1?

In vitro experimental techniques for the gastro-
intestinal absorption to mimic ¢ vévo absorption
behavior have been described by Robertson, ef
al¥. In these methods, compounds examined are
in a buffered aqueous phase, which is overlaid by
an organic phase to simulate a lipid barrier.*”

The present investigation was to elucidate the
pH dependency of the absorption rate and its me-
chanism at the GI tract for cefoperazone pivaloyl-
oxymethyl ester. The in vitro interface transfer
kinetics of cefoperazone and its ester was also stu-
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transfer

died.
EXPERIMENTAL

Materials and Apparatus

Cefoperazone dihydrate was used as supplied
by Samsung Pharm. Co., and cefoperazone pival-
oyloxymethyl ester was synthesized in this labora-
tory. #-Octanol and the other solvents were re-
agent grade. Interface transfer experiments were
performed in a rotating cell apparatus (Fig. 1)
equipped with a thermostatic circulator (Teche
model TE 7, U.K.), and analyzed by high perfor-
mance liquid chromatography (HPLC; Waters
model 510, U.S.A.).

Solubility Determination

The solubilities of cefoperazone and its ester in
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Figure l—Apparatus for rotating cell used for the in
vitro interface transfer study.

Key: A, rotating shaft; B, n-octanol phase; C, aqueous
phase.

various pH buffers were determined by the KP IV
method. The samples were diluted with methanol
and assayed by HPLC (Fig. 2).

In Vitro Interface Transfer Studies*?

A rotating cell, similar to that described by
Robertson et al.?, was used for the in vitro trans-
fer study of cefoperazone and its pivaloyloxyme-
thyl ester. The apparatus consisted of a glass
cell was slowly rotated by a shaft in an water bath
thermostated at a constant temperature of 36.5 +
1°C.

#n-Octanol and the various pH buffers of 1.2,
2.3, 3.0, 4.0, and 5.6 were mutually saturated
prior to the experiment. 50 m/ of buffer solution

CPZ-PV
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containing the drugs at a concentration of 1 + 10™M
was placed, and the agueous phase was carefully
overlaid with 50 m! of organic phase. The cell was
rotated at 50rpm, and the samples were removed
by microsyringe at appropriate time intervals.
The final sample was taken after 3-6hr to measure
the concentration at equilibrium. All samples were
diluted with methanol, filtered through 0.5um Mil-
lipore filter, and analyzed by HPLC.11?

Additional experiments were carried out at
25+ 1°C and 30 + 1°C to observe the tempera-
ture effeets.

RESULTS AND DISCUSSION

pH-Solubility Profile

Both cefoperazone and its ester showed similar
solubilities in a low pH range, but the solubility of
cefoperazone increased gradually with increase of
pH (Fig. 3).

Kinetic and Thermodynamic Aspects of In
Vitro Interface Transfer

Partitioning of a drug at the oil/water two
phase system depends on the hydrophobic char-

CPZ

7.20

Figure 2—Typical chromatograms of cefoperazone pivaloyloxymethyl ester(CPZ-PV) and cefoperazone(CPZ) in methanol.

HPLC conditions were as follows:

for A; column: radial-Pak Cig cartridge, mobile phase: methanol/water=60/40, detector: Waters model 480 absorbance

detector, 254nm, 0.01 AUFS, flow rate: 2 m//min.

for B; column: radial-Pak C,g cartridge, mobile phase : mixture/ 1N acetic Acid/acetonitrile/water=1.2/2.8/180/816, (mix-
ture-triethylamine/ glacial acetic acid/water=14/5.7/80.3), detector: Waters model 430 absorbance detector, 254nm, 0.01

AUFS, flow rate: 2mi/min.
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Figure 3—pH-Solubility profile of free cefoperazone and
cefoperazone pivaloyloxymethyl ester at 25°C.
Key; a, free CPZ; o, CPZ-PV.

acteristics of the drug molecule and it is also affec-
ted by the unionized drug molecule existing in
aqueous phase. It can be suggested that an ex-
change of aqueous and organic solvate molecules
occurs during formation of the activated complex.
Therefore, the oil/water interface transfer of the
molecule may be interpreted by the absolute rate
theory and can be written as Scheme 1,

CotX = [C,—-X)*— C,
Scheme 1

where C,, and C, are the drug molecule in aqueous
and organic phases, respectively; X represents
the organic solvent molecule in #-octanol phase;
and [C,-X]* represents the activated complex in
transition state. If formation of the activated com-
plex is the rate-limiting step, overall reaction rate
depends on the concentration of the activated
complex formed. And the rate constant of the
reaction, k&, is given by:

bR morenr (1)
— E—h’t . @ASK/R | o-AHE/RT (2)
_ I}\QIh—T . @dS* /R | o-aEX/RT (3)
_ Eh—’r . @4S*/R | o-(Eg-RT) /RT (4)

where R is the molar gas constant, T is the ab-
solute temperature, N is the Avogadro’s number,
h is the Planck’s constant, and F, S, H, E and E,
are the thermodynamic parameters.

In consideration of Scheme 1, the activated
complex formed for the forward or backward
transfer involves hydrogen bonding with organic
or aqueous molecules, respectively, which may re-

Table I—in Vitro Transfer Rate-pH Profile for Free Cefoperazone and Cefoperazone Pivaloyloxymethyl Ester in a Two-

Phase System at 36.511°C.

Time (min)

Material pH Value Equilibrium*
10 20 30 45 60 90 120

Free CPZ 1.2 0.18 0.38 0.50 0.78 0.93 1.25 1.53 2.55
2.3 0.18 0.33 0.48 0.60 0.75 1.08 1.30 2.38
3.0 —** - — 0.13 0.18 0.23 0.35 1.30
4.0 — — — — - - — —
5.6 — — — — — — — —

CPZ-PV 1.2 145 25.8 335 419 46.9 51.8 53.8 55.0
2.3 18.5 315 40.4 49.2 54.5 59.7 61.5 62.5
3.0 22.5 39.1 50.5 60.8 66.5 71.9 73.7 74.5
4.0 17.0 29.0 38.0 47.2 52.8 58.4 60.6 62.0
5.6 13.4 23.0 30.5 38.6 43.8 49.2 514 53.0

Data are the average of four experiments and expressed in yg per m! of n-octanol phase.

*Required 3-6 hr depending on the rate of transfer. **Not observed.
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Figure 4—Transfer of free cefoperazone and cefopera-

zone pivaloyloxymethyl ester from an aqueous pH 1.2

buffer to n-octanol at various temperatures.

Key; @, 25°C, CPZ-PV; 4, 30°C, CPZ-PV; ®, 36.5°C,

CPZPV; o, 25°C, free CPZ; &, 30°C, free CPZ; O,

36.5°C, free CPZ

sult in displacing some water or octanol mole-
cules. Hence these steps can be depicted as
Schemes 2 and 3.

CHW = Cpnw
CPHW+ROH = [Cpuw— ROH] —’Cno
Scheme 2

Cuo = Chio

Crio +HOH & (Cpyo—HOH) —Cuw
Scheme 3

In these schemes, Cyy and Cyy represent the hy-
drogen-bonded drug molecule with water and
octanol, respectively; Cpyy and Cpgo represent
partially dehydrogen-bonded molecule in the
aqueous and organic phases, respectively; ROH
and HOH represent alcohol and water molecules,
respectively; and [Ppg-ROH] and [Cpyy-HOH]
represent the activated complex formed at the in-
terface for the forward and backward transfer, re-
spectively.

Based on these considerations, the oil/water in-
terface transfer of the drug molecule can be a re-
versible process as shown in Scheme 4:

J. Kor. Pharm. Sci., Vol. 19, No. 1(1989)
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Figure 5—Transfer of free cefoperazone and cefopera-
zone pivaloyloxymethy! ester from an aqueous pH 3.0
buffer to n-octanol at various temperatures.

Key; @, 25°C, CPZ-PV; &, 30 °C, CPZ-PV; B, 36.5°C,
CPZ-PV; o, 25°C, free CPZ; ., 30°C, free CPZ; O,
36.5°C, free CPZ

'Cwéé—‘ Co
k,

Scheme 4

where k and k, are the rate constants of forward
and backward reactions, respectively. Hence,

Cu)s - ke

(Co), = o (1_e4(xf+kb)z) (5)
r b
log [ (Co) eg— (Co)s )=~ 22 £ L10g (Co)
)=~ 5303 e

(6)

in which the subscripts i, eg, and ¢ indicate initial,
equilibrium and time, respectively. The value of
(k+k,) can be obtained from the slope of Eq. 6,
and then &, and &, are calculated by the following
equations:

_Coeq
b= (ky+F») (7)
ko= (kr+Fo) = s (8)

In addition, the partition coefficient (PC) at equi-
librium state can be obtained as follows:
=e—A F/RT (10)
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Figure 6—Transfer of cefoperazone pivaloyloxymethyl
ester from an aqueous pH 5.6 buffer to n-octanol at
various temperatures.

Key; @,25°C; &, 30°C; m, 36.5°C

As shown in Table I, cefoperazone pivaloyloxy-
methyl ester was easily transferred into #-octanol
phase at the interface than cefoperazone. And it is
postulated that the transfer rate of (free) cefopera-
zone at the interface is pH-dependent.

The semilog plotting of these data based on
Eq. 6 gave straight lines (Figs. 4-6), and %, and &,
were obtained by Egs. 7 and 8. The transfer of ce-
foperazone to the octanol phase was difficult be-
cause k, was greater than k. In contrast, the ester
revealed greater k,in all pH ranges. Both rate con-
stants increased as the temperature increased,
and the experimental activation energy was ob-
tained by the Arrhenius plot (Figs. 7 and 8).

Thermodynamic parameters such as AH*,
AF* and AS* were calculated by Egs. 1-4 and lis-
ted in Table II. The AF* values over 20 kcal/
mole suggest that the energy barrier for interface
transfer is great. AH, 4S, AF, and partition coef-
ficients are listed in Table III. The ester was more
lipophilic than cefoperazone with an high increase
of partition coefficient, and AS increased and AF
decreased as the lipophilicity increased. It is con-
sidered that remarkable difference of both cefo-
perazone and its ester in the interface transfer to
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Figure 7—Arrhentus plots of the forward and backward
transfer of free cefoperazone at the aqueous pH buffers/
n-octanol interface.

Key; A, ky, pH 1.2; B, by, pH 2.3; C, k4, pH 3.0; D, kg,
pH 1.2, E, k;, pH 2.3, F, &, pH 3.0
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Figure 8—Arrhenius plots of the forward and backward
transfer of cefoperazone pivaloyloxymethyl ester at the
aqueous pH buffers/n-octanol interface.

Key: A, ks, pH 3.0; B, ky, pH 2.3; C, k;, pH 4.0; D, ky, -
PH 1.2;E, b, pH 5.6, F, &y, pH 1.2; G, ky, PH 5.6; H, &3,
pH 2.3;1, &, pH 4.0; J, k3, pH 3.0
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Table II—Xinetic and Thermodynamic Parameters of Activation for the Interface Transfer of Free Cefoperazone and
Cefoperazone Pivaloyloxymethyl Ester in a Two-Phase System at 36.5 + 1°C.

. k(min-1) AH*(kcal/mole) AS*(cal/mole-deg) AF*(kcal/mole) Ea(kcal/mole)
Material pH Value

kr(x10% y(x104 AHf  AH,*  AS*  AS,®  AF*  AF*  Eq;  Eg

Free CPZ 1.2 2.99 72.77 6.286 6.170 -62.58 -56.60 25.660 23.696 6.901 6.785

2.3 2.40 62.77 7.333 7.148 -59.62 -53.73 25.795 23.787 7.948 7.764

3.0 0.55 26.85 8.425 8445 -59.02 -51.23 26.702 24.309 9.040 9.061

CPZ-PV 1.2 230.6 88.1 0.714 0446 -71.93 -74.71 22986 23578 1.329 1.061

2.3 2829 61.1 0.729 0.737 -71.47 -7449 22.861 -23.804 1.344 1.352

3.0 369.3 7.5 0.624 0.156 -71.28 -80.54 22.697 25.094 1.240 0.772

4.0 257.7 58.2 1.043 1.025 -70.65 -73.66 22918 23.833 1.658 1.640

5.6 204.1 88.6 2.114 2.123 -67.65 -69.28 23.061 23575 2.730 2.738

Table INl—Partition Coefficients and Net Thermodynamic Parameters for the Interface Transfer for Free Cefopera-
zone and Cefoperazone Pivaloyloxymethyl Ester in a Two-Phase System at 36.5 + 1°C.

Material pH Value ki ky, PC AH, AE(cal/mole) AS(cal/ mole-deg) AF(kcal/mole)
Free CPZ 1.2 0.041 116.0 -5.975 1.964
2.3 0.038 184.1 -5.891 2.008
3.0 0.021 -20.4 -7.792 2.392
CPZ-PV 1.2 2.618 268.0 2.778 -0.592
2.3 4.630 -8.0 3.019 -0.943
3.0 49.240 468.0 9.255 -2.397
4.0 4.427 17.7 3.013 ~0.916
5.6 2.304 -8.7 1.630 -0.513
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