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Absorption of Itraconazole from Rat Small Intestine
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The absorption characteristics of itraconazole, which is an antifungal agent, from intestinal segme-

nts in the anesthetized rat in sifu were investigated in order to design an effective oral drug
delivery system. The pH-solubility profile of itraconazole, the rate and extent of absorption of itraco-
nazole, the optimal absorption site(s) of itraconazole and the absorption enhancing effect of sodium
cholate on itraconazole were examined in the present study. In situ single-pass perfusion method
and recirculating perfusion technique using duodenum(D), jejunum(J) and ileum(l) were emploved
for the calculation of apparent permeability(Pe) and apparent first-order rate constant{(Kobs). respec-
tively. The results of this study were as follows:; (1) traconazole showed appreciable aqueous solubi-
lity only at pH values of below 2.0. (2) pe{cm/sec) decreased in the following order: D(10.24+ 1.78 X
107> J(8.86+ 0.79X 10 H>1(3.78% 0.13X 107%). (3) Kobs(min !) decreased in the following order:
J(17.124+ 3.19X 107 H)>D(13.37£ 0.6 X 10 )>1(11.05£ 091X 1077, (4) The solubility of itraconazol:
markedly increased with the increase of the concentration of sodium cholate. (5) The addition of
10 mM sodium cholate significantly increased the apparent first-order rate constant of itraconazole

in the ileum by a factor of 68.

Keywords —itraconazole absorption, solubility, small intestine, absorption promoter.

Progressive improvement has been achieved in
antifungal chemotherapy in recent years. Among
azole compounds, miconazole was introduced for
use in the management of dermatology and gy-
naecology of the first topical agent in 1971 Al-
though many new azol and triazole derivatives
have been synthesized and used in antifungal the-
rapy, but only itraconazole has been successful
in oral treatment of superficial and deep mycoses
in humans. Its chemical structure is given in Fig.
L

Itraconazole is the prototype of a class of tria-
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zole antifungal agent with high lipophilicity, good
oral absorption and extensive tissue distribution.?®
The drug has been shown to be highly effective
in common fungal infections such as oral¥ and
vaginal®~? candidiasis, pityriasis versicolor,”"'V
and skin dermatophytosis.**? In addition, excel-
lent antifungal activities have been obtained in
patients with systemic mycoses,* ™ or in immu-
nosuppressed patients with HIV-infections.!® Van
Peer et al. reported that itraconazole should be
administered immediately after a meal or with a
meal to ensure optimal oral systemic availability.”
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(2.4-dichlorophenyl)-2-(1H-1,2,4-triazol-1-ylmethvi)-1,3-
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4-dihydro-1,2 4-triazol-3-one.

Figure 1~Structural formula of itraconazole.

Up to date, the underlying causes of absolute
bioavailability (55%)'® and the difference of rela-
“tive biocavailability in fasting and in fed" of itraco-
nazole have not been clearly established. Based
on the above reasons, this study was initially to
examine the absorption kinetics (rate and extent),
secondly to identify an optimal site(s) for absorp-
tion of itraconazole in three different small intes-
tinal segments of rat eg., duodenum(D), jejunum
() and ileum(l) and finally to evaluate the absorp-
tion enhancing effect of sodium cholate on itraco-
nazole in the rat ileum.

Experimental

Reagents ‘ '

Itraconazole(Lot:00074745) was supplied by Jan-
ssen Pharmaceutica(Beerse, Belsium). Sodium
cholate was purchased from Sigma Chemical Co-
mpany(St. Louis, MQO). All other chemicals were
of pharmacopoeial or HPLC grade.

Apparatus '

The instruments employed were HPLC(Gilson
Model 305 Pump) and UV/VIS Spectrophotometer
{Shimadzu UV-240). A peristaltic pump (model-
1303P2 Korea Manhattan Co.) was used to perfuse
the solution in # sifu perfusion technique.

Animals

Male Sprague-Dawiey rats weighing 200 to 310g
were fasted for 12—16hrs prior to initiation of
experiment, but water was available ad libitum.

Determination of the Solubility of Itraconazole

To obtain the pH-solubility profile of itracona-
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zole which is very poorly water soluble(<0.0001g/
100 m/ in water, pH 6.7), the solubility test of itra-
conazole in the different pH(1.2~8.0) buffer solu-
tions was conducted. The solubilities of ‘itracona-
zole in phosphate buffer solution(pH®6.5) were
examined by increasing the concentration of so-
dium cholate. For this experiment, an excess of
drug was equilibrated with pH buffer -solutions
(pH 12, 20, 2.3, 3.0, 5.6, 7.0, 8.0) at 23C by sonica-
tion and shaking for more than 6 hrs. The solubi-
lities of the compound in phosphate buffer solu-
tion(pH 6.5) in proportion as concentration inc-
rease of sodium cholate were examined by equili-
brating an excess of itraconazole for more than
6 hrs with 5ml of each medium. The soiutions
were then filtered through a 045-um Millipore
filter and the drug concentration of a suitable ali-
quot was analyzed. The aliquots were analyzed
at the wavelength of 264 nm with a spectrophoto-
meter. Identical dilutions of drug-free media or
solvents served as blank.

In Situ Absorption Studies

The experimental technique was adapted from
that of Farraj et al.*® for perfusion of the rat small
intestine, Three intestinal segments used in this
study were defined as duodenum(pyloric sphincter
to the ligament of Treitz), jejunum(the next 10cm
portion of the tract following the ligament of
Treitz), and ileum(the next 10c¢m ended at ileo-
cecal junction). To :prepare the drug solution in
2% PEG 400, 10 mg of itraconazole powder was
added to the 10 m/ of PEG 400 and sufficient iso-
tonic phosphate buffer -solution was added to a
total volume of 500 ml. The final drui; concentra-
tion was 20 ug/ml. A nonabsorbable marker of the

perfusate was not used in this study. Water absor-

ption was not significant (X 2%)*" because this
study was examined relatively short length of
each intestinal segment. The solution was main-
tained at 37C and was perfused with a peristaltic
pump at a rate of 0.6 m! per minute® To deter-
mine the rate and extent of absorption, two diffe-
rent in situ perfusion techniques, eg. recircula-
ting perfusion, single-pass perfusion, were used
in this study.
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Figure 2-Typical chromatogram of itraconazole.

{a) In Situ Single-Pass Perfusion Method— Af-
ter initial 5 min. of lag time, drug samples were
collected from the segmental outflow cannula at
15 min. intervals up to 120 min.. The concentration
of drug was measured in each of the collected
samples.

{b) In Sitv Recirculating Perfusion Technique
—The tubings attached to the end outflow cannula
were transferred to a beaker containing, 10 m/ of
drug solution and then continuously circulated th-
rough the intestinal segment for 2 hrs. After initial
5min. of lag time, drug samples were obtained
by removing 0.2 m/ of the perfusate at 15 min. in-
tervals up to 120 min..

Analytical Procedure

The remaining concentrations of itraconazole in
the intestinal perfusate were quantitated by reve-
rse phase HPLC system method(Fig. 2). The
HPLC procedure described in this paper was ba-
sed upon that of Woestenborghs, et al.® The mo-
bile phase was composed of water: acetonitrile(20
- 80) supplemented with diethylamine at a conce-
ntration of 300 W/. The pH was adjusted to 7.8
with orthophosphoric acid. The eluent was fiitered
and degassed under reduced pressure before use
and was pumped at a rate of 1.0 m/ per min.

Investigation of Itraconazole leal Abserption
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Figure 3—pH-solubility profile of itraconazole.

Enhancement

As reported earlier, we investigated the enhan-
cement of ilea! absorption by using 10 mM sodium
cholate because of the lower Kobs(11.05+ 0.91X
10 *min"") of itraconazole in the ileum of rat.
The technique used in this study was an in sifu
recirculating technique which exaggerated the de-
crease in drug concentration. The perfusate was
prepared by 10mM sodium cholate being added
to a concentration of 20 ug/m/ of phosphate buffer
drug solution. Ten milliliters of the solution was
then perfused into the ileum of rat for 2 hrs. The
concentration of itraconazole remaining in the ileal
perfusate was measured quantitatively by reverse
phase HPLC using the conditions described in the
analytical .method.

Results and Discussion

pH-Solubility Profile

The drug, which exists in very fine powder and
metastable liquid forms, had a pKa value of 3.7
{extremely weak base) and a very poor solubility
of less than 0.0001g/100 m/ in water(pH 6.7) as
reported earlier It had apprecible aqueous solu-
bility only at pH values of less than 2.0(Fig.3).
Fig. 4 showed the solubility profile of itraconazole
in isotonic phosphate buffer solution(pH 6.5) con-
taining sodium cholate of various concentration
at 37C. As compared with the solubility of practi-
cally zero in this pH, the solubility of itraconazole
markedly increased with the increase of the con-
centration of sodium cholate.

Absorption Characteristics in Small Intestinal

J. Kor. Pharm. Sci, Vol. 21, No. 4(1991)
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Figure 4—The effect of sodium cholate on solubility of
itraconazole in phosphate buffer solution (pH 6.5) at 37C.
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Figare 5—Semilog plots of the percentage of itracona-
zole remaining versus time in three intestinal segments
of rat by using an in sif« single-pass perfusion method.
Each value is MEAN% SE. (n=3)

Segments

{a} Apparent Permeability~The percentage of
#traconazole remaining in three segments of the
ratmtestmeasaitmcuonoft:meareshown in
Fig. 5.

In this study, the apparent permesbilities per
unit length were calculated by using én sifu single-
‘pass perfusion method in order to compare the
intrinsic absorptivity of drug in three intestinal
segments of rat. The fraction of drug remaining
to be absorbed at steady state within a specified
intestinal lumen taken as a cylinder is described
by the equation of Higuchi and Ho®™;

CO/C0)=expl —2miPe/Q] 03]
in which C(0) is the drug concentration entering
the intestinal segment; C{l) is the drug concentra-
tion leaving the intestinal segment at time, t; /

J. Kor. Pharm. Sci, Vol. 21, No. 4(1991)

Table 1—Apparent Permeabilities and Percent Absorbed
of ltraconazole afier 2 hrs in Three Intestinal Segments
of Rat by Using an in Situ Single-pass Perfusion Method.

Intestinal Intestinal Intestinal Percent Apparent
Segment Radius  Length Absorbed Permeability
(cm) (cm) (%) (cm/secX10%)
Duodenum 0275 8 73.80 10.24
a4n @M A1
Jejurum 045 95 8850 886
(1.08) 290) 0.79)
Heun 04 103 6247 3.78*

0.24) 1.02) ©.13)
(Numbers in parentheses denote standard errors (n=3))

*p<0.05
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Figure 6—Semilog plots of the percentage itraconazole
remaining versus time in three intestinal segments .of
rat by using an in sibse recirculating perfusion technique.
Each value is MEAN: SE. (n=3)

is the intestinal length of each segment in cm;
r is the effective radius of the intestinal lumen
in cm; Q is the bulk fluid flow rate through the
segment in cm®/sec; and Pe is the apparent per-
meability coefficient in cm/sec.

The fraction absorbed (Fa) up to a specific time
point was then calculated as;

Fa=1-CO/CO) | @

Substituting equation (1) into equation (2), rearra
nging and taking natural logarithm resilts in the

. expression;

Pe= —Q/2nti XIn(1—-Fa) @

The apparentpermenhlﬁmofﬁrmmlemm-,
ree intestinal segments of rat were calculated
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Table 11-Apparent First-Order Rate Constants and Remaining Percentage of ltraconazole after 2 hrs in Three Intestinal
Segments of Rat by Using an in Situ Recirculating Perfusion Technique.

Intestinal

Intestinal

el e M e

Segment —_—— :

(cm) (cm) (%) (min~'X10%
Duodenum 0.275 93 20.15 13.37
(0.94) (145} (0.60)
Jejunum 0.45 93 13.70 17.12
0.24) 4.48) (3.19)
Tleum 04 94 26.70 11.05
0.66) (2.90) ©0.91)

(Numbers in parentheses denote standard errors (n=3)) *p<0.05

Table 1l1—Comparison of Absorption Promoring Effect with Different Adjuvants after 1 hr in the Hleum of Rat .

Using an in Situ Recirculating Perfusion Technique.

Intestinal Intestinal Remaining Apparent First-Order
Adjuvant Radius Length Percent Rate Constant
{cm) {cm) %) (min~ 1X10%
REG 400 0.4 9.4 51.27 11.30
(0.66) (7.38) (2.30)
Sodium Cholate 04 9.25 101 76.75*
7 (0.25) (2.45) (1.52)
{Numbers in parentheses denote standard errors (n=3)) *p<0.05
i ; : : ; s 126) A 2% PEG 400
using E.q.3 with effective radius of intestine® and 100 4 A 10mM sod. cholate
shown in Table L \“\1\
—

{b} Apparent First-Order Rate Constant—An
in situ recirculating perfusion technique was used
to determine the rate of absorption of drug in
three intestinal segments of rat. As shown in Fig.
6, the remaining concentration of itraconazole for
2 hrs followed a first order kinetics. The time de-
pendence of the luminal concentration, C can thus
be written as;

InCE)/CO)=—~Kobs X t. @

The Kobs of itraconazole in three intestinal seg-
ments of rat calculated by plotting percent remai-
ning of itraconazole [C(/)/C(0)>X100] versus time
on semilog paper according to Eq4.Table II)
The Effect of Adjuvants on the Tleal Absorption
Relatively low concentrations of some bile salts,
e.g. 0.2% of sodium taurocholate or sodium cholate
did not affect small intestinal mucosal structure.?”
And light and electron microscopic studies did not
reveal any epithelial damage on enhancement of

‘\‘\ﬂr\\‘
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Figure 7—The effect of adjuvants on the absorption of

itraconazole in the ileum of rat by using an in sffu recir-

culating perfusion technique.

ileal insulin absorption by 1%(w/v) of sodium cho-
late?® Fig.7 showed that the effect of 10 mM so-
dium cholate on the ileal absorption was significa-
ntly greater than 2% PEG 400 which was used
in situ previously. In accordance with the resulis
in Table III, sodium cholate of low concentration
increased the ileal absorption in comparison with

J. Kor. Pharm. Sci, Vol. 21, No. 4(1991)
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PEG 400 by a factor of 6.8.
Conclusions

In situ perfusion techniques were employed to
examine the absorption behaviour of itraconazole
which is very poorly water soluble(<0.0001g/100
m in water, pH 6.7) and ileal absorption enhance-
ment of itraconazole by sodium cholate was also
investigated. Summarizing the present studies, it
can be concluded as follows:

1. The solubilities of itraconazole, which had

appreciable aqueous solubility only at the pH be-
lowv 2.0, markediy increased with increasing in the
concentration of sodium cholate.
The results showed that sodium cholate may sig-
nificantly increase the solubility and the bioavaila-
bility of itraconazole, of which solubility would li-
kely be absorption rate limiting factor due to its
high lipophilicity (partition coefficient in the n-oc-
tanol/water, logP=5.66).

2. As a result of being obtained after in situ
single-pass perfusion method and recirculating
perfusion technique, respectively, the decreasing
order of Pe(cm/sec) was D(10.24% 1.78X1074>]
(8861 0.79X 1079>1(3.78+£ 0.13X 1074} and that of
Kobs (min~ 1) was J(17.121 319X 10" %)>I(13.37¢
08X 1073>1(11.05 0.91 X 1073).

Concerning these results, two possibilities could
be considered. One is that “intrinsic absorptivity
would be greater in the upper small intestine than
in the lower small intestine because Pe values
in the D and ] were similar decrease followed
by the 1 These phenomena is the reason why the
difference in surface area for absorption due to
the lower concentration of villi and microvilli in
the lower portion of small intestine®®

The other possibility is that absorption occurs
throughout the small intestine and there is no
site-Jimitation because there is no significant dif-
ference in Kobs in J, D and L Therefore half-life
of itraconazole may be long in vive. A similar phe-
nomenon has been reported in absorption experi-
ment with other drugs, eg. antifungal drug gri-
seofulvin.¥3" In the case of highly lipophilic drugs
with very low aqueous solubility, the overall abso-

L Kor. Pharm. Sci. Vol. 21. No. 4(1991)

rption process is slow because of limiting solubi-
lity in gastrointestinal fluid and then incomplete
bioavailability arises.

It is conclusive from the above discussion that
the increased absorption will result from increa-
sed solubility of itraconazole in bile and delayed
gastric emptying time.

3. Sodium cholate used to enhance the absorp-
tion of itraconazole in ileal segment of rat increa-
sed by a factor of 6.8, comparing with PEG 400.

From the above result, one may conclude that
relatively - low concentration of 10mM sodium
cholate can enhance drug uptake to a significant
extent. But in order to apply the compound as
safe absorption promoter in man, the phenomena
correlated with its effect on drug uptake including
mucosa damage should be observed if necessary.

Further studies will be therefore required to
fully elucidate the absorption mechanism of itra-
conazole,
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