
Ketotifen fumarate (KF), 4-(methyl-4-piperidylidene)-4H-
benzo[4,5]cyclohepta[1,2-b]thiophen-10(9H)-one hydrogen
fumarate, has been widely used as an anti-allergic and anti-
anaphylactic agent in adults and children.4—9) KF has been
used orally in the main to prevent allergic asthma by directly
blocking the release of the allergic intermediator from mast
cells. KF is marketed as capsules, dry syrup, syrup, eye
drops and nasal solution in Japan. However, there is little
published pharmacokinetic data on this agent.4,10—12) In par-
ticular, there is little available data on its pharmacokinetic
properties after intranasal administration. Most analysis of
KF in plasma has been performed by modified GC-MS or ra-
dioimmunoassay (RIA).10—13) However, these methods are
cumbersome and require expensive specialized equipment.
The analysis of KF by an ion-pair HPLC method has been re-
ported.14,15) However, the pretreatment of samples is compli-
cated and quantitative errors are produced occasionally when
this method is used.

One of the purposes of this study was to establish a
method of HPLC analysis with sufficient sensitivity and sim-
ple operation to determine the plasma concentrations of KF.
Also, we studied the pharmacokinetics after intravenous, in-
tranasal and oral administrations of KF in rabbits by the
HPLC method. We prepared suppositories containing KF for
comparison of pharmacokinetic parameters after its oral ad-
ministration.

MATERIALS AND METHODS

Materials KF powder (lot No. 331000) and KF nasal so-
lution (Zaditen® nasal solution, lot No. 104, 6.048 mg/8 ml as
KF) were obtained from Novartis Pharma K.K., Tokyo,
Japan. Witepsol (Vosco® H-15, lot No. 8417) was purchased
from Maruishi Pharm. Co., Osaka, Japan. Ethyl p-aminoben-
zoate (lot No. 102D2101), an internal standard (i.s.), was
purchased from Kanpan Techno Co., Inc., Tokyo. HPLC-

grade acetonitrile was purchased from Kanpan Techno Co.,
Inc. All other chemicals were of reagent grade.

Animals Male Japanese albino rabbits (2.7—3.3 kg)
from Ichikawa Laboratory (Tokyo) were used. The animals
were housed individually in cages under environmentally
controlled conditions of illumination (12 h light/dark cycle),
humidity (5565%) and temperature (2361 °C). They were
fasted for 24 h prior to intravenous, nasal and rectal adminis-
tration of KF. For oral administration, gastric-emptying time
controlled rabbits16) were employed. Namely, the gastric con-
tents of the animals were washed out with saline warmed at
37 °C and the rabbits were muzzled to prevent coprophagy
during the night.

Principles in good laboratory animal care were followed
and animal experimentation was in compliance with the
Guidelines for the Care and Use of Laboratory Animals in
Health Sciences University of Hokkaido.

HPLC Conditions for KF The chromatographic system
consisted of an LC-10AD pump, a CTO-10A column oven,
an SCL-10A system controller, an SIL-10A autoinjector, a
C-R6A computing integrator and an SPD-10A UV detector
(Shimadzu Co., Ltd., Kyoto, Japan). Separation was per-
formed on a LiChrosorb RP-8 column (5 mm particle size,
25034.6 mm, i.d.) from Merck (Darmstadt, Germany) and a
Mightysil RP-18 GP column (5 mm particle size, 25034.6
mm, i.d.) from Kanpan Techno. The mobile phase was 50 mM

potassium bi-phosphate containing 30% (v/v) acetonitrile.
The pH of the mobile phase was adjusted to 4.0 with phos-
phoric acid. The column temperature was maintained at
4060.1 °C. The UV detector was set at 295 nm. The concen-
tration of KF was calculated from peak height to internal
standard ratio. For in vivo and in vitro experiments, the flow
rate was 0.65 and 1.1 ml/min, respectively.

Determination of Partition Coefficient of KF Partition
coefficient (P) for KF was evaluated to investigate it as an
index of lipophilicity of KF around the pH in the gastroin-
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testinal tract. Five milliliters of buffer solution with various
pH values containing KF (2 mg/ml) was added to an equal
volume of ethyl acetate which had previously been saturated
with each buffer solution. After shaking (60 strokes/min for
2 h at 1861 °C) to achieve equilibrium, the drug concentra-
tion in the buffer solution was analyzed by HPLC method.
The buffer system used was 0.2 M Na2HPO4–0.1 M citric acid
(pH 3.0—10.0). The apparent partition coefficient (P9) was
calculated as the ratio of the equilibrium concentration of the
organic phase to that of the aqueous phase. Partition coeffi-
cient (P) was obtained by the P9–pH profile.

Preparation of KF Suppository After the suppository
base (Witepsol) had been melted at 4565 °C, KF powder
was suspended in the base. The liquid was poured into a sup-
pository mold for children (No. 3, Ikemoto Scientific Tech-
nology Co., Ltd., Tokyo). The mean weight of the supposito-
ries was 0.66 g and each suppository contained 3.3 mg of KF.
The suppositories were individually wrapped in aluminum
foil and kept in the refrigerator until use.

Release of KF from the Suppositories An apparatus
(model TMS-13, Toyama Sangyo Co., Osaka) for the mea-
surement of KF release from the suppositories, was used ac-
cording to the procedure reported by Muranishi et al.17) The
temperature of the water bath was maintained at 3760.1 °C.
A phosphate buffer solution (0.1 M KH2PO4–0.1 M Na2HPO4,
3 ml, pH 7.4) was employed as a release medium. A Milli-
pore filter SSWP 04700 (Nihon Millipore Kogyo Co., Ltd.,
Tokyo), pore size 3 mm, was employed as an artificial mem-
brane. The rotation rate of the steel rod (3.4 cm i.d.) was
25 rpm. The receptor solution at pH 7.4 (300 ml) was stirred
by a magnetic stirring bar at 100 rpm. Following dissolution
of the suppository into the release medium, 0.5 ml of recep-
tor solution was withdrawn at appropriate intervals. After
each sampling, an equal volume of new medium (37 °C) was
added to the receptor solution.

In Vivo Experiments in Rabbits The KF solution
(3.0 mg/ml) for intravenous and intranasal administration
was prepared by adding KF powder to Zaditen® nasal solu-
tion. For intravenous administration, KF solution was in-
jected into the ear vein. In the intranasal administration, KF
solution (0.9—1.1 ml) was dropped into the nasal cavity of
the rabbits by micropipet. For oral administration, KF pow-
der diluted to 10% with lactose was placed in JP No. 4 and
No. 2 capsules (Kobayashi Capsule Manufacturing, Himeji,
Japan) to make doses of 1 and 5 mg/kg, respectively. For rec-
tal administration, the size of the suppository was reduced by
cutting down the original suppository according to the
weight of each rabbit. The suppository was inserted into the
rectum to a depth of about 3 cm from the anus; then the anus
was closed with adhesive tape to prevent leakage. The doses
of KF were 1 mg/kg body weight for intravenous, intranasal
and rectal administration and 1 and 5 mg/kg body weight for
oral administration. At least 1 week was allowed for the
wash-out of the drug following the experiment. One milliliter
of blood was withdrawn from the ear vein of each rabbit at
appropriate time intervals after administration via these
routes. The blood was heparinized immediately and cen-
trifuged at 3000 rpm for 10 min. The plasma samples were
stored at 220 °C until analysis.

Determination of KF in Plasma Plasma (0.4 ml) was
added to 1.0 ml of acetonitrile containing internal standard

solution (50 ng/ml of ethyl p-aminobenzoate) and centrifuged
at 3000 rpm for 10 min. The supernatant was evaporated in
vacuo at 30 °C and the residue was dissolved in 400 m l of
50% acetonitrile. After the solution was passed through a
membrane filter (pore size 0.45 mm, Millex®-LH, Nihon Mil-
lipore Kogyo Co., Ltd.), an aliquot (50—80 m l) of this solu-
tion was injected onto the HPLC system described above.

Pharmacokinetic Analysis The pharmacokinetic para-
meters after intravenous administration were estimated by or-
dinary non-linear least squares (OLS) using MULTI (algo-
rithm: Gauss–Newton method). The plasma data after in-
tranasal, rectal or oral administration were analyzed by a
two-compartment open model with first-order absorption by
simultaneously fitting with the plasma data of intravenous
administration. The maximum plasma concentration (Cmax)
and the time to reach Cmax (Tmax) were obtained from the KF
concentration–time curves, and the area under the plasma
concentration–time curve (AUC) was calculated by the trape-
zoidal rule. The AUCiv value obtained by MULTI was almost
the same as that obtained by the trapezoidal rule (MULTI,
516643.5 ng ·h/ml; trapezoidal, 514648.2 ng ·h/ml). The
mean residence time (MRT) and the mean absorption time
(MAT) were calculated as follows:

MRT5AUMC/AUC

MAT5MRTintranasal, rectal or oral2MRTi.v.

where AUMC is the area under the first moment curve.
Statistical analysis was performed using Student’s t-test

with p,0.05 as the minimal level of significance.

RESULTS

HPLC Analysis of KF in Plasma Figure 1 shows the
chromatograms of blank plasma and plasma containing KF
using a C18 column and a C8 column. When the C18 col-
umn was used, it was difficult to separate the peak of KF and
the peak (14.0 min) derived from the blank plasma (KF,
13.1 min; i.s., 25.1 min). When the C8 column was used, the
peaks derived from the blank plasma did not interfere with
the analysis of KF. We studied the effects of the concentra-
tion of 10, 50 and 100 mM of potassium bi-phosphate in the
mobile phase and found that the peaks of KF and i.s. were
made clear and sharp by the addition of 50 or 100 mM of
potassium bi-phosphate. Ten millimolars of potassium bi-
phosphate did not show a measurable effect in the analysis.
By adjusting pH of the mobile phase to 4.0 with phosphoric
acid, the retention times of KF and i.s. were shortened, and
were 13.0 and 18.7 min, respectively.

Figure 2 shows the chromatograms of KF in plasma after
its intravenous and oral administration in rabbits. The peaks
of KF and i.s. were found in the chromatograms, however,
the peak height of KF was found to be smaller after oral ad-
ministration compared to that after intravenous administra-
tion.

Figure 3 shows the calibration curve of KF in plasma.
Good linear correlation (r50.998) was obtained between
peak height ratios and KF concentrations (0, and 5—
1000 ng/ml). The detection limit for KF in plasma was
5 ng/ml. The coefficients of variation for intra-day for KF at
10 and 1000 ng/ml were 2.7 and 1.4% (n515), respectively.
The coefficients of variation for inter-day at the same con-
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centration described above were 4.2 and 1.5% (n515), re-
spectively.

Partition Coefficient of KF between Ethyl Acetate and
Buffer Solution Figure 4 shows the apparent partition co-

efficients (P9) of KF between ethyl acetate and buffer solu-
tion in various pH values. Above pH 8 where KF exists in an
unionized form, the partition coefficient (P) was estimated as
30.5 (log P51.48).

Release of KF from the Suppository Figure 5 shows
the release percentage of KF from the suppository; this per-
centage increased gradually. The suppository melted within
several minutes, but the release percentage of KF was less
than 50% even after 3 h.

Plasma Concentrations of KF after Intravenous, In-
tranasal, Oral, and Rectal Administration in Rabbits
After intravenous administration of KF, the plasma concen-
tration–time curve showed two typical phases (distribution
(a) phase and terminal (b) phase). From the plots, a and b
were obtained. The curve fitted a two-compartment open
model as shown in Fig. 6. Also, the plasma concentration–
time curves after intranasal, oral and rectal administration fit-
ted the two-compartment open model with first-order absorp-
tion (Fig. 6). The pharmacokinetic parameters and bioavail-
ability parameters are summarized in Tables 1 and 2, respec-
tively.

After intranasal administration, the plasma level of KF
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Fig. 2. HPLC Chromatograms of KF in Plasma after Intravenous (a) and Oral (b) Administration in Rabbit

(a) Plasma after intravenous administration (1 h); (b) plasma after oral administration (1.5 h).

Fig. 1. HPLC Chromatograms of Blank Plasma and KF in Plasma Using
C18 and C8 Columns

(a) Chromatograms in blank plasma using C18 column; (b) chromatograms of
100 ng/ml of KF and i.s. in plasma using C18 column; (c) chromatograms of blank
plasma using C8 column; (d) chromatograms of 100 ng/ml of KF and i.s. in plasma
using C18 column. Except for the column, HPLC conditions were the same as de-
scribed in Materials and Methods.

Fig. 3. Calibration Curve for KF in Plasma

The ratio of KF to internal standard was plotted against KF concentration from 10 to
1000 ng/ml. The linearity of the graph indicated a good correlation. Correlation factor
(r) was 0.998 (n512).



rapidly reached a peak at 0.33 h (Cmax, 180 ng/ml), and after
2 h, the plasma concentrations were almost parallel to those
after intravenous administration. The mean values of AUC
after intravenous and intranasal administration were 514 and
338 ng ·h/ml, respectively. The absolute bioavailability (F) of

KF after intranasal administration was 66%.
When a dose of 1 mg/kg KF was administered orally, most

of the plasma concentrations of KF were below the detection
limit of the HPLC assay. The results of a dose of 5 mg/kg ad-
ministered orally are shown in Fig. 6. The mean value of
AUC was 221 ng ·h/ml. If the amount of absorption after oral
administration of KF was proportional to the dose, when the
dose was 1 mg/kg the value of AUC might be calculated as
44.2 ng ·h/ml. The F after oral administration should be cal-
culated as only 8%. The mean values of MRT and MAT were
2.67 and 1.24 h, respectively.

On the other hand, KF was absorbed rapidly after rectal
administration, with the mean values of Tmax and the F 0.44 h
and 34%, respectively. The mean value of F after rectal ad-
ministration was 4.5 times larger than that obtained after oral
administration. The values of MRT and MAT were signifi-
cantly smaller than those after oral administration while the
mean rate of absorption (ka) was significantly larger than that
of oral administration.

DISCUSSION

The C18 column has been conventionally used in HPLC
analysis for KF.14,15) In this study, we found that the C8 col-
umn showed a good separation of the peak of KF and the
peak derived from the blank plasma. Good reproducibility
was obtained for KF analysis in plasma.

The partition coefficient of KF between ethyl acetate and
buffer solution was 30.5 (Fig. 4). The value of P9 is defined
by the following equation:
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Fig. 4. Apparent Partition Coefficient–pH Profile of KF between Ethyl
Acetate and Buffer Solutions

Each point represents the mean6S.E. (n53).

Fig. 5. Release Profile of KF from Suppositories into Buffer Solution (pH
7.4) at 37 °C

Each point represents the mean6S.E. (n55).

Fig. 6. Plasma Concentration of KF after Administration in Rabbits

Each point for intravenous (d), intranasal (s), oral (n) and rectal (m) administra-
tion represents the mean6S.E. (n55—7). The doses of KF were 1 mg/kg body weight
for intravenous, intranasal and rectal administration, and 5 mg/kg body weight for oral
administration.

Table 1. Pharmacokinetic Parameters after Administration of KF in Rab-
bits

Parameter
Intravenous Intranasal Rectal Orala)

(n57) (n55) (n57) (n57)

k12 (h21) 2.0360.60 2.2860.58 2.1060.60 2.2960.38
k21 (h21) 1.1860.18 1.2460.17 1.0860.22 1.3360.07
ke (h21) 1.2560.16 1.1660.17 1.3160.16 1.2760.10
CL(l/h · kg) 2.0460.23 1.6560.05 1.9960.17 1.8460.13
V1 (l/kg) 1.8760.38 1.5260.32 1.7660.30 1.2160.13
V2 (l/kg) 2.7560.87 2.4160.04 3.0360.81 2.4560.44
VSS (l/kg) 4.6261.06 3.9860.29 4.7960.99 3.6660.56
ka (h21) — 6.2462.12b) 2.4560.47b) 0.6360.47

a) Oral data was calculated by conversion of a dose of 5 mg/kg into a 1 mg/kg dose
equivalent. b) Significantly different from oral (p,0.05). Each value represents the
mean6S.E. (n55—7).

Table 2. Bioavailability Parameters after Administration of KF in Rabbits

Parameter
Intravenous Intranasal Rectal Orala)

(n57) (n55) (n57) (n57)

Cmax (ng/ml) — 180622.5 68.966.41 15.862.00
Tmax (h) — 0.3560.05b) 0.4460.09b) 1.5160.25
MRT (h) 1.4660.10b) 1.8960.16 1.7760.17b) 2.6760.28
AUC (ng ·h/ml) 514648.2 338669.7 178616.6 44.267.45
F (%) — 65.867.77 34.063.46 8.3261.60
MAT (h) — 0.5460.12 0.4060.14b) 1.2460.35

a) Oral data was calculated by conversion of a dose of 5 mg/kg into a 1 mg/kg dose
equivalent. b) Significantly different from oral (p,0.05). Each value represents the
mean6S.E. (n55—7).



(1)

According to Eq. (1), the pKa value of KF was calculated
as 6.64. This value was very close to that (pKa56.73) re-
ported by Lee et al.15) The P9 value (P9515) around the pKa

of KF was large enough for the absorption of KF from the
rectum or nasal cavity. The P9 value below pH 4 might be
very small for the absorption of KF in stomach, however, it
was enough for the absorption of KF from the gastrointesti-
nal tract. In fact, the absorption of KF was rapid after in-
tranasal or rectal administration (Fig. 6).

Absolute bioavailability after oral administration was only
8% in this study. Grant et al.4) and Grahnen et al.10) reported
that the bioavailability of KF was more than 50% after oral
administration in human subjects. However, these analyses
were employed by the RIA method. The metabolites of KF
have been found as KF-N-glucuronide, nor-ketotifen and 10-
OH ketotifen.4,12) We doubt the possibility of measuring the
total concentrations of unmetabolized KF and its metabolites
by the RIA method. In such cases, the concentration of KF
might be higher than the actual concentration. We found a
large peak at 11.9 min in the HPLC chromatogram (Fig. 2b)
after oral administration, but this peak was not detected in
the chromatogram after intravenous, intranasal or rectal ad-
ministration.

Unmetabolized KF was not excreted in urine.4) Assuming
the elimination route of KF is limited to metabolism, the fol-
lowing consideration may be made. In rabbits, the hepatic
blood flow (Qh) in the literature18) is 10.2 l/h/2.5 kg. From the
mean value of the total clearance (CL)52.04 l//h/kg, the he-
patic extraction ratio (Eh) could be estimated as 0.50. Assum-
ing the fraction of absorbed KF in the intestinal lumen (Fa)
and the bioavailability in the small intestine (Fg) were 100%,
the bioavailability of KF in the liver (Fh) would be 50%.
However, the ratio of AUCoral to AUCrectal was 25%. The prin-
cipal reason for the low bioavailability after oral administra-
tion might be attributable to the first-pass effect in the liver.
The first-pass effect in the gastrointestinal tract might also be
possible.

The total volume of distribution (Vss) after intravenous ad-
ministration was 4.6 l/kg. This result suggested that the dis-
tribution of KF into tissue was larger than into blood.

During the intranasal administration study, the rabbits
showed drowsiness, which is known to be a typical adverse
effect of KF.4) According to a report on Novartis Pharma, this
adverse effect was explained by the absorption of KF par-
tially entered the gastrointestinal tract after intranasal admin-
istration. However, our study showed that the bioavailability
of KF was less after oral administration than that intranasal
administration. Drowsiness might be caused directly by the
KF absorbed from the nasal cavity.

Chiang et al. reported the pharmacokinetics of the percu-
taneous absorption of KF in rabbits.19) Plasma concentration
of KF increased with addition of lauric acid. They found the

absolute bioavailability to be 50%. From our study, intranasal
administration should be the most effective route for the ab-
sorption of KF.

The Tmax after rectal administration of KF was found later
than that after intranasal administration, although the values
of MRT and MAT were smaller than those after intranasal or
oral administration. The possible reason for this might be a
slow release of KF from the suppository base. In in vitro ex-
periments, the suppository melted within several minutes,
but the release of KF might be dependent on the rate of its
passing through the membrane filter of the apparatus.

The much less bioavailability of KF after oral administra-
tion might cause the variable effect or adverse effect in KF
therapy. In terms of bioavailability, rectal administration of
KF might be superior to oral administration. Further studies
on the suppository base or a rectal absorption enhancer
might allow KF therapy at a smaller dose than used for an
oral dose.
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