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Nasal Administration of Granisetron to Rats
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ABSTRACT - Granisetron is a selective 5-HT3 receptor antagonist that is used therapeutically for the prevention of vom-
iting and nausea associated with emetogenic cancer chemotherapy. Although this drug is commercially available for intra-
venous and oral dosage, there is a need for intranasal delivery formulations in specific patient populations in which the use
of these dosage forms may be unfeasible and/or inconvenient. A rapid and specific high-performance liquid chromatography
method with mass spectrometric detection (LC-MS) was developed and validated for the analysis of granisetron in plasma
after nasal administration in rats. This method has been validated for concentrations ranging from 5 to 1000 ng/ml with sim-
ple treatment. This technique has high level reproducibility, accuracy, and sensitivity. The method described was found to
be suitable for the analysis of all samples collected during preclinical pharmacokinetic investigations of granisetron in rats
after nasal administration. This study was aimed to investigate the feasibility of nasal delivery of granisetron for the elim-
ination of vomiting. The effects of osmolarity, dosage volume at the same dose and applied dose on the nasal absorption
of granisetron in rats were observed. No significant difference in the effect of osmolarity and dosage volume at the same
dose was observed. As the applied dose of granisetron in nasal formulation increased, the absorption increased linearly.
Based on these results it appears that only the applied dose (drug mass) determines the nasal absorption of granisetron. The
bicavailability of granisetron on nasal administration of 4 mg/kg appeared to be comparable to that of intravenous admin-
istration of the same dose. These results suggest that granisetron can be efficiently delivered nasally and the development
of nasal formulation will be feasible.

Key words — Nasal administration, Granisetron, LC-MS, Osmolarity
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Figure 1-Structure of granisetron.
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Figure 2-Diagram of the surgical procedure used for intranasal ad-
ministration of drugs to rats.
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Figure 3-Mass spectrum of granisetron.

Table I-Regression Data for the Calibration Curves

LC-MS
Range (ng/ml) 5-1000
Line y=0.00251x+0.00041
Coefficient of determination 0.9996
LOD (ng/ml) 1.57
LOQ (ng/ml) 4.77

Table II-Assessment of Accuracy and Precision

Nominal Concentration -
concentration found PI‘CCOISIOH ACC(}J racy
(ng/ml) (ng/ml) %) %)
Intra-day (n=06)
5 5.1 11.5 102.2
10 10.75 5.5 107.5
250 243.7 24 97.5
1000 1004.5 0.9 100.5
Inter-day (n=6)
5 5.38 ) 14.1 107.6
10 11.42 93 1142
250 248.3 4.1 99.3
1000 1009.5 1.2 101.0

n=number of replicates.

=
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Figure 4-Mean plasma concentration of granisetron after nasal ad-
ministration (6 mg/kg) in rats with isotonic formulation (), hy-
pertonic formulation (O) and hypotonic formulation (4). The points
represent mean*S.D. (n=35).
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Figure 5-Mean plasma concentration of granisetron after nasal ad-
ministration (6 mg/kg) in rats with control formulation (48 mg/ml
concentration, O), low concentration formulation (24 mg/ml, A) and
high concentration formulation (96 mg/ml, l). The points represent
meanxS.D. (n=3).
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Table III-Osmolarity, Dose, Maximum Plasma Concentration (Cp,.y), Time to Cpax (tnay) and Area Under the Concentration-time

Curve (AUC,q) after Intranasal Administration of Granisetron

Osmolarity (mOsm/kg) Dose (mg/kg) Chax (ng/ml) tmax (N1) AUC/,5 (ng* hr/ml)
721 6 481.8+£27.8 0.21£0.13 996.9+61.4
283 6 5442+79.6 0.33£0.00 964.4+40.8
159 6 499.8+63.9 044+0.11 954.3+25.7

Data are expressed as mean*S.D. (n=5).
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Table IV-Concentration of Granisetron, Dose, Maximum Plasma Concentration (Cp,a), Time to C .y (t,,,ax) and Area Under the

Concentration-time Curve (AUC,) after Intranasal Administration of Granisetron

Concentration of

granisetron (mg/ml) Dose (mg/kg) Crnax (ng/ml) tmay (hr) AUCjuq (ng* hr/ml)
48 6 544.2179.6 0.33£0.00 964.4140.8
24 6 525.4+18.8 0.50+0.17 985.6+20.8
96 6 497.7+46.5 0.50%£0.17 956.1£10.8
Data are expressed as meantS.D. (n=5).
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Figure 6—Mean plasma concentration of granisetron after nasal ad-
ministration in rats with different dose of 3 mg/kg (), 6 mg/kg (O)
and 12 mg/kg (A). The points represent mean+S.D. (n=5).

Dose (mg/kg)

Figure 7-Correlations between granisetron dose and pharmacok-
inetic parameters (AUC and Cmax).

Table V-Osmolarity, Dose, Maximum Plasma Concentration (Cp,a), Time to C.ax (tnax) and Area Under the Concentration-time

Curve (AUC,,s) after Intranasal Administration of Granisetron

Concentration of

granisetron (mg/ml) Dose (mg/kg) Cinax (ng/ml) tmax (hr) AUC,,, (ng* hr/ml)
48 3 319.0t5.6 0.33+£0.00 433.412.6
48 6 5442+£79.6 0.33+£0.00 964.4+40.8
48 12 884.9+26.5 0.50+0.17 1701.8+£40.0

Data are expressed as mean+S.D. (n=5).

J. Kor. Pharm. Sci., Vol. 36, No. 6(2006)
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Table VI-Route of Administration, Dose, Maximum Plasma Concentration (Cpa), Time to Ca (tna), Area Under the
Concentration-time Curve (AUC,.s), and Absolute Bioavailability (Fas) after Intranasal (i.n.) Administration of Granisetron using

Intravenous (i.v.) Administration.as a Reference

AUCq (ng* hr/ml)

Adm. Route Dose (mg/kg) Chax (ng/ml) tomax (1) Faes (%)
i.n. 4 467.5+91.3 0.25+0.00 599.5+22.2 95.1+£3.7
iv. 4 1434.6+80.6 - 622.1+15.3 100
Data are expressed as mean+ S.D. (n=5).
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Figure 8-Mean Plasma concentration of granisetron after nasal (l)
and intravenous (A) administration of 4 mg/kg to rats (n=5). The
points represent mean+S.D..

of vehliitt. 2ellA HXE] granisetrond FoiHm
B} Foore] Aol met 8% IS JHHe=
vepfie] Foj® GEF] A TS E2S & F U
ATH.

H

HUF0FE s F0
Granisetron®] B)7} FoA] A o] 8-S vlwE%
&l AAt granisetron 48 mg/ml 715 E=e] 54
Al AZ3 T 022 ym membrance filterS 3
FHeol Attt AAUS T3 4mgked] SR =ojgh
< E3f 0, 5 15, 30, 45, 60, 90, 120, 180,
30080 A3t 2 AT HdEEE Figure 8
BRIl oFHE 584 2trHE Table VIO YERHSL
o} 2 AFol|A BE0] granisetron2] H]ZFFA] YA o]
£ AR} BWA] AL 95 % oA E hRE B4
Eo] Gl ‘ﬂ:‘ﬂ*‘ Aol &S YER= BH

o] _tlz,o:vgio]o 01- 01041;]_11)

IO O_u

3}7)
54

Mmoo o

ke
T

-lolA e o fo

J. Kor. Pharm. Sci,, Vol. 36, No. 6(2006)

iz} QRQIT} TEEE Eojuke T
gate] BAErE B AeE 2
o] It} ol= granisetron®] #F 2] ullellA Wl Fiw
7t b 471 AE Folysluch ArRele] o 2 3
FE IS ¢ 7 dU

3. Granisetron®] Folgko]| & 0] 9gke Wy}
317] 9180 3~12 mgked] SFOE FF 9 u7o)] Rt F
F4E B Ay BEqg) me g&doz AL Ueh)o]

FU BN FATEE
A7E 5% o= 2 B

QRS

Fo] e AA FFS S & F YUk
4. Granisetron H]7} o Ao ZFol|x| 2] AAo]8-&
< Hlm &A1) s HHFAL AR AR ol §E&S vl
e W oF 95% ol FrEHo) ANFAAA Y WETteE
U HFEE LS F UG ALE oA
ETEH

1) C-T. Huang, K.-C. Chen and T.-H. Tsai, Simultaneous
measurement of blood and brain microdialysates of
granisetron in rat by high-performance liquid chromato-
graphy with fluorescence detection, J. Chromatogr. B, 716,
251-255 (1998).

2)GJ. Sanger and D.R. Nelson, Selective and functional 5-
hydroxytryptamine3 receptor antagonism by BRL 43694
(granisetron), Eur. J. Pharmacol., 159, 113-124 (1989).

3)J.W. Upward, B.D. Amold, C. Link, D.M. Pierce, A. Allen



FHE o83t Granisetron THr-

and T.C. Tasker, The clinical pharmacology of granisetron
(BRL 43694), a novel specific 5-HT3 antagonist, Eur. J.
Cancer, 26, S12-S15 (1990).

4)J. Carmichael, B.M. Cantwell, CM. Edwards, B.D. Zussman,
S. Thompson, W.G. Rapeport and A.L. Harris, A pharma-
cokinetic study of granisetron (BRL 43694A), a selective 5-
HT3 receptor antagonist: correlation with anti-emetic
response, Cancer Chemother. Pharmacol., 24, 45-49 (1989).

S)L.L. Brunton, J.S. Lazo and K.L. Parker, A Goodman &
Gilman’s The Pharmacological basis of Therapeutics, 11%
ed, McGRAW-HILL Medical Publishing division. 1830-
1831 (2006).

6)C. Huang, R. Kimura, R Nasser and A.A. Hussain,
Mechanism of nasal absorption of drugs I : physicochemical
parameters influencing the rate of in-situ nasal absorption of
drugs in rats, J. Pharm. Sci., 74, 608-611 (1985).

7)K.S.E. Su, KM. Campanale and C.L. Gries, Nasal drug
delivery system of a quaternary ammonium compound :
clofilium tosylate, J. Pharm. Sci., 73, 1251-1254 (1984).

8) T. Sakane, M. Akizuki and M. Yoshida, Transport of
cephalexin to the cerebrospinal fluid directly from the nasal
cavity, J. Pharm. Pharmacol., 43, 449-451 (1990).

9) T. Sakane, M. Akizuki, S. Yamashida, T. Nadia, M. Hashida

AH] FoAAle] Hrt 7 o He

369

and H. Sezaki, The transport of a drug to the cerebrospinal
fluid directly from the nasal cavity : the relation to the
lipiphilicity of the drug, Chem. Pharm. Bull., 39, 2456-2458
(1991).

10) L. Hlum, Nasal drug delivery: possibilities, problems and
solutions, J. Control. Rel., 87, 187-198 (2003).

11) A.A. Hussain, A. Dakkuri and S. Itoh, Nasal absorption of
ondansetron in rats : an alternative route of drug delivery,
Cancer Chemother. Pharmacol., 45, 432-434 (2000).

12) A.A. Hussain, S. Hirai and R. Bawarshi, Nasal absorption of
propranolol from different dosage forms by rats and dogs, J.
Pharm. Sci., 69, 1411-1412 (1980).

13) International Conference on Harmonizaton, Note for Gui-
dance on Validation of Analytical Procedures : Methodology,
Committee for Proprietary Medical Products, CPMP/ICH/
281/95, Approval 18 December 1996.

14)P. Dondeti, H. Zia and TE. Needham, Bioadhesive and
formulation parameters affecting nasal absorption, Int. J.
Pharm., 127, 115-133 (1996).

15)R.L. Smith, R.E. Smyth, B.D. Keck, GO. Kinnett and C.A.
Cruze, Effect of formulation and dosing variables on the
intranasal absorption of loperamide in the rat, Pharm. Res.,
9, S-207 (1992).

J. Kor. Pharm. Sci., Vol. 36, No. 6(2006)



