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In order to create the original Ketorolac nasal spray the comparative pharmacokinetic study of ketorolac has been con-
ducted. The investigation has been performed using a single intranasal or intramuscular administration of ketorolac in
rabbits. The HPLC-method, including pre-solid phase extraction of the active substance from plasma and the vacuum con-
centration of the sample, have been used for quantitative determination of ketorolac in the animal plasma. The main
pharmacokinetic constants of ketorolac for intranasal and intramuscular administration in rabbits have been calculated.
The time of achieving the peak concentration for both ways of administration was 0.5 hours, the maximal concentration
of ketorolac administrated intranasally was 3298.5 ng/ml, intramuscularly - 7337.5 ng/ml. However, in case of intranasal
administration of ketorolac, unlike its intramuscular injection, within 0.5-1.5 hours after peak-reaching the plasma concen-
tration of ketorolac declined slightly (10%); it was the evidence of longer absorption of ketorolac from the administration
site. The blood circulation time of ketorolac provided by intranasal administration was 4.4 h and it lasted longer compar-
ing to intramuscular injection - 2.5 h. In general, intranasal administration of ketorolac provides a high relative bioavail-
ability (~71-86%) and can be considered as an alternative regimen in treating acute pain.

Nowadays the nomenclatu-
re of systemic medicines
that are administrated intranasal-
ly is constantly extending. The in-
tranasal way of drug delivery is
gaining a value for systemic the-
rapy due to the good absorptive
properties of the nasal mucus that
provides a comparatively high plas-
ma level of active ingredients.
The important stage of their
pharmaceutical development, espe-
cially by keeping indications for
medical use, is the assessment of
bioavailability and other pharma-
cokinetic parameters. It allows to
determine an optimal active in-
gredient content and general for-
mulation for providing the requi-
red therapeutic plasma concen-
tration of the active ingredient.
The effectiveness of intranasal
use of ketorolac being a non-ste-
roidal anti-inflammatory drug wi-
dely used for relief of acute pain
has been proven by a number of
resent investigations [8,9, 11, 12].
Nowadays ketorolacisused as 10 mg
tablets and 3% solution for injec-
tions introduced deeply intramus-
cularly [1, 6, 10]. For oral use the

maximal daily dose of ketorolac
is 40 mg, whereas the therapy du-
ration should not exceed 5 days.
The parenteral administration of
ketorolac makes it possible to in-
crease the daily dose to 90 mg by
3 injections per day; the therapy
duration is not more than 2 days
[1, 6,10]. However, for certain pa-
tients the oral intake of ketorolac
is unfavourable because of its ul-
cerogenic effect, whereas the re-
petitive injections cause additio-
nal discomfort for a patient, in-
crease the risk of local side ef-
fects and are labour-consuming
for the medical staff [11].

The above-mentioned facts sti-
pulate the expediency of develop-
ing the original ketorolac dosage
form - a nasal spray; it would al-
low to increase the permitted co-
urse of treatment and at the sa-
me time to avoid the unwanted
oral or injectable administration,
as well as to facilitate the “on de-
mand” use of an analgesic in pa-
tient-controlled analgesic regimens
[4, 11]. On this background the
pharmaceutical developing of Ke-
torolac nasal spray has been per-
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The aim of the research was
the comparative investigation of
bioavailability and other pharma-
cokinetic characteristics of keto-
rolac after intranasal and intramus-
cular administration in rabbits.

Materials and Methods

Twelve conscious puberal rab-
bits (chinchilla breed) of both gen-
ders weighing 2.7 to 4.9 kg (the
average weigh is 3.9 kg) were used
in the study. Before the experimen-
tal period all animals were kept
under the standard vivarium con-
ditions. The animals did not re-
ceive any medicines during 3-day
period before the experiment. The
investigation was performed ac-
cording to the “Regulations for the
animal use in biomedical inves-
tigations” [3] and requirements
of the State Expert Centre of the
Ministry of Public Health of Uk-
raine [2].

The animals were taken either
a single intranasal (i.n.) ketorolac
spraying in the dose of 2 mg/kg or
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Fig. Dynamics of the ketorolac concentration in the blood plasma
after a single infranasal and inframuscular administration in rabbits

in the dose of 2 mg/kg

a single intramuscular (i.m.) in-
jection of ketorolac of 30 mg/ml
solution at the same dose. Blood
samples for the analysis were ta-
ken from the marginal ear vein
and were collected to the hepa-
rinized vials before and in 5, 10,
30, 45, 60,90, 120, 180, 240 and
360 min after drug administra-
tion. Blood samples were centri-
fuged at 3000 rpm for 5 min. The
plasma samples obtained were
stored at -22°C before carrying
out analytical procedures for the
ketorolac content.

Blood concentrations of keto-
rolac have been determined by
the HPLC method with pre-solid
phase extraction of the active sub-
stance from the animal plasma
and the vacuum concentration of
the sample developed in our la-
boratory.

During sample preparation un-
freeze the plasma samples at the
room temperature. To 0.7 ml of
the plasma sample add 50 ml of
20% phosphoric acid solution, then
centrifuge at 6000 rpm for 7 min
at the room temperature, after
that collect 1 ml of the superna-
tant fluid and transfer into a car-
tridge for solid-phase extraction
(Oasis - HLB; Waters).

Wash out the endogenous plas-
ma substances from the cartrid-
ge twice with 1 ml of water and
1 ml of 5% methanol, then pass 1 ml
of methanol through the cartrid-
ge. Place the test-tubes with the

eluate collected into the vacuum
rotating concentrator, and evapo-
rate the eluate to dryness at 60°C.
Dissolve the dry residue in 250 ml
of the mobile phase.

The HPLC-system “Perkin El-
mer” Series 200 (USA) was used
for the analysis. The chromato-
graphic conditions were as follows:
the chromatographic column -
ZORBAX SB-C18; 250 x 4.6 mm,
5 mm; the precolumn - ZORBAX
SB-C18; 250 x 4.6 mm, 5 mm; the
mobile phase - 1.3 mM ortophos-
phoric acid (component A) and
acetonitril (component B) in the
ratio of 57 : 43 (v/v); the detec-
tion wavelength - 301 nm; the co-
lumn thermostat temperature -
35°C; the autosampler thermostat
temperature — 16°C; the eluate flu-
id rate — 1.0 ml/min; the injection
volume - 50 ml. The retention ti-
me of ketorolac was 5.5+7.5 min,
the cycle time was 1 min.

The concentrations of ketoro-
lac in plasma samples were cal-
culated using the calibration cur-
ve of the “peak area - concentra-
tion” dependence obtained by the
method of least squares with the
weighting factor = 1/x. The equa-
tion of the calibration curve was:
y=axx+bwherey - is the keto-
rolac peak square (Sy;;); x - is the
ketorolac concentration (ng/ml);
a=311.2745; b = -347.711; the
regression coefficient r = 0.99948.

Under the above-mentioned
conditions of the sample prepa-

ration and chromatographic ana-
lysis the calibration curve of ke-
torolac was linear within the con-
centration range from 40 to
16000 ng/ml; the lowest detection
limit of the method was 40 ng/ml.
In general, the results of the va-
lidation research indicate that the
given method of quantitative de-
termination of ketorolac in plas-
ma meets the acceptance criteria
for bioanalytical method [7] in pa-
rameters of selectivity, response
function, precision, accuracy, ext-
raction degree, and it can be used
for pharmacokinetic studies of ke-
torolac dosage forms.

The peak concentration (C_,,)
was determined as the highest mea-
sured value of every rabbit with
the relevant time to peak concen-
tration (T,,). Other parameters we-
re calculated by the model-inde-
pendent method using WinNonLin
(Pharsight Corp., USA) programme.
The statistical processing of data
was performed using MicroSoft®
Office Excel 2003 SP2 (MicroSoft
Corporation, USA) programme.

Results and Discussion

Dynamics of the ketorolac con-
centration in the blood plasma of
rabbits observed after i.n. and i.m.
administration are shown in Fig.
Ketorolac after i.m. administration
is well absorbed. The ketorolac con-
centration increases rapidly reach-
ing the value of 3468.7 ng/ml (50%
of C,,,.) in 5 min after injection and
4990 ng/ml (70% of C,,,) in 10 min.
The absolute ketorolac concentra-
tions after i.n. administration are
slightly lower, but in terms of per-
centage as for C,,, they exceed
those after i.m. injection compris-
ing 2221.6 ng/ml (67% of C,.,) in
5 min, 2850 ng/ml (86% of C,.,)
in 10 min after administration. The
time of achieving the peak con-
centration (T,,,) of ketorolac af-
ter both ways of administration
was 0.5 h (Table).

The absolute C,,, value of ke-
torolac after i.m. administration
is 7337.46 ng/ml; it is 2.2 times
higher than after i.n. instillation -
3298.53 ng/ml. The absolute ke-
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Table

The main pharmacokinetic parameters of ketorolac with a
single intranasal and intramuscular administration in rabbits

e e The way of administration
parameters intranasally intramuscularly

C,., ng/ml 3298.53 7337.46
T, .h 05 05
CL, ml/h 117.54 101.33
K., h 0.239 0374
T, h 291 1.86
MRT, h 4.36 2.50
V,, ml/kg 490.88 271.38
AUC, ., ngxh/ml 1278415 17902.95
AUC, . ngxh/ml 17015.84 19737.55
AUC, . /AUC, .. % 90.70 7513
C../AUC, , h' 0.258 0410
f’ % 71.41 100.00
f, % 86.21 100.00

torolac concentrations after i.m.
injection significantly exceed tho-
se after i.n. instillation within the
period from 0.5 to 1 h after ad-
ministration. With i.m. adminis-
tration of ketorolac after reach-
ing C_ .. a rather rapid decline of
the ketorolac concentration in plas-
ma is observed. The plasma keto-
rolac level decreases more than in
3 times up to 3 h after administra-
tion, while in 6 h the ketorolac plas-
ma level is less than 10% of C_ .
When ketorolac is administ-
red i.n., unlike i.m. injection, the
pharmacokinetic curve does not
show a sharp peak, the maximum
has a plateau shape. Within 0.5-
1.5 h after achieving C,__, the ke-
torolac concentration in plasma
decreases only in 10%; it indica-
tes the longer systemic absorp-
tion of ketorolac from the nasal

mucus comparing to i.m. admin-
istration. Then a gradual decline
of the ketorolac concentration in
the blood plasma is observed: up
to 70% of C,,,, in 3 h, up to 31%
of C,_,, in 6 h after administration.

The main pharmacokinetic pa-
rameters of ketorolac after i.n. and
i.m. administration in rabbits are
shown in Table. The parameter va-
lue characterizing the ketorolac
absorption rate (C,,./AUC, ) dif-
fers for i.n. and i.m. administra-
tion (0.258 h'' and 0.410 h'!, re-
spectively), and it indicates the
longer absorption of ketorolac from
the nasal cavity. Such peculiarity
of absorption in i.n. administra-
tion provides 1.75 times greater
ketorolac circulation than in i.m.
injection, while the mean retention
time (MRT) of ketorolacis 4.36 h
for in. and 2.50 h for i.m. admi-
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CONCLUSIONS

1. The method of quantitative
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blood plasma, which includes HPLC
with pre-solid phase extraction of
the active ingredient from the plas-
ma and vacuum concentration of
the sample, has been developed.
The method proposed meets the
acceptance criteria for bioanaly-
tical methods and can be used for
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rolac dosage forms.
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ater blood circulation time in com-
parison with i.m. administration.

3. Intranasal administration of
ketorolac provides a high relati-
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can be considered as a viable al-
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MOPIBHAJIBHE JOCIIAXKEHHA PAPMAKOKIHETUKH KETOPOJIAKY IIPU IHTPAHA3AJIBHOMY
TA BHYTPIIIHbOM’I30BOMY BBEJAEHHI KPOJINKAM

O.11.be3yzaa, B.B./li6ina, M.0./IanyHoes, 1. M.Opsaosa, O.B.TumueHko
A1 «/lepatcasHuil Haykoeuii yeHmp AikapcbKux 3aco6ie ma meduyHoi npodykyii»
Karwwuosi caoea: kemopoak; cnpell Ha3a1bHUll; hapMmakoKiHemuka

3 Memorw cmeopeHHs opuziHa/bHo20 npenapamy Kemoposak cnpeli HazabHUll npogedeHe nopieHsIbHE 00CAIONHCEeHHS
dapmakoKiHemuku kemopoaaky npu tio2o 00HOpa3080My IHMPAHA3ANbHOMY MA 8HYMPIWHLOM SI3080MY 88e0eHH] Kpo-
AUKaM. /14151 KiAbKiCHO20 8U3HAYEHHS Kemopo1aKy 8 naasmi kposi meapuH sukopucmosygasu memod BEPX 3 nonepedHboro
meepdogaszHor ekcmpakyieto 0itouoi pevo8uHU 3 NAA3MU | KOHYEHMPYB8AHHAM hpobu hid 8akyymom. PoapaxosaHi ocHo-
8HI hapMmakokiHeMUYHI KOHCMAHMU Kemopo/1aKy hpu IHMpaHa3aAbHOMY | BHYyMPIiWHbOM 13080 My 88e0eHHI KPOAUKAM.
Yac docsizHeHHs MAKCUMANbHOT KOHYeHmpayii kemopoaaky npu 060X wisaxax esedeHus ckaas 0,5 200, makcumanbHa
KOHYeHmpayis npenapamy npu iHmpaHa3aabHoMy 8eedeHHi cmaHosuaa 3298,5 He/Ma, npu 8HYMPIWHbLOM '13080MY —
7337,5 He/ma. [Ipome, 3a iIHMpaHA3a/1bHO20 88e0eHHS KEMOPOAAKY, HA 8I0MIHy 810 iHekyiiiHoz2o, enpodosiic 0,5-1,5 2o0-
OuH nicaa docsizHEeHHS MAKCUMYMY KOHYeHmpayis Kemopoaaky 8 naasmi sHusxcyemucs auuwie Ha 10%, wjo ceiduums npo
6ibWw mpusasy abcop6byir npenapamy 3 micys esedeHHs. I[HmpaHasaibHe 88edeHHSI KemopoaaKy 3abe3neyvye 6igibl
mpusanauli Yac Yupkyasiyii 8 Kposi nopieHsIHO i3 BHymMpiuHb0M s1308UM 88e0€HHSM, WO CK/A/10, 8i0nosidHo 4,4 ma 2,5 200.
3azanom, npu iHMpaHa3aabHOMY 88e0eHHI Kemopo1aK XapaKkmepusyemucsl BUCOKUM cmyneHem 8idHocHOT 6iodocmyn-
Hocmi (~71-86%) ma mosce po3aas0amucs K a1bmepHAmMued iH €KYiliHoMy 88e0eHHI0 Y CXeMax AiKy8aHHs 8UPA3HO20
6015608020 CUHOPOMY.

CPABHUTEJ/IBHOE UCCIEJOBAHUE ®PAPMAKOKHMHETUKH KETOPOJIAKA TP UHTPAHA3AJIbBHOM
U BHYTPUMBIIIEYHOM BBEJEHHWH KPOJINKAM

E.ll.Be3yaaas, B.B./lu6una, H.A./Ianynos, H.H.Op.ioea, O.B.TumuyeHko
I'll «I'ocydapcmeeHHbIll HAY4YHbII YeHmp J1eKapcmeeHHbIX cpedcme U MedUYUHCKOU npodyKyuu»

Kawuesvie caosa: Kemopouaak; cnpelY HG3aﬂbelﬁ,‘ ¢(1p.MCIK'OKUH€muK'a

C yesvto co30aHusl opusuHaabHo20 npenapama Kemoposak cnpeil HasabHbLl nposedeHo cpagHumeabHoe uccaedosa-
Hue hapmakoKUHeMUKU Kemopo/aaka npu e20 00HOPa3080M UHMPAHA3ANbHOM U 8HYMPUMbIUEYHOM 88€0eHUU KPOAUKAM.
Aas KonuvecmseHHO20 onpedesieHUss KemopoaaKa 8 Nada3me Kposu HUBOMHbIX UCnoAb308aau Memod BIKX ¢ npedea-
pumenvHoll meepdogasHoli skcmpakyueli deticmayowezo gewecmad U3 NAasmbl U KOHYeHMpuposaHuem npobst nood
8aKyyMoM. PaccuumaHbl 0CHOBHblEe hapMaKOKUHEMuUYeCcKue KOHCMAaHmMbl Kemopoaaka Npu UHMPAHA3A/IbHOM U 8HYMpU-
MblUWEYHOM 88edeHUU KpOAUKAM. Bpemsi docmudceHus MakcuMaibHOU KOHYeHmMpayuu Kemopoaaka npu o6oux nymsx
esedeHusl cocmasasiem 0,5 4, MOKCUMANbHAA KOHYeHMpayusi npenapama npu UHMpaHa3aabHoM é8edeHuU cocmasuad
3298,5 He/ma, npu eHympumbiuwieyHoOM — 7337,5 He/ma. O0HaKko, npu UHMPAHA3AIbHOM 88edeHUU Kemopo1aKad, 8 om-
Ju4Ue om UHseKYUuoHHo20, 8 meyeHue 0,5-1,5 u nocae docmusiceHuss MAKCUMYMA KOHYeHmMpayusi Kemopoaaka 8 naas-
Me cHusxcaemcs auuws Ha 10%, umo caudemeabcmayem o 60/1ee npodoaxcumeabHol abcopbyuu npenapama us mecma
eeedeHusi. HHMpaHazabHoe 8gedeHue KemopoJaaka obecnevugaem 60jee 0aumeabHoe 8pemMs YUPKYAIYUU 8 Kpogu
CPABHUMENbHO C BHYMPUMbLUWEYHbIM 88eJeHUeM, Komopoe cocmasu/10, coomseemcmseHHo, 4,4 u 2,5 4. B yeaom npu
UHMPAHA3a/1bHOM 88e0eHUU Kemopo1dK XapaKmepusyemcsl 8bICOKOU cmeneHbio 0mHocumeibHoli 6uodocmynHocmu
(~71-86%) u Mosxcem paccmampugamucsi KAk aAbmepHamMu8a UHeEKYUOHHOMY 88€0€HUK) 8 CXeMAX /ie4eHUs 8blPaNCEH-
Ho20 6018020 cuHdpoMma.



