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PHARMACOKINETIC STUDY OF DICLOPHENAC SODIUM
IN RAT PLASMA BY HIGH-PERFORMANCE LIQUID
CHROMATOGRAPHY

The aim of this study is to determine pharmacokinetics of diclofenac sodium in the experiment on rats by the
method of high-performance liquid chromatography. Identification and quantitative determination of diclofenac so-
dium in the substance of diclofenac sodium were carried out by the method of high-performance liquid chromatogra-
phy. For study conduct, a total of 94 male rats with body weight of 250-300 g were used. Experimental animals were
subdivided into 15 groups. Diclofenac sodium was diluted in purified water and administered per os at the doses of
ED,, and ¥ ED;, equivalent to 8 mg/kg and 4 mg/kg of animal body weight, respectively. Animals were sacrificed
in 15 min, 30 min, 60 min, 90 min, 120 min, 240 min, and 360 after drug administration. For extraction of diclofenac
sodium from rat plasma samples, we used a method of solid-phase extraction, which had been modified due to micro-
concentrations of the active substance. Dependence of diclofenac sodium concentration on time and dose was studied
by the method of high-performance liquid chromatography. In the result of the study, quantitative content of di-
clofenac sodium substance and suitability of the doses studied (4 mg/kg and 8 mg/kg) were confirmed. The study
conducted revealed no dynamics of time, during which diclofenac sodium was present in systemic blood flow, on the
dose. The results, which had been proved by chromatograms of diclofenac sodium and control sample (plasma without
diclofenac) for each time interval, were obtained. First concentrations of diclofenac sodium in rat plasma are regis-
tered in rat plasma in 15 min after dose administration at the doses of 4 and 8 mg/kg. That is why this time index is
recommended for further preclinical and clinical studies.

Key words: pharmacokinetics; nonsteroidal anti-inflammatory drugs; diclofenac sodium; glucosamine; high-
performance liquid chromatography

INTRODUCTION

Today, nonsteroidal anti-inflammatory drugs (NSAIDs)
constitute one of the largest and clinically significant groups
of drugs. In resent 30 years, its nomenclature has incre-
ased greatly and now it includes a great number of drugs
that differ as for their peculiarities of action and use [3, 4,
6]. Diclofenac sodium (DNa) remains “the gold standard”
in treatment of inflammatory diseases of connective tis-
sue and is most widely used in modern medicine and phar-
macy. So, studies of its pharmacological activity charac-
teristics depending on dose and time are an important
and urgent problem.

The aim of this work is to determine pharmacoki-
netics of DNa in experiments on rats by the method of
high-performance liquid chromatography for further pre-
clinical and clinical studies.

MATERIALS AND METHODS
Diclofenac sodium (DNa), sodium 2-[(2,6 - dichlo-
rophenyl) amino] phenyl] acetate, has marked anti-in-
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flammatory, analgetic, as well as moderate antipyretic ac-
tivities [3, 6]. Substance of DNa manufactured by Bor-
shchahivskiy Chemical-Pharmaceutical Plant (BCPP), batch
No. 20040609, was used for the study. Substance of DNa
manufactured by “Amoli Organics Ltd” (batch No.20061013)
was used as a working reference standard (WRS).

Identification and quantitative determination of DNa
in the substance of DNa were carried out by most sen-
sitive method of high-performance liquid chromatogra-
phy [2, 7, 8,9, 10]. This method was used to determine
concentrations of the test substance at all stages of the
study.

The content of DNa in the substance (X), in per cent,
was calculated according to the following formula:

S, Mygs-P-100

X S, (100-W)

where: S, is the mean peak area of diclofenac sodium
calculated from chromatograms of the test solution; Sy
is the mean peak area of diclofenac sodium calculated
from chromatograms of the reference solution; my is
the weight of diclofenac sodium WRS, g; P is the content
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Table 1
TACTICS OF PHARMACOKINETIC STUDY OF DICLOFENAC SODIUM ON RATS
Conditions of the Dose, Time of DNa entry into rat blood
experiment mg/kg 360 min 240 min 120 min 90 min 60 min 30 min 15 min
Group No.
Intact -
1
Diclofenac sodium 4 2 3 4 5 6 7 8
Diclofenac sodium 8 9 10 11 12 13 14 15

of diclofenac sodium in the WRS, %; m, is the weight of
diclofenac sodium substance, g; W is the loss on drying
of diclofenac sodium substance, %.

Experimental studies were carried out at experimen-
tal biological clinics of the State Enterprise “Sytenko Insti-
tute of Spine and Joint Pathology of the National Acade-
my of Medical Sciences of Ukraine”. Animals used in the
experiment: nonlinear white rats of the population of expe-
rimental biological clinics of the State Enterprise “Sytenko
Institute of Spine and Joint Pathology of the National Aca-
demy of Medical Sciences of Ukraine”.

For study conduct, 94 male rats with body weight of
250-300 g were selected; they were kept according to sa-
nitary norms on a standard diet [2]. Work with animals
was carried out according to Directive 86/609/EEC on
the protection of animals used for experimental and other
scientific purposes.

Experimental animals were subdivided into 15 groups.
An intact group (group 1) consisted of 10 rats, and groups
2-15 consisted of 6 rats each. Animals of group 1 recei-
ved purified water in the volume of 0.5 mL per 100 g [2].
DNa was diluted in purified water and administered per
os in the same volume at the doses of ED, and %2 ED,,
equivalent to 8 mg/kg and 4 mg/kg of animal body weight,
respectively [2, 3, 6].

Pharmacokinetic study of DNa was carried out accor-
ding to the tactics under conditions indicated in Tab. 1.
Animals were sacrificed in 15 min, 30 min, 60 min, 90 min,
120 min, 240 min, and 360 after drug administration.

Blood was sampled in the quantity of 7-10 ml into
labeled test-tubes that were heparinized. Blood samples
were centrifuged (3.000 rpm, 15 min), and plasma was
obtained. The interval between blood sampling and its
processing did not exceed 5 min. Before analysis, plasma
samples were kept at - 80 °C.

For extraction of DNa from rat plasma samples, a me-
thod of solid-phase extraction was used [10]. The method
had been modified due to micro-concentrations of the
active substance via sample concentration [1].

After determination of DNa concentration depending
on the time of its administration, the following pharmaco-
kinetic parameters were calculated by the noncompart-
mental method of statistical moments with the use of ap-
plication software program M-ind on IBM PC Pentium III:
C,.x (maximal concentration); T, (time to maximum
drug concentration); T,,, (half-life); Cl; (total clearance);
AUC’~* (area under the concentration-time curve within

the limit of drug concentration observation); AUC’>*
(total area under the concentration-time curve within
the limit of 0 to «); C,,../AUC’>* (coefficient that charac-
terizes drug absorption rate).

Statistic processing of experimental data obtained was
carried out with software STATISTICA (StatSoft Inc., the
USA). Reliability of the results obtained was assessed at
the level of significance not less than 95 % (p < 0.05) [5].

RESULTS AND DISCUSSION

Quantitative determination of diclofenac sodium
in rat plasma

Comparative characteristic of diclofenac sodium
substance

Results of quantitative determination of DNa in sub-
stance samples are indicated in Tab. 2.

Chromatograms of DNa substance samples obtained
under the same conditions are presented in Fig. 1, where
the following is indicated: 1. — chromatogram of DNa ma-
nufactured by Amoli Organics Ltd; 2. — chromatogram of
DNa used in the experiment as WRS manufactured by
Borshchahivskiy Chemical-Pharmaceutical Plant (BCPP).

Quantitative content of DNa in DNa substance (BCPP)
used in the experiment is 98.5 %.

Retention time of DNa in the chromatogram of the
test sample of the solution (5.673 min) corresponds to
that of DNa in the chromatogram of DNa WRS (5.673 min),
so the sample provided is DNa substance. In the result of
the studies conducted, quantitative content of DNa and

Table 2

RESULTS OF QUANTITATIVE DETERMINATION OF
DICLOFENAC SODIUM IN SUBSTANCE SAMPLES

Mean peak area of diclofenac sodium
manufactured by Amoli Organics Ltd, 15570622
India (Sygs)

Exact weight of diclofenac sodium 00120
(Amoli Organics Ltd) (mys), g ’
Content of diclofenac sodium 994
(Amoli Organics Ltd) in the substance (P), % ’
Loss on drying (Amoli Organics Ltd) (W), % 0,36
Mean peak area of diclofenac sodium
(BCPP) (S.) 14993617
Exact weight of diclofenac sodium
(BCPP) (m,) & oot
Content of diclofenac sodium (BCPP) 98.5
in the substance (X), % ’




ISSN 2311-715X

YKPAIHCbKIW BIOOAPMALIEBTUYHWIA XKYPHATT, Ne 4 (45) 2016

-
@©
©
X
mAU T
)
| |e:\variandatalinstrument 2\rnd\diclofenak20091216\diclofenak_rso001.run ks)
e:\variandatalinstrument 2\rnd\diclofenaki20091216\diclofenak_isp002.run x
a
300 —
1
250 —
2
200 — /
150 —
100 —
50 —
0 7
X:3.4653 Minutes
Y: 0.0398 mAU
33 w w w w w w w \
1 2 3 4 5 6 7 8 Minutes

Fig. 1. Chromatograms of samples of diclofenac sodium substance.
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Fig. 2. Pharmacokinetic curve of diclofenac sodium (dose of 4 mg/kg).
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Fig. 3. Pharmacokinetic curve of diclofenac sodium (dose of 8 mg/kg).

suitability of the doses studied. Actual doses of DNa du-
ring study conduct are 4 mg/kg and 8 mg/kg, respectively.
Assessment of pharmacokinetic parameters of
diclofenac sodium
Profiles of averaged pharmacokinetic curves of dynamics
of DNarat plasma concentrations after single oral administra-

tion of 4 mg/kg and 8 mg/kg and their comparative charac-
teristic are presented in Fig. 2-4. DNa is registered in plasma
already in 15 min after substance administration of both do-
ses studies. At the same time, DNa concentration at this time
is 4.88 + 0.82 mcg/mL at administration of 4 mg/kg, and
17.45 * 1.38 mcg/mL at administration of 8 mg/kg.
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Fig. 4. Comparison of pharmacokinetic curves of diclofenac sodium(doses of 4 mg/kg and 8 mg/kg).
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Fig. 5. Chromatogram of diclofenac sodium (in 15 min after drug administration).
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Fig. 6. Chromatogram of diclofenac sodium (in 30 min after drug administration).
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Fig. 7. Chromatogram of diclofenac sodium (in 60 min after drug administration).
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Fig. 8. Chromatogram of diclofenac sodium (in 90 min after drug administration).

After that, DNa plasma content increases rapidly and
reaches its maximum within 60 min. At the same time,
its concentration 14.72 + 0.07 mcg/mL at administration
of 4 mg/kg, and 47.41 * 0.44 mcg/mL at administration
of 8 mg/kg.

Starting with 90 min, there is noted a decrease in DNa
plasma concentration, which is decreased 5.37-folds at
administration of 4 mg/kg, and 1.68-folds at administra-
tion of 8 mg/kg when compared to initial product con-
centration. This indicated to the fact that DNa at the dose

of ¥2 EDy, is excreted from rat blood flow much more
rapidly.

Starting with 120 min, there is noted too low level
of DNa plasma concentration (be close to the limit of
analytical method).

Pharmacokinetic parameters calculated are as fol-
lows: at administration of DNa 4 mg/kg, Cmaxis 15.16
0.24 mcg/mlL, Tmax is 0.8 + 0.06 h, T, , is 0.36 £ 0.02 h,
Cl,is 0.04 £ 0.00 L/h, MRT is 1.63 + 0.04 h, AUC,, is 20.38 +
0.54 mcgxh/mL, AUC’>*is 20.93 + 0.51 mcgxh/mL,
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Fig. 9. Chromatogram of diclofenac sodium (in 120 min after drug administration).
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Fig. 10. Chromatogram of diclofenac sodium (in 240 min after drug administration).

C,../AUC™is 0.73 + 0.01 mcg/h. Atadministration of DNa
8mg/kg Cmaxis47.14 + 0.44 mcg/mL, Tmaxis 1.00 + 0.00 h,
T,,,150.0920.00 h, Cl;is 0.03 £ 0.00 L/h, MRT is 1.3+ 0.00 h,
AUC,, is 63.52 + 0.18 mcgxh/mL, AUC* ' is 63.61 *
0.18 mcgxh/mL, C ., /AUC*>*is 0.74 + 0.01 1/h. The value
of C,,,/AUC’>* index administration of 4 mg/kg practically
completely corresponds to that of 8 mg/kg.

Thus, in the result of studies conducted, no dif-
ferences in the dynamics of time during which DNa is
present in systemic blood flow on the dose are deter-
mined. The results obtained are proved by chroma-
tograms of DNa and control sample (plasma without
DNa) for each time interval; they are presened in
Fig. 5-12.
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Fig. 11. Chromatogram of diclofenac sodium (in 360 min after drug administration).
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CONCLUSIONS
Dependence of diclofenac sodium concentration of
dose and time has been determined in rat experiments
by the method of high-performance liquid chromatog-
raphy. According to study results, first concentrations of
diclofenac sodium in rat plasma are registered in rat plas-
ma in 15 min after dose administration at the doses of 4

T 1
7 8 9

Minutes

Fig. 12. Chromatogram of the control solution (plasma without diclofenac).

and 8 mg/kg. That is why this time index is recommen-
ded for further preclinical and clinical studies.
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AOCIIIKEHHA PAPMAKOKIHETUKU JUK/IO®PEHAKY HATPIIO Y IIVIA3MI KPOBI IIYPIB METOJ0M

BUCOKOE®EKTUBHOI PIAUHHOI XPOMATOTPA®I|
MeTo AaHOTO JOCTiAKEeHHSI € BCTAHOBJIEHHS papMaKOKiHETUKU AUKJI0PEeHAKY HAaTPil0 B eKCIEPHU-
MEeHTI Ha Lypax MeTOA0M BUCOKoepeKTUBHOI pifuHHOI xpoMaTorpadii (BEPX). [nenTudikaniro ta
KiJIbKiCHe BU3HauUeHHs AuKJI0deHaKy HaTpito B Cy6CcTaHIil AukI0deHaKy HAaTPito NPOBOJUIU METO-
oM BEPX. /lsis npoBeieHHS eKClIepUMEeHTY 6Yy/10 BUKOpUCTaHO 94 miypiB-camiiiB Macoto 250-300 1.
TBapuHU B eKcliepuMeHTi 6y/d po3/ineni Ha 15 rpym. /lukiodeHak HaTPito pO3UUHS/IN Y BOJi OYH-
1IeHiH Ta BBOAWIU NepopasibHO B fo3ax E/Jl;, Ta Y2 E/l,,, o ckiajae BianoBigHo 8 Mr/kr ta 4 Mr/kr
Macu Tina TBapuH. TBapuH BUBOAMIM 3 Aocaigy yepe3 15 xB, 30 xB, 60 xB, 90 xB, 120 xB, 240 xB Ta
360 xB micsis BBeleHHs npenaparty. [y eKcTparyBaHHs JUK/I0peHaKy HATpito i3 3pa3kiB miasmu
KpOBI 11ypiB 6yB BUKOPUCTAHUK MeTo/1 TBepL0oda30Boi eKcTpakii, Akl 6yB MogudikoBaHUN HAMU
3 ypaxyBaHHSIM MiKpOKOHLIeHTpalii Ailoyoi peyoBHHU. 3a/IeXKHICTh KOHIeHTpalii AuK/JI0deHaKy
HaTpilo Bij yacy Ta A03u focaiiuau 3a gonomorot mMetony BEPX. [Ipu npoBeseHHi gocaikeHb
MiTBEep/PKEHO KiNbKICHUN BMicT cybcTaHLii JuKkIodeHaKy HAaTpilo Ta BiANOBIAHICTb [03, siKi BUB-
yarTbcs (4 Mr/kri8 mr/kr). Y pe3y/ibTati npoBeieHUX AOC/IiPKeHb He BUSIBJIEHO BiAMIHHOCTEN Y 1U-
HaMmili yacy 3Haxo/KeHHsl UKJI0deHaKy HaTpilo y CUCTEMHOMY KPOBOOOGiry Bij 103u. OTpruMaHi pe-
3y/bTaTH NMiJTBepKeHi XxpoMaTorpaMaMu AUKI0PeHaKy HaTpPito Ta KOHTPOJILHOIO 3pa3kKa (11a3Ma
KpoBi 6e3 gukgodeHaKy) Ha KOXKHUM iHTepBas yacy. [lepuii koHneHTpanii AukaopeHaKy HaTpito
peecTpyoThCs B IJ1a3Mi KpoBi 1ypiB yepe3 15 xB mic/sl BBeeHHs cy6cTaHLii y 03ax 4 Ta 8 MI/KT.
Tomy 1elt YacoBUM NOKa3HUK PEKOMEH/IYEThHCS JJIs TOJA/IbIINX JOKIIHIYHUX Ta K/IIHIYHUX 10C/I/IKeHb.
Knro4oBi cioBa: papMakoKiHeTHKa; HeCTepoifiHI NpoTU3anaibHi NpenapaTy; AukaodpeHak HaTpilo;
[JII0KO3aMiH; BUCOkoepeKTHUBHA piAMHHA XpoMaTorpadis
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JI. B. BpyHs, B. U. MakosiuHen, C. H. T'y6apb

HUCCJTIEAOBAHUE PAPMAKOKUHETUKU JUK/IO®PEHAKA HATPUA B IIJIASME KPOBU KPbIC METOZIOM

BHUCOKO3®®EKTUBHOM )KUIKOCTHOM XPOMATOTPA®UU
Lles1bt0 JaHHOTO HCCIeI0BAHUSA SIBJISETCS yCTaHOBJIeHHEe papMaKOKMHETHUKH JUK/I0peHaKa HATpUs
B 9KCIIEPUMEHTE Ha KPbICax METO/I0M BbICOKO3)PEKTHUBHOM KUAKOCTHON XpoMaTorpadpuu(BIXKX).
WpeHTHUOUKALMIO U KOJIMYECTBEHHOE U3yYeHHe JUK/I0peHaKa HAaTPUs B CY6CTAaHIIUU AUKI0pEeHaKa
HaTpus npoBoAuan MeTogoM BIXKX. /ls mpoBeieHUs 3KCIIepHMeHTa ObLIM HCI0JIb30BaHbI 94 KphI-
cbI-camIibl Maccoit 250-300 r. 2KuBOTHBIE B 3KCIIEpUMEHTE OBbIIM pa3/esieHbl HA 15 rpymi. [Jukiio-
¢deHaK HaTpUs PACTBOPSJIM B BOJle OYHMILEHHON U BBOJUJIM NTepopasbHO B o3ax EJl,, Ta %2 E/l,,, uTo
cocTaBsiseT 8 MI/Kr ¥ 4 MI'/Kr Macchl TeJsa )KUBOTHBIX. JKNBOTHBIX BBIBOAMJIN U3 IKCIIEPUMEHTA
yepes 15 muH, 30 MuH, 60 MuH, 90 MmuH, 120 MmuH, 240 MuH Ta 360 MUH TOCJ/Ie BBeIeHHUs ITpenapaTa.
Jl1s1 sSKcTparupoBaHus JUKJI0peHaKa HaTpHs U3 06pasIioB I1J1a3Mbl KPOBH KPbIC GbIT MCIOJIb30BaH
MeTOo/ TBepL0Ppa30BOM IKCTPAKIMH, KOTOPbIN GbIJ1 MOJHGUIIMPOBAH HAMH C yYeTOM MUKPOKOHIIEHT-
panuy eHCTBYIOIero BelecTBa. 3aBUCUMOCTb KOHIEHTPAIUH JUKJI0peHaKa HATPUsl OT BpeMeH!
U 103bl UCCIel0BaIU ¢ noMolnbio Metosaa BIXKX. [Ipu npoBeseHny ucciejoBaHUN MOLTBEPHKIEHO
KOJINYECTBEHHOE CoZiep)KaHHe CyOCTaHIMK ANKI0deHaKa HaTPUsl U COOTBETCTBHE U3y4yaeMbIX J103
(4 Mr/xr u 8 Mr/Kkr). B pe3y/sipTaTe NpoBeieHHBIX UCCJI€JOBAHNUM He ONpe/ie/ieHbl pa3/In4us B AUHA-
MHKe BpeMeHH Hax0XK/JeHUs JUKJIopeHaKa HaTpUs B CUCTEMHOM KPOBOTOKe OT J103bl. [lorydeHHbIe
pe3y/IbTaThl MOATBEPXKAEeHbI XpOMaTOrpaMMaMu AuKI0dpeHaKa HATPHUS U KOHTPOJIbHOT0 06pasna
(ns1a3Ma KpoBH 6e3 AUKJI0deHaKa) Ha Kak/Abli MHTepBas BpeMeHH. [lepBble KOHI[EHTPALUH AUKJIO-
¢dbeHakKa HATPUS PerUCTPUPYIOTCS B IJIa3Me KPOBH KpbIC yepe3 15 MUH nocsie BBeJeHUs CyOCTaHIIUN
B 103ax 4 Ta 8 Mr/Kr. [I03TOMy 3TOT NOKa3aTeJ/ib BpeMeHU peKOMeH/IyeTcs A1 JaJbHeHIIHX JOKJIH-
HUYeCKUX U KJIMHUYeCKUX UCCIe/JOBaHU M.
KmodyeBble c10Ba: GapMakoKHHETHKA; HECTEPOU/IHbIe IPOTHBOBOCHAINTE/IbHBIE TPenapaThl; AU-
kJ0deHaK HaTpHUS; [JIIOKO3aMHUH; BbICOK03$eKTUBHAsA MKUAKOCTHAsA XpoMaTorpadus

Adpeca 0a5 aucmyeaHHsi: Hapgifimia fo pegaxuii 03.06.2016 p.
61002, m. XapkiB, ByJ1. KysnnkiBcbka, 12.
HanjonanbHuii papmManeBTUUHUN YHIBEPCUTET

Bioximisi ma papmakoiozisi



