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Ab stract
A sim ple, sen si ti ve, se lec ti ve and pre ci se TLC-den si to me tric de ter mi na tion of iso xi cam as a drug was de ve lo ped and
va li da ted. The met hod em plo yed TLC alu mi nium pla tes pre coa ted with si li ca gel 60 F254 as a sta tio nary pha se. The mo -
bi le pha se con si sted of ethyl ace ta te : to lue ne : buty la mi ne (2:2:1, v/v/v). The system was found to gi ve good re so lu tion
for iso xi cam (RF va lue of 0.56). Den si to me tric de tec tion was car ried out at λ = 350 nm. The ca li bra tion plots sho wed
good li near re la tions hip in the wor king con cen tra tion ran ge of 0.7 to 2.2 μg per band. The met hod was va li da ted for pre -
ci sion (RSD < 1%), spe ci fi city, li mit of de tec tion and quan ti ta tion (0.22 and 0.67 μg per band, res pec ti vely). The drug
was sub jec ted to aci dic and ba sic hydroly sis at dif fe rent tem pe ra tu res. All the peaks of the de gra da tion pro ducts we re
well-re sol ved from the iso xi cam with sig ni fi cantly dif fe rent RF va lues. The pro ducts for med we re iden ti fied by their
TLC re ten tion ti mes (RF va lues), ab sorp tion spec tra and HPLC-MS/MS analy sis. The de ve lo ped TLC-densito me tric
met hod can be ap plied for iden ti fi ca tion and quan ti ta tion of iso xi cam in drugs, and it can be using as a scree ning met -
hod in phar ma ceu ti cal re search. As the TLC met hod can ef fec ti vely se pa ra te the drug from its de gra da tion pro ducts it
can be em plo yed as a sta bi lity-in di ca ting one and can be uti li zed to in ve sti ga te the ki ne tics of de gra da tion pro cess.
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1. In tro duc tion

Iso xi cam (che mi cally 4-hydroxy-2-methyl-N-[5-
mrthyl-3-iso xolyl-2H-1,2-ben zot hia zi ne-3-car bo xa mi de-
1,1-dio xi de]) is a po tent, orally-ac ti ve, non-ste roi dal an ti-
inf lam ma tory drug with pro lon ged ac ti vity, highly ef fec ti -
ve in re lie ving the symptoms of rheu ma toid art hri tis and
de ge ne ra ti ve joint di sea se. Si de ef fects can oc cur with all
me di ca tions, and the most im por tant si de ef fects that ha ve
been re por ted with iso xi cam are he pa tic and skin to xi -
city.1,2

Phar ma co po e ias do not pro vi de any mo no graph for
iso xi cam. A li mi ted num ber of tech ni ques exists for the
de ter mi na tion of iso xi cam in bio lo gi cal fluids, inc lu ding
li quid chro ma to graphy3–6 and LC-tan dem mass spec tro -
me try.7 The pho to sta bi lity of iso xi cam has been re por ted
using three dif fe rent analy ti cal met hods (HPTLC, HPLC
and ca pil lary elec trop ho re sis).8 HPTLC analy sis was per -
for med on si li ca gel 60 F254 pla tes, which we re pre was hed
be fo re use with met ha nol : dich lo ro met ha ne (1:1, v/v), us-
ing a ho ri zon tal de ve lo ping cham ber. A mix tu re of chlo ro -

form : 1-pro pa nol : 96% ace tic acid (9:0.5:0.5, v/v/v) was
used as a mo bi le pha se and den si to me tric de tec tion was
car ried out at 280 nm.8 A se lec ti ve mo le cu larly im prin ted
poly mer (MIP) clean-up and pre-con cen tra tion ap proach
was ap plied prior to spec trop ho to me tric de ter mi na tion of
iso xi cam in com plex ma tri xes, such as cap su les and hu -
man se rum sam ples.9 In the avai lab le li te ra tu re no pa pers
we re found on con ven tio nal TLC analy sis of iso xi cam
and po ten tial im pu ri ties or de gra da tion pro ducts. The ma -
jor ad van ta ge of TLC is that, un li ke HPLC, se ve ral sam -
ples can be run si mul ta ne ously using a small amount of
mo bi le pha se, thus lo we ring analy sis ti me and cost per
analy sis and pro tec ting the en vi ron ment.10

The aim of the pre sent work was to de ve lop a no vel,
spe ci fic and re pea tab le TLC met hod with den si to me tric
de tec tion for the iden ti fi ca tion and quan ti ta ti ve de ter mi -
na tion of iso xi cam in pre sen ce of re la ted com pounds and
pos sib le de gra da tion pro ducts, and for as ses sment of pu -
rity and sta bi lity of the drug. The pro po sed met hod was
va li da ted as per In ter na tio nal Con fe ren ce of Har mo ni za -
tion (ICH) gui de li nes.11
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2. Ex pe ri men tal

2. 1. Che mi cal, Rea gents and So lu tions
Iso xi cam was sup plied by Sig ma-Al drich. All sol -

vents used we re of analy ti cal gra de and we re purc ha sed
from POC h (Gli wi ce, Po land).

Stan dard so lu tion was pre pa red by dis sol ving ac cu -
ra tely about 1.5 mg of iso xi cam in 10.0 m L of ace to ne to
ob tain a con cen tra tion 0.15 mg/m L.

2. 2. TLC con di tions

The so lu tions we re spot ted on pre coa ted si li ca gel
alu mi nium TLC pla tes 60 F254 (13 × 10 cm, cut from 20 ×
20 cm be fo re use; Merck, Ger many) using a Li no mat V
(Ca mag, Swit zer land) sam ple ap pli ca tor. All sam ples we -
re ap plied (vo lu me of 10 μL), as 10 mm width bands with
a di stan ce of 10 mm from the pla te bot tom, 10 mm from
the ed ge, and a di stan ce bet ween two bands of 10 mm.
The mo bi le pha se con si sted of ethyl ace ta te : to lue ne :
buty la mi ne (2:2:1, v/v/v). Chro ma to grams we re de ve lo -
ped at room tem pe ra tu re in a glass cham ber (18 cm × 9
cm × 18 cm, Sig ma-Al drich) sa tu ra ted with mo bi le pha se
for 15 min. The length of a chro ma to grap hic run was 9
cm. Sub se quent to the de ve lop ment, TLC pla tes we re
dried in am bient air. Den si to me tric scan ning and re cor -
ding ap pro pria te spots we re do ne by using a Ca mag TLC
Scan ner3 with win Cats4 soft wa re in the ref lec tan ce-ab -
sor ban ce mo de at 350 nm. The slit di men sion was kept at
8 × 0.45 mm and a scan ning speed of 20 mm per s was
em plo yed.

2. 3. Va li da tion of the Met hod

Va li da tion of the op ti mi zed TLC met hod was do ne
with res pect to ICH gui de li nes, by li nea rity, spe ci fi city, li -
mit of de tec tion, li mit of quan ti ta tion and pre ci sion pa ra -
me ters.10

2. 3. 1. Li nea rity

Li nea rity was chec ked in a wor king ran ge 10 to 2.2
μg/m L using six re pli ca te analy ses. Peak areas we re plot -
ted against the cor res pon ding con cen tra tions to ob tain the
ca li bra tion graphs.

2. 3. 2. Spe ci fi city

The spe ci fi city of the met hod was as cer tai ned by
analy zing stan dard so lu tions. The spot for iso xi cam was
con fir med by com pa ring the re tar da tion fac tor (RF) va lues
and spec tra of the spots for dif fe rent con cen tra tions in the
pre sen ce of a pla ce bo. The peak pu rity of iso xi cam was
ac ces sed by com pa ring the spec tra at three dif fe rent le -
vels; peak-start, peak-apex and peak-end po si tions of the
spot.

2. 3. 3. Li mit of De tec tion and Quan ti fi ca tion

Li mits of de tec tion (LOD) and quan ti fi ca tion (LOQ)
we re es ti ma ted ba sed on the stan dard er ror of the res pon -
se (Sb) and the slo pe (a) of the ca li bra tion graph ob tai ned
by the met hod of least squa res. For the es ti ma tion the fol -
lo wing for mu lae we re used: LOD = 3.3 Sb/a and LOQ =
10 Sb/a.

2. 3. 4. Pre ci sion

Pre ci sion of the met hod was ve ri fied by re pea ta bi -
lity and in ter me dia te pre ci sion stu dies. Re pea ta bi lity stu -
dies we re per for med by analy sis of three dif fe rent con cen -
tra tions of the drug (50, 100, 150 μg/m L) in tri pli ca te on
the sa me day. In ter me dia te pre ci sion of the met hod was
chec ked by re pea ting analy ses on three dif fe rent days.

2. 4. De tec tion of the Re la ted Im pu ri ties

The re la ted im pu ri ties we re de ter mi ned by spot ting
hig her con cen tra tions of the drug so as to de tect and iden -
tify them. Iso xi cam (ap prox 5 mg) was dis sol ved in 10.0
m L of ace to ne, and this so lu tion was ter med as sam ple so -
lu tion (0.5 mg/m L). 10 μL of the so lu tion was ap plied on
a TLC pla te and the chro ma to grams we re run as des cri bed
in Sec tion 2.2.

2. 5. Pre pa ra tion of Acid- and Ba se-In du ced
De gra da tion Pro ducts
An amount of 12.5 mg of iso xi cam was se pa ra tely

dis sol ved in 2.5 m L of so lu tions of 0.1, 0.5, 1.0 and 3.0 M
HCl and Na OH. The se so lu tions we re kept at two tem pe -
ra tu res (60 °C and 120 °C) for a set amount of ti me. Ali -
quot of 1.0 m L of abo ve so lu tions we re ta ken and di lu ted
up to 2.0 m L with ace to ne. The re sulting so lu tions we re
sub jec ted to TLC pla tes tri pli ca te and the chro ma to grams
we re run as des cri bed abo ve. The mea su re ments we re ma -
de un der con di tions es tab lis hed for the met hod to de ter mi -
ne the per cen ta ge de com po si tion by the in ter nal nor ma li -
za tion met hod. The per cen ta ge de com po si tion for the in -
di vi dual con sti tuents (i[%]) was com pu ted using the for -
mu la: i[%] = (Ai/!A)100; whe re: Ai is peak area of the de -
ter mi ned con sti tuent, and !A is the sum of the peak areas
of all the con sti tuents pre sent in the den si to gram.

The pro cess of iso xi cam de gra da tion was ra ted by
means of ki ne tic and ther mody na mic pa ra me ters.12 The
or der of the reac tion, the reac tion ra te con stants (k), the
half-li fe (t0,5), the ti me (t0,1) at which the con cen tra tion of
iso xi cam is re du ced by 10%, and the ac ti va tion energy
(Ea) we re eva lua ted. Pa ra me ters we re com pu ted using the
fol lo wing for mu lae: k = 2.303(logc1 – logc2) / (t2 – t1), t0,5
= 0.635/k, t0,1 = 0.1053/k, and Ea = –2.303R(logk1 –
logk2) / (1/T1 – 1/T2), whe re: R = 8,315 J/mol/K, k2 > k1,
T2 > T1.
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2. 6. Analy sis of De gra da tion Pro ducts

To iden tify the iso xi cam de gra da tion pro ducts, be si -
des den si to me tric analy sis (RF va lues and ab sorp tion
spec tra) al so HPLC-MS/MS analy sis we re car ried out.

The isoxi cam so lu tions af ter hydroly sis in 1 M HCl
and Na OH at 120Σ we re se pa ra ted on a chro ma to tron pla -
te (mo del 8924, Har ri son re search, USA); the solu tion of
the hydroly zed sub stan ce in ace to ne was ap plied to the
pla te (pre pa red with Si li ca Gel PF254 and wa ter). Based on
the TLC analy sis, ap pro pria te sol vents of in crea sing po la -
rity and dif fe rent pro por tions we re in ve sti ga ted for op ti -
mal se pa ra tion; and the best mix tu re was ethyl ace ta te : to -
lue ne : buty la mi ne (2:2:1, v/v/v). Af ter se pa ra tion the sol -
vent was eva po ra ted and the pro ducts we re iden ti fied.

2. 6. 1. HPLC-MS/MS Analy sis

Li quid chro ma to graphy was per for med using an
Agi lent 1100 (Agi lent Tech no lo gies, Wald bronn, Ger -
many) LC system. Chro ma to grap hic se pa ra tion was car -
ried out with an XB rid ge C18 analy ti cal co lumn (30 × 2.1
mm, 3.5 μm, Wa ters, Ire land) at 30 °C. Two sol vent mix -
tu res we re used; sol vent A: ace to ni tri le : for mic acid
(0.01%) and sol vent B: H2O : for mic acid (0.01%). The
fol lo wing gra dients were used: 0–5 min, 0–100% A; 5–7
min, 100% A; 7–8 min, 100–0% A; 8–20 min, 100% B.
The flow ra te was set at 0.6 mL/min. A sam ple vo lu me of
20 ìL was in jec ted onto the analy ti cal co lumn for com -
pound analy sis.

Mass spec tro me tric analy ses we re ac com plis hed on
an Ap plied Biosy stems MDS Sciex (Con cord, On ta rio,
Ca na da) API 2000 tri ple qua dru po le mass spec tro me ter
equip ped with an elec tros pray io ni za tion in ter fa ce and
per for med in the po si ti ve io ni za tion mo de. A stan dard so -
lu tion of poly propy le ne glycols was used for in stru ment
tu ning and mass ca li bra tion at unit mass re so lu tion ac cor -
ding to the Ap plied Biosy stems ma nual. The mass spec -
tro me ter was ope ra ted with a dwell ti me of 200 ms, and a
5 ms de lay bet ween scans for each tran si tion on the first
qua dru po le (Q1) in a ran ge of 50 to 1000 Da. To find the
op ti mal in stru men tal pa ra me ters for stu died com pounds
the quan ti ta ti ve op ti mi za tion was do ne by di rect in fu sion
of iso xi cam at a con cen tra tion of 1 μg/m L and a flow ra te
of 10 μL/min using a Ha mil ton syrin ge pump (Ha mil ton,
Re no, Ne va da). The ion sour ce pa ra me ters we re as fol -
lows: ion spray vol ta ge (IS): 5500 V; ne bu li zer gas (gas
1): 45 psi; tur bo gas (gas 2): 45 psi; tem pe ra tu re of the
hea ted ne bu li zer (TEM): 300 °C and cur tain gas (CUR):
10 psi. Ni tro gen (99.9%) from Peak NM20ZA was used
as the cur tain and col li sion gas. The ion path pa ra me ters
for iso xi cam we re as fol lows: dec lu ste ring po ten tial (DP):
10V; fo cu sing po ten tial (FP): 350V; en tran ce po ten tial
(EP): 10V, elec tron mul ti plier (CEM): 2500V; col li sion
cell en tran ce po ten tial (CEP): 44V; and col li sion cell exit
po ten tial (CXP): 25V, res pec ti vely. Da ta ac qui si tion and

pro ces sing we re ac com plis hed using the Ap plied Biosy -
stems Analyst ver.1.4.2 soft wa re.

3. Re sults and Dis cus sion

The sub ject of the pa per was to es tab lish a new, sim -
ple and pre ci se met hod for iden ti fi ca tion and quan ti ta tion
of isoxi cam. The con di tions for the analy sis we re es tab lis -
hed ex pe ri men tally, ba sed on eluo tro pic se ries. Fi nally,
de ter mi na tion was per for med on TLC si li ca gel 60 F254
pla tes as a sta tio nary pha se, with ethyl ace ta te : to lue ne :
buty la mi ne (2 : 2 : 1; v/v/v) as a mo bi le pha se. In the ob tai -
ned chro ma to grams only the peak from the ac ti ve sub -
stan ce (RF(ISO) ≈ 0.56) was vi sib le at a con cen tra tion le vel
of about 3 μg of iso xi cam per band. At hig her con cen tra -
tion le vels an ad di tio nal peak was ob ser ved at RF(X) ≈
0.40. The chro ma to grams ob tai ned from analy sis of dif fe -
rent con cen tra tions of iso xi cam are shown in Fi gu re 1.

To in ve sti ga te the ap pro pria te wa ve length for de ter -
mi na tion of isoxi cam, UV spec tra in the ran ge 200–400
nm we re ac qui red from the chro ma to grams. The spot ori -
gi na ting from isoxi cam (RF(ISO) ≈ 0.56) shows the cha rac -

Fi gu re 1. Typi cal den si to grams for iso xi cam (I) and its re la ted im -
pu rity (X), ob tai ned di rectly from the chro ma to gram.
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te ri stic ma xi ma at 256 and 350 nm (Fi gu re 2). For mo ni to -
ring a drug the wa ve length 350 nm was se lec ted. It was
ob ser ved that the re was no in ter fe ren ce from the mo bi le
pha se or ba se li ne di stur ban ce at 350 nm. The re fo re, it was
conc lu ded that this wa ve length was sa tis fac tory for analy -
sis of isoxi cam next to its re la ted im pu ri ties with sui tab le
sen si ti vity.

The li near re gres sion analy sis pa ra me ters for the ca li -
bra tion plot in the con cen tra tion ran ge of 25–220 μg of iso -
xi cam per m L sho wed a good li near re la tions hip (cor re la tion
coef fi cient, r = 0.9944) with re gard to peak area. The re gres -
sion equa tion thus ob tai ned from the ca li bra tion plot: y =
46.10x + 2433.0 (whe re y–peak area, x–con cen tra tion in
μg/m L), was used for quan ti ta ti ve es ti ma tion of isoxi cam in
sam ples. The va lues of the stan dard de via tion of the slo pe
(Sa), stan dard de via tion of the in ter cept (Sb) and stan dard er -
ror of es ti ma te (Se) we re 2.44, 307.0 and 460.8, res pec ti vely.

The met hod de ve lo ped is spe ci fic for stu died com -
po nents in the de fi ned con cen tra tion ran ge. The re are no
peaks in the re cor ded chro ma to grams from sol vents or
mo bi le pha se. The peak pu rity for isoxi cam was es ti ma ted
by com pa ring the spec tra at the peak start, peak apex, and
peak end po si tions. Mea su ring spots sho wed over la ying
spec tra. This in di ca tes that the spot was free of any in ter -
fe ren ce that might be pre sent in the analy sis. RF va lues for
isoxi cam we re 0.56 (Figure 1).

The re pea ta bi lity of sam ple ap pli ca tion and mea su re -
ment of peak area we re ex pres sed as %RSD. The de ve lo -
ped met hod was found to be pre ci se as the RSD va lues for

Fi gu re 2. UV spec tra for iso xi cam (1) and the ad di tio nal sub stan ce
at RF(X) ≈ 0.40 (2), ob tai ned di rectly from the chro ma to gram.

Tab le 1: The re sults of the de ter mi na tion for isoxi cam and its de gra da tion pro ducts in HCl and Na OH
so lu tions at 60 °C.

Con cen tra tion [%]
Ti me Imp.A Imp.B Imp.C Iso xi cam Imp.D
[day] (RF ≈ 0.12) (RF ≈ 0.30) (RF ≈ 0.41) (RF ≈ 0.56) (RF ≈ 0.65)

3 M HC l 1 19.07 – – 80.93 –
7 18.23 – 11.76 69.45 0.56

40 10.85 – 58.95 21.94 8.26
60 – 9.40 76.15 4.16 10.29

1 M HC l 1 9.01 – – 80.99 –
7 18.63 – 4.76 76.61 –

18 20.00 – 25.30 51.54 3.16
40 0.82 17.07 34.24 36.61 11.26
60 – 20.75 38.68 22.10 18.47

0.5 M HC l 1 3.98 – – 96.02 –
7 15.34 – 2.44 82.22 –

18 10.22 6.12 7.33 68.42 7.91
60 2.21 30.06 26.62 25.62 15.49

0.5 M Na OH 1 15.34 7.87 4.43 72.36 –
7 16.44 10.40 9.54 63.08 0.54

40 56.41 5.22 8.01 28.68 1.68
60 78.71 – 7.49 11.23 2.57

1 M Na OH 1 17.79 – – 82.21 –
7 26.59 5.91 2.07 65.43 –

18 43.65 8.28 5.28 41.18 1.61
40 63.69 – 9.89 22.14 4.28
60 77.89 – 12.79 2.42 6.90

3 M Na OH 1 3.17 – – 96.83 –
7 27.46 1.75 – 70.79 –

18 40.75 3.06 14.23 51.96 –
60 66.11 18.50 9.31 0.15 5.93

“0” – 100 % of iso xi cam
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re pea ta bi lity and in ter me dia te pre ci sion stu dies we re in the
ran ge 0.18 to 0.32%. LOD and LOQ we re found to be 0.22
and 0.67 μg per band, res pec ti vely. The low LOD and LOQ
va lues in di ca ted the high sen si ti vity of this met hod.

Such a conc lu sion led to furt her in ve sti ga tions fo cu -
sed on the be ha vior of isoxi cam in dif fe rent so lu tions at

two tem pe ra tu res for va ri ous in cu ba tion ti mes, thus on the
sui ta bi lity of the no vel met hod for de gra da tion stu dies.
TLC da ta ob tai ned on stress te sting of iso xi cam sug ge sted
that p H, tem pe ra tu re and in cu ba tion ti me af fect the ra te of
isoxi cam de gra da tion. The chro ma to grams ob tai ned un -
der stress con di tions of the sam ples sho wed ad di tio nal

Fi gu re 3. Typi cal den si to grams ob tai ned un der stress con di tions in aci dic (a) and ba sic (b) en vi ron ments (1-impurity A, 2-impurity B, 3-im pu rity
C, 4-iso xi cam, 5-impurity D).

Tab le 2: The re sults of the de ter mi na tion for isoxi cam and its de gra da tion pro ducts in HCl and Na OH
so lu tions at 120 °C

Con cen tra tion [%]
Ti me Imp.A Imp.B Imp.C Iso xi cam Imp.D
[h] (RF ≈ 0.12) (RF ≈ 0.30) (RF ≈ 0.41) (RF ≈ 0.56) (RF ≈ 0.65)

1 M HC l 1 1.73 – – 98.27 –
4 3.91 – – 96.09 –
8 5.57 – – 93.83 0.60

24 6.76 – – 91.11 2.13

0.5 M HC l 1 – – – 100 –
2 1.16 – – 98.84 –
4 2.73 – 3.24 94.03 –
8 4.34 – 7.34 88.32 –

24 4.24 – 7.25 84.33 4.18

0.1 M HC l 1 – – – 100 –
2 5.90 – – 94.10 –
6 5.86 – 0.12 94.02 –
8 6.54 – 1.10 90.66 1.70

24 8.12 – 1.98 82.28 7.62

0.1 M Na OH 1 5.86 – 17.85 76.29 –
4 27.10 – 12.53 50.35 10.02
8 98.22 – – 0.07 1.71

24 100.00 – – – –

0.5 M Na OH 1 9.92 8.24 9.99 71.85 –
2 29.59 10.47 22.24 21.08 16.62
8 89.94 – 1.12 – 8.94

24 95.03 – – – –

1 M Na OH 1 4.35 10.95 4.40 40.07 40.23
2 13.46 6.05 6.84 35.29 38.36
8 99.88 – – 0.12 –

24 100.00 – – – –

“0” – 100% of iso xi cam
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peaks with va ri ous RF va lues, next to the peak of iso xi cam
(Fi gu re 3).

The con cen tra tion of the drug was found to be chan -
ging from the ini tial con cen tra tion in di ca ting that iso xi -
cam un der goes de gra da tion un der aci dic and ba sic and
heat con di tions. The spots of de gra ded pro ducts we re
well-re sol ved from the drug spot. Re so lu tion fac tor va lues
(Rs) we re in the ran ge from 0.9 to 2.1 impl ying that all
spots we re suf fi ciently se pa ra ted. The le vel of de gra da tion
at dif fe rent stress con di tions, and the num ber of de gra da -
tion pro ducts with their RF va lues are shown in Tab les 1
and 2.

In sight in to the de gra da tion pro cess was de ter mi ned
ba sed on the de crea sing con cen tra tion of isoxi cam and in -
crea sing con cen tra tion of de gra da tion pro ducts. The na tu -
ral log (ln) of per cen ta ge drug re mai ning when plot ted
against ti me ga ve a straight li ne, which in di ca ted that the
de gra da tion pro cess of isoxi cam fol lo wed first-or der ki ne -
tics at se lec ted tem pe ra tu res.

In the chro ma to grams ob tai ned un der con di tions of
the acid and ba sic de gra da tion, four new pro ducts (RF(IA) ≈
0.12, RF(IB) ≈ 0.30, RF(IC) ≈ 0.41 and RF (ID) ≈ 0.65) we re
ob ser ved. The num ber and amounts of the de gra da tion
pro ducts of isoxi cam chan ged with hydroch lo ric acid and
so dium hydro xi de con cen tra tions, tem pe ra tu re and in cu -
ba tion ti me (Tab les 1, 2). It was found that wit hin the stu -
died HCl and Na OH con cen tra tions, de gra da tion of isoxi -
cam in ba sic so lu tions hap pens mo re quickly than in aci -
dic so lu tions. The ob tai ned ki ne tic and ther mody na mic
pa ra me ters are pre sen ted in Tab le 3.

Iso xi cam is com ple tely de com po sed in 1 mol l–1 Na -
OH af ter 8 h whe reas shor ter in cu ba tion ti mes and lo wer
ba si city show less de gra da tion at a slo wer ra te. In HCl
hardly any de gra da tion ta kes pla ce, in de pen dent of aci dity
and in cu ba tion ti me. The de gra da tion pro ducts ha ve been
iden ti fied using cha rac te ri stic pa ra me ters such as RF va -
lues, UV spec tra, and, ad di tio nally by HPLC-MS/MS
analy sis (Figures 1–4). The re sults in di ca te the pro ducts

ion mass spec tra ob tai ned from col li sion-in du ced dis so -
cia tion of the pro to na ted mo le cu lar ions of isoxi cam.

The po si ti ve io ni za tion of iso xi cam pro du ced
abun dant pro to na ted mo le cular ions [MH]+. The pro to -
na ted mo le cu les at m/z 336 re pre sent isoxi cam. Un der
the ex pe ri men tal con di tions, the ion mass spec tra of de -
gra da tion pro ducts of isoxi cam pro du ced an in ten se
frag ments at m/z 99 and 256 crea ted by the di vi sion of
an ami de bond. The ob tai ned MS spec tra al so in di ca te
the pre sen ce of ot her ions, i.e. at m/z 186, 202, 216.
Analy zing the de gra da tion pro cess of isoxi cam by TLC
re vea led the pre sen ce of four ad di tio nal peaks, next to
the peak de ri ved from isoxi cam, i.e. Imp.A, Imp.B,
Imp.C and Imp.D. The pro po sed de gra da tion path way
for isoxi cam so may lead to the crea tion of 5-methyloxa-
zol-2-ylami ne (m/z 99) and 4-hydroxy-2-methyl-2H-
1,2-ben zot hia zi ne-3-car boxy lic acid 1,1-dio xi de (m/z
256), and ot her pro ducts, less per si stent in term of the
as say. In Fi gu re 5 the pos sib le isoxi cam de com po si tion
reac tions ha ve been sum ma ri zed.

Tab le 3: Ki ne tic and ther mody na mic pa ra me ters des cri bing de gra -
da tion of isoxi cam.

Tem pe ra tu re HCl or Na OH con cen tra tion / 
Ki ne tic pa ra me ters

60 °C 3 M HC l 3 M Na OH
k = 5.48 · 10–4 k = 2.95 · 10–3

t0,1 = 192.15 t0,1 = 35.69
t0,5 = 1264.60 t0,5 = 234.92

1 M HC l 1 M Na OH
k = 7.11 · 10–4 k = 2.40 · 10–3

t0,1 = 148.10 t0,1 = 43.88
t0,5 = 974.68 t0,5 = 288.75

0.5 M HC l 0.5 M Na OH
k = 1.06 · 10–3 k = 2.04 · 10–3

t0,1 = 99.34 t0,1 = 51.62
t0,5 = 653.77 t0,5 = 339.71

120 °C 1 M HC l 1 M Na OH
k = 1.01 · 10–2 k = 8.41 · 10–1

t0,1 = 10.43 t0,1 = 0.13
t0,5 = 68.61 t0,5 = 0.82

0.5 M HC l 0.5 M Na OH
k = 1.40 · 10–2 k = 4.32 · 10–1

t0,1 = 7.52 t0,1 = 0.24
t0,5 = 49.50 t0,5 = 1.60

0.1 M HC l 0.1 M Na OH
k = 1.83 · 10–2 k = 3.03  ·10–1

t0,1 = 5.75 t0,1 = 0.35
t0,5 = 37.87 t0,5 = 2.29

Ea = 4.81  104 (1 M HC l)
Ea = 10.63  104 (1 M Na OH)

k – the sta bi lity con stants [h–1]; t0,1 – the ti me, con cen tra tion will
af ter which about 10% [h];
t0,5 – the ti me, con cen tra tion will de crea se about 50% [h]; Ea – the
energy of ac ti va tion [J/mol K]

Fi gu re 4. Pro duct ion mass spec tra of te sted sam ples in ESI mo de
(a-al ka li ne so lu tion; b, c-aci dic so lu tion).

a)

b)

c)
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As the re por ted met hods could ef fec ti vely se pa ra te
the drug from its de gra da ted pro ducts, it can be em plo yed
as a sta bi lity-in di ca ting one. The system sui ta bi lity tests
per for med ve ri fied the re so lu tion, ef fi ciency and re pea ta -
bi lity of the chro ma to grap hic system.

4. Conc lu sion

The no vel TLC-den si to me try met hod deve lo ped is
sim ple, ra pid and spe ci fic for the si mul ta ne ous de ter mi na -

tion of iso xi cam and its de gra da tion pro ducts. It was de -
mon stra ted that this met hod al lows for the se lec ti ve de ter -
mi na tion of the se analy tes wit hout any in ter fe ren ce from
the peaks of ma trix com po nents, and is use ful for the rou -
ti ne ap pli ca tion in the la bo ra tory. The analyst can mo ni tor
any of the stu died com pounds with a sin gle sam ple pre pa -
ra tion pro to col. The pre sen ted met hod can be used to de -
ter mi ne the pu rity of the drug avai lab le from va ri ous sour -
ces by de tec ting the re la ted im pu ri ties. The abo ve re sults
sho wed the sui ta bi lity of the met hod for the ki ne tic study
of iso xi cam. As the met hod se pa ra tes the drug from its de -
gra da tion pro ducts, it can be em plo yed as a sta bi lity-in di -
ca ting one.
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Fi gu re 5. The sche me of the pro po sed de gra da tion path way of iso -
xi cam in so lu tions un der stress con di tions.

Povzetek
Razvili in validirali smo enostavno, ob~utljivo in natan~no TLC denzitometri~no metodo za kvantitativno dolo~anje
izoksikama. Za lo~bo na TLC silikagel 60 F254 plo{~ah smo kot topilo za razvijanje uporabili etil acetat : toluen : butila-
min (2:2:1, v/v/v). Kvantitativno vrednotenje na osnovi denzitometrije smo izvedli pri λ = 350 nm. V okviru validacije
smo testirali naslednje analizne parametre: natan~nost (RSD < 1 %), specifi~nost, mejo zaznave (0,22 μg / nanos) in me-
ja dolo~anja (0,67 μg / nanos), linearnost (0,7 do 2,2 μg / nanos). S to metodo smo produkte nastale po kisli in bazi~ni
hidrolizi izoksikama pri razli~nih temperaturah lo~ili od izoksikama in jih identificirali na osnovi RF vrednosti, absorp-
cijskih spektrov in HPLC-MS/MS analize. Razvita TLC denzitometri~na metoda se lahko uporablja za identifikacijo in
dolo~anje izoksikama v zdravilih, za {tudije stabilnosti in kinetike razgradnih procesov ter kot presejalna metoda v far-
makolo{kih raziskavah.


