
307Acta Chim. Slov. 2012, 59, 307–314

De mi ra lay:  An Expe ri men tal De sign Ap proach to Op ti mi za tion of the Li quid Chro ma to grap hic ...

Scientific pa per

An Expe ri men tal De sign Ap proach to Op ti mi za tion 
of the Li quid Chro ma to grap hic Se pa ra tion Con di tions 
for the Deter mi na tion of Met for min and Gli benc la mi de 

in Phar ma ceu ti cal For mu la tion
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Ab stract
An op ti mi za tion metho do logy is in tro du ced for in ve sti ga ting the re ten tion be ha vior and the se pa ra tion fac tor of met for -
min, glic la zi de (I.S.) and gli benc la mi de. This in ve sti ga tion has been fo cu sed on studying the inf luen ce of p H va lue of
the mo bi le pha se, con cen tra tion of aceto ni tri le and co lumn tem pe ra tu re, which af fect a com ple te se pa ra tion of the chro -
ma to grap hic peaks of the se com pounds. The sig ni fi cant fac tors we re op ti mi zed using full fac to rial de sign. Re ten tion
fac tor and se pa ra tion fac tor were cho sen as de pen dent va riable. Op ti mum RP-LC chro ma to grap hic con di tions for the
se pa ra tion of met for min, gli benc la mi de and glic la zi de we re ob tai ned using X Ter ra co lumn (150 mm × 4.6 mm I.D., 5
μm). The re sults show that the per cen ta ge of ace to ni tri le are the most im por tant to in vesti ga te and s

spH of the mo bi le
pha se and co lumn tem pe ra tu re do not sig ni fi cantly af fect the ex pe ri men tal re sults. The pro ce du re was va li da ted for li -
nea rity, ac cu racy, pre ci sion and re co very. Quan ti ta tion was ac complis hed using in ter nal standard met hod. 

Key words: Met for min, gli benc la mi de, full fac to rial de sign, op ti mi za tion, RP-LC, va li da tion

1. In tro duc tion

The main groups of oral hypogly ce mic agents that
lo wer blood su gar are the bi gua ni des and the sul fony lu -
reas and re la ted com pounds. The sul fony lu reas are di vi -
ded tra di tio nally in to to groups or ge ne ra tions of agents.
All mem bers of this class of drugs are sub sti tu ted aryl sul -
fony lu reas. They dif fer by sub sti tu tions at the pa ra po si -
tion on the ben ze ne ring and at one ni tro gen re si due of the
urea mo iety. Sul fony lu reas cau se hypogly ce mia by sti mu -
la ting in su lin releases from pan crea tic β cells. Their ef -
fects in the treat ment of dia be tes ho we ver are mo re com -
plex. The acu te ad mi ni stra tion of sul fony lu reas to type II
dia be tes pa tients in crea ses in su lin re lea se from the pan -
creas. The most com monly pres cri bed me di ca tions for
type 2 dia be tes are met for min and the se cond ge ne ra tion
sulp hony lu reas, which inc lu de gli pi zi de, glic la zi de, gli -
benc la mi de, and glim pe ri de.1,2 Met for min is the only drug
of bi gua ni de. Main ac tion of met for min is pro bably to in -

crea se glu co se up ta ke across the cell mem bra ne in ske le -
tal musc le, alt hough they al so ha ve mi nor ef fects on glu -
co se ab sorp tion and he pa tic glu co se pro duc tion. It can be
com bi ned with sul fony lu rea drugs.1

Re ver sed pha se high per for man ce li quid chro ma to -
graphy (RP-LC) is a well-known techni que for oral
hypogly cae mic agents. Ge ne rally, a trial and er ror ap -
proach is adop ted to se lect the op ti mum chro ma to grap hic
con di tions of met for min and any sul fony lu reas (SU).
Such trial and er ror ap proach is cost, ti me and la bor in ten -
si ve and should be sub sti tu ted by mo re syste ma tic ap -
proac hes. In or der to avoid trial and er ror, a 23 fac to rial
de sign was used to choo se an op ti mum chro ma to grap hic
con di tion pro vi ding good se pa ra tion in rea so nab le run ti -
me. Fac to rial de sign is a type of ex pe ri men tal de sign in
which all the pos sib le com bi na tions of fac tors and le vels
are in ve sti ga ted.3,4 Sta ti sti cal ex pe ri men tal de sign is a
use ful tool to in ve sti ga te chro ma to grap hic pa ra me ters
such as per cen ta ge of or ga nic mo di fier and p H of the mo -
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bi le pha se and tem pe ra tu re of the chro ma to grap hic co -
lumn in or der to ob tain an op ti mum res pon se in a ap pro -
pria te analy sis ti me. In the no vel li te ra tu re the re are many
ex pe ri men tal de sign ap pli ca tions in de ve lop ment and op -
ti mi za tion of RP-LC methods. The op ti mi za tion of the in -
ve sti ga ted analy ti cal fac tors can be car ried out by appl -
ying dif fe rent forms of ex pe ri men tal de sign, such as full
fac to rial de sign, com po si tion de sign, frac tion fac to rial de -
sign, or ar ti fi cial neu ral net wor king.5–10

Alt hough, many met hods ha ve been re por ted in li -
tera tu re for the es ti ma tion of met for min, gli benc la mi de
and glic la zi de and ot her sulp hony lu reas in di vi dually, on-
ly a few met hods are avai lab le for the si mul ta ne ous es ti -
ma tion of met for min and sul fony lu reas.11–14 The re is no
sin gle RP-LC met hod re por ted for simul ta ne ous de ter mi -
na tion of the se com pounds using ex pe ri men tal de sign.
Be cau se ade qua te se pa ra tion bet ween the so lu tes was not
ac hie ved by chan ging one fac tor at a ti me, op ti mi za tion
of the li quid chro ma to grap hic met hod had to be per for -
med in a mul ti va riate man ner. The aim of op ti mi za tion
stra te gies is to ob tain the lar gest qua lity in for ma tion whi -
le carr ying out a li mi ted num ber of ex pe ri ments. Hen ce,
it was de ci ded to apply an ex pe ri men tal de sign for it to
get op ti mum chro ma to grap hic con di tions for si multane -
ous es ti ma tion of met for min and gli benc la mi de from
com bi ned tab let do sa ge form by using the ex pe ri men tal
de sign. For the sta ti sti cal ex pe ri men tal de sign, the vo lu -
me per cen ta ge of or ga nic mo di fier, s

spH of the mo bi le
pha se and tem pe ra ture of the chro ma to grap hic co lumn
we re cho sen as fac tors. 

2. Ex pe ri men tal
2. 1. Che mi cals and Rea gents

The com pounds used in this study we re kindly sup -
plied as fol lows: Gli benc la mi de, Glic la zi de and met for -
min we re purc ha sed from Sig ma (St. Lo uis, MO, USA).
Ace to ni tri le (ACN, HPLC gra de, Merck, Darm stadt, Ger -
many) was used as or ga nic mo di fier. Ace tic acid (gla cial)
and am mo nia (25–29%) (Rie del-de Haen, Ger many) we re
used for p H ad just ment of mo bi le pha se. 

2. 2. Ap pa ra tus

RP-LC analy ses we re per for med using a Shi mad zu
chro ma to grap hic system, con si sting of a Shi mad zu HPLC
system (Shi mad zu Tech no lo gies, Kyo to, Ja pan), a pump
(LC-10AD VP), a UV Vi sib le de tec tor (SPD-10AV VP),
co lumn oven (CTO-10AC VP) and a de gas ser system
(DGU-14A). A X Ter ra C18 analy ti cal co lumn (150 mm ×
4.6 mm I.D., 5 μm) pro vi ded by Wa ters® was used for all
the de ter mi na tions at dif fe rent tem pe ra tu re (25, 30, 35
°C). Re sults we re ac qui red and pro ces sed with the Shi -
mad zu LC So lu tion da ta system soft wa re (Shi mad zu
Tech no lo gies, Kyo to, Ja pan). 

p H mea su re ments of the mo bi le pha se we re car ried
out with a Mett ler To le do MA 235 p H/ ion analy zer
(Gmb H; Schwer zen bach, Swit zer land) using M–T com -
bi na tion p H elec tro de. p H mea su re ments can be pre fer -
red in a man ner si mi lar to that in wa ter, ta king into ac -
count the p H va lues pre vi ously as sig ned to pri mary stan -
dard buf fer so lu tions in the se me dia. Po tas sium hydro gen
phtha la te was used as pri mary stan dard buf fer re fe ren ce
so lu tions for the stan dar di za tion of this ap pa ra tus in ace -
to ni tri le-wa ter bi nary mixtu res in ac cor dan ce with IU-
PAC ru les.15–17

2. 2. 1. Pro ce du re

Throug hout this study, the mo bi le pha ses as sa yed
we re ace to ni tri le-wa ter at 45%, 50% and 55% (v/v), to de -
ter mi ne the op ti mum chro ma to grap hic con di tion. The p H
of the mo bi le pha se con tai ning 1 × 10–3 mol L–1 ace tic
acid was ad ju sted by the ad di tion of am mo nia. For each
com pound, the re ten tion ti me va lues (tR) we re de ter mi ned
from three se pa ra te in jec tions for every mo bi le pha se
com po si tion The dead ti me (tM) was mea su red by in jec -
ting ura cil so lu tion (Sigma, USA, 0.1%, in wa ter). The
flow ra te of the mo bi le pha se was kept con stant at 0.8 m L
min–1. Ba sed on the UV spec trum of the analy tes the de -
tec tor wa ve length was set at 225 nm. 

2. 2. 2. Pre pa ra tion of Stan dard So lu tions

Stock so lu tions of met for min, gli benc la mide and
glic la zi de (I.S.) (100 μg m L–1) we re pre pa red by dis sol -
ving ap pro pria te amounts of the com pounds in the mo bi le
pha se. A se ries of wor king stan dard solu tions we re pre pa -
red by furt her di lu ting the stock so lu tions in the mo bi le
pha se. All so lu tions we re pro tec ted from light and we re
used wit hin 24 h to avoid de com po si tion. The con cen tra -
tion of met for min and gli benc la mi de we re va ried in the
ran ge of 5–100 μg m L–1 and 2.5–80 μg m L–1, res pec ti vely
and the con cen tra tion of I.S. was main tai ned at a con stant
le vel of 8 μg m L–1. The peak area ra tio of each an ti-dia be -
tic drug to that of the I.S. was plot ted against the cor res -
pon ding con cen tra tion to con struct ca li bra tion graph. 

2. 2. 3. Analy sis of Tab lets

To de ter mi ne the con tent of met for min and gli benc -
la mi de si mul ta ne ously in con ven tio nal tab lets (la bel
claim: 500 mg of met for min per tab let; 2.5 mg of gli benc -
la mi de per tab let), 10 tab lets we re ac cu ra tely weig hed and
they we re ground to a fi ne pow der. An equi va lent to one
tab let was ac cu ra tely weig hed and trans fer red in to a vo lu -
me tric flask (100 m L). Ap pro xi ma tely 50 m L of ace to ni -
tri le was ad ded and the so lu tion was so ni ca ted for 12–15
min. The vo lu me was ma de up to 100 with ace to ni tri le.
Af ter fil tra tion, sui tab le ali quot of clear fil tra te was trans -
fer red to a vo lu me tric flask. An ali quot of 1 m L I.S. so lu -
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tion was ad ded this flask and vo lu me was ma de up to 10
m L with mo bi le pha se. The fi nal so lu tion was in jec ted di -
rectly on to the X Ter ra co lumn using the op ti mi ze con di -
tion. The amounts of met for min and gli benc la mi de we re
cal cu la ted from the cor res pon ding re gres sion equa tions.

2. 3. Re co very Stu dies from Tab lets 

To study the ac cu racy for de ve lo ped met hod, re co -
very stu dies we re car ried out by the ad di tion of known
amounts of the drug so lu tion and a con stant le vel of an in -
ter nal stan dard to pre-analy zed tab let sam ple in the ran ge
of li nea rity for both the com pounds. The per cent re co very
was cal cu la ted by using the area ra tios of the tar ge ted
drugs to the in ter nal stan dard. Af ter fi ve re pea ted ex pe ri -
ments, the ave ra ge re co very per cen ta ge of these com -
pounds was cal cu la ted for each com pound. Thus, the ef -
fect of com mon tab let for mu la tion ex ci pients on chro ma -
to grams (e.g., tail, broa de ning, etc.) was in ve sti ga ted. 

3. Re sults and Dis cus sion

3. 1. Op ti mi za tion of HPLC Con di tions
The re are diffe rent re ten tion pat tern of gli benc la mi -

de and met for min be cau se of their po la rity and pKa va -
lues. If the po la rity ran ge is too wi de, it will be dif fi cult to
find a set of chro ma to grap hic con di tions ab le to ob tain an
ade qua te se pa ra tion po wer for the least re tain so lu te and a
rea so nab le elu tion ti me for the most re tai ned ones. Fac to -
rial de signs are wi dely used in this type com plex se pa ra -
tion in vol ving se ve ral fac tors whe re it is ne ces sary to
study the joint ef fect of the se fac tors on a res pon se. This
work was iden tified the inf luen ce of RP-LC con di tions on
the re ten tion and the se pa ra tion fac tor of each analy te.
Based on ex pe ri men tal da ta analy sis, the best con di tions
for si mul ta ne ous de ter mi na tion of met for min, gli benc la -
mi de and in ter nal stan dard (glic la zide ) in phar ma ceu ti cal
for mu la tion we re ob tai ned. 

In the pre sent study, the da ta from 14 ex pe ri ments,
ar ran ged in 23 full fac to rial de sign, we re used to mo del the
re ten tion be ha vior of met for min, gli benc la mi de and glic -
la zi de (I.S.) (Tab le 1). The ef fect of the per cen ta ge of or -
ga nic mo di fier (x1), the p H of the mo bi le pha se (x2) and
co lumn tem pe ra tu re (x3) we re in ve sti ga ted on the res pon -
se fac tors se lec ted (Tab le 2). The fac tors we re ap plied in to
3-fac tor-2-le vel (23) fac to rial ex pe ri men tal de sign, with
their “high” (+) and “low” (–) va lues. The da ta of the full
fac to rial de sign per for med for op ti mi za tion of the con cen -
tra tion of ace to ni tri le, the s

spH va lue of mo bi le pha se, and
column tem pe ra tu re are des cri bed in Tab le 2. 

The met hod is ba sed on lo ga rithm of re ten tion fac tor
va lues using the se fac tors. Four teen ex pe ri ments (inc lu -
ding six ze ro-le vel ex pe ri ments) we re car ried out and the
lo ga rithm of re ten tion fac tor va lues for each peak was cal -
cu la ted. The re sults for lo ga rithm of re ten tion fac tor va -
lues for each ex pe ri men tal condi tion are pre sen ted in Tab -
le 3.

Ori gi nal da ta col lec ted un der dif fe rent ex pe ri men tal
con di tions were cor re la ted to the three va riab les and their
in te rac tions and mat he ma ti cal mo del was con struc ted.
The mat he ma ti cal mo dels we re es ti ma ted using a sta ti sti -
cal pro gram MINITAB 16 (Mi ni tab Inc, USA). In such a
de sign, the res pon se va riab les are mo de led by the fol lo -
wing equa tion:

(1)

whe re, y is the le vel of the mea su red res pon se, b0 is the in -
ter cept, b1,b2,b3,b12,b13,b23,b123, are the re gres sion coef fi -
cients, x1,x2,x3, stand for the main ef fects,  x1x2,x1x3,x2x3,
are the two- way in te rac tions bet ween the main ef fects
and  x1x2x3 is the three-way in te rac tion bet ween the main
ef fects.18 MINITAB 16 pro gram me was ap plied to pro cess
the da ta and to per form mul ti va ria te re gres sion re la ting
lo ga rithm of re ten tion fac tor va lues with in de pen dent pa -
ra me ters. The se equa tions per mit to pre dict the re ten tion
fac tor va lues at any point wit hin the fac tor do main. The
coef fi cient’s va lues of mat he mati cal mo del are gi ven in
Tab le 4.

The re is sig ni fi cant ef fect per cen ta ge of ace to ni trile
on log k for the se com pounds. The re is no sig ni fi cant inf -

Tab le 2: Fac tors and their cor respon ding le vels as per 23 fac -
to rial de sign

In de pen dent Fac tors Low High Ze ro
le vel (–) le vel (+) le vel (0)

(x1) ace to ni tri le (%) 45 55 50
(x2) p H of the 4.5 5.5 5.0

mo bi le pha se
(x3) Tem pe ra tu re (oC) 25 35 30

Tab le 1: Che mi cal struc tu res of met for min, gli benc la mi de and
glic la zi de

Com pounds Struc tu re
Met for min

Gli benc la mi de

Glic la zi de
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luen ce of s
spH of mo bi le pha se and co lumn tem pe ra tu re on

log k va lues. The con tour dia grams re la ted with the
change log k with x1 and x2 is shown in Fig. 1

In ad di tion, the re so lu tion (Rs) bet ween peak pairs
was se lec ted as a res pon se(the elu tion or der did not chan -
ge). Per cen ta ge of or ga nic mo di fier, the s

spH of the mo bi -
le pha se and the co lumn tem pe ra tu re. For es ti ma tion of
the inf luen ce of ex pe ri men tal con di tions, four teen ex pe ri -
ments (inc lu ding six ze ro-le vel ex pe ri ments) we re car ried
out and the Rs va lues for all con se cu ti ve peak pairs we re
cal cu la ted. The se re sults are pre sen ted in Tab le 5. The

coef fi cient’s va lues of mat he mati cal mo del are gi ven in
Tab le 6.

The va lues of coef fi cients b1for the all peak pairs de -

mon stra te that sepa ra tion of the com pounds as mea su red
by the Rs va lues is most af fec ted by the per cen ta ge of ace -
to ni trile. The va lue of the coef fi cients for the two fac tor
in te rac tion, b12 for gli benc la mide/met for min peak pair,
sho wed that Rs va lue is most af fec ted by the per cen ta ge of
ace to ni tri le and s

spH of the mo bi le pha se. The co lumn
tem pe ra tu re had the lo west inf luen ce on Rs va lues. The
com bi ned inf luen ce of x1 and x2 on Rs and x1 and x3 on Rs

Tab le 3: Co ded fac tor le vels for 23 full fac to rial de sign and lo ga rithm of re ten tion fac tor va lues of met for -
min, gli benc la mi de and glic la zi de

Expt No. x1 x2 x3 Met for min Gli bencla mi de Glic la zi de
1 – – – 0.028 0.763 1.014
2 + – – –0.080 0.448 0.570
3 – + – 0.048 0.776 1.035
4 + + – –0.076 0.469 0.592
5 – – + 0.043 0.779 1.037
6 + – + –0.077 0.454 0.577
7 – + + 0.054 0.792 1.046
8 + + + –0.076 0.470 0.594
9 0 0 0 0.020 0.600 0.777

10 0 0 0 0.022 0.598 0.777
11 0 0 0 0.024 0.601 0.779
12 0 0 0 0.023 0.601 0.779
13 0 0 0 0.026 0.602 0.779
14 0 0 0 0.023 0.601 0.778

Tab le 4: Re gres sion coef fi cients and pro ba bi lity va lues for lo ga rithm of re ten tion fac tor va lues

Fac tor ef fect Metfor min Gli benc la mi de Glic la zi de
(Coef fi cients/ P va lue) (Coef fi cients/ P va lue) (Coef fi cients/ P va lue)

b0 –0.017 (0.000) 0.619 (0.000) 0.808 (0.000)
b1 –0.060 (0.000) –0.159 (0.000) –0.225 (0.000)
b2 0.005 (0.001) 0.008 (0.000) 0.009 (0.000)
b31 0.003 (0.008) 0.005 (0.000) 0.005 (0.000)
b12 –0.003 (0.006) 0.001 (0.000) 0.001 (0.023)
b13 –0.002 (0.024) –0.003 (0.037) –0.003 (0.000)
b23 –0.002 (0.087) –0.0006 (0.001) –0.002 (0.002)
b123 0.0008 (0.337) –0.0006 (0.256) 0.0009 (0.053)

Figure 1: Con tour plots sho wing the inf luen ce of per cen ta ge of ace to ni tri le and p H of the mobi le pha se on the lo ga rithm of re ten tion fac tor va lues 



311Acta Chim. Slov. 2012, 59, 307–314

De mi ra lay:  An Expe ri men tal De sign Ap proach to Op ti mi za tion of the Li quid Chro ma to grap hic ...

are shown by the con tour dia grams (Fig. 2). The plots
clearly in di ca te that the goals set for Rs va lue can be ac -
hie ved at any point in the ex pe ri men tal do main.

As a re sult, the op ti mum chro ma to grap hic con di tions
we re pre dic ted using the log k equa tions. The da ta clearly

in di ca te that log k wit hin the ex pe ri men tal li mi ta tion can
be ob tai ned using lo wer and in ter me dia te per cen ta ge of
ace to ni tri le in the mo bi le pha se. The re ten tion fac tor (k) is
thought to be best bet ween 1 and 5.19 The re ten tion ti me of
met for min was found al so to be suf fi ciently high (tR = 2.49
min, k = 1.06) al lo wing com ple te se pa ra tion of met for min
from the sol vent peak. The re ten tion ti me of the last se pa -
ra tion com pound was less than 9 min. The re sults sho wed
that all peaks we re symme tric (tai ling fac tors ≈ 1.0). This
is the first study for si mul ta ne ous se pa ra tion met hod of
the se com pounds with 23 full fac to rial de signs. It is shown
that the best con di tions we re ace to ni trile-wa ter (50:50, v/v)
p H 5.0 at 30 °C for these com pounds. 

3. 2. Va li da tion of Analy ti cal Met hod

Af ter es tab lis hing the op ti mum chro ma to grap hic
con di tions for the se pa ra tion, li nea rity, pre ci sion, ac cu -
racy, li mit of de tec tion and li mit of quan ti fi ca tion were
de ter mi ned for met for min and gli benc la mi de. Re pre sen ta -
ti ve chro ma to grams of the com pounds in the op ti mi zed
con di tion are pre sen ted in Fig. 3. Fi nally, using the con di -

Tab le 5: Co ded fac tor le vels for 23 full fac to rial de sign and the Rs va lues of peak pairs

Elu ted peak pairs
Expt No. x1 x2 x3 Gli benc la mi de/ Glic la zi de/ 

met for min gli benc la mi de
1 – – – 16.083 9.734
2 + – – 10.100 3.775
3 – + – 16.096 10.012
4 + + – 10.596 3.953
5 – – + 16.098 9.711
6 + – + 10.091 3.703
7 – + + 15.945 9.420
8 + + + 10.394 3.863
9 0 0 0 13.130 6.400
10 0 0 0 13.107 6.456
11 0 0 0 13.059 6.445
12 0 0 0 13.028 6.451
13 0 0 0 13.086 6.431
14 0 0 0 13.068 6.436

(x1) ace to ni tri le (%); (x2) p H of the mo bi le pha se and (x3) co lumn tem pe ra tu re (°C)

Tab le 6: Re gres sion coef fi cients and pro ba bi lity va lues for Rs va lues

Fac tor ef fect Gli benc la mi de/ met for min Glic la zi de/ gli benc la mi de 
(Coef fi cients/ P va lue) (Coef fi cients/ P va lue)

b0 13.175 (0.000) 6.771(0.000)
b1 –2.880 (0.000) –2.948 (0.000)
b2 0.082 (0.001) 0.041 (0.002)
b3 –0.043 (0.019) –0.097 (0.000)
b12 0.117 (0.000) 0.044(0.002)
b13 –0.009 (0.497) 0.057 (0.001)
b23 –0.045 (0.017) –0.073 (0.000)
b123 0.003 (0.803) 0.069 (0.000)

Figure 2: Con tour plots sho wing the inf luen ce of per cen ta ge of
ace to ni tri le, p H of the mo bi le pha se and co lumn tem pe ra tu re on the
Rs va lues
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tions abo ve, a sa tis fac tory chro ma to grap hic peak re so lu -
tion was ob tai ned in a short analysis ti me as can be seen in
Fig. 3. For all com pounds, sharp and symme tri cal sin gle
peaks we re ob tai ned with good re so lu tion.

De ve lop ment and op ti mi za tion are im por tant and es -
sen tial steps when de ve lo ping new analy ti cal pro ce du res. In
this study, the quan ti ta ti ve de ter mi na tion of met for min, gli -
benc la mi de and glic la zi de (I.S.) was al so car ried out un der
the op ti mi zed con di tions. A wi dely used tech ni que of quan -
ti ta tion in vol ves the ad di tion of an in ter nal stan dard to com -
pen sa te for errors in the analy ti cal mea su re ments. As an in -
ter nal stan dard, glic la zi de was cho sen ta king in to ac count
that it was a com pound be lon ging to the sa me sul fony lu rea
fa mily of drugs. Glic la zi de has struc tu ral si mi la rity with gli -
benc la mi de but is mar kedly dif ferent from met for min.

System sui ta bi lity tests are used to ve rify that the re -
so lu tion and re pro du ci bi lity of the chro ma to grap hic sys-
tem are ade qua te for the analy sis to be do ne. System sui ta -
bi lity pa ra me ters li ke re ten tion fac tor, theo re ti cal pla te
num ber, re ten tion ti me, asym me try fac tor, se lec ti vity and
RSD% of peak height or area for re pe ti ti ve in jec tions. The
va lues for system sui ta bi lity pa ra me ters sho wed fea si bi lity
of this met hod for rou ti ne phar ma ceu ti cal ap pli ca tion.
System sui ta bi lity tests we re carried out on freshly pre pa -
red stan dard stock so lu tions of met for min and gli benc la -
mi de. Se lec ti vity fac tors we re 3.776 and 1.506, for met for -

and 7989 for met for min and gli benc la mi de, res pec ti vely. 
The ca li bra tion cur ves and equa tions for met for min

and gli benc la mi de we re cal cu la ted by plot ting the peak
area ra tios of the se com pounds to I.S. ver sus con centra tion
of the com pounds in the ran ge of 5–100 μg m L–1 for met -
for min and 2.5–80 μg m L–1 for gli benc la mi de (Tab le 7).
The li near re gres sion analy sis in di ca ted that the res pon se
of the RP-LC system was li near for the se com pounds. The
low va lues of SE of slope and in ter cept and hig her than
0.999 cor re la tion coef fi cient va lues for all com pounds we -
re es tab lis hed the pre ci sion of the pro po sed met hods. The
LOD and LOQ we re cal cu la ted from the fol lo wing equa -
tions by using the stan dard de via tion (s) of res pon se and
the slo pe (m) of the cor res pon ding ca li bra tion cur ve.20

(2)

(3)

The pre ci sion of the pro po sed met hod was per for -
med by fi ve re pli ca te in jec tions of met for min and gli benc -

min and gli benc la mi de un der op ti mi zed con di tions, res -
pec ti vely. The asym me try and re ten tion fac tors we re 1.12
and 1.058 for met for min; 1.07 and 6.014 for gli benc la mi de,
res pec ti vely. Num ber of theo re ti cal pla tes (N) was 3348

Figure 3: Chro ma to gram of stan dard mix tu re. 1. Met for min (60 μg m L–1), 2. Glic la zi de (170 μg m L–1), 3. Gli benc la mi de (280 μg m L–1). Ex pe ri -
men tal con di tions as in chro ma to grap hic pro ce du re.

Tab le 7: Sta ti sti cal eva lu tion of the ca li bra tion da ta of met for min and gli benc la mi de by RP-LC

Sample Li nea rity  Slo pe In ter cept S.E. S.E. Cor rel De tec tion Quan ti ta 
Ran ge of of Coeff. Li mit tion Li mit 

(μg m L–1) Slo pe In ter cept (μg m L–1) (μg m L–1)
Met for min 5–100 0.299 0.067 0.001 0.069 0.999 1.289 3.906
Gli benc la mi de 2.5–80 0.589 0.075 0.001 0.053 0.999 0.566 1.715
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re sults ob tai ned from the analy sis of tab let do sa ge form
are sum ma ri zed in Tab le 9. The quan ti ties found we re in
con for mity with the va lues clai med by the ma nu fac tu rers.

For chec king the ac cu racy, pre ci sion and se lec ti vity
of the pro po sed met hod and in or der to know whet her the
ex ci pients in phar ma ceu ti cal do sa ge form show any in ter -
fe ren ce with the analy sis, the pro po sed met hod was eva -
lua ted by re co very tests af ter ad di tion of known amounts
of pu re drug com pound to vari ous pre-analy zed for mu la -
tion of the se com pounds. The se re sults sho wed that the
pro po sed met hod had adequa te pre ci sion and ac cu racy
and con se quently can be ap plied to the de ter mi na tion of
met for min and gli benc la mi de wit hout any in ter fe ren ce
from inac ti ve in gre dients used in the se lec ted for mu la tion
(Tab le 9). Hen ce, the ac cu racy was de ter mi ned by using
the dif fe ren ce bet ween no mi nal and mea su red con cen tra -
tion (% Bias). It is conc lu ded that the met hod is suf fi -
ciently ac cu ra te and pre ci se in or der to be ap plied to tab let
do sa ge form. Chro ma to grams ob tai ned from phar ma ceu -
ti cal do sa ge form sam ple (with I.S.) are shown in Fig. 4. 

la mi de at dif fe rent con cen tra tions on dif fe rent days. The
ob tai ned in tra-day and in ter- day pre ci sion re sults are
shown in Tab le 8. The re sults in di ca ted suf fi cient pre ci -
sion of the de ve lo ped RPLC met hod.

When wor king on stan dard so lu tions and ac cor ding
to the va li da tion pa ra me ters, re sults en cou ra ge the use of
the pro po sed met hod des cri bed for the as say of met for min
and gli benc la mi de in their phar ma ceu ti cal do sa ge form.
On the ba sis of abo ve re sults, the pro po sed met hod was

ap plied to the di rect de ter mi na tion of the se com pounds in
their tab let do sa ge form, using the re la ted ca li bra tion
straight li nes wit hout any sam ple ex trac tion or eva po ra -
tion ot her than fil tra tion and ade qua te di lu tion steps. The

Figure 4: Chro ma to gram of met for min, gli benc la mi de and glic la zi de (I.S.) in phar ma ceu ti cal do sa ge form. 1. met for min, 2. glic la zide (I.S), 3. gli -
benc la mi de, Ex pe ri men tal con di tions as in chro ma to grap hic pro ce du re.

Tab le 8: In tra-Day and In ter-Day Pre ci sion of met for min and gli benc la mi de

Com pound Theo re ti cal Con cen tra tion In tra-Day mea su red RSD % In ter-Day mea su red RSD %
(μg m L–1) Con cen tra tion Mean Con cen tra tion Mean

Met for min 10 10.015 1.066 9.948 1.354
80 80.154 0.334 80.409 0.505

Gli benc la mi de 5 5.025 0.475 5.004 0.965
60 60.113 0.338 60.110 0.743

* Mean va lues re pre sent fi ve re pli ca te / for each con cen tra tion.

Tab le 9: Re sults of the as say and the re co very analy sis of met for -
min and gli bencla mi de in phar ma ceu ti cal do sa ge form

Met for min Gli benc la mi de
La be led claim (mg) 500 2.50
Amount found (mg)a 499.51 2.52
RSD % 0.383 1.608
Bias % 0.099 –0.0084
Ad ded (mg) 500 2.50
Found (mg)a 501.88 2.51
Re co very % 100.38 100.22
RSD % of re co very 0.172 1.174
Bias % –0.375 –0.217

a Each va lue of the mean fi ve ex pe ri ments



314 Acta Chim. Slov. 2012, 59, 307–314

De mi ra lay:  An Expe ri men tal De sign Ap proach to Op ti mi za tion of the Li quid Chro ma to grap hic ...

4. Conc lu sion

This pa per pre sents the first study dea ling with
the optimization of chro ma to grap hic separation of met for -
min and gli benc la mi de using a 23 full fac to rial de sign. Be -
cau se of dif fe rent po la rity of metfor min from gli benc la -
mi de, met for min tends to ha ve dif fe rent re ten tion pat tern
than gli benc la mi de. Op ti mum con di tions for se pa ra tion
are pre dic ted and mo dels pre sen ted to des cri be the re ten -
tion be ha vior of met for min, gli benc la mi de and glic la zi de
on X Ter ra co lumn are built. Chro ma to grap hic peak se pa -
ra tion is very sen si ti ve to mo bi le pha se ace to ni tri le con -
tent. Che mo me tric ap proach al lo wed us to re du ce the
num ber of ex pe ri ments nee ded for op ti mi za tion of chro -
ma to grap hic se pa ra tion.
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Povzetek
Uvedli smo optimizacijsko metodologijo za raziskave retencije ter separacijskih faktorjev metformina, gliklazida (I.S.)
in glibenklamida. Raziskava se osredoto~a na {tudij vpliva pH mobilne faze, koncentracije acetonitrila in temperature
kolone, ki vplivajo na popolno lo~bo kromatografskih vrhov za te spojine. Signifikantne faktorje smo optimizirali z
uporabo popolnega faktorskega na~rta. Retencijski faktor in separacijski faktor smo izbrali kot odvisni spremenljivki.
Optimalne RP-LC kromatografske pogoje za lo~bo metformina, glibenklamida in gliklazida smo dosegli s kolono X
Terra (150 mm × 4,6 mm I. D., 5 μm). Rezultati ka`ejo,  da je dele` acetonitrila najbolj pomemben, medtem ko pH mo-
bilne faze in temperatura kolone bistveno ne vplivata na rezultate eksperimenta. Postopek smo validirali za linearnost,
to~nost, natan~nost in izkoristek. Kvantifikacijo smo izvedli z metodo internega standarda.


