
INTRODUCTION
Cla vu lanic acid is a bi cyc lic β- lactam in hibi tor (Fig. 1), 

which shows in hi bi tion of many â- lactamase en zymes,
which are re spon si ble for the re sis tance of some bac te ria
to â-lactam an ti bi ot ics [15]. Cla vu lanic acid is more sta ble 
than some β-la ctam an ti bi ot ics. Moreo ver it is  sta ble
against gas tric ac ids, what re sults in im prove ment of an ti -
bac te rial ef fect of β- lactam an ti bi ot ics co- administered
to gether with it and in over com ing the bac te rial re sis tance
[11,18]. The pe nam analog- clavulanic acid com bi na tion
is fre quently used as the an ti bac te rial prepa ra tion for the
treat ment of many in fec tions caused by G(+) and G(-)
bac te ria [1,2]. Moreo ver, re cent stud ies have re ported that 
the com bi na tion of cla vu lanic acid with mero pe nem dem -
on strates high an timy co bac te rial ac tiv ity against
ex ten sively drug- resistant My co bac te rium tu ber cu lo sis
strains [5,7,8].

Re search re ports de voted to ana lyti cal stud ies on cla -
vu lanic acid, simi larly to phar ma cope ial guide lines (FP
IX, EP X and USP 25) [14,3,17], fo cus on the ap pli ca tion
of chro ma tographic pro ce dure in its iden ti fi ca tion. The
de ter mi na tion of cla vu lanic acid in bio logi cal ma trix is
based on the ap pli ca tion of an HPLC method [10,16]. The
lit era ture sources pro vide HPLC meth ods and de riva tive
spec tros copy, as the rec om mended ones for de ter mi na tion 
of cla vu lanic acid in phar ma ceu ti cal ma trix, in the pres -
ence other ac tive phar ma ceu ti cal sub stances [4,12,13].

The aim of the work was two- fold: to de velop short and 
in ex pen sive ana lyti cal meth ods for iden ti fi ca tion (UV,
FT-IR, DSC, TLC, HPLC) and de ter mine po tas sium cla -
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Fig. 1. Chemical structure of clavulanic acid



vu la nate (D-UV, HPLC-DAD) in the pres ence of de gra-
da tion prod ucts. 

MATERIAL AND APPARATUS
Po tas sium cla vu la nate, di luted was ob tained from

CHEMOS, Ger many. It is white or light yel low crys tal -
line pow der con tain ing 50% po tas sium cla vu la nate,
di luted, 50% sili con di ox ide (<2% im pu ri ties).

All other chemicals and sol vents were ob tained from
Merck KGaA (Ger many) and were of ana lyti cal grade.
High qual ity pure wa ter was pre pared by us ing the Mil li -
pore pu ri fi ca tion sys tem (Mil li pore, Mol sheim, France,
model Exil SA 67120).

The ul tra vio let meas ure ments were per formed by us -
ing an UV-VIS Lambda 20 spec tro pho tome ter equipped
with 1.0 cm- in- width quarts cells and con trolled by the
UV Win Lab soft ware. The in fra red spec tro met ric meas -
ure ments were de vel oped by us ing an FT-IR Bruker
Equi nox 55 spec trome ter equipped with a Bruker Hype -
rion 1000 mi cro scope. The dif fer ent scan ning calo rime try 
was per formed on a Met tler Toledo 822e. In a TLC
method, the de tec tion of po tas sium cla vu la nate spots was
per formed by UV 254 nm Spec tro line ENF-260C/F lamp.
A sil ica gel G60F254 (Merck, Darm stadt, Ger many) was
used as the sta tion ary phase. The chro ma tographic de ter -
mi na tions were per formed us ing a high per form ance
liq uid chro ma tograph con tain ing a Shi madzu pump,
model LC-6A, an UV-VIS de tec tor SPD-6AV (Shi -
madzu), a Rheo dyne 7120 with a 50 μL loop. 

EXPERIMNETAL 
AND THEORETICAL STUDIES

De riva tive spec tros copy (D-UV). The D-UV method
was de vel oped for iden ti fi ca tion stud ies and de ter mi na -
tion of con cen tra tion changes of po tas sium cla vu la nate in
the pres ence of re lated prod ucts, in clud ing deg ra da tion
prod ucts. The first- derivative of ad sorp tion spec tra
(ΔA/Δλ ) with Δλ = 4 nm and a scal ing fac tor = 10 were
ob tained. The am pli tudes of the first- derivative spec tra of
po tas sium cla vu la nate were meas ured at 228 nm. The po -
si tion of maxima of the first de riva tive spec tra of so lu tion
of po tas sium cla vu la nate (200 μg mL-1) were used for its
iden ti fi ca tion. The changes in val ues of the first-
 derivative spec tra were based on the dif fer ence be tween
maxi mum of am pli tude and the base line. The method was 
vali dated with re gards to se lec tiv ity, line ar ity, pre ci sion,
ac cu racy, ac cord ing to In ter na tional Con fer ence on Har -
moni za tion Guide lines [9]. De tec tion limit of and
quan ti ta tive limit  were cal cu lated. The se lec tiv ity of de -
ter mi na tion was ex am ined for the de ter mi na tion of
po tas sium cla vu la nate in the pres ence of deg ra da tion
prod ucts formed dur ing stress con di tions of hy droly sis
(acid, base) at 323K,  oxi da tion (H2O2) and ther mal deg ra -

da tion (323K). Pre ci sion of the as say was de ter mined in
re la tion to re peat abil ity (intra- day) and in ter me di ate pre -
ci sion (inter- day). In or der to evalu ate the re peat abil ity of
the meth ods, six sam ples were de ter mined dur ing the
same day for three con cen tra tions of po tas sium cla vu la -
nate. In ter me di ate pre ci sion was stud ied com par ing the
as says per formed on two dif fer ent days. The ac cu racy of
the method was de ter mined by re cov er ing po tas sium cla -
vu la nate from the pla cebo. The re cov ery test was
per formed at three lev els 80%, 100%, and 120% of the
nomi nal con cen tra tion of po tas sium cla vu la nate dur ing
deg ra da tion stud ies. Three sam ples were pre pared for
each re cov ery level. The so lu tions were ana lyzed and the
per cent age of re cov er ies was cal cu lated from the cali bra -
tion curves. The LOD and LOQ pa rame ters were
de ter mined from the re gres sion equa tion for po tas sium
cla vu la nate: LOD = 3.3 Sy/a, LOQ = 10 Sy/a; where Sy is
a s tan dard er ror and a is the slope of the cor re spond ing
cali bra tion curve.

In fra red spec tros copy (FT-IR). The vi bra tional in fra -
red spec tra of po tas sium cla vu la nate were re corded
be tween 400 and 7000 cm-1 in poly crys tal line pow der, at
room tem pera ture. A com bi na tion of ex peri men tal and
theo reti cal stud ies was per formed for ana lyz ing the vi bra -
tional FT-IR spec tra of po tas sium cla vu la nate. In ten sity
and po si tions of bands for po tas sium cla vu la nate were es -
ti mated. By em ploy ing the theo reti cal ap proach, it was
pos si ble to elimi nate ne ces sity of us ing ref er ence stan -
dards. 

Dif fer ent scaning calo rime try (DSC). The analy sis was 
car ried out for about 2.5 mg of dry sam ples of po tas sium
cla vu la nate di rectly weighed on the plati num pans at
a heat ing rate of 10°C min-1. The meas ure ments were per -
formed un der ni tro gen con tinu ous flow (100 mL min-1) in
the tem pera ture range be tween 0 and 350°C. 

Thin layer chro ma tog ra phy. Po tas sium cla vu la nate so -
lu tions were pre pared by dis solv ing 10 mg in metha nol to
get the con cen tra tion of 1.0 mg mL-1.The iden ti fi ca tion of
po tas sium cla vu la nate was  per formed by us ing a mo bile
phase con sist ing of 90 vol umes of ace to ni trile and 10  vol -
umes of wa ter. As the sta tion ary phase, sil ica gel TLC
plates were used. The wave length of the DAD de tec tor
was set at 254 nm. A nin hidrin rea gent was used as in di ca -
tor of spots of po tas sium cla vu la nate.

High per form ance liq uid chro ma tog ra phy. The de ter -
mi na tion of po tas sium cla vu la nate  in the pres ence of its
deg ra da tion prod ucts was pos si ble when a Li chro spher
RP-18 col umn, 5 μm par ti cle size, 250 mm × 4 mm
(Merck, Darm stadt, Ger many) was used as the sta tion ary
phase. The mo bile phase con sisted of 4 vol umes of ace to -
ni trile and 96 vol umes of am mo nium ace tate, 12 mmol
L-1. The flow rate of the mo bile phase was 1.2 mL min-1.
The wave length of the DAD de tec tor was set at 220 nm.
The method was vali dated with re gard to se lec tiv ity, line -
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ar ity, pre ci sion, ac cu racy. Limit of de tec tion and
quan ti ta tive limit were cal cu lated. The pro ce dure of
prepa ra tion of sam ples of po tas sium cla vu la nate and vali -
da tion stud ies was the same as the one used dur ing
de ter mi na tion of po tas sium cla vu la nate by de riva tive
spec tros copy [9].

Theo reti cal stud ies. In or der to in ter pret the ex peri -
men tal re sults of vi bra tional spec tros copy, quan tum
chemi cal cal cu la tions were also per formed. The mo lecu -
lar ge ome try of cla vu lanic acid was op ti mized by means
of a den sity func tional the ory (DFT) method with the
B3LYP hy brid func tional and 6-31G(d,p) ba sis set. All
the cal cu la tions were made us ing the Gaus sian 03 pack -
age [6].

RESULTS AND DISCUSSION
For iden ti fi ca tion of po tas sium cla vu la nate, the fol low -

ing ana lyti cal me tods were de vel oped: D-UV, FT-IR,
TLC, DSC, HPLC.

As the first ana lyti cal method for iden ti fi ca tion of po tas -
sium cla vu la nate, the first- derivative spec tro pho tome try of
ab sorp tive spec tra was pro posed. The first- derivative
spec tra of po tas sium cla vu la nate are shown in Fig 2.
First- derivatives spec tra have char ac ter is tic shapes of
curves and maxima of am pli tude at λ=228 nm.

For iden ti fi ca tion stud ies of po tas sium cla vu la nate by
us ing FT-IR spec tra, the nor mal mode as sign ment for acid 
is based on the com pari son of cal cu lated and ex peri men tal 
IR ab sorp tion spec tra (Fig. 3). Cal cu lated spec tra cor re -
spond quite well with the spec tra ob tained in the
ex peri men tal way. Band po si tion shifts and the dis ap pear -
ance of some of them in the theo reti cal spec tra are the
re sults of the fact that the cal cu la tion was made on the iso -
lated mole cules within the har monic ap proxi ma tion while 
the real mole cule is not iso lated and vi brates an har moni -
cally. The most char ac ter is tic bands were as so ci ated with

vi bra tions of bands oc cur ring in 4:5 bi cyc lic ring and 2-
 hydroxyethylidene sub stitu ent. These po si tions of bands
and their in ten si ties can be used dur ing iden ti fi ca tion of
do ripe nem stud ies. The most im por tant bands are also col -
lected in Ta ble 1. 

Ta ble 1. Main char ac ter is tic of vi bra tional modes of acid be fore
and af ter deg ra da tion from ex peri men tal and cal cu lated spec tra

Wavenumber

(cm-1) Band assignment

Wavenumber

(cm-1)
Band

assign-
mentTheor. 

data
Exper. 
data

Theor.
data

Exper.
data

  628   658 O-H b in COOH group + 
C-N-C b in penem ring 1351 1370

C-N s 
in penem
ring + 
C-H w/b

  740   766

C-C s between penem
ring and COOH group 
+ CH2 t at penem 
+ breathing penem ring

1777 1593 C=C s 

  885   896
C-C s + C-O s in penem 
ring + C-C-C b in penem 
ring and COOH group

1857 1702
C=O s 
in COOH
group

  936   944
C-N s in penem ring 
+ C-C s between penem 
ring and COOH group

1916 1793
C=O s 
at penem
ring

1040 1040
C-O s in acetaldehyde
group + C-O-C b 
in penem ring

2961 2870
C-H s in
acetaldeh
yde group

1084 1091

C-C s in acetaldehyde
group + C-O s in
acetaldehyde group 
+ CH2 t at penem ring

3042 2911
C-H s in
acetaldeh
yde group

1153 1151 C-O s in COOH group 
+ CH2 t 3074 2961

C-H s 
at penem
ring

1164 1151
C-N s in penem ring 
+ C-C s in penem ring
+ CH2 t + O-H b

3101 3015
C-H s 
at penem
ring

1230 1229 C-N s in penem ring  
+ CH2 w/t  

Vi bra tional modes: s – stretch ing, b – bend ing, w – wag ging, t – twist ing.

The DSC stud ies were ap plied to char ac ter ize the po -
tas sium cla vu la nate con sid er ing its be hav iour un der the
in flu ence of heat fac tor. The ther mo gra vimet ric curves for 
the po tas sium cla vu la nate, ob tained with a heat ing rate of
10oC min-1in ni trile at mos phere showed the pos si ble to
ver ify three deg ra da tion pro cesses at 190°C and 210°C
(Fig. 4).

The iden ti fi ca tion of po tas sium cla vu la nate in di lu tions 
was stud ied by us ing a TLC method. The iden ti fi ca tion of
spot of po tas sium cla vu la nate was per formed on sil ica gel
TLC plates with ace to ni trile and wa ter as the mo bile
phase. Un der de vel oped con di tions, it was pos si ble to ob -
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Fig. 2. Experimental and calculated FT-IR spectra of potassium
clavulanate

Fig. 3. The first-derivative spectrum of potassium clavulanate (c
= 200 μg mL-1)



serve the spots of po tas sium cla vu la nate di luted at Rf =
0.6, simi lar to the stan dard ref er ence (Fig. 5).

The ba sis of ap pli ca tion of the HPLC method for stud -
ies of iden tity of po tas sium cla vu la nate was the
com pari son of its peak elu tion time with the time of ref er -
ence stan dard (tR=3.8 min). The de ter mi na tion of
po tas sium cla vu la nate was ob tained in the re sults of ap pli -
ca tion of a Li chro spher RP-18 col umn (5 μm, 250 mm × 4
mm) as sta tion ary phase and ace to ni trile and of am mo -
nium ace tate (12 mmol L-1) as the mo bile phase mix ture.

The wave length of the DAD de tec tor of po tas sium
cla vu la nate was set at 220 nm (Fig. 6).

Ta ble 2. Vali da tion pa rame ters for de ter mi na tion of po tas sium
cla vu la nate by us ing d-UV and HPLC-DAD

Vali da tion pa rame ter D-UV method HPLC-DAD method

Line ar ity
18.8–156.2 μg mL-1

(n = 23, r = 0.9990)
(0.50–60) 102 μg mL-1

(n = 23, r = 0.9990)
Level of con cen tra tion Intra- day pre ci sion, RDS %

80%
100%
120%

25.0 [μg mL-1], 1.21%
62.5 [μg mL-1], 0.24%
100.0 [μg mL-1], 0.16%

400.0 [μg mL-1], 0.81%
500.0 [μg mL-1], 2.02%
600.0 [μg mL-1], 1.77%

Level of con cen tra tion

100.0 [μg mL-1] 100%
0.6975
0.3870
0.2525

500.0 [μg mL-1]  
100% 2.3361

Re cov ery stud ies RDS %

25.0 [μg mL-1] 80%
62.5 [μg mL-1] 100%
100.0 [μg mL-1] 120%

400.0 [μg mL-1] 
80% 0.6732
500.0 [μg mL-1] 
100% 1.0145
600.0 [μg mL-1] 
120%     0. 6839

LOD [μg mL-1] 6.064 [μg mL-1] 28.841[μg mL-1]
LOQ [μg mL-1] 18.321 [μg mL-1] 87.397[μg mL-1]

For de ter mi na tion of po tas sium cla vu la nate, the fol -
low ing ana lyti cal meth ods were de vel oped: D-UV and
HPLC-DAD. Both meth ods were vali dated ac cord ing to
In ter na tional Con fer ence on Har moni za tion Guide lines
[9]. The vali da tion pa rame ters (range of line ar ity, pre ci -
sion, ac cu racy, LOD, LOQ) were col lected in Ta ble I.
Se lec tiv ity of de ter mi na tions of D-UV method was stud -
ied by car ry ing out de ter mi na tion of po tas sium
cla vu la nate in the pres ence of deg ra da tion prod ucts
formed dur ing acidic, ba sic hy droly sis, oxi da tion, and
hemo ly sis in solid state. The de ter mi na tion of po tas sium
cla vu la nate by us ing  HPLC-DAD was checked by
evalua tion of spetro pho tomet ric pu rity peak of po tas sium
cla vu la nate in de graded sam ples.

CONCLUSIONS
The dif fer ent ana lyti cal tech niques were de vel oped to

iden tify and de ter mine po tas sium cla vu la nate in di lu tions. 
In com pa ra ble to rec om mended pre vi ously ana lyti cal pro -
ce dures based on the ap pli ca tion of HPLC method, they
meet ad di tional re quire ments and im prove some cri te ria:
short time of analy sis, in ex pen sive ana lyti cal so lu tions
and greener ap proach to phar ma ceu ti cal analy sis. The ap -
pli ca tion of theo reti cal stan dard ref er ence sub stance is the 
new so lu tion per mit ting elimi na tion of us ing ref er ence
stan dard dur ing ana lyti cal stud ies. 
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