
INTRODUCTION
Topi cal for mu la tions are im por tant class of drug de liv -

ery sys tems and their use in ther apy is be com ing more
wide spread. These for mu la tions range in phys ico chemi -
cal na ture from solid through semi solid to liq uid [6, 11].
Cur rently, a great at ten tion is de voted to the hy dro gels,
which are three- dimensional and hy dro philic poly mer
net works ca pa ble of swel ling in wa ter or bio logi cal flu ids
and re tain ing a large amount of flu ids in the swol len state.
They can be pre pared from a wide va ri ety of ma te ri als of
natu ral ori gin, as well as from ma te ri als ob tain eded by the
modi fi ca tion of the natu ral struc tures and from the syn -
thetic poly meric ma te ri als [14]. The most com mon
gel ling agents are: hy droxyethyl cel lu lose, hy droxy pro pyl 
meth yl cel lu lose, meth yl cel lu lose, so dium car boxy meth -
yl cel lu lose and dif fer ent types of Car bo pol.  Hy dro gels
for der ma to logi cal use have sev eral favourable fea tures
such as mu co ad he sion, tixo tropy, spreadabil ity or ease of
re moval. Fur ther more, hy dro gels are char ac ter ized by
ease of ap pli ca tion and bet ter per cu ta ne ous ab sorp tion
than other semi solid prepa ra tions. They pro vide faster and 
more com plete re lease of the drug from the ve hi cle to the
skin and there fore, in the con se quence - higher ef fi cacy
than creams or oint ments [1, 7].

Ke to cona zole (KET), an imi da zole de riva tive, is
a broad spec trum an ti fun gal agent ac tive against a wide
va ri ety of fungi and yeasts [2]. The main ef fect of imi da -
zoles is the in hi bi tion of the sterol- 14α- desmetilase, an
en zy matic sys tem de pend ent upon cy to chrome P 450,
with a con se quent in hi bi tion of fun gal de vel op ment. KET
is used in the treat ment of topi cal or sys tem atic fun gal in -
fec tions [3, 4] and is avail able in dif fer ent topi cal
prepa ra tions (cream, sham poo) and orally as tab lets. KET
is prac ti cally in solu ble in wa ter (0.0866-17.0 μg/ml) [5,
16] and in aque ous so lu tions it might un dergo chemi cal
deg ra da tion (oxi da tion and hy droly sis) [12].

As there is no reg is tered hy dro gel with KET on Pol ish
phar ma ceu ti cal mar ket, the aim of this study was to for -
mu late and evalu ate sta bil ity and phys ico chemi cal
prop er ties of hy dro gels con tain ing KET, ob tained with
dif fer ent types of poly mers (hy droxyethyl cel lu lose or
Car bo pol 980). 

MATERIALS AND METHODS
Rea gents. Ke to cona zole was re ceived as a gift sam ple

from Pol far mex S.A. (Kutno, Po land), Car bo pol 980 (Lu -
bri zol, Cleve land, USA), hy droxyethyl cel lu lose – HEC
(A.C.E.F., Piacenza, It aly), pro pyl ene gly col, sodium hy -
drox ide po tas sium, di hy dro gen phos phate, di so dium
hy dro gen phos phate, an hy drous so dium ace tate an hy -
drous, ace tic acid 80% an hy drous (Chem pur, Piekary
Śląskie, Po land), 2- bromo-2 nitropropane-1,3- diol-bro -
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no pol – (Sigma Ald rich, Buchs, Swit zer land),  Tween 80
(Sigma Ald rich, Ma drid, Spain), etha nol 99.9% (J.T.
Baker De ven ter, Hol land), metha nol HPLC grade (Witko, 
Łódź, Po land), ace to ni tryle HPLC grade, so dium do de cyl
sul phate – SDS (POCH, Gli wice, Po land), wa ter HPLC
grade (Milli-Q Rea gent Wa ter Sys tem, Bille rica, USA).
All used reagents were of ana lyti cal grade. Com mer cially
avail able prod uct – Ni zo ral® cream 20 mg/g (Janssen-
 Cilag, Beerese, Bel gium); com po si tion: pro pyl ene gly col, 
stea ryl al co hol, ce tyl al co hol, sor bi tan stearate, Poly sor -
bate 60, iso pro pyl mirys tate, an hy drous so dium sul phite,
Poly sor bate 80, pu ri fied wa ter. 

Prepa ra tion of hy dro gels. The hy dro gels were pre -
pared by dis solv ing bro no pol in pu ri fied wa ter and then
poly mers (Car bo pol 980 or HEC) were gradu ally added
into the so lu tion and stirred for 60 min utes us ing me chani -
cal stir rer (IKA- Werke, Staufen, Ger many) un til
ho moge nous mix ture ap peared. In the case of Car bo pol
980, mix ture was neu tral ized (to pH 6.0) by drop wise ad -
di tion of 20% so lu tion of so dium hy drox ide to al low gel
for ma tion. Mix ing was con tin ued un til a trans par ent gel
was re ceived and af terwards KET (sus pen sion in pro pyl -
ene gly col) and Tween 80 were added (Ta ble 1). The
blend ing was con tin ued to get uni form dis per sion of KET
in the hy drogel.

Ta ble 1. Com po si tion of vari ous hy dro gels with ke to cona zole

Ingredient (g)
Formulation code

H1 H2 H3 C1 C2 C3
Ketoconazole 2.0  2.0  2.0     2.0    2.0 2.0
HEC 2.75 2.75 2.75 – – –
Carbopol 980 –- – –     0.4     0.4 0.4
20% NaOH – – –     q.s q.s. q.s
Propylene
glycol 10.0 10.0   10.0   10.0   10.0 10.0  

Tween 80 –   1.0     3.0 –     1.0 3.0
Bronopol   0.01 0.01   0.01   0.01   0.01   0.01
Purified water 
(up to) 100.0 100.0 100.0 100.0 100.0 100.0

Sta bil ity stud ies. The pre pared hy dro gels were stored
for six months in sealed poly eth yl ene con tain ers at three
dif fer ent con di tions (4°C±2°C, 25°C±2°C and 60%±5%
RH, 40°C±2°C and 75%±5% RH) in cli matic test cham -
bers (CTC 256, Memmert, Schwa bach, Ger many; KBF
115, Binder, Tut tlin gen, Ger many) and evalu ated pe ri odi -
cally for vis cos ity, pH, par ti cles size, KET con tent and
in spected visu ally for their col our, ho mo ge ne ity and con -
sis tency.

Vis cos ity meas ure ment. The vis cos ity was de ter -
mined us ing Brook field vis come ter (Model RVDV-III
Ul tra, Brook field En gi neer ing Labo ra to ries, Mid dle bro,
USA) at 25°C±1°C and shear rate 11,52 s-1. 

pH de ter mi na tion. The pH was meas ured by a glass
elec trode of the pH- meter Orion 3 Star (Thermo Sci en -
tific, Waltham, USA).

Par ti cle size analy sis. Sam ples from the hy dro gels
were ob served (un der mag ni fi ca tion x 100) us ing op ti cal

mi cro scope Motic BA 400 equipped with a cam era (Moti -
con, Wetzlar, Ger many). The par ti cles size was ad di tio-
n ally evalu ated to see if none ex ceeds the 90 μm size limit
[9].

HPLC analy sis. KET con tent was de ter mined af ter
ex trac tion of sam ples of hy dro gels in etha nol 99.9% and
ana lysed by HPLC method in the fol low ing con di tions:
Zor bax Eclipse XDB-C18, 4.6 X 150 mm, 5 μm col umn
(Ag ilent, Wald bronn, Ger many); mo bile phase: metha nol
– ace to ni trile – phos phate buffer pH 6.8 (35:40:25, v/v);
flow rate 1.0 ml/min; de tec tion at 231 nm; re ten tion time
4.0 min [15].

In vi tro re lease of KET. The re lease of KET was
meas ured through natu ral cel lu lose mem brane (Cupro -
phan®, Me di cell, Lon don, UK) us ing an en han cer cell
with sur face area of 3.80 cm2. The en han cer cell con sisted
of a Tef lon load ring, a cap, a mem brane and a drug res er -
voir. This study was per formed us ing the USP dis so lu tion
ap pa ra tus 2 (Er weka DT 600, Heusen stamm, Ger many)
with mini ves sels (250 ml) and mini pad dles. Sam ples,
each of about 3 g, were placed in the en han cer cell which
was then im mersed in the dis so lu tion ves sel con tain ing
100 ml of the re lease me dium (ace tic buffer pH 5.5 with
1% SDS), to pro vide the sink con di tions, pre vi ously
warmed and main tained at 32°C ± 0.5°C. Agi ta tion was
af fected by mini pad dle at 75 rpm and ali quots each of
2 ml were with drawn from the re lease me dium at dif fer ent 
time in ter vals (0.5, 1, 2, 3, 4, 5 and 6 h). With drawn sam -
ples were re placed by equal vol umes of fresh re lease
me dium. The sam ples were as sayed by HPLC method as
de scribed ear lier and the con cen tra tion of KET was de ter -
mined from the pre vi ously con structed cali bra tion curve.
Stan dard cali bra tion curve in dis so lu tion me dium was lin -
ear over the range of 1-100 μg/ml (R2 = 0.9991). All the
ex peri ments were car ried out in trip li cate.

RESULTS AND DISCUSSION
Dur ing de sign ing topi cal for mu la tions, the choice of

the base as well as the ad di tion of ex cipi ents plays an im -
por tant role, be cause they de ter mine the qual ity of the
fi nal dos age form, its sta bil ity and ef fi cacy. In this study,
six hy dro gels with KET and two dif fer ent poly mers (Car -
bo pol 980 or HEC) were pre pared (Ta ble 1) and their
phys ico chemi cal prop er ties and sta bil ity were evalu ated. 

Car bo pol 980 is poly acrylic acid poly mer with highly
ion ized car boxyl groups af ter neu trali za tion that leads to
gel for ma tion due to the elec tro static re pul sion among the
charged poly mer chains. The hy dro gels of Car bo pol 980
are trans par ent, have an at trac tive ap pear ance, good mu -
co ad he sive prop er ties and pleas ant cool feel ing. HEC is a
non- ionic wa ter solu ble cel lu lose de riva tive, it does not
in ter fere with the pH of fi nal for mu la tion and is widely
used in phar ma ceu ti cal prod ucts. 
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Hy dro gels may tend to de hy drata tion and lose their
origi nal tex ture, there fore pro pyl ene gly col as a hu mec -
tant was added. Pro pyl ene gly col and Tween 80 were also
used to im prove solu bil ity of KET and as per mea tion en -
han cers. Ini tially, as pre serva tives, ni pag ines M and P
were cho sen, but be cause of their in ter ac tion with KET
(ap pear ance of pink col our af ter 7 days of stor age of hy -
dro gels at 40°C±2°C and 75%±5% RH), bro no pol as
com pati ble ex cipi ent was used (Ta ble 1). Bro no pol is
solu ble in wa ter, it shows an ti bac te rial ac tiv ity at pH
5.0-8.0 and it is gen er ally re garded as a non- irritant and
non sen si tiz ing ma te rial at con cen tra tions up to 0.1% w/v
[10].

It was noted that all ob tained hy dro gels had uni form
ap pear ance and ap pro pri ate con sis tency. They were eas ily 
spread able with ac cept able ad he sion and good me chani -
cal prop er ties. Over time it ap peared that there were no
sig nifi cant changes in or gano lep tic prop er ties of pre pared
hy dro gels (data not shown). A topi cal dos age form needs
to have a semi solid con sis tency, to be eas ily spread able on 
the skin and able to re main in the ap pli ca tion site. There -
fore, vis cos ity of pre pared hy dro gels dur ing 6 months
stor age at dif fer ent tem pera ture and rela tive hu mid ity
con di tions was moni tored. In hy dro gels stored 6 months
at 4°C±2°C, 25°C±2°C and 60% ± 5% RH no sig nifi cant
changes in Car bo pol 980 and HEC hy dro gels vis cos ity
were observed (viscosity was about 13000 mPa·s and
12700 mPa·s, re spec tively). How ever, hy dro gels stored
for 6 months at 40°C±2°C and 75%±5% RH have be come
slightly more fluid (from 13008 mPa·s to 12833 mPa·s in
Car bo pol 980 hy dro gels and from 12700 mPa·s to 10959
mPa·s in HEC hy dro gels) and in HEC hy dro gels stored at
this con di tions sedi men ta tion of KET was ad di tion ally
ob served.

The pH value of all pre pared hy dro gels was set in the
range 6-7 not to af fect deg ra da tion of KET, which is sta -
ble at pH 6-8 [12]. How ever, in HEC hy dro gels stored 14
days at 40°C±2°C and 75%±5% RH, de cline of pH was
re ported. Con se quently it might cause deg ra da tion of
KET and de crease of its ac tiv ity. In Car bo pol 980 hy dro -
gels, stored for 6 months at all ana lyzed con di tions of
tem pera ture and rela tive hu mid ity, no pH changes were
noted.

Dur ing 6 months of stor age par ti cle size in any of the
hy dro gels was not higher than ac cept able 90 μm [9] and
ranged 31-36 μm. 

KET con tent, de ter mined by HPLC method, in Car bo -
pol 980 hy dro gels was within ac cept able limit 90 - 110%
[13], but in HEC hy dro gels stored at 40°C±2°C and
75%±5% RH sig nifi cant changes in KET con cen tra tion
was ob served (Ta ble 2), what might be the con se quence
of the sedi men ta tion of KET par ti cles. It should also be
noted that no ad di tional peaks in the chro ma tograms of

ana lyzed sam ples were ob served, what in di cates sta bil ity
of KET.

Ta ble 2. Con tent of ke to cona zole in ex am ined hy dro gels stored
for 6 months at dif fer ent con di tions of tem pera ture and rela tive
hu mid ity
Formu-
lation
code

Ketoconazole content (%)*
Days of storage

0 14 30 90 180
 4°C±2°C and 60%±5% RH

H1 97.09±2.86 93.53±0.92 92.08±2.19 95.05±2.62 92.91±0.50
H2 91.78±1.09 94.23±1.53 98.10±.01 92.80±2.27 105.36±2.36
H3 93.90±1.03 93.45±1.14 98.83±1.44 101.90±1.57 99.28±1.81
C1 96.82±0.51 101.85±0.87 96.15±4.78 104.00±0.91 104.55±1.14
C2 94.68±1.55 98.70±0.87 97.70±0.26 97.50±0.07 96.30±0.58
C3 97.81±0.64 99.70±0.36 101.50±0.81 98.95±1.37 98.30±0.28

25°C±2°C and 60%±5% RH
H1 97.09±2.86 98.10±4.29 93.14±1.06 97.85±0.77 95.05±0.24
H2 91.78±1.09 96.02±1.37 105.70±1.03 101.45±0.70 103.20±2.61
H3 93.90±1.03 94.90±0.77 95.41±2.31 102.45±2.82 94.70±2.77
C1 96.82±0.51 98.55±0.45 98.10±0.04 98.20±0.23 103.85±1.47
C2 94.68±1.55 99.60±0.72 95.85±0.54 97.20±1.17 98.30±0.54
C3 97.81±0.64 100.35±0.25 99.75±0.08 100.85±0.53 99.00±1.14

40°C±2°C and 75%±5% RH
H1 97.09±2.86 76.73±0.09 88.81±0.83 99.35±0.23 115.75±1.50
H2 91.78±1.09 97.60±2.28 94.71±1.52 105.00±0.06 98.35±1.18
H3 93.90±1.03 97.90±1.25 89.62±1.56 109.65±0.13 107.15±1.82
C1 96.82±0.51 97.90±0.35 93.35±0.95 93.35±0.89 102.95±0.43
C2 94.68±1.55 95.65±0.61 98.05±0.76 107.10±3.22 100.65±1.92
C3 97.81±0.64 98.40±0.51 96.85±0.42 99.70±3.23 102.70±0.59

*The mean val ues ± S.D. from three in de pend ent ex peri ments are
pre sented

Re sults of the drug re lease evalua tion fol lowed for 6 h
are pre sented in Fig ure 1. As it is shown, KET was sig nifi -
cantly faster re leased from HEC hy dro gels. Af ter 6 h, the
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Fig. 1. Amount of ketoconazole per unit area (μg/cm2) released
from HEC hydrogel formulations (a), Carbopol 980 formulations 
(b) and commercially available product (control)



cu mu la tive amount of KET re leased from HEC hy dro gels
was in the range 24.16-30.07 μg/cm2, whereas at the same
time the amount of KET re leased from Car bo pol 980 hy -
dro gels ranged 18.70-23.37 μg/cm2. This might be
proba bly caused by dif fer ences in poly mers prop er ties.
Car bo pol 980 is an acidic poly mer and the com pounds,
which are weak bases like KET, are slower re leased from
hy dro gels based on this poly mer [8]. It was also found that 
the amount of re leased KET sig nifi cantly in creased with
in creas ing con cen tra tion of Tween 80, which im proved
KET solu bil ity. The great est amount of KET was re leased 
from hy dro gels H3 and C3 with 3% ad di tion of Tween 80
(30.07 μg/cm2 and 23.37 μg/cm2, re spec tively). For com -
pari son, the amount of KET re leased from com mer cially
avail able prod uct was defi nitely lower (14.96 μg/cm2).

CONCLUSIONS
In this study, it was dem on strated that hy dro gels with

KET based on Car bo pol 980 pos sess the most fa vour able
physi cal and chemi cal prop er ties. They were more sta ble
at dif fer ent tem pera ture con di tions and rela tive hu mid ity
than HEC hy dro gels and no sig nifi cant pH, vis cos ity or
KET con tent changes were no ticed dur ing 6 months of
stor age.  In vi tro re lease study showed that KET was defi -
nitely faster re leased from all pre pared hy dro gels than
from com mer cially avail able prod uct. The ob tained re -
sults sug gest that de signed Car bo pol 980 hy dro gels can be 
suc cess fully used as ve hi cle of KET to topi cal dos age
forms.
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