
INTRODUCTION
As sess ment of the physi cal prop er ties is one of the

most im por tant cri te rion for de ter min ing the use of skin
prepa ra tions. It is as sumed that they have a sig nifi cant in -
flu ence on the way of ap pli ca tion, sta bil ity and
avail abil ity of the thera peu tic sub stance from dos age
form. Ibu pro fen has anti- inflammatory and an al ge sic
prop er ties. It is used in the form of so lu tions, syr ups, sus -
pen sions, cap sules, tab lets, oint ments, emul sions, creams, 
gels, sup posi to ries [1-4,6-9,14].

The prepa ra tions with ibu pro fen for ex ter nal use are
easy to ap pli ca tion and the side ef fects are mar ginal in
com pari son with prepa ra tions per os. The low pene tra tion
of ibu pro fen across the stra tum cor neum of the skin re -
quires the ad di tion of the sub stances that im prove the
pene tra tion and solu bil ity. Nowa days, a lot of stud ies are
con ducted for de vel op ing the com po si tions of the most ef -
fec tive and non- toxic skin prepa ra tions [2,5,10-13].

That is why the aim of the study was com pari son of the
physi cal prop er ties of oint ments and gels with ibu pro fen
pre pared ac cord ing to our own rec ipe, us ing two dif fer ent
meth ods and de ter mi na tion of the in flu ence of the method
on the spread abil ity, vis cos ity and con sis tency.

MATERIALS AND METHODS
Chemi cals. Ibu pro fen (acid form) – was re ceived as the

gift from IOL Chemi cals and Phar ma ceu ti cals Lim ited,
In die; White pet ro la tum – Ga lenic Labo ra tory, PZF
„CEFARM– LUBLIN” S.A.; Lano lin – Ga lenic Labo ra -
tory, Olsz tyn; Liq uid par af fin – Ga lenic Labo ra tory,
Olsz tyn; SPEZIOL C 16 PHARMA (cethyl al co hol),
SPEZIOL C 18 PHARMA (stea ryl al co hol), SPEZIOL C
16-18 PHARMA (ceth yl stea ryl al co hol), SPEZIOL V 95
G (so dium lauryl sul phate), Lanette N PH (typ A: ce tyl al -
co hol, so dium ce tyl sul phate), Lanette W PH (typ B: ce tyl
al co hol, so dium clauryl sul phate), CUTINA GMS V PH
(glyc erol mono stearate), POLYSORBATE 20 PH were
re ceived as the gift from Cog nis, IMCD, War saw, Span
80 – Fluka Chemika, Swit zer land, – MIGLYOL 812 –
Chemische Werke Wit ten,Ger many,- Meth y lo ce lu lose –
Ald rich, Ger many, Syn talen MP was re ceived as the gift
from 3V SIGMA SPA, IMCD, War saw, Tri etha -
noloamine P.P.H. POCh, Gli wice, Gli cerol 86% –
Ga lenic Labo ra tory, Olsz tyn,- 1,2- Propylenoglykol – La -
bor che mie Apolda, Niemcy, Spirytus rec ti fied – P.P.H.
„STANLAB”, Lublin, Me tanol – P.P.H. „STANLAB”,
Lublin, Pro pyl hy droxy ben zo ate (Saligin PP) was re -
ceived as the gift from Sali cy lates and Chemi cales PVT
Ltd. Meth yl hy droxy ben zo ate ( Saligin MP) was re ceived
as gift from Sali cy lates and Chemi cales PVT Ltd.
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Apparatus. Rheotest 2 Medingen viscometer (NRD);
Extensometr (Department of Precision Mechanics in
Lublin), Ultratermostat MLW UH 4 – VEB MLW Medingen
Germany; Mixer Cito-UNGUATOR c/s – EPRUS, Magnetic
stir rer – Typ MM 6.

PREPARATIONS
Prepa ra tions used to the stud ies had the char ac ter of

oint ments ( PI – PIII), creams (PIV) and gels (PV-PVI).
They were pre pared by two meth ods: melt ing on the wa ter 
bath (PI-PVI) and mix ing in the un qua tor (PIu- PVIu).

Method1. Four oint ment ve hi cles were pre pared
(PI-PIV). Solid and semi solid in gre di ents were melted
and then af ter cool ing, the liq uid in gre di ents were added
(Tab. 1).

Ta ble 1.Com po si tion of the prepa ra tions with ibu pro fen
Components (g) PI PII PIII PIV PV PVI

Ibuprofen 2 2 2 2 2 2
White petrolatum 90 47.2 30 25 - -
Lanolin 5.5  2.25 - - - -
Liquid paraffin - - 35 - 10
Gliceride - - - - 10 10
PPG-1,2 - - - 10 - 10
MC - - - - 2.5 -
Syntalen - - - - - 1
Cutina - - - 4.0 - -
Speziol C16 0.5 - 30 - - -
Speziol C16-18 -   9 - - - -
Speziol V95 -   1 - - - -
Lanettae WPH - - - 6 - -
Migylol 812 - - - 7.5 - -
Tween 20 - - - 5.5 - -
Span80 - - - 5.5 - -
TEA - - - - - 1.5
Saligin PP 0.1 0.1 0.1 0.1 0.1 0.1
Saligin MP 0.1 0.1 0.1 0.1 0.1 0.1
Ethanol (960g/l) 3   3 3 10 20 20
Water - 35.25 - 28.5 55.5 55.5

Prepa ra tion V (PV) was pre pared on the ground gel,
dis solv ing meth yl cel lu lose in wa ter at 70°C. Af ter cool -
ing, the other liq uid sub stances were added to ob tain the
gruel and mixed.

Prepa ra tion VI (PVI) was pre pared by dis solv ing Syn -
talen MP in the mix ture of in di cated sol vents. The
so lu tion was neu tral ized by the ad di tion of tri etha no la -
mine al low ing ge la tion pro cess.

Af ter cool ing of the oint ment, ve hi cles and gels, the
etha nol so lu tion of ibu pro fen was added. Af ter so lidi fi ca -
tion they were moved to the marked boxes (PI-PVI).
Ob tained prepa ra tions had the uni form color and con sis -
tency.

Method 2. The sec ond part of prepa ra tion was made in
the un qua tor by mix ing solid and liq uid com po nents of the 
ve hi cle. In the end the etha nol so lu tion of ibu pro fen was
added, mixed again to ob tain the uni form con sis tency and
moved to the marked boxes (PIu- PVIu). All prepa ra tions
were stored at 4°C. The com po si tion of the oint ments and
gels is given in Ta ble 1.

INVESTIGATIONS
The de ter mi na tion of spread abil ity and vis cos ity of all

prepa ra tions ob tained with two meth ods was in ves ti gated.

De ter mi na tion of the spread abil ity
The spread abil ity was de ter mined in the ex ten so me ter

at 25±0.1°C. The re la tion ship be tween the load and
stretched sur face of the prepa ra tion (cm2) are showed on
Fig. 1, 2.

De ter mi na tion of the vis cos ity
Rheologi cal stud ies were per formed at 25°C and 32°C,

us ing “RHEOTEST-2” with ther mo stat. The meas ure -
ments were per formed at shear rate Dr be tween 0.17-40 s-1.
The flow curves are showed on Fig. 3, 4, 5.

RESULTS AND DISCUSSION
All the prepa ra tions were white or cream, al most

transpar ent. They were plas tic and well spread able on the
skin. Their con sis tency was uni form and they have not di -
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a) ex tem pore                                                     b) af ter three  month
Fig. 1. The dependence between the load and the surface of the
preparations

a) ex tem pore                                                                  b) af ter three month
Fig. 2. The dependence between the load and the surface of the
preparations



vided into lay ers. The prepa ra tions ob tained in the
un qua tor were softer than these ones ob tained by tra di -
tional method.

Ta ble 2.Vis cos ity pa rame ters of prepa ra tions at shear rate to
2.7s-1

 Preparations
τr↑

[0.1 Pa]
η↑

[ mPa·s]
τr↓

[0.1 Pa]
η↓

[mPa·s]
PI   4104 152000   3924 145333
PIu   2446   90592   2055   76111
PII   9218 341407   9198 340667
PIIu   8880 328889   8850 327778
PIII 12550 464815 12550 464815
PIIIu 10803 400111 10780 399259
PIV   8514 315333   8279 306630
PIVU   6582 243778   6329 234407
PV   3789 140333   3648 135111
PVu   2872 106370   2660   98518
PVI   9185 340185   9140 338518
PVIu   8885 329074   8815 326481

Figure 2 showed that prepa ra tions ob tained in un qua tor 
(method 2) had bet ter spread abil ity, ex cept for the PIVu,
where the spread abil ity was slightly smaller (about 2.4%). 
Much bet ter spread abil ity was ob served for the oint ments
pre pared in un qua tor with Syn talen MP, PIIIu with ce tyl
al co hol and liq uid par af fin.

The prepa ra tion PIII with ad di tion of liq uid par af fin
and ce tyl al co hol had the low est spread abil ity. The spread
sur face of the prepa ra tions in creased from 10% (PIII) to
50% (PI,PV). The ad di tion of ce tyl al co hol to lano line and 
emul si fi ers such as: Tween 20 and Span 80 sig nifi cantly
im proved the spread abil ity of the prepa ra tions.

The spread abil ity of the stud ied prepa ra tions has not
changed af ter one month of the stor age at 4°C. The fig ures 
show that the spread abil ity in creased from 4% to 13%.

The flow curves were per formed as the de pend ence be -
tween shear stress ôr(0.1Pa) and shear rate Dr (s-1) (Fig. 3,
4, 5). The course of the curves at 20°C in di cates that all
prepa ra tions have non- Newtonian char ac ter of flow ing.
The curves in crease ini tially quite quickly at shear rate Dr
(0.17-1.0 s-1) in the prepa ra tions PII and PIIa, PIV and
PIVu, PVI and PVIu ; at Dr (0.17- 0.5 s-1) – PIII and PIIIu; 
at Dr (0.17-10.0 s-1) – PV and PVu but then they move in
straight lines. The shear stress has the slower non lin ear in -
crease to the shear rate, thus the vis cos ity of these
prepa ra tions de creases with the in crease of shear rate.

At the cho sen shear rate Dr = 2.7s-1 the vis cos ity of the
prepa ra tions was com pared. The prepa ra tion PIu had the
low est vis cos ity (90593 mPa· s), PVu - a lit tle more higher 
(106370 mPa· s), PIII and PIIIu – the high est (464815
mPa· s and 400111 mPa· s) [Tab. 3].

The oint ments and gels pre pared by tra di tional method
had higher val ues of vis cos ity than these mixed in the un -
qua tor. Moreo ver, the rheo grams show the oc cur rence of
phe nome non of thix ot ropy. The hys tere sis loop ar eas
were cal cu lated un der the as cend ing (H↑) and de scend ing 
(H↓) curves and the dif fer ence be tween these ar eas. All
the for mu la tions showed the posi tive thix ot ropy. The
prepa ra tions pre pared in the un qua tor had the lower hys -
tere sis loop ar eas, the oint ment with vase line, lano line and 
ce tyl al co hol – the big gest (PI: 2606 u.j., PIu: 2171 u.j.),
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Fig. 3. Rheograms of preparations ( PI, PIu, PII, PIIu) with
ibuprofen

Fig.  4. Rheograms of preparations (PIII, PIIIu, PIV, PIV u) with
ibuprofen

Fig. 5. Rheograms of preparations (PV,PVu,PVI,PVIu) with
ibuprofen



and for the oint ments with ad di tion of many emul si fi ers
and emul si fy ing ve hi cles PIV: 1779 u.j. and PIVu: 1605
u.j. The oint ments PII and PIIu with ce to stea ryl al co hol,
so dium lauryl sul fateand 35.2% of wa ter and PIII with liq -
uid par af fin and ce tyl al co hol had the low est hys tere sis
loop ar eas (PII: 84 u.j., PIIu: 174 u.j., PIII: 174 u.j., PIIIu :
166 u.j.). Gels had simi lar, quite small mag ni tude of hys -
tere sis loop ar eas [Tab. 3].

Ta ble 3. Hys terezis loop  ar eas ob tained for the prod ucts PI-PVI
i PIu- PVIu

Preparations
Surface area

H↑ (0.1 Pa·s-1)

Surface area

H↓ (0.1 Pa·s-1)

Hysteresis loop
areas

Δ H(0.1Pa·s-1)
PI 303950 301344 2606
PIu 233735 231564 2171
PII   22594 224834   110
PIIu   21584   21499     84
PIII   28589   28415   174
PIIIu   22894   22728   166
PIV   66140   64381 1757
PIVu   52869   51263 1605
PV 237543 237285   258
PVu 213050 212810   240
PVI   38894   38667   229
PVIu   37878   37714   165

CONCLUSIONS
1. All prepa ra tions have non- Newtonian flow char ac ter.
2. The com po si tion and prepa ra tion method in flu ences

the con sis tency, spread abil ity and vis cos ity.
3. Gels have the best spread abil ity, the prepa ra tions with

the ad di tion of par af fin – the small est. It can be the
bioa vail abil ity cri te rion.

4. Af ter 3 months of stor age at 4°C there were no sig nifi -
cant changes in the phys ico chemi cal prop er ties of the
prepa ra tions.
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