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AB STRACT
In this pa per, we pre sented the tech nol ogy of prepa ra tion, as well as qual ity evalua tion meth ods of the lipo philic gel based on a me dium
chain tri glyc eride (MCT) – Mi glyol 812. In so do ing, glyc eryl stearate and glyc eryl dibe hen ate were used as the gel ling agents. The com -
pounded gels were ana lyzed in terms of or gano lep tic prop er ties, mi cro scopic analy sis, and rheo logi cal prop er ties (yield point, thix ot -
ropy, vis cos ity at shear rates 10, 100 and 1000 s-1). Fol low ing this, two model ac tive sub stances: hy dro cor ti sone (2%) as the lipo philic one,
and oxytetra cy cline hy dro chlo ride (0,5%) as the hy dro philic one, were in cor po rated into gels made of Mi glyol 812 and 15% glyc eryl
stearate. Af ter this, the in flu ence of these ac tive sub stances on the prop er ties of gel was in ves ti gated. Moreo ver, a spec tro pho tomet ric
method of con tent evalua tion of these sub stances in a gel was es tab lished.
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INTRODUCTION
Oleo gels are semi solid for mu la tions and con sist of an or -

ganic liq uid gelled with ap pro pri ate  poly mers or other
suit able aux il iary sub stances. These are not as well in ves ti -
gated as hy dro gels, but can be come an in ter est ing drug
for mu la tion. Due to the lack of wa ter in such oleo gels, it is
pos si ble to in cor po rate ac tive phar ma ceu ti cal sub stances
that are un sta ble in the pres ence of wa ter. Among these are
an ti bi ot ics which can of ten un dergo a hy dro lytic deg ra da -
tion [9]. There fore, by way of the ap pli ca tion within
a li po philic base, one prob lem brought about with the phys -
ico chemi cal in sta bil ity of semi solid for mu la tions, may be
elimi nated. In for mu lat ing such drugs, manu fac tur ers might
there fore take into con sid era tion the de vel op ment of  semi -
solid for mu la tions which do not con tain wa ter, and at the
same time, have rheo logi cal prop er ties simi lar to hy dro gels
[1, 2, 7].

Oleo gels are more com monly pre pared by dis solv ing a g -
el ling agent in heated sol vent. Usu ally, the con cen tra tion of
gel ling agent does not ex ceed 15 per cent and in re gard to car -
bo hy drates, de riva tives ex ist that are even at 0.1 per cent [4,
6]. Af ter cool ing the sys tem, as a re sult of the var ied chemi -
cal in ter ac tions (hy dro gen bonds, van der Waals forces,
elec tro static dipole- dipole in ter ac tions) be tween sol vent and 

gel ling agent mole cules, a net work struc ture is formed. The
af fin ity of this two com po nents of an oleo gel guar an tees the
sta bil ity of the sys tem and pre vents  phase par ti tion [3, 5, 8].

In this study, as a con tinu ous phase me dium chain, the
tri glyc eride (MCT) Mi glyol 812 was used.

MATERIALS AND METHODS
S u b  s t a n c e s : Mi glyol 812 Ph. Eur. 5.0 Caelo, Ger -

many; Glyc eryl stearate, Degussa Goldschmidt GmbH,
Es sen, Ger many; Hy dro cor ti sone, Ph.Eur. 5.0, Pharma Cos -
met ics, Kraków, Po land; Oxytetra cy cline hy dro chlo ride,
Ph.Eur. 5.0, Caelo, Ger many; Glyc eryl dibe hen ate, Gat te -
fosse Sas, Saint Priest Ce dex, France; Metha nol pure.,
POCH S.A., Gli wice, Po land; Chlo ro form pure, POCH
S.A., Gli wice, Po land.

G e l  p r e  p a  r a t i o n : Mi glyol 812 was heated in a beaker
to the tem pera ture of 75°C and agi tated (375 rpm), a gel ling
agent was then added (see Ta ble 1), and agi ta tion was con -
tin ued un til dis so lu tion was com pleted. Fol low ing this,
agi ta tion was con tin ued with out heat ing to ob tain the ap pro -
pri ate con sis tency of the gel. All tests were per formed af ter
24 hours. 

A c  t i v e  s u b  s t a n c e s : hy dro cor ti sone (2%) and oxyte-
tra cy cline hy dro chlo ride (0.5%) were in cor po rated into se -
lected for mu la tions of these pre pared gels (see Ta ble 1).

The com po si tion of gels in terms of aux il iary sub stances
was de vel oped mainly based on   lit era ture data. The con cen -
tra tion of ac tive sub stances was as sumed based on stan dard
con cen tra tions used in health care.

Corresponding author
* De part ment of Phar ma ceu ti cal Tech nol ogy, Fac ulty of Phar macy,
   Col le gium Me di cum in Bydgoszcz, Ni co laus Co per ni cus Uni ver sity, 
   2 Ju rasza Str., 85-089 Bydgoszcz, Po land
   e- mail ad dress: lu kasz palkowski@cm.umk.pl



Vol. 25, 1, 64–67 65

The influence of excipients on physicochemical properties of Miglyol 812 – based oleogels

Ta ble 1. Com po si tion of oleo gels (in grams per 100 g of gel)

Ingredient
Formulation

A B C D D* E F G
Glyceryl stearate 8.0 10.0 12.0 15.0 14.625
Glyceryl
dibehenate 10.0 12.0 15.0

Hydrocortisone 2.0
Oxytetracycline
hydrochloride 0.5

Miglyol 812 92.0 90.0 88.0 85.0 82.875 90.0 88.0 85.0

A n a  l y t i c a l  p r o  c e  d u r e : Ac tive sub stances were ex -
tracted from the lipo philic base with a mix ture of 0.1 M
hy dro chlo ric acid (sol vent for oxytetra cy cline hy dro chlo -
ride) and chlo ro form (sol vent for hy dro cor ti sone). The
sam ple of chlo ro form ex tract was then di luted with metha -
nol, and the ab sor bance (242 nm wave length) was meas ured. 
The sam ple of aque ous so lu tion was then di luted with buffer
(pH = 2), and the ab sor bance (269 nm wave length) was
meas ured. Ex tracts from pla cebo ma te rial were used as
a blank. The quan tity of ac tive sub stances was cal cu lated from
the cali bra tion curves (see fig ures be low) pre pared ear lier.

A sta tis ti cal evalua tion of the ob tained data was per -
formed with STATISTICA soft ware. A con ducted analy sis
of vari ance re vealed re gres sion equa tions that fit the em piri -
cal data to 99.98% for hy dro cor ti sone and to 99.99% for
oxytetra cy cline hy dro chlo ride. The re sults are pre sented in
Ta bles 2 and 3.

Ta ble 2. Sta tis ti cal pa rame ters for the oxytetra cy cline hy dro chlo ride
cali bra tion curve

Parameter Value
Regression equation y=358.58+0.0118
Correlation coefficient r r=0.9999

Regression coefficients a=358.58
b=0.0118

Average error of estimation of parameter “a” sa=1.1937

Significance level of parameter “a” p=0.0000
(p<0.05)

Average error of estimation of parameter “b” sb=0.00185

Significance level of parameter “b” p=0.001389
(p<0.05)

Ta ble 3. Sta tis ti cal pa rame ters for the hy dro cor ti sone cali bra tion
curve

Parameter Value
Regression equation y=445.86-0.0228
Correlation coefficient r r=0.9998

Regression coefficients a=445.86
b=-0.0228

Average error of estimation of parameter “a” sa=2.076

Significance level of parameter “a” p=0.0
(p<0.05)

Average error of estimation of parameter “b” sb=0.003209

Significance level of parameter “b”
p=0.000102
(p<0.05)

Rheo  log i  ca l  m ea s  u re  me n ts : All measure ments
were per formed at 20 C us ing a rheo me ter Rheo test RN 4.1,
Med in gen, Ger many. The de vice was equipped with a cone-
plate sys tem (65 m gap). 

RESULTS AND DISCUSSION
The oleo gels con tain ing glyc eryl stearate as the gel ling

agent at a con cen tra tion of 8, 10 and 12 per cent were un sta -
ble, and these liq ue fied and di vided into sepa rate lay ers
dur ing stor age. In ad di tion, for mu la tions A and B di vided
into sepa rate phases in the sec ond week of stor age. How -
ever, for mu la tion C, which con tained a higher con cen tra tion
of gel ling agent, was sta ble for a longer pe riod of time, with
phase sepa ra tion be ing ob served in the third week of stor age. 
Moreo ver, for mu la tion D, with the high est con cen tra tion of
gel ling agent, was sta ble. This oleo gel re tained its ho moge -
nous con sis tency and its white color dur ing four weeks of
stor age at a 20°C tem pera ture. What is more, no phase sepa -
ra tion was ob served. For mu la tion D, there fore, was cho sen
as the op ti mal gel base for the in cor po ra tion of ac tive sub -
stances: hy dro cor ti sone at a con cen tra tion of 2%, and
oxytetra cy cline hy dro chlo ride at a con cen tra tion of 0.5%
(for mu la tion D*).

As op posed to the for mu la tion based on glyc eryl stearate,
none of the gels con tain ing glyc eryl dibe hen ate shown phys -
ico chemi cal sta bil ity dur ing 4 weeks of stor age time.
Oleo gel E sepa rated into lay ers in the 3rd week of stor age,
whereas for mu la tions with higher con cen tra tion of gel ling
agent (F and G) be came more sta ble, but their struc ture was
dam aged in the 4th week of tests. This re vealed that the phys -
ico chemi cal sta bil ity of oleo gels de pends on the con cen- 
tra tion of the gel ling agent: the higher con cen tra tion, the
longer time of ap pro pri ate sta bil ity of the gel.

The in ter nal struc ture of the gels and di men sions of their
par ti cles were ana lyzed with po lar iz ing mi cro scope. In re -

Fig. 1. Calibration curve for oxytetracycline hydrochloride

Fig. 2. Calibration curve for hydrocortisone
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gard to D and D* for mu la tions, the struc ture was ho moge nous, 
no ag glom er ates of aux il iary sub stances were ob served. In
ad di tion, the size of hy dro cor ti sone and oxytetra cy cline hy -
dro chlo ride par ti cles was meas ured. This work showed that
the par ti cles of oxytetra cy cline hy dro chlo ride were be tween
2.4 and 3.5 μm, while the  hy dro cor ti sone par ti cles were in
the range of 10 to 20 μm.

What is more, the vali da tion of the spec tro pho tomet ric
method of con tent de ter mi na tion of hy dro cor ti sone and
oxytetra cy cline hy dro chlo ride was per formed, as one of the
im por tant pa rame ters was the speci fic ity of the method. In
so do ing, UV- absorption spec tra were meas ured for ac tive
sub stances and for the so lu tions used in the ana lyti cal pro ce -
dures. These spec tra, shown in Fig ures 3 and 4, show that
aux il iary sub stances do not in ter fere with ac tive sub stances
in the ana lyti cal wave length for oxytetra cy cline hy dro chlo -
ride (λmax = 269 nm) and hy dro cor ti sone (λmax = 242 nm). 

The ac cu racy, line ar ity and pre ci sion of the spec tro pho -
tomet ric method were also evalu ated in the ana lyzed range
of con cen tra tions (0.00025–0.0025 g/100mL) for both sub -
stances. This analy sis showed that the method meets
speci fied re quire ments. In this re gard, the limit of quan ti fi -
ca tion is 0.52 μmg/mL for oxytetra cy cline hy dro chlo ride,
and 0.72 μg/mL for hy dro cor ti sone. What is more, the limit
of de tec tion is 0.17 μg/mL for oxytetra cy cline hy dro chlo -
ride and 0.24 μg/mL for hy dro cor ti sone. Both of those

pa rame ters are be low the con cen tra tions of ac tive
sub stances in the ana lyzed gels.

Ta ble 4. Ex peri men tal data of the ac tive sub stances de ter mi na tion
method in lipo philic gels

Time
[days]

Hydrocortisone Oxytetracycline hydrochloride
Content 
[g/10g]

Recovery
[%] SD Content

[g/10g]
Recovery

[%] SD

  0 0.19654 98.32 0.003364 0.05290 105.59 0.000178
  7 0.19416 97.13 0.001989 0.05199 103.78 0.001405
14 0.19132 95.71 0.003058 0.05237 104.54 0.000133
21 0.19648 97.39 0.002823 0.05186 103.51 0.000307
28 0.19334 96.72 0.001479 0.05079 101.38 0.000401

The re sults of the rheo logi cal meas ure ments (Ta ble 5) re -
vealed that yield point and vis cos ity of ana lyzed gels did not
change in a sta tis ti cally sig nifi cant man ner dur ing 4 weeks
stor age. To check if there is a func tional de pend ence be -
tween the rheo logi cal pa rame ters, a  trend analy sis was
per formed. In the first step, a Leve ne’s test was used to as -
sess the equal ity of vari ances in dif fer ent sam ples. A value
of sig nifi cance pa rame ter  p > 0.05 showed that vari ances are 
equal. In the sec ond step, the trend analy sis was per formed.
This analy sis showed a lack of cor re la tion be tween the rheo -
logi cal pa rame ters of these gels and their time of stor age.
There is no lin ear in crease (and no lin ear de crease) of val ues
of those pa rame ters. 

The in flu ence of the in cor po ra tion of ac tive sub stances on 
the prop er ties of these gels was ob served. The in cor po ra tion
of hy dro cor ti sone re sulted in an in creas ing of yield point that 
is typi cal for an oleo gel. Moreo ver, vis cos ity and the hys -
tere sis loop area were also in creased. These ef fects might be
evi dence that the par tici pa tion of hy dro cor ti sone par ti cles
re sults in the strength en ing of the gel struc ture. How ever,
a simul ta ne ous in cor po ra tion of 2% hy dro cor ti sone and
0.5% oxytetra cy cline hy dro chlo ride re sulted in a ten fold de -
crease of yield point. This is evi dence of the di min ish ing
in flu ence of these sub stances on the in ter nal struc ture of the
gel. In ad di tion, af ter the in cor po ra tion of the ac tive sub -
stances, the thix ot ropy value de creased. This might sug gest
that these sys tems have a bet ter abil ity to re- build struc ture
af ter the shear stress is dis con tin ued. This is proba bly be -
cause the area un der the hys tere sis loop is pro por tional to the 
en ergy needed to de stroy the struc ture of gel.

Table 5. Results of the rheological measurements
Time
[days

]

Thixot
ropy [W/m3] Yield point

[Pa]
Viscosity [Pa s]

10 [s-1] 100 [s-1] 1000 [s-1]
D D* D D* D D* D D* D D*

  0 27200 2190 37.3 3.67 10.15 3.90 1.14 1.10 0.22 0.28
  7 26000 2280 35.1 2.91 8.65 6.71 1.08 1.08 0.21 0.27
14 27000 2100 33.1 2.63 8.02 4.15 1.04 1.00 0.20 0.25
21 27400 2400 33.8 2.75 8.22 7.05 1.04 0.92 0.20 0.23
28 27500 2880 38.3 2.51 8.64 6.45 1.05 1.09 0.20 0.20

Our study, there fore, showed that there is no sta tis ti cal
sig nifi cant dif fer ence in vis cos ity of for mu la tions con tain -
ing ac tive sub stances and for mu la tions with out those
sub stances, es pe cially at higher shear rates. 

Fur ther more, our study re vealed that it is pos si ble to ob -
tain physi co chemi cally and rheo logi cally sta ble lipo philic

Fig. 3. Specificity of the oxytetracycline determination method

Fig. 4. Specificity of the hydrocortisone determination method
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gel based on me dium chain tri glyc eride Mi glyol 812. The
prop er ties of gels, thus, de pends on the type of gel ling agent: 
its prop er ties and the quan tity used in the for mu la tion. In the
ana lyzed range of con cen tra tions of gel ling agents, the more
of the agent was used, the more a sta ble for mu la tion was de -
vel oped. The op ti mal con tent of glyc eryl stearate in Mi glyol
812 is 15%. Moreo ver, it was shown that such ac tive sub -
stances as hy dro cor ti sone and oxytetra cy cline hy dro chlo ride
caused change in the in ter nal struc ture of lipo philic gel. This
was seen as a change of the hys tere sis loop area and change
of yield point value. Fi nally, the re sults of the spec tro pho -
tomet ric con tent de ter mi na tion in di cate that the cho sen
ac tive sub stances are sta ble in de vel oped for mu la tions of gel 
as ana lyzed in the study pe riod of time.
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