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An investigation of the structural changes occurring in a cetostearyl 
alcohol/cetrimide/water gel after prolonged low temperature (4 "C) 

storage 
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Structural changes in a ternary gel repared usin the mixed 
emulsifier system of cetrimide antcetostearyl akohol after 
prolon ed low temperature (4°C) storage have been 
studiecf using freeze-etch transmission electron microscopy 
and other techniques. The system changed from an opaque 
smooth gel of hi h viscosity, low conductivity and low free 
water, to a pearyescent milky lotion of low viscosity, high 
conductivity and high free water. Subsequent equilibration 
of the thinned system to room temperature. (25 "C) over 
48 h produced an opaque granular gel of similar consis- 
tency, but slightly higher conductivity and higher free water 
than the initial sample. Microscopical examination by both 
differential interference contrast and freeze-etch electron 
microscopy showed the system changed from one consisting 
of a li uid crystalline network localized around cetostearyl 
alcoh3 particles, to a system consisting of large waxy plates 
coexisting with some residual liquid crystalline network. A 
SUP ortive mechanism for the thinning of the ternary gel at 
proknged low temperature storage has been inferred by 

data with that produced by other workers 
%$?$ie fusion of hospholipid membranes considered 
to be morpholo icalg similar to the liquid crystalline 
network observefin this ternary gel. 

The mixed emulsifier system of cetostearyl alcohol 
and cetrimide is used extensively in the preparation of 
pharmaceutical creams. The stability of these creams 
especially when stored at  low temperatures for pro- 
longed periods is of particular importance and much 
work has been done in this area specifically in determin- 
ing the optimum properties of the cetyl and stearyl 
alcohols (the two most common fatty alcohols in the 
cetostearyl alcohol) necessary for good stability (Eccle- 
ston 1976; Fukushima & Yamagucbi 1983). However, 
apart from subjective reports that the creams become 
fluid and that platey crystals are formed leading to a 
Pearlescent sheen, little work has been done on the 
actual structural changes that occur when these systems 
become unstable (Mapstone 1972; Fukushima et  a1 
1977). 

We have studied the structural changes that occur in a 
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system consisting of a commercially available synthetic 
blend of cetostearyl alcohol, cetrimide and water when 
stored for prolonged periods at  low temperature and 
subsequently equilibrated to room temperature in an 
attempt to define the mechanism for the instability. 

Materials and methods 
All the materials used were of Pharmacopoeia1 grade. 
The cetostearyl alcohol consisted chiefly of cetyl alcohol 
(52.2%) and stearyl alcohol (40.6%) with minor 
amounts of Cl2 (0.21%), C,, (0.3%), C,, (0.2%) and 
Cz0 (0.1%) long chain alcohols (determined by gas 
chromatography as described by Patel et  a1 1985a). 

A ternary gel containing 0.5% wlw cetrimide, 0.0Xo/~ 
w/w propyl hydroxybenzoate and 10% w/w cetostearyl 
alcohol was prepared by the following method: Ceto- 
stearyl alcohol at  80°C was dispersed in an aqueous 
solution of cetrimide and propyl hydroxybenzoate at  the 
same temperature and stirred gently with a paddle 
stirrer for 1 h before being allowed to cool to approxi- 
mately 60 "C. The dispersion was then homogenized 
using a Silverson multipurpose high speed mixer until 
the setting point of the gel was reached. The gel was 
then allowed to cool to room temperature and samples 
stored at both 25 and 4 "C. 

Visual assessment of the gel was carried out using 
differential interference contrast microscopy and 
freeze-etch electron microscopy (Patel et  al 1985b). The 
conductivities of the samples of gel stored under 
different conditions were determined at their respective 
storage temperature using a simple conductivity cell in 
the form of a probe coupled to a Universal Autobalance 
Bridge (Wayne Kerr, Type B642). Viscosity data Nere 
generated using a vibrational reed type rheometer 
(Bendix Ultraviscoson, Model 1800) at temperatures 
similar to those above. This is a non-destructive method 
of measuring the consistency of such systems relying on 
a special magnetorestrictive alloy blade vibrating at  



28 k H z  with a n  amplitude o f  0.5 pm.  T h e  output  from 
the instrument is given in terms of the product of the 
viscosity and density of the system. i . e .  mPas gcm-j  
(Roth & Rich 1953). 

The  amount  of free water (as opposed to  that  bound 
up in the lyotropic liquid crystalline phase) expressed as 
a percentage of the  total weight was evaluated using 
ultracentrifugation. 4.5 g of a sample of gel stored under  
different conditions was centrifuged at 150 OOOg for 3 h 
using an ultracentrifuge (Reckman.  Model L5-65R) 
and the amount  of free water ( the bot tom layer) 
determined by weighing. The  concentrated sample o f  
gel ( the top  layer) obtained by ultracentrifugation was 
analysed using differential scanning calorimetry ( Perkin 
ELmer DSC 4) by heating X-12 mg of  sample at a ra te  of 
1 " C m i n  I .  

tency but slightly higher conducti\,ity and higher free 
water than the initial samples. 

DSC curves of the top layers o f  the ultracentrifuged 
samples of the three gels showed a change from a system 
(room temperature  sample) with a single endothermic 
peak at W 7 " C  (range 33.&59.8"C) to  one (thinned 
sample) with two peaks at 54.3 "C (range 43.f~5Y.I "C) 
and at  28.6 "C (range 24 .431  .Y "C) back to  one  (equilib- 
rated sample) with ii single peah at 53.7 "C (range 
45.G56.X "C). Ultracentrifugation doe5 not appear to 
alter the structure o f  the  gel net-ork.  

A 

Rcsults 
Changes in the properties of the ternary gel o n  storage 
are  shown in Table  I .  It can be seen that the system 
changed from an opaque  smooth gel o f  high viscosity. 
low conductivity and  low free water  to  a pearlcscent 
milky lotion o f  low viscosity. high conductivity and  high 
free water .  Subsequent equilibration of  the  thinned 

in the conductivity and vissosity a s  shown in Table  1 and 
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system t o  room temperature  over 48 h yielded changes Y i  

Fig. I ,  T h e  conductivity change\ we]-c similar to  that 0 J 

seen on  temperature  cycling (Kowc & Patel 1985). G 
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Table 1 .  Changes in the propertics of the ternary gel on 
storage. V 

," , 

A R C' 
Initial I 0  month \  13 cqutlihr.itcd 

Propcrty J C'  l,> 15 C'  

Appcarancc O p q u c  I'c,\rle\ccnc O p q u c  ~ 

Speclflc conducllvll, 3 13 20 3 2  
1- , j ~j - 0  \ m i w t h  pcl m i l k )  I i>~ior i  grcinul,ir gcl L '  

Tcrr2cr; l turc ( c C '  (pmhoscm 1 )  15-3  Jh s 27 x 

( m h  x gcm ? )  ?hO 28 ?Si 
FIG 1. The effect of re-equilibrating the thinned gel to 
room temperature on (0)  the conductiLity and ( A )  the 

hy u l t r ~ c c n t r i f u ~ , i t i o i i  2: x 78-4 ' 2  2 viscosity. Roth expressed a\ ii percentage of the in i t i a l  
sample. 

Viscovtv X dcn\ity 

Examination o f  the ternary gel by differential inter- 
ference contrast microscopy showed ;I change from ;I 

system consisting o f  ;I liquid crystalline network Ioc;iI- 
ized around cetostearyl alcohol particle\ (Fig. 7A)  t o  ii 
system showing little evidence of I I  liquid crystalline 
network (Fig. 2B.  4 T  for 1 0  nionths) though ;I f c u  
cetosteoryl alcohol particles surrounded by the ringed 
network were still visible. However. examination of the 

D i r c i o \ i o r r  
The presence o f  large plate like cry \ ta l \  ha\ long been 
associated with the in\tabilit> and  thinning of erii i i ls~on~ 
prepared u v n g  a mixed cmul\ifier con\i\ting of ;I long 
chain fatty alcohol and  \iirfnctant (Barry IYhX. 1Y70: 
Mapstone l972), However .  at that time. there \ \ere  
two \chools o f  thought regarding the po\sihle rea\onh 
for the instability. Mapstone ( 1Y72) postulated that 

thinned system by freeze-etch electron microscopy (Figs cry\talliration rewlted i n  thcre being in\ufficient :ili:o- 

7C-E) thowed that the system con \ i \ t ed  of large \ \ a x \  ho l  left to stabilire the oil droplet \ .  nliile Uarr! ( 1070)  
plates a i t h  some cvidcnce of ;I more ordered r i e t a o r h  il l  \ugge\tt.d that thinning u a \  ilw t o  the cit.\truction of tlic 
place\ (Fig. 2E) .  Subsequent equ~librat ion ot the liquid cr!\talline net \ \orh and t h a t  the ni;iin ~ I r i \ i n g  
thinned ternar! gel to room temperatiire resulted i n  force for thi\ \\:I\ the ci-!\t;illi\'itioii ot the  ne tnorh  
\ome reforming of the original structure (Fig 2E..) either :I\ free ;ilcohol o r  ;I\ ;I niiued cr!\tal (it alcohol  
re\ulting in  an cipaqw ~ r a n u l : ~ r  gel of \iniilar consi\- combined v, i t h  the \ur tac t , in t  A niore  p lau~ih le  e ~ p l a -  



FIG. 2 .  A .  differential interference contr;i\t photoinicrograph 111 t h e  iiiiti;iI tcrii,ir! gel: 13. the s:implc .;tored at 1'<' l o r  10 
month$: C. free7e-etch electron niicrograph 01 the  \;iiiiple \ tored ,it 1 '<' lor l ( 1  month\. I ) .  \ho\\irig large plate! cry\t:il\: r:. 
showing c\idence of residuiil l iquid cr!\tall~ne net\vorh ;ind tiila!er defect\  : F. diflerenti;il interference contra\! 
photomicrograph o f  the thinned gel re-cquilihr;itcd to rooiii teii1pcr;iturc. 
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primary role in the fusion mechanism [Laser Raman 
spectroscopy has confirmed that the liquid crystal 
bilayers are predominantly, if not totally, cetostearyl 
alcohol (Louden et  a1 1985)], and hence thinning will 
occur in any such system, a fact reported by other 
workers (Mapstone 1972; Fukushima & Yamaguchi 
1983). (Polyethylene glycols promote membrane dis- 
ruption and fusion in phospholipid bilayers (Knutton 
1979; Boni et  a1 1981) and hence should be avoided in 
cream formulations.) Secondly, theoretically the pro- 
cess will be  more rapid where there is a more extended 
random liquid crystalline network rather than the 
'closed' more ordered network localized around the 
cetostearyl alcohol particles as in the gel prepared in this 
study. Evidence in our laboratories that the thinning 
process is more rapid in gels and emulsions that have 
first been cycled between -2 and + 2  "C for four weeks 
before storage would support this since such cycling 
results in the production of a more extended randomly 
orientated gel network (Rowe & Patel 1985). Such a 
mechanism does not preclude the reformation of the gel 
network on equilibrating the thinned gel at 25 "C. The 
similarity of the conductivity curves (Fig. 1) with those 
reported for a single freezehhaw cycle would support 
the mechanism of reformation as previously proposed 
(Rowe & Patel 1985). Such a mechanism would occur 
more rapidly than the fusion process hence the rela- 
tively rapid re-thickening seen in practice (Junginger 
1984). 

In a recent paper on the colloidal properties of 
creams, Junginger (1984) intimated that problems of 
their stability, including the ageing processes, could be 
resolved when the exact facts of the structure elements 
are known. Freeze fracture of freeze-etch transmission 
electron microscopy is an advanced method that allows 
the observation of the structural changes that can occur 
in such systems and this method combined with others 

such as laser Raman spectroscopy (Louden et  a1 1985), 
thermogravimetry (Junginger e t  al 1984) and low angle 
X-ray diffractometry (Fukushima e t  a1 1977) should 
enable the mechanisms to be elucidated. 
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