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Rheological Study of 
Selected Pharmaceutical Semisolids 

By JAMES C .  BOYLAN 

Rheograms were obtained with a Ferranti-Shirley cone and plate viscometer at 
20,  25, 30, and 35’ for 1 3  pharmaceutical semisolids. As the temperature was 
raised, all the products studied showed a decrease in viscosity, thixotropy, and 
yield value. For many of the semisolids there appears to be a straight line re- 
lationship between thixotropic area and temperature. For ointments whose 
base is predominately white ointment, the viscosity is reduced by a factor of 0.5 
for every 5’ rise in temperature. At 3 5 ”  many of the products studied showed 

similar values for thixotropy and viscosity. 

GREAT VARIETY of test procedures have been A utilized over the years for the evaluation of 
the spreading and flow characteristics of pharma- 
ceutical semisolids. Today, even widely used 
test equipment, such as the cone penetrometer, 
leave much to  be desired as  to  the amount and 
type of data  obtained. At  the present time no 
single instrument can provide all the infomiation 
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required for complete product evaluation. How- 
ever, this situation can be improved by the use of 
a viscometer capable of obtaining the complete 
hysteresis profile of non-Newtonian pharmaceuti- 
cal semisolids. 

Schulte and Kasscm (1-6) have recently pub- 
lished a n  excellent series of papers dealing with 
the flow properties of several semisolid systems 
including silicone gels, triglyceride gels, poly- 
ethylene gels, polyethylene glycol gels, various 
vaselines, and carbohydrate gels. In addition, 
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Van Ooteghcrn (7) ha4 written a helpful review of 
the methods currently used to nieawre rhcological 
properties of ointments. 

The purpose of this paper is to  report the rheo- 
logical characteristics of several pharmaccutical 
scmisolid products in the temperature range 20- 
35' and to  show how these results can he valuable 
to the formulator and manufacturer of these 
products. 

EXPERIMENTAL 

Materials.-Except for white petrolatum, pctro- 
latum, and white ointment, the semisolid products 
studied were in commercial 1-oz. tubes.' Table I 
lists the products studied and their compouent 
ingredicnts. The age of the semisolids varied from 
4 to 21 months, with most of the samples being 
from 7 to 14 months in age. Storage was, in all 
cases, a t  room temperature. 

Rheological Evaluation.-The viscornetcr used in 
this study was a Ferranti-Shirley coue aud plate 
visconieterZ equipped with a 1200-Gm. cm. spring, 
an automatic gap-setting device, an x-y re~order ,~  
arid a constaiit-temperature water bath.' The 
use of this viscometer has been described else- 
where (8). Calibration of the instrumeut was 
carried out using iT.B.S. standard viscosity oils. 
The tcmpcrature region 20-35" was studied because 
this range includes the normal range of tempera- 
tures encountcrcd during storage or application to 
the skin (see Results and Dzscussion). Thc water 
bath maintained the sample temperature a t  f0.1" 
of the reported temperatures. 

The sample to be evaluated (about 1 ml.) was 
gently squeezed from a tube onto the plate of the 
viscometer. The plate was immediately raised into 
position with the cone. The sample thcn remained 
undisturbed for 5 min. in this position (to allow 
temperature equilibration) before obtaining the 
rheograrn. All rheograms were obtained using a 
truncated cone having an angle of 33 miu., 26 sec., 
and a radius of 2 cm. The instrument was set at 
an upsweep time of 120 see., a downsweep time of 
120 sec., a maximum r p m. of 100, and a scale 
expansion of 4x. In the case of a few 20 and 25" 
deterrninatious it mas necessary to use a scale ex- 
pansiou of 5 X . 

The method of reporting a mrsnir~gful value for 
viscosity presented a problem. The products 
studied were plastic arid pseudoplastic materials, 
all exhibiting thixotrogy. It is normally neccssary 
to use different equahons when reporting viscosity 
values for plastic and pscudoplastic materials. 
Debate continues on whether a satislactory equation 
exists for pseudoplastic matenals, although the 
equation of Farrow et al. (9) seems to serve ade- 
quately for most purposes. Cross (10) has recently 
discussed the mathematical rcpresentatlon of 
pseudoplastic flow in some detail. 

For the purposes of this study, the viscosity 
values rcported were calculated as follows (11). 

1 Eli Lilly and Co. Indianapolis, Ind. 
2 Ferraati Electric ko., Plainview, Long Island, N. Y .  
3 IIouston Instrument Co., Bellaire, Tex. (model HR-92). 
4 Brinkmanu Instrumcut Co., Westbury, N. Y .  (Haake 

model F). 
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TABLE II.-RHEOGRAMS: SCALE DEFJ~ECTION IN dynes/cm (UPCURVE) 

White pctrolatum 

Petrolatum N.F. 
White ointment 

U.S.P. 

U.S.P. 
Zinc oxide paste 

U.S.P. 
Neomycin sulfate 

oiritmeri t U.S. P . 
Amnioniated mer- 

cury ointment 
U.S.P. 

Boric acid ointment 

Ichthammol oint- 

Cyclomethycdine 

Cyclometh ycainc 

C yclomethycaine 

ment N.F. 

ointment 

cream 

jelly 

- 
20” 

11,600 
14,470 

11,375 

14,470 

30, 000 
21,865 

11 ,335 

10,265 

21,470 

12,200 

1 ,335 

11,865 

8,135 
6 ,001) 

8,933 

21 ~ 335 

8,000 

14,750 
12,665 

7,850 

6,875 

14,750 

8,000 

1,500 

12,500 

4,400 2,t-j~~; 
5,600 3,065 

4,265 2,400 

13,065 6,735 

4,200 2,665 

7,300 3,735 
6,665 3,465 

4,400 2,265 

4,665 2,400 

7,935 5,200 

4,300 2,800 

1,465 1,335 

10,800 10,000 

13,000 
14,735 

15,000 

. .  

10,265 

16,465 
13,000 

9,000 

5,535 

11,736 

10,000 

1,000 

8,000 

8,150 
7,465 

8,935 

13,065 

5,150 

9,465 
7,335 

5 , 1 5 0  

3 ,  w 5  

8,150 

6,250 

1,125 

8,000 

4465 
4065 

-2265 

i000 

3135 

5135 
4000 

2665 

1465 

3730 

3200 

935 

5700 

350 

2135 
1600 

1600 

2935 

1735 

2400 
1500 

1465 

665 

1865 

2000 

935 

3265 

The potentiometer scale rcading was rccordcd for 
the tnaximuni sample shear rate (100 r.p.m. in all 
cases). The viscosity (in poises) was then cal- 
culated from Eqs. l and 2. 

(Eq. 1) R = scale reading X scalc expansion 

R 
17 = x c 

where 
constant. 

is the viscosity in poises, and C is a cone 
The value of Cis determined by Eq. 3 

wherc a is the cone angle in radians, T is the torque 
spring constant in dyne-cm./division ( X5 scalc), 
V is the angular velocity in radians/sec., and r is the 
radius of the cone in em. The value of C for the 
truncated cone used in this study was 13.36. 

The thixotropic area was measured directly in 
square inches with a compensating planirneter.5 

Effect of Aging.-Rheological changes with time 
have been observed in several pharmaceutical sys- 
tems (12--15). Consequently, it  was necessary to  
ascertain whether any significant changes were oc- 
curring in the semisolids reported here. This was 
accomplished for a givcn matcrial by obtaining 
rhcograms of a second production lot of a different 
age and also by rcrunning the original lot a t  a later 
date. 

RESULTS A N D  DISCUSSION 

Effect of Temperature.-The results obtained are 
shown in Table I1 and Figs. 1-14. As the tempera- 
ture was raised from 20 to  35”, a11 products studied 
demonstrated a decrease in viscosity, thixotropy, 
and yicld value. This was expected and agrees 

j Keuffel and Esser Co. (model 3636) 

with thc data of Schulte and Kassem (1-6) for 
other pharmaceutical semisolids. 

Effect of Aging. -There was no evidence that the 
semisolids studied w-ere undergoing any significant 
rheological changes during the course of this study. 
When stored properly, i t  was felt that if significant 
changes in the rheograms were going to occur, they 
would likely occur in the first few weeks after manu- 
facturing. As was noted previously, the most 
recently prepared material was 4 months old. 

Petrolatum.-Although the particular petrola- 
turns studied differ slightly in both viscosity and 
thixotropy, the rheogram of cach has a charac- 
teristic initial “spur” a t  low rates of shear (Table 11, 
Figs. 1 and 2). 

In their comprehensive paper on petrolatum from 
various sources, Schulte and Kassem (4) pointed 
out that petrolatum is a iiiixture of n, iso, and 
isocyclic paraffins. They show that the ratio of 
these constituents to each other determines the 
rheological properties of the particular petrolatum 
studied. n-Paraffins form the characteristic struc- 
ture network and petrolatum with a low content 
of n-parafins are considered good for ointments. 
The change of structure involution is greatly 
dependent upon the isoparaflin content. A gel 
network built up  of large crystallites is more 
susceptible to mechanical strain than a gel whose 
network is built up of very small crystallites. In 
thc presence of isoparaffins a finer gel structure 
forms. With a decrease in crystallite size, the 
viscosity of the petrolatum increases also. 

White Ointment Series. -The addition of 5u/, 
white wax to white petrolatum when preparing 
white ointment increases the thixotropy somewhat 
and modifies the shape of the “spur,” but has only a 
slight effect on the viscosity (Table 11, Figs. 2 
and 3). 

Lhnnioniated mercury, sulfur, and boric acid 
ointments are composed of white ointment, mineral 
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oil, and medicaiiieiit (Table I). Nromycin oint- 
mciit and ammoiiiated rncrcury ointment basically 
differ only in thc lack of white wax in the iieomycin 
product (Table I). This lack, combined with the  
slight increase in mineral oil .ind white petrolai urn 
in thc ncomycin ointmcnt, results in a less viscous 
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and less thixotropic xoduct with a smaller yield 

Pig. l.--Kheogranl o f  
wliitc pctrolatuni 1J.S.I' at 
"5O. 

1 Fig %.-The ef- 
Icct of tcnipcrature 
on the  thixotropy 
Key:  0, white 
petrolatum; a, pc- 
trolatum; a, white 
oi t i  tment. 

'a 
Fig 4 -The cf- 

frct  of temperature 
on thixotropy of 
ointments. Key: 
0, ncomycin; a, 
amrnoniatcd mer- 
cury; e, boric acid; 
m, sulfur. 

Fig. 5. ~ ?'he 
cffcct of tetnpera- 
turc on the vis- 
cosity of ointments. 
Key: 0, neomy- 
cin; , ammoniated 
mercury; 6, boric 
acid; M, sulfur. 

Fig. fi.--Thc 
effect of  terripera- 
ture on viscosity. 
Keg: 0, cyclo- 
methgcainr jelly; 
a, ointment; a, 
cream. 

value (Table 11, Figs. 4 a r i d  5). 'Llc baw for 
sulfur oititiuc,iit and  boric acid ointrnrnt diffcr in 
tha t  the sulfur ointment coritains 5!L more mineral 
oil ( i~itd,  consequently, 5':%, less white pctrolnturn). 
As ii result, the viscosity of sulfur ointiitcnt is less 
than tha t  of boric acid ointment, although the  
thixotropy and the shapr of tlic rlieograms of the 
two products vary utily slightly (Figs. 4 atid 5). 

Figurc 5 and cycIoiiietliycaitic.6 ointmciit it1 

Fig. 6 illustrate a trend of importance to the pharma- 
ceutical forii iulator~namely, tha t  for every 5' 
rise it1 te:npcmturc- the viscosity is rcducrd by a 
factor nf 0.5. The  viscosity oF these oirittuents, 
containing prcdoniinatcly white ointment, dem- 
onstrate a definite first-ordrr rel:rtio:iship between 
(loss of) viscosity arid ternpcLrature (increase). 

It inay be seen from Figs. 2 ,  4, and 7 that thcrc 
appears to lie :L linear re1;ttioiisIiip bctwccn thiuo- 
tropic area and temperature (in the region 20-3Eio) 
for neoniyein, hacitraciii, ainmoniatcd mercury, 

6 Marketed as Surfacaine by J3li Lilly and Co.. ludianapolis. 
Ind. 

~~ ~ ~ 
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Fig. 7.-The 
effect of tempera- 
ture on thixotropy. 
Key: 0, bacitracin 
ointment; a, ich- 
thainmol ointment; 
a, zinc oxide paste. 

Fig. S.-Tlie ef- 
lcct of temperaturc 
on thixotropy. Kcy: 
0, cyclomethycaine 
jelly; 0 ,  ointment; 
a, cream. 

Fig. 9.--Kheogram of 
cyclornethycaine jelly at 
25". 

sulfur, ichtharnmol, aiid whitc ointments, zinc 
oxide paste, and petrolatutn. 

Cyclomethycaine Series.-The cyclomethycaine 
series shows interesting and unique differences 
(Figs. 6, 8-11). Cyclomethycaine cream exhibits 
thc least viscosity and thixotropy of any of the 
semisolids studied in this report. The rheograms 
for cycloinethycaine jelly retain their unique 
shape (Fig. 9) over the entire temperature range 
studied. In addition, it cau be seen irom Figs. 
6 .and 8 that there is relatively little change in 
thixotropy and only moderate change in viscosity 
for this product. This jelly is predominately a 
polypropylene glycol-water base (Table I) which 
would suggest a potential use as an all climate 
vehicle. Cyclomethycaine ointment follows the 
general pattern established by the other pre- 
dominately white ointment base products. 

Zinc Oxide Paste.-Zinc oxide paste, because i t  is 
designed as a protective and adsorptive matcrial, is a 

Journal of Pharmaceutical Sciences 

dclibcratcly stiff product with poor spreading and 
melting qualities. These characteristics are borne 
out by Figs. 7 ,  12, and 13. Using the Fcrranti- 
Shirley cone and plate viscometer under the test 
conditions described, it was not possible to obtain 
data for zinc oxide paste a t  20". 

Spreading.-The ease of application of a pharma- 
ceutical seinisolid to the surface uf the skin is an 

Fig. l0.-Rheogram of cy- 
cloinethycaine ointment at 
25". 

Fig. 11.-Rheogram of cyclomethy- 
cairie cream a t  25'. 

Fig. 12-Rheo- 
gram of zinc oxide 
pastc1J.S.P. a t  25". 
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greatest resistance a t  low rates of shear. In nearly 
all the rheograms the area between 0 and 250 
set.-' appears to be an extremely important one 
when charactcrizing the spreading properties of 
pharniaceutical semisolids. A rheological invcsti- 
gation of this region has been iindertaken and will 
be the subject of a forthcoming communication. 

Relation to Body Temperature.-Iri his authori- 
tative text, Rothman (17) discusses the temperature 
of the various regions of human skin under a wide 
varicty of conditions. He clearly shows that there 
is a great variation in the teniperature of human 
skin depending, e.g., 1x1 the region of the body, the 
quantity and type of clothing worn, the degree of 
activity and state of health of the subject, cnviron- 
mental conditions, and whetlier the individual has 
eaten recently. Under these varying conditions a 
normal, healthy person's skin temperature will 
vary from 25 to 35'. If the extremities, especially 
the toes, arc disregarded, the body surface tem- 
perature will probably fall between 30 and 35". 

At 35" many of the products studied had nearly 
tlie same thixotropy ancl nearly the same viscosity. 
This is as exprctrd, since these products are de- 
signed to melt a t  or near the temperature of the 
human skin surface. An example of a product 
designed to melt at body temperaturc is bacitracin 
ointment U.S.P. (Lilly). As the temperaturc 
progresses from 20 to 36" the viscosity, tliixotropy, 
and yield value of this product substantially decrease 
(Fig. 14). This figure, with minor modifications, 
is typical of the rheological changes tlie other 
scrnisolids in this study undergo in this temperature 
range. The curves shown in Fig. 14 also agree 
with the data of Schulte and Kassem (1-6) for 
other pharmaceutical semisolids. 
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