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alkyl substituted nitrosoureas, ¢.e., NNMU, NNEU,
NNBU, ete. Compounds with large groups in the
R and R’ positions (Table V), 1.e., the disubstituted
nitrosoureas, show deviations in this respect and
imply that steric factors may affect the reduction
recaction. Apparently both nitroso groups in SRI-
1631 are equivalent and are reduced simultaneously,
producing a current about twice that expected for
a molecule of this size.

In the adsorption controlled region (phosphate
buffer) the changes in the half-wave potentials
and the limiting currents due to different sub-
stituents are not so pronounced as in the diffusion
controlled region. However, many of the nitro-
soureas, 7.2., NNBeU, SRI-1834, and thosc disub-
stituted derivatives with large groups in the R or
R’ positions, exhibit a double wave in phosphate
buffer (Table VI), indicating that the adsorbed
species may be reduced more easily than the free
form. Again steric factors may assumec a role in
the reduction of these particular compounds.

The relationship between the half-wave potentials
and the apparent first-order rate constants (&, sec.™)
for the solvolysis of various N-atkyl-N-nitrosourcas
(6) in the ncutral pH region is shown in Table V
and in Fig. 9. In this case large discrepancies are
noted when the substituents contain a double bond
close to the electroactive site, 7.¢., allyl and benzyl.

No correlation (Table VI) could be demonstrated
between the half-wave potentials of the N-nitro-
soureas and the available biological activity data
(2). However, the biological data are limited and
those which are available may not be entirely
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reliable due to the instability of these compounds in
the neutral pH region.
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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 13 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 3° rise in temperature.

At 35° many of the products studied showed

similar values for thixotropy and viscosity.

A GREAT VARIETY of test procedures have been
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 information
Received March 25, 1966, from Eli Lilly and Co., Indian-
apolis, Ind,
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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 Kassem (1-6) have recently pub-
lished an 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 Qoteghem (7) has written a helpful revievY of
288w the methods currently used to measure rheological
&’Egﬁ : properties of ointments,
vF The purpose of this paper is to report the rheo-

C logical characteristics of several pharmaceutical
%—E% g = o sl oa ed semisolid products in the temperature range 20—
i GE%5° . 35° and to show how these results can be valuable
w2 to the formulator and manufacturer of these
%E-Egcﬁ. DSS o 2 products.
PREE S Sl Ll >
°F S EXPERIMENTAL
-
it S Materials.—Except for white petrolatum, petto-
ég@;g ; e latum, and white ointment, the semisolid products
Hfé B studied were in commercial 1-oz. tubes.! Table I
£ lists the products studied and- th.e1r col'nponent
§EC" OS2 .S L ingredients. The age of the semisolids varied fr9m
TEASBIRG i il 4 to 21 months, with most of the samples .bemg
A0~ from 7 to 14 months in age. Storage was, in all
k- cases, at room temperature. ] )
EE“Q SO ST L Rheological Evaluatlon..—TI}e viscometer 350(11 1tn
) E‘Em' 92 e this study was a Ferrqxﬁ»thrley cone and plate
= 757 viscometer? equipped with a 1200-Gm. cm, sprmg:,1
g 2 an automatic gap-setting device, an x—y rec:;rc}e‘r,
2 -‘—"E“a‘ Ob= (O L and a constant-temperature water ba'th. The
g Bgé sg e use of this viscometer has been. described else-
A 8 3 where (8). Calibratil(;ns oft th; énstfsmsglg; in?ss
5 carried out using N.B.S. standard vi cosi .
E gggéd SH SR -é The temperature region 20-35° was studied because
EE a'é%gm A RN ;5,3 this range includes the normal range of.terr.lpera-
g || <"AE7 B tures encountered during storage or application to
5 B v E the skin (see Results and Discussion). The ;vgtfg
E E% gﬂi S e R bath maintained the sample temperature at .
g Bgideg il i e G of the reported temperatures.
E Emgb g The sample to be evaluated (about 1 ml.) was
A g gently squeezed from a tubfa onto ‘the plat'e of 'the
[é) UBBE oo e c,j k] viscometer. The plate was immediately raxsed’ 'mtg
5 Sééw :;:3 Dl CeoR g position with the cone. "l‘he s'ample‘t.hcn remdlﬁle
g = ¢ undisturbed for 5 min. in this position .(tlo allow
E & temperature equilibration) before o})tammg the
U|2 ] ;3 rheogram. All rhe.ograms were obtam_ed Lézmgca
— f§°é°-§ I S R R D ¢ truncated cone having an ang.le‘of 33 min., stea.é
@ §§u§ g ¢ and a radius of 2 em. The instrument was se ;
8 Sl i} an upsweep time of 120 sec., a downsweep time (1)
5 8 120 sec., a maximum r.p.m. of 100, and a sce;ji:
) g ‘5 expansion of 4X. In the case of a few 20 and 2
fe Siriiticoioc: o tiitile  determinations it was necessary to use a scale ex-
3 =R 2 ion of 5X.
EZ B E pa’I}SIiz method of reporting a meaningful value for
: 2 viscosity presented a problem. Tl:l(l prodgcts
| & studied were plastic and pse}xdoplastlc materials,
BEA LS L. ° all exhibiting thixotropy. It is normaI.Iy ne.ccssa:ty
’E%Vé = I < to use different equations when reporpng viscosi v
-l Z values for plastic and pscudoplastic matene:xls.
> g Debate continues on whether a satisfactory equation
; exists for pseudoplastic materials, although fihe
] - equation of Farrow et al. (9) seems to serve a le-
fg - £ ,: quately for most purposes. . Cross (10) has recent 3;
. ;E/; % @ discussed the m'athematlcal . representation o
& : WP o5 E pseudoplastic flow in some c:letall. ) )
I 5wz 8M BT [ % For the purposes of this study, the viscosity
S e .8%5:@ EE 4 v alues reported were calculated as follows (11).
gHotmERnaite ¢F 5 |G value
Sz uxeBS<- 338888 RS589 . i is, Ind.
SEEMEESIESAICE Do |1 mgchdepmenne, o
JELEEIR08RGAART ROAG model F).



712

TaBLE II.—RHEOGRAMS:
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ScALE DEFLECTION IN dynes/cm.? (UPCURVE)

White petrolatum

U.S.P. 11,600 8,135 4,400
Petrolatum N.F. 14,470 6,000 5,600
White ointment

U.s.pP. 11,375 8,935 4,265
Zinc oxide paste

U.S.P. 21,335 13,065
Neomycin sulfate

ointment U.S.P. 14,470 8,000 4,200
Ammoniated mer-

cury ointment

US.P. 30,000 14,750 7,300
Boric acid ointment 21,865 12,665 6,665
Sulfur ointment

USP. 11,335 7,850 4,400
Bagitracin ointment

U.S.P. 10,265 6,875 4,665
Ichthammol oint-

ment N.F. 21,470 14,750 7,935
Cyclomethycaine

ointment 12,200 8,000 4,300
Cyclomethycaine

cream 1,335 1,500 1,465
Cyclomethycaine

jelly 11,865 12,500 10,800

At 1074 sec. ~! (100 r.p.m.)
25° 30°

At 120sec. 71 (11 r.p.m.)
25° 30°

35° 20° 35°
2,665 13,000 8,150 4465 2135
3,065 14,735 7,465 4065 1600
2,400 15,000 8,935 4265 1600
6,735 13,065 7000 2935
2,665 10,265 5,150 3135 1735
3,735 16,465 9,465 5135 2400
3,465 13,000 7.335 4000 1500
2,265 9,000 5,150 2665 1465
2,400 5,535 3,625 1465 665
5,200 11,735 8,150 3730 1865
2,800 10,000 6,250 3200 2000
1,335 1,000 1,125 935 935
10,000 8,000 8,000 5700 5265

The potentiometer scale rcading was recorded for
the maximum sample shear rate (100 r.p.m. in all
cases). The viscosity (in poises) was then cal-
culated from Eqgs. 1 and 2.

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

R
7= 37 X C

i)
100 (Eq. 2)

where 5 is the viscosity in poises, and C is a cone
constant. The value of Cis determined by Eq. 3

¢~ (v) (%)

where ¢ is the cone angle in radians, T is the torque
spring constant in dynec-cm./division (X5 scale),
V is the angular velocity in radians/sec., and 7 is the
radius of the cone in ¢cm. 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 planimeter.®

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 given material by obtaining
rheograms of a second production lot of a different
age and also by rerunning the original lot at a later
date.

(Eq. 3)

RESULTS AND DISCUSSION

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

i Keuffel and Esser Co. (model 3636).

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

Effect of Aging. -There was no cvidence that the
semisolids studied were undergoing any significant
rheological changes during the course of this study.
When stored properly, it 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 mnoted previously, the most
recently prepared material was 4 months old.

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

In their comprehensive paper on petrolatum from
various sources, Schulte and Kassem (4) pointed
out that petrolatum is a mixture of #, iso, and
isocyeclic paraffins. They show that the ratio of
these constituents to each other determines the
rheological properties of the particular petrolatum
studied. zn-Paraffins form the characteristic struc-
ture network and petrolatums with a low content
of n-paraffins are considered good for ointments.
The change of structure involution is greatly
dependent upon the isoparaffin 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
the 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 59,
white wax to white petrolatumn 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 II, Figs. 2
and 3).

Ammoniated mercury, sulfur, and boric acid
ointments are composed of white ointment, mineral
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cil, and medicament (Table I). Neomycin oint-
ment and ammoniated mercury ointment basically
differ only in the lack of white wax in the neomycin
product (Table I). This lack, combined with the
slight increase in mineral oil and white petrolatum
in the ncomycin ointment, results in a less viscous
and less thixotropic product with a smaller yield

sic!
Fig.  1.—Rhceogram  of
0] white petrolatum U.S.P. at
25°.
" 5

Fig. 2.—Thec ef-
feet of temperature
on the thixotropy.
Key: O, white
petrolatum; @, pe-
trolatum; @, white
ointment.

THIXGTRGPY (S0 iNCHES)
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Fig. 3.—Rhceogram  of
white ointment U.S.P. at
25°.
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Fig. 4—The cf-
fect of temperature
on thixotropy of
ointments. Key:
O, ncomycin;, @,
ammoniated mer-
cury; @, boric acid;
m, sulfur,

THIXQTROPY (SQ. INCHES]

Fig. 5.--The
cffect of tempera-
ture on the vis-
cosity of ointments.
Key: 0O, neomy-
cin; @,ammoniated
mereury; €, boric
acid; m, sulfur.

POISES

Fig. 6.—The
g effect of tempera-
g ture on viscosity.
Key: O, cyclo-
methycaine  jelly;
@, ointment; @,
cream.
o T T .
2 Fi) 0 35

value {Table TI, Figs. 4 and 5). The base for
sulfur ointment and boric acid ointment differ in
that the sulfur ointment contains 5%, more mineral
oil (and, consequently, 59, less white petrolatum).
As a result, the viscosity of sulfur ointment is less
than that of boric acid ointment, although the
thixotropy and the shape of the rheograms of the
two products vary only slightly (Figs. 4 and 5).

Figure 5 and cyclomethyecaine® ointment in
Fig. 6 illustrate a trend of importance to the pharma-
ceutical formulator—mamely, that for cvery 5°
rise in temperature the viscosity is reduced by a
factor of 0.5. The viscosity of these ointments,
containing predominately white ointment, dem-
onstrate a definite first-order relationship between
(loss of ) viscosity and temperature (increase).

It may be seen from Figs. 2, 4, and 7 that there
appears to be a lincar relationship between thixo-
tropic arca and temperature (in the region 20-35°)
for neomycin, bacitracin, ammoniated mereury,

¢ Marketed as Surfacaine by Eli Lilly and Co., Indianapolis,
Ind.
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Fig. 7.—The
effect of tempera-
turce on thixotropy.
Key: O, bacitracin
ointment; @, ich-
thammol ointment;
©, zinc oxide paste.
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Fig. 8. —The ef-
fect of temperature
on thixotropy. Key:
O, cyclomethycaine
jelly; @, ointment;
©, cream.
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Fig. 9.—Rheogram of
cyclomethycaine jelly at
25°.
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sulfur, ichthammol, and white ointments, zinc
oxide paste, and petrolatum.

Cyclomethycaine Series.—The cyclomethycaine
series shows interesting and unique differences
(Figs. 6, 8-11). Cyclomethycaine cream exhibits
the least viscosity and thixotropy of any of the
semisolids studied in this report. The rheograms
for cyclomethycaine jelly retain their unigue
shape (Fig. 9) over the entire tempcrature range
studied. In addition, it can be seen from Figs.
6.and 8 that there is rclatively 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 it is
designed as a protective and adsorptive material, is a
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deliberately stiff product with poor spreading and
melting qualities. These characteristics are borne
out by Figs. 7, 12, and 13. Using the Ferranti-
Shirley cone and plate viscometer under the test
conditions described, it was not possible to obtain
data for zine oxide paste at 20°.

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

1 npm

1000

-

Fig. 10.—Rheogram of cy-
clomethycaine ointment at
25°.
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50—

120 —peeeeor g
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Fig. 11.—Rheogram of cyclomethy-

o caine cream at 25°.
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oz &
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Fig. 12.—Rheo-

gram of zinc oxide
paste U.S.P.at 25°.
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e Fig. 13.—The ef-
H fect of temperature
15 on viscosity. Key:
0O, bacitracin oint-
by ment; @, ichtham-
mol ointment; ©,

w zinc oxide paste.

Fig. 14—The effect of
temperature on the rheo-
gram of bacitracin ointment
Us.T.

oNFg
e 1000

o so00

important factor in consumer acceptance. Each
individual applics ointment-like materials to the
skin with a slightly different motion, stroke, and
rate. Any rheological estimate of this process
would, therefore, be limited accordingly. HHender-
son ef al. (16) have approximated the rate of shear
encountered when spreading an ointment on a
surface by assuming a stroke averaging 6 cm., a
rate of 4 strokes/sec., and an ointment layer thick-
ness of 1 to 3 mm. TUnder these conditions they
calculated a shear rate of 120 sce.™. 1f this value
is used as a guide, recognizing its shortcomings, an
cstimate of the spreading resistance can be graph-
ically shown by cxtending a dashed line through the
rheograms at 120 sec.”.. On the upcurve of
necarly cvery rheogram 120 sec. ~! oceurs in a region
of great resistance to flow. For example, in the
instances of white petrolatum and white ointment
(Figs. 1 and 3), 120 sec.™! represents the point of
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greatest resistance at low rates of shear. In nearly
all the rheograms the area between 0 and 250
sec.”! appears to be an extremely important onc
when characterizing the spreading properties of
pharmaceutical semisolids. A rheological investi-
gation of this region has been undertaken and will
be the subject of a forthcoming communication.

Relation to Body Temperature.—In 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 temperature of human
skin depending, e.g., on the region of the body, the
quantity and type of clothing worn, the degree of
activity and state of health of the subject, environ-
mental conditions, and whether 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, are disregarded, the body surface tem-
perature will probably fall between 30 and 35°.

At 35° many of the products studied had ncarly
the same thixotropy and nearly the same viscosity.
This is as expected, since these products are de-
signed to melt at or near the temperature of the
human skin surface. An example of a product
designed to melt at body temperaturce is bacitracin
ointment U.S.P. (Lilly). As the temperaturc
progresses from 20 to 35° the viscosity, thixotropy,
and yield value of this product substantially decrease
(Fig. 14). This figure, with minor maodifications,
is typical of the rheological changes the other
semisolids 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 pharmacentical semisolids.
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