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Semisolids

BERNARD IDSON and JACK LAZARUS"

Pharmaceutical isolid ions include il I i
¢ is the abil- ] are s SLems wi
: 3 4. Dpague 5, 35 C 1 with translu-

was) T WO 3 ¥

logic behavior, which allows the semisolids 1o
Lottt i 5 e

i phase is ¢ d within a tk di 1
ydrocarbons meshed in a matrix of higher- VImene (e ing
melting solid hvdrocarbons. While most oint-  thetic whi zh di 2 v
ments are hased on mineral oil and petrolatum (or i b 1) eross-linking has heen
ted into mineral oil to vield a plastic  maceutical gels include the natural gums traga-
Squibb) of pal I glyeols can  and such synthetic and i hetic materials
i v that are  as hylcellul hvd hyleellulose, car-
vl duble. Most ane i by ymethylee s 3 v
r  are synthetic vinyl poly with ble car-
other components are added in the fluidized  boxyl groups. Gels are prepared by either a fu-
state, If the solids are insoluble and to be sus-  sion process or a special procedure necessitated
pended_the system is put through a milling by the gelling characteristics of the gellant
process (a colloid mill, homogenizer, or ultra- The bulk of these isolid are
sonic_mixer) so that the solids are fully dis- applied to the skin, where they usually serve as
persed. vehicles topically
Pastes are hasically cintments into which a " -t ve sing:

. hicl
high_percentage of insoluble solids has been  less i Lo emisoli f
added. They are valuable as protective barriers  are applied to mucous membranes, such as rec-
on the skin, such as for treating diaper rash or  tal tissue, buccal tissue, vaginal mucosa, ure-
protecting the face and lips from the sun. Pastes 3

cosa, and cormea. The mucous membranes

¥ into a ed Syst y levigation wit permit more ready access to the systemic circu-
a_portion of the base w form a paste-like mass.  lation, whereas normal skin is relatively impene-

The remainder of the base is added with contin-  trable. 5 this
and rationale apply to all semisolid top-
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Ski } ; Jasia: St thia. dacent
and the subcutaneous fat layer, Figure 18-1 rep-
The skin is a large multilayered organ that in resents an idealized section of the skin, showing

is the stratum comeum. or homny layer, which
erties. The skin serves as a barrier against physi-  consists of compacted, dead, keratinized cells in

k. Some materials, such tified layers with a densi 5
as nickel tons, mustard gas, and the oleoresins  of the dense nature of the stratum cormeum, val-
from R} icodend £ diffusi fhici ol
poison ivy, can penetrate the barder, but most  thousand or more times smaller than in any
substances cannot. The skin acts as a thermo- i =
i i ance and general impenetrability,®
v: 4 - The stratum comeum is the rate-limiting bar-
tects against ultraviolet rays, and plays a role in - der that restricts the inward and outward move-
the lation of blood ment of chemical suk lly, the
i stratum isal tissue com-

¥

B

FIG. 18-1. Stratified organization of the skin. (From Pillsbury, D. M.: A Manual of Dermatology. W. B. Saunders, Phila-
detphia, 1971).

sEMISOLIDS * 535



Dr. Murtadha Al-Shareif e-Library

There is limited knowledge of the chemical
composition of the barrier. The main cellular
components are the proteins, lipid, and water,
combined into an orde:edmsl.ructure. The? ap-
proximate ition in the dry state is 75 to
85% pmmo 20% Ilpid.d?nd 15% water.
Although the surface lipids offer little resistance
to the passage of compounds, studies of the re-
moval of lipids from the cutaneous surface indi-
cate that they participate in epidermal water
function.*~'® Barrier function is restored when
the extracted lipids are returmed to the skin,
which suggests variations in biologic membrane
permeability, depending largely on the specific
nature or distribution of the lipid contained in
the cell membrane.

and nutrition.

The next distinctive histologic layer shown in
Figure 18-1 is the dermis, or eorium, which is
approximately one eighth of an inch thicl( and
constitutes the main mass of the skin. The der-
mis essentially consists of about 80% of protein

surface occupied
estimated to be roughly 1/1000 of the total sur-

by the hair follicles has been

face.'"® The sweat glands are divided into the
eccrine and apocrine types. They are widely dis-
tributed ever the surfaces of the body, The ec-
crine glands are particulady concentrated in the

and soles. The principal function of the
glands is for heat control, as they secrete a dilute
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salt solution. The apocrine glands are ﬁ:nnd in
the axillae (armpits), in anogenital regions, and
around nipples. They are coiled lulmﬁn
about ten times larger than eccrine

extend entirely through the dermis and well inm
the subcutaneous layer.!!

Percutaneous Absorption

ducts, and even the glands, but there appears to
be no penetration from these areas to the der-

mis.

For sub hsorbed by the s
mal route, penetration is faidy rapid, although
Iower than Imuuml tract gmmg‘gm. and is

stances that are absorbed through both path-
ways, the transepidermal route is the principal
portal of entry because of the total, relatively
small, absorbing surface offered by the piloseba-
ceous units. The epidermis presents a surface
area IlJOrlo 1000 limesmyeater than the other
routes of absorption. appenda, sweat
glands, and hair follicles are sca:lem%gs‘ through-
out the skin in varying numbers, but are com-
paratively sparse; their total cross-sectional area
is probably between 0.1 and 1.0% of the skin
area.
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quantity per unit area per unit time. Radioactive
agents have not taken over completely. Many
chemical
tration to dei
Lechniqllu nf physir.‘al or chemlea} analysls

ts penetrate in sufficient concen-
by one or the other

Dpumnl rﬂem !s ohuined &m vehic]ns con-
taining the minimum concentration of solvent
) bl of the

drug.’?
In Vivo Technique. The major in vivo
hods are histol hni use of trac.

efy i 1 i
ammalorhumnn skin is Eu;;gng:l to a holder and
the of compounds from |he al

e simplic-
a.nd equipmenx ra.nges from just
stretching human skin over the mouth of a fun-
nel to using special glass chambers. The pene-
tration rates can be quantitated, particularly I:)'
radicactive measurements, nzamacd‘spuead e able. A d e een
mcdve agent on the surface is detected with and excretion needs to be reached

ionintermsof  before can be d. The use

m@mmﬂdm&cmnrn&&dmmm
trate the skin. Some of the applied agent may

have

e el o urine; e

-
i

T
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nanhu:

Various mer.hods have been used for study

in vitro and in vive percutanesus absorpﬂ.un
Thmmﬂnmvaﬂahlestnaﬂﬂmmemods
and

The hi

tons of these variables lead 1o numerous melhv

ods, and between
difficult 5

Facmlnsﬁnl'enm Ihgjac_lms
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Varied

hased on solubility l:haracter]sﬂcs. and the for-
mulation may also need modification for differ-
;l:]mgmmﬂmsuft}wqemwobtﬁn maxi-

Names of suppliers of various raw materials
for and

ofduimem fauy acids have this pmpert'_r in vary-
ing degrees, with penetration more significant
fior salts of fatty acids having a carbon of
10 or less. The penetration of fatty acid soaps
varies inversely with pH. At higher pH (approxi-

iy o Y 1
ﬁum trade and scientific jnuma]s Consuluﬂm

duces the dmlopment tl.me reqlnmd for a nm
d, bu crit-
ical judgment is needed.

Many of|.hs snp—

pliers have well-equipped laboratories in which

:vhudms are constantly d.e\-'eloplng new uses for
eir in the

toiletries, and chemical specialties fiekds. The
1 must be cauti however, in ac-

mately 113, the action of the
appears to be attenuated or overshadowed by the
influence of the more alkaline pH itself.

Raw Materials

More raw ma are a le for use on
th r

available for oral use than for parenteral use
The difference in the number of materials avail-
able for each route of administration is due to

cepting a supplier's claims about the utility of a
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they are less tacky and greasy.
view of the chemistry and the properties of

An excellent re-

l'olaixumandmlruzmlodlllasheml|:M:i::hs»l'|et:lm

the danger of sensitzation. ;
ers of fragrances have run mucin:iur{| sensitization,
and irritation tests on the various perfume mate-
rials and can supply fragrances that have suc-
cessfully passed critical testing in animals. How-
ever, such animal tests do not obviate the need
for testing on huma:ns.

The who develops the

dosage form must be aware of the chemical com-
position of the materials at his disposal and their
physical properties, so that he can set or have
specifications set for the raw materials. Broad
specification limits may lower the cost of a raw
material, but represent false economy if the
quality of the product is affected. New raw mate-
rials sultab.l.e for use in semisolids are continu-
ally d. Flynn has publ ;h d an
. i

of these
cludes their functions in formulations.”

.-\Ithuugh exle.rls.lvdy used ﬂ:\r more ll'ra.n 85
years, petrolatum still has broad physical and
chemical specifications in the USP. Wide den-
s‘lry and melu.ng point ranges, as well as varia-

T itted in

l.he oﬂklai. compmdi.a dmmgmut the world.
Petrolatum is available in the form of a short

NY.
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tie acid.

tients. The exact chemical composition of a par-

ticular vegetable oil varies from lot to lot because

*Synchrowaxes are available from Croda, Inc., New York,

of its natural origins. Its composition depends on

the climatic conditions, the soil, the amount of

rainfall during the growth of the vegetable crop,

ﬁ thzs(ﬁrage conditions of the harvested crop
the ail.

Fatty Acid 1 Alcohol

The comm available fatty acids are
really mixtures of related fatty acids. Stearic and
palmitic acids are present in the greatest propor-
tion in triple pressed stearic acid along with
varying quantities of other fatty acids. Various
fixed ratios of stearic/palmitic acids can be ob-
tained from the suppliérs. A slight change in the
ratio of the saturated fatty acids changes the
structure and size of the fatty acid erystal, the
x-ray diffraction pattern, and the solubility. For
this reason, stearic acid of rigidly controlled pu-

ity is used in many wprbcal pmpamdons
Similar exist

in almost all mm—dalsufnamral origin, ilm;p;g
meric substances having a long chain

and in combinations of polymers with fatty acids
or alcohols. The number of moles of ethylene
oxide, for example, in a polyethy reaction
product such as ROCH,CH,[OC,H.],OH
merely represents an average rather than an
exact amount. Rigid purchasing and quality con-
trol must be established for such
materials if vadations in the quality and consist-
ency erfsemisulld emulsions are to be avoided.

For a description of waxes of animals, insect,
and vegetable origin such as lanolin, beeswax,

camauba  wax, silicones,
Toaneliad. shaks 1 propyh

polyols, cellulose ethers, and other raw materials
suitable for creams and ointments, the reader is
advised to check sources such as the CTFA Cos-
metic Ingredient Dictionary,™ as well as suppli-

ers' 3
the various raw materials and their

A list
functions has recently been published.! Another
of tic raw i d in the

listing

FD&C Reports (“The Rose Sheet”)* which was

napmduoed &F";«ge Japan Cosmetic [ngmhem
fonary c y

nwteml.s The dﬁcnmry is the result of a mIIa]:»

orative effort between the Cosmetic, Toiletry and

Fragrance Association (C]'FA}. dle U.s. Com-

merce [k the

and the ]apan Cosmetic ]nd.uslry Association

lists 173 raw materials and srepmduoedma
laterlssueofthemelradepedodical Tl|e

list
2,000 10 3000 raw materials. According to the
CTFA, inclusion of the raw materials in the dic-
tionary is based on “(1) chemical (not brand
name), (2) whether the substance is free from
patent and/or ‘technical know-how problems,’

(3) whether it is free of safety problems, and (4)
a specified alkyl " The interest and pur-
pose of CTFA is 'g:;‘éﬁm!mlc testing, eemsm

10 trade with Japan."
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lhz fmy malena]s My_a]l_gmianhd_mm Formula #2

ol o)
20
370
200
a0
Tsopropy] myristate 50
Lantrol (lanolin oil)t 30
T0% sorbitol solution 0.0

Arlacel 186 (glyceryl oleate and propylene

ghycol)] 10
Polysorbate 80 10
Preservarive Q8.

*Availsble from Veegum, RT. Vanderbilt Co., Norwalk, CT.
fAvailable from Emery Industries, Cincinnazi, OH.
tAvailable from 1C1 Americas, lne., Wilmingron, DE.
Procedure: Add the MAS to the water slowly, agitating cantinu-
ally until smooth. Heat A 1o 70 w0 75°C. Heat B with stirring to 70

tent, Formula #1 is used to make a soft water-
in-oil cream base employing divalent calcium 10 75°C. Add A 10 B, and mix until cooled.

lime.
Formula #1
®
A Mineral ofl. 65 w0 75 viscosity 30,00
Lantrol* 3.00
Microcrystalline waxt 2.00
Acidlan 20" 4.00 harmaceutical semisolids because they are
Propyiparsben 0.20 mnplﬂg_wlm_mam_@;g_ﬂ;!ﬁmm The.
i T A
B Borax 020 and may be
Methylparaben pzp  used with strongly uidjc salts or with strong
Water 4975  electrolytes.
C Saccharated lime 065
Purtiled water 10.00 Formula #3
*Avatlable from Emery Industries, Cincinnati, O}, Tripelennamine Hydrochloride Cream*
of 75 15 79°C and should be tested T
Bor safety on animal and human skin, since petroleumn residues
may be present in the wax. Oil Phase
Procedure: Heat pasts A, B, C separately 10 78°C. Add Bio A, Cetyl alcohol 50
After the emulsion has formed, add C. Cool and pass through a Glyceryl monostearate 150
hamogenizer. tan manooleate 03
Polysarbate 80, USP 0.3
Aquiecus Phase
‘Ib
cln : _eslumalumtnumnihcam has Tripelennamine HCI 20
Lo
100.0
qs.
*Available from I1C1 .I\m!ﬁhl. Ine.. . DE.
Procedure: n hot water in which

Disperse the methylcellulose
the preservative has been dissolved, and then chill at 8°C until
dissolved. Heat the oil phase to TI'C. Heat the methylceliulose
sclution to T2°C, and add to the oil phase, stirring continuotsly.
Add the tripelermamine HC] at 35°C, and stir continuousky until
dissalved.

542 + The Theory and Practice of Industrial Pharmacy
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To achieve adequate stability in creams in
which the oil content exceeds 10%, the supplier
recommends the use of a co-emulsifier to
achieve adequate stability. The HLB system
should be utilized to calculate the ratio between
skin, and to serve as oil-in-water or water-in-ofl  the two emulsifiers for the lipid(s) being used.
emulsifiers. The sodium salts are suggested for  Several ratios should be checked to either side of
use in oil-in-water. The particular fatty acid lac-  the calculated HLE value to optimize the emul-
tylate that is selected should be based on the  sion.
desired application oflhe final pr:cdlgct as well as

on the most cop fatty
Some of the available lactylates and the caleu- Formula #5
lated HLB values are as follows: Antiperspirant Cream
o wiur)
Types of A il Phase
Fatey Acid Calculated HLE Mineral oil B0
Calcium steanoyl-2-lactylate 3z
1. Stearie 65 PEG 400 dicleate 08
B Aquecus Phase
Glycerine a0
Sodium lactate (60%) 100
Purified water 200
C Aluminum chlorohydrate (50%) 400

Procedure; Heat A, B, MCNMMWMWB

cream
one orflheemulstﬁms that can serve as avehicle
for a compatible active substance follows:

Formula #4
Fe{wdw)

A Oil Phase

Cetearyl alcohol 50

Silicene ofl, 200 fluid 10

Isoprogy] myristate 0

Sodium stearoyl-2-lactylate 20
B Aquesus Phase

Propylene glycol 50

Sodium citrate 02

Preservative LES

Purifled water, q.5. ad 100

Procedure: Mix A and heat w0 65°C. Combine B and heat w
T0°C. Add B to A with suitable agitation. Mix with moderate agita-
tion while coolig.

Promulgen D Promulgen G
CTFA adopeed name— Cetearyl alcohol and Ceteareth-20 Stearyl alcohol and Ceteareth-20
Chemical description— Catearyl alcohol and ethoxylated Stearyl aleobol and ethoxylated
cetearyl aleohol ceteary] alcohal
Melting point— 47 to 55°C 55 to 63°C
“Available from Patco Products, Kansas City, MO. “Avadlable from Amerchal Corporation, Edison, NJ,
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fwappﬂmunnlulheﬂdn sealp and certain
body orifices. These preparations include oph-
thalmic aintments, nasal jellies, gels, and sterile
Tubricants for surgical use. In this chapter, how-
ever, attention Is given to those dosage forms
that are used in the prevention or treatment of
skin disease.

The: solubility and stability of the drug in the
base, as well as the nawre of the skin lesion,
determine the choice of the semisolid vehicle.
The United States Pharmacopeia (USP) XX
neuogm:.es ﬂour classes of sumlsahds under the

of

general cl.
bases, absnorrpﬂm bwes. (anhydmum and

waler-soluble bases. %

544 + The Theory and Practice of Industrial Pharmacy
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olw for
oll-in-water and wia for mte.r in-oil are conven-
ient abbreviations for the respective emulsion

types.)
The absorption bases are of two types: the
anhydrous form and the emulsion form. Anhy-

drous lanolin and hydrophilic petrolatum_are
examples of anhydrous vehicles that ahsorh
water to form water-in-oil emulsions.

Formula #6
Hydrophilic Petrolanem (USP XX)

WamAm:l emulsions. A q;ﬁmll example of a

Cholesterol 0.0
Stearyl alcohol 300
White wax 80.0
White petrlatum B60.0

1000.0

water

gf—xmamm;_m_llm

In a study involving the separate addition of a
series of surfactants to a semisolid base, it was
found that the water-absorbin, of the
base increased as the HLB number (hydrophilic-

the skin. les of water-in-oil
Mclﬁﬂmlndhzzﬂzahaﬂpﬂnnhﬂsepﬂndple
are given in Formulas #8 and #9.
Formulas e *ot
® ®
Ol Phase
Lanolin, UsP 3l 150
Petrolatum, white, USP 25.0 -
Mineral o, heavy 50 B0
Beeswax (white wax, USP) 100 7.0
Sorbitan sesquicleats Lo —=
Propyiparaben 005 s
Amerchol CAE - 20.0
Agueous
o7 -
- 5
a5 0.15
350 49.8

mmmrmmmmyw
M\nn'hbleﬂm.l\mhﬂ. & Unit of CPC Imternational, Inc.,
Edison, N,

h«rﬁrmnudphaewm ard add the ageecus
safusion 3t TEC 1o the oil phase. stierieg continuously.

Cold cream base, dates back

which
to Galen, was the forerunner of these water-in-
1 ehicles.

lipophilic number) of the
(see Tahlz 18-1).
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TasLe 18-1. Ik of Water Numbers Using 10-g Samples
Surfactant HLE Grams Water Absarbed Water Number
Sample T Sample 2

(Control: White petrolatum) 040 0,40 4.0
Sorbitan monolaurate 86 521 541 53.1
Sorbitan monopalmitate 67 820 852 B36
Sarbltan monostearate 47 1058 10,17 1038
Sarbitan monocleate 43 24.75 2525 250.0
Sorbitan sesquicleate a7 2084 3104 044
Sarbltan tricleate 18 4195 40.31 4103

From Mendes, RW., e al.: Drug Cosm. Ind.. 5534, 1964

S d water-in-oil emull of the borax- Hydrophili is an ple of a
beeswax type frequently exhibit poor long-term water-in-oil absorption base type vehicle that
physical stability. The development and large-  does not have any lanolin or its derivatives in the

scale commercial manufacture of water-in-oil
emulsifiers have made it possible to ﬁrepare
mblesemisoudsthatmollvmthewuc

be d by a jud L
mawﬂals

ufraw

natural
mwnmqnhasmehwbecomemmmedm

fiorrmn

Formula #11
Hudrophilic Ontment (USP XX}

rises that result i'mm buth nupplv Methylparaben 025
A number of s ]gé:
with properties Imsimuarwl.llznatnrai_s Sodium lauryl - 4

thetic t:riurypeaz have replaced the m{:‘: Propylene gycal 120,00
ral since the latter was banned as a result m‘r‘“ gx
of endangering the whale. Formula #10 illus- 5 R B w“"‘““' . P

trates the use of synthetic beeswax in a rela-
tvely nongreasy cold cream.

Formula #10
Cold Cream™ mmnmmmheusedasnve‘rnclehr
% maml drug sub but is not a
elegant preparation. The high p con-
A wm 3‘]‘% ﬂl leaves an unctuous residue upon the skin
" 235 t may be nmnfwuble Modi.ﬂmﬂm;fut::
B Light mineral oil 50.00 mdlheaddmunafuﬂm emllients such as
Synthetic beeswax ﬁ!t)‘] al::olwl I'Leudecyl alenhnL and fatty acid
flakes 13.00 can add
Glyceryl monostearate, pure 100 cosmetic wlhepmpamunn The effect of
0.15 suchmnd‘;mlumm the activity of a drug sub-
Precedare: Disechve {5 raetpiparalis; 28 bormc s wovee ot stance incorporated in the base must be deter-
75 12 80°C, Dissaly mined.

phase B heated 75 w0 BI°C. Add phase A 0 phase B while

sintng rapidly

Formulas #12 and #13
types of hydrophilic ointmen
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Formula #12
Hydrophilic Otutment Base®

ishing cream bases in which different types of
cmulsm«s are used are g\rcn hl ‘l‘able ]82

%
Ol Phase
Amerchol CAB* 500
Cetyl alcobol 20
Stearyl aloohal 20
Agueous Phose .

[he sem er-in-oil emulsions, however

Sodium lauryl sulfat 20
wig:m e 10 to lhrm a h c layer on the skin.
Methy] gluceth-20 100 e vely
Preservative

“Available from Ametchol, a Unit of CPC International, Inc.,
Edsson,

Pmuuhnf Add the water phase a1 B0°C to the oil phase ar 80°C.
Coal while mixing to just above congealing temperature.
Variations: For greater firmmess, increase ratio of sizary] 1o cetyl

Formula #13
Hydrophilic Ointment Base*
&

Cnl Phase
Acetylated Lanolin® 5.0
Mineral all 70 vis, 50
Amerchol L-500° 10.0
Amerchal CAB" 150
Microcrystaltine wax, 195°C 50
Ceryl aleohol 50
Brij 32¢ &0
Brij 58t 40
Aqmw! Phase

40.0
'\klll!‘] Gluceth-20 50
Preservative a8

“Available from Amerchol, a Unit of CPC Intermational, Inc.,
Edison. NJ.

thvuilable from IC] Amenicas, Inc., Wilmingten, DE.

Proceduse: Add the water phase 31 A0°C o the ol phase a1 80°C.
Cool while mindng to just shove congealing temperatune.

Water-Removable Bases

pha,sewiﬂl a]ipog:hﬂx phase. 'n“‘-‘phkse‘ﬂiaus
dispersed in the form of fine microscopic glob-
ules is referred to as the discontinuous or inter-
nal phase; the other is the continuous or exter-
nal phase. The vanishing cream type vel

are representative of the oil-in-water emulsions,
whereas the absorption bases are generally
water-in-oil emulsions,

Wa.ter-So!ubIe Bmes
form HOC&]CH@H, .,CH,OH The

low- mnhcnhr—w;zigh glycols in this category
are liquids; those with am:mh higher mo-
lecular weight are somewhat unctuous; and the

t

by
water, owing to solution of the glycols. The USP
states that 5% of the polyethylene glycol 4000

may be rej with an equal amount of stearyl
ak:d'mlu en 6 to 25% of aqueous solution is to
be added to the vehicle.

sEaisouns » 547
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I WALET =8 le” bases are also known as
Eglg]ﬂ aintment hases, The compatibility of
ese bases with drug substances and their re-
lease rate must be evaluated for each class of
drugs.

Pasm, Gels and Jeﬂics

Formula #18
%
A Carbomer 340° 05
Water 425
Sorbitel TO% salution 0
B Ameroxel OE 20t 100
Solulan 98t 30
Pulyvinylpyrrolidone (PVF} K-30 10
Triethamolarmire L
5.1, akeohal #40 400

“Avallable from B.F. Goodrich Compary, Cleveland, OH
mmmm.mucpcmmmm
Edisan, NJ

Formula #15
®
Carbamer $40 0.75
Purified water 34.25
Salulan &8° 3.00
S.0. alcohal #40 50,00
Ditsopropanclamine, 10% in water 12,00

*Avadlable from Amerchel, 8 unit of CRC International. Inc.,

Edisan, NJ

Procedure: Prepare a Carbomer shurry in water with gentle ag-

tation, and add mixture of SDA #40 and Solulan mixture, mixing

mmmmuammmkueun-uuunduu,m
L salistion 1 aveid

Fumﬂmmnmuhmdﬂuﬂm

mes and dissoproparclamine.

Gels are also formed with celluloses such as
Hl Teellul and  hydmeypropsh
methylcellulose. A popular over-the-counter
benzovl peroxide gel contains 6% polyoxy-
ethylene lauryl ether, 40% ethyl alcohal, colloidal

silicate, F
methylcellulose, citric acid, and purified water.

& B! o) its fusion
point, but its addium ]nl.mduees a mlem of
oil ion
may be prevented by the addition of small quan-
h as ozokerite, ceresin,

Wi

or_microcrystalline wax, The amount of wax
added should not appreciably raise the melting
point of the base,

All materials used in the ophthalmic cintment
should be impalpable to avoid eve discomfort

Hath of the afo SRR

basic vehicles are possible because of the availa-
bllmr of new raw materials, which permit the
to vary his 1 to obtain the
desired therapeutic effect and to make a semi-
solid that is both convenient and comfortable for

hwdunr Phase A—Disperse Casbomer $40 thoroughly in
‘water with good stirring. Add sorbitol solution. Phase B—Add the
Ameronol O 20 to the aloohol, warm to 35°C, and stir until uni-
form. Add Salulan 08, FVP, and methanolamine consecutively,
mixing after each addizion. Add phase B to phase A with gentle
mwechanical mixing untl gel forms.

rals should be used in a semisolid form,
smce fewer mnslituems reduoe invanmry de-

rease the
wil.'h the analytic procedure, and decrease |he

the patient to apply. A minimal number of mate-
dosage
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TasLe 18-2. Formulas for Vanishing Cream Bases

#14 #15 #16 #17
Aniomic Stearate Aniomic Nemionic Cationic
L] k] ® =
By Weight By Weight By Weight By Weight™
Stearic acid 130 0 40
Seearyl aleohol 10 50
Ceryl aleohel 10 20 10
Glyceryl monostearate 100
Isopropyl palmitate 10
Lanolin 0
Methylparaben 010 0.10 0.10 0l
Propyiparaben 0.05 005 0.05
Sorbitan monostearate 20
Glycerin 100 10.0 150
Sorbitol solution [70%)| 30
Potassium hydrodde 0.90
Sodium lauryl sulfate 10
Polysorbate 60 15
Stearyl colamine formyl methyl 15
pyridinium chloride
Purified water. g.5. ad 100 100 100 100

danger of allergic reactions in unusually sensi-
tive patients.

Many formulas for creams and ointments can
be found in the scientific literature, formularies,
and catalogs of chemical suppliers of emulsifiers
and other raw materials. These formulas should
only serve as a guide for developmental work,
because many of them have not been checked
for stability, easeofapphm:im or ability tw re-
lease the d.r:fg absorption site. The re-
quirements umdau“gl;t};ymldg:zme what
materials are subsequent experi-
mentation can the typical problems regarding
consistency, application, and stability be over-
come.

In the past, many pharmaceutical semisolids
used to treat skin disease lacked the
and aesthelic appealg;me better cosmetics and

dlability of a host of
new and safe raw materials suitable for use as i
dermatologic semisolids has made it possible for The p are added to i r.o
lhg  patient to apply to hiss!dnapupmn that  prevent contamination, demmunu, and
ac- agebyhmedaandhngi,mmmy tll

serve as sub-

pr.ab]e
s}mddbeeasymapplgudﬁeelownﬁwmbhun
the skin. It should not feel clammy, excessively
moist, or too dry. When a protective film is
formed or deposited on the skin, the film should
not be tacky or excessively adhesive. All these
pmperliesnlaybesummedupundermeupms
ston “pharmaceutical elegance.”

smfvrthmuﬂﬂwrwﬂm Several terms
musedmdewﬂbemmwdalmnlsmsam
ated with pharmaceutical and cosmetic prod-

-“himﬁll' “objectionable,” and “opportun-

TheUSPXXusesLbemn'hamﬂll to refer
to microbial organisms or their toxins that are
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responsible for human disease or infection, Ex-
amples of organisms that must not be present in

value for the mini
tion required for a formulaﬂnn, but to ensure

a product are given, namely, Salmonella species,  quality, the product must be tested for its ability
Escherichia coli, centain species of Pseud to withstand Jental elit bial
nas, incl P, [

cus aureus. An “ohj ble" can P efficacy in a formulation is deter-
cause disease, or its presence may interrupt the i

function of the drug or lead to the deterioration finished

of the product. Organisms are defined as “oppor-
tunistic” pathogens if they produce disease or
infection under special environmental situa-
tions, as in the newborn or the debilitated per-
son. Included in the latter group are the aged,
those undergoing extensive surgical or acciden-
tal trauma, and the compromised host, defined
as those who are on antibiotic, anticancer, or
immunosuppressive therapy. The newborn has
increased susceptibility to gram-negative infec-
tions, while the other individuals have various
forms of immunologic deficiency, which in-
crease the suscepdbﬂiry to mfecuons Recog-

tion, The number of micmorganisms injnal!y
present in the i lated material is d

by plating aliquots of suitable dilutions. Table
18-3 gives rJI‘;e USP XX procedure and the inves-
v 1 FDA i Tud

the organisms used, the le'\':is of inoculum,
sampling periods, and the measure of effective-
ness. Various neutralizers for the preservative
are added to the culture meddia to recover a max-
imum number of organisms, A TAT broth con-
sisting of tryptone (2%), azolectin (0.5%), and
polysorbate 20 {4%) has been faund to be a suit-

able medi topical is @

Bl 51 m fall, 1 n

aﬁem !inr | ¥

should not be presem in a pharmaceutical or
cosmetic product: P. putida, P. multivorans, P.
maltophilia, Proteus mirabilis, Serratia marces-
cens, Klebsiella sp., Acinetobacter anﬂ:ams
(Bamrium anltratum) md Candlda sp

para-
bens. Tlle samples should be msted at intervals
for both slow-growing and rapidly proliferating
sms.
USP XX has procedures for determining
the microbial content of raw materials and fin-
ished products. Suitable limits on the number

depends upon many factors. The interaction of
fﬁmwmg.ﬂ&m TanLe 18-3. Preservative Efficacy (High-Level
m__e;._im__gmmms_mtmuhk;la_mn by pol 2 A Inocula Challenge) Tests
product storage temperature may change the A, USP XX Procedure
concentration of the unbound or free preserva- 1. Organisms used: C. albicans, A. niger. E. coll. 5.
tive in the aqueous phase, aureus, P. asruginosa.

Perfumes of 2. Inoculum: 0.1mb20 ml; 100,090 to 1,000,000 cells’

ESETVR e i i._ VELY Preseryes stem.

preservative necessary to prevent microbial

spoilage may be estimated by (1) the use of ex-
Ti liy determined pk 1 1 pa- Inocul

ml.
3. Sampling a1 7, 14, 21, and 28 days following inocu-
lation.

4. Effectiveness; vegetative cells not more than of
0.1% of initial concentrationis by 14th day; concen.
tration of viahle veasts and molds at or below initial
concentration after 14 days; concentration of each
lest organism remains at of bebow these levels afier
28 days.

B. Investigational FIMA Procedure for Topicals

1. Organisms used: same as USP XX plus P. putida, P.
multivorans, Klebsiclla sp., 5. marcescens.

0.2 mi20 ml; 0.8-1.2 % 10° cellstml.

rameters such as the oil/water partition coeffi-
cient, concentration of surfactant, the number of
independent binding sites on the surfactant, oil/

E

Sampling: weekly observations.
Effectiveness: vegetative cells QOOI% survival by

water

28 days; C. albicans <1% survival; A. niger <10%
survival

2 23 5. Re-inoculate: vegetative cells: 1-2 x 10° cells'ml;
servative in the ueoy (2)_an_u]m§ 0.1% survival in 28 days.
These tect provide an Modified from Bruch: Drug and Cose. Ied., 11032, 1972
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and types of mic sms have not been offi-
cially specified, however. All materials must be
free of the harmful microorganisms listed in the
USP XX. Manufacturers have set up their own
microbiologic specifications suitable to their raw
materials and finished products, A tvpical man.

1 m 3 -
Microbiologic quality guidelines have been

Limits on the maximal microbial content of
powble and purified water are stated in the
Lnued States Public Health Service regula-

#¥ The test is made for the presence of the
coltform group of bacteria, since experience has

shown that this group is a si ant indicator
of pollution. The L ter technique, as
well as the fermentation tube method, is used
for detecting and estimating the number of coli-
form bacteria present.

i. The
amount of allowable elh\lene oxide residues
have not been established. The residues are eth-
ylene oxide (ETO). ethylene chlorohydrin
(ETC), and the various monomeric forms of eth-
ylene glycol (ETG). Bruch has stated: “Recent
studies have shown the LDs, (Gm/Kg.) by dif-
ferent routes for differcnt animal species o ap-
proximate the following: ETC = ETO > ETG
(least toxic). Acute topical irtaton studies
show on Gm.Kg basis that the activity is
ETO = ETC > ETG."

The FDA has proposed the following:*®
“Each drug of a type listed in this para-
graph for which ethylene oxide is used as a ster-
ilant in the manufacture of the finished product,
its components, or its market container shall
not, when tested as H:ckaged in its market con-
tainer, exceed the following residue levels .

(See Table 18-4.)
The manufacturer cannot depend on the
sen'axlve or a type of sterilizing process, such as
ion or a llquid b 1 steril-
1 duced during
ing process or by d
raw materials. Though the microbiologic quality
of a product may be high as a result of the sterili-
zation process, endotoxing may be present as a
result of Iysing of the bacterial cells. Some endo-
toxins have been shown to be allergens. These
substances should be absemt from semisolids
Just as sterile products should be free of pyro-
gens. for d jon of endotoxi
being investigated.*

A manufacturer can lessen the microbial haz-
ards in his products by following the Good Man-
ufacturing Practices (GMPs) recommended by

ant, to
the

TasLe 18-4, Hesidue Limits of Ethylene Ovide and Derivatives (Parts per million)

Drug product Ethylene oxtde Ethylene chlarolydrin Ethyleme glycol
Crphthalmics {for topical use) 10 20 60
Injectables (including veterinary

Imramammary infusions) 10 10 20
Intrauterine device

{contaning a drug) 5 10 10
Surgical scrub sponiges

(containing a drug) 25 250 500
Hard gelatin capsule shells 35 0] KL

From Federal Register, 430122), June 23, 1978, pan 221, p. 27482
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the FDA.* These procedures do not spell out
the specific details that a manu[actu:er &'Iwuld
follow to avaid with bial or

preservative can be overcome by an excess of

foreign m:mer in pharmaceuuml pmdum An

nmervad\.‘e Drl:wrhe bstitu-

with the fuad mdusu-y in mind, bul itis appiu:a—
hle to any industry in which sanitary procedures
must be followed, The Sanitary Design Princi-
ples are in the form of a checklist covering many
details, such as the construction of the manufac-
turing plant, processing and packaging equip-
ment, floors, walls and ceilings, plant services,
and the relative ease of cleaning both equipment
and the environment, *!

If the bacterial count in the finished product
is high despite precautions taken to prevent con-
tamination in the raw the

agueous and oil phases, respectively.
Many of the preservative studies reported in
the

water supply, then the pipelines, filling equip-
ment, and containers must be checked for
sources of contamination or interference with

are performed in sim| £h agueous

systems. It is comforting to know that the pre-
servatives appear to be more effective in the fin-
Ishtd formulations than indicated in the com-

the activity of the p . For |
some filling equ:pmcnl may still conmjn some of
the semisolid after rinsing or flushing of the

equipment d\mng l.‘ne c!e-:mlng operaunn In
such cases, y and th

studies, The interactions cccurring in

a complex emulsion sxsrem in a semisolid ap-
parently do not apply. ™ However, in view nl’me
lact Lhat interaction of preservarives with macro-
les does occur, the finished formulation

cleaning are mandatory.

The container may contribute 1o contamina-
utmbyharhonn bacwﬂaispmorbysorpdon
or chemical | with the p

should be tested microbiologically for preserva-
tive adequacy
The p-h)dmvhenma!.e esters are used in

which thmby lowers its concentration in the

Plastic rubber seals,
and closures have been shown to react with
some  preservatives. ™ Reduced preservative
mnoe'nl.raum al&e can occur through chemical

with one another because of their
synergistic action. In general, they are employed
at a concentration level approaching lhedr maxi-

mum solubility in water. The solubill f some
commonly used preservatives are given in Table

18-6. The propyl or butyl ester is usually dis-

th the or gum as  solved in the fat phase and should be increased
shown in Tahle 18—5 for vehicles with a high fat content. Satisfactory
of  protection of the emulsion against microbial
e total methylparaben present in the aqueous may possibly be attained with sorbic
phase is inactive ¥ Such inartivation also oc-  acid, in which the p-hydmvaenmle esters
i i prove to be ineffective **
cetylpyridi i h icacid

gos I e

TapLe 18-5, Degree of Binding of p—llyd’mxy
benzoate Esters by Various Macromolecules

Macromalecule Unbaurnd Unboterd
2% u Methyiparaben % Propylparaben %

110,*¥ jmproves their activity against bacteria,
Gelatin 2 8 veast, and molds. The supplier® claims that the
Methyloellulome o a7 combination system retains activity against
g;‘;"““ o _;'; 2 yeast and mold even when activity has

p been di o

HTW mm 33 :E or other substances in the I‘nnmllauun. or has
Tween 80 43 10

From Barkley, E. L.: Am. Perl. Aromat,, 7333, 1859, *Sutton Laboratories, Inc., Chatham, NJ
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TanLe 18-6. Solubilities of Some Présevvatives in g/100 ml Solvent at 25°C

Mineral Propylens
Winter ol Glyeol

Bithional L0004 o 08
Butyl-p hydroxybenzoate 0.02 s 110
p-Chloro-m-xylenal 00025 55 15

acld 0.10 001 L7
Ethyl parsben 0.075
Methyl-p-hydroxybenzoate 0.25 0.03 22
Propyl-p-hydrxybenzoate 0.06 26
Sorbic ackd o0z 55

& = soluble; 55 = slaghaly soluble; * = in ghoerin. These descripeive terms are approximate solubilities as defined m USP XX

migrated into the oil phase. Germall 11 is used in
concentrations of 0.1 to 0.5% alone or in eombi-
natlon with the pwabens It should be added to
the pmduct.be

uated for their effectiveness in the product, and
their effect on the physicochemical stability of
the product. As with all new dermatologicals
under development, patch testing must be con-
ducted to eliminate any cynis]d.nirma—
tion or itivity with the

these substances.

Rapid determination of preservative efficacy
in semisolids can be done in 48 hours for bacte-
ria and 7 days for molds.*® The method utilizes
the so-called D-value, or decimal reduction time,
which is calculated from a plot of the log number
of surviving organisms per gram against time of
inoculation of the product with specific orga-
nisms. The D-value is & numerical value of rate
of d ofa if ism in a spe-
cific product. Since it is a quantitative expres-
sion, it can be used to compare the rate of inacti-
vation of different organisms in one or more
products. The D-value permits the calculation of
the Hme required for th Tt i son of
any size population of organisms,

tive that is available is

Another preserval
Dowicil 200t, wlﬂchisdesuibadusamm

against bacte-
ria, yeast, and molds at concentrations of 0.02 o
0.3% weight. It is not inactivated by nonionic,
anionic, or cationic formulation ingredients. The
substance is extremely soluble in water but is
virtually insoluble in oils and organic solvents.
Chemically, it is the cis isomer 1-(3-chloroallyl

The method consists of inoculating the -
uct with known amounts ur[thekmx::sorgan!spl:ads.
The prod are then ind w0
record the 1 of each test org; and
Iheloguhhesurﬂ\dngorgmmmsaluchsam
plelimelsplmd The slope of the line is deter-
mined by linear regression, and the negative

3,5,7-triaza-l-azoniaadamantane chloride. The
preservative should not be heated above 50°C
and is unstable in solution below pH 4 and above
g:l 10. Discoloring of this material may occur,
t can be prevented by the addition of sodium
sulfite. Strong oxidizing or reducing agents
should be avoided since these may adversely af-
fect the antimicrobial i
P

'oftheslope |heD\rnlue
‘The time pred l
dleteslorg;amsmmamuducnstak-uhmdby
linear estimate of the x-intercept. Figure 18-2
shows the effect of different concentrations of
parabens on the death rate of Staphylococcus
aureus in a cream.
The D-values for the control, the cream with
the lower, and the cream with the higher con-

of parak wm]!’!dandﬂ.ﬁhr
times

Newer pleser\ralives are belng
all of these must be thoroughly eval-

*Mallinckrodt, Inc., St. Louls, MO.
Dow Chemical, US.A., Midland, M.

,dm.'l'ln d for the com-
e ction of S. aureus in these

ol g gl 1 g g g
paraben-content  cream, and high-paraben-

sEmIsouDs + 553
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Log Mo, §. sursus/mi

Antioxidants

Antioxidani o sem -

ad, deterioration is

Industrial Processing

Pilot plant or small s:ale pmducum equip-
ment is
procedure for a pmducuun size ha:ch The prep-
aration of many batches, ranging in size from
2.5 to 25.0 or more kilograms, for product evalu-
ation and clinical testing provides opportunity w
observe, correct, or improve the effects of minor
but dons in the

)l
™
&
el

FIG. 18-2, Survivor curves showing the effects of different
comcentrations of parabens on the rate of death of e
lococcus aurens ta o créam. Symbols: e—e, cream wi
parabens (controll: w—m, cream with 0.72% mﬂm! .n-nd
008% propyl-paraber; and a—a, cream with 0.2%
methyl- and 0.1% propyl-paraben. (From Orth, D. S.:
J. Soc. Cosm, Chem,, 30:321, 1679.)

S are aration
andmlhelsbumn'these raﬂunscanbe
carefully controlled in 0.5- ar 1. t}kg\bamhes of
ﬁru_[;hcedpmducl.

pe mixer
can be lly ad ed in the
laboratory mixing vessel to achieve maximum
turbulence. The angle of entry of the propeller
shaft and the depth of the propeller can be easily
varied in the lafu:ralm'y 0 prevent aeration. A
metal spatula can be held or positioned in the
beaker dunng mmngutlo serve as a baffle o in-

without

content cream, respectively. The time reg

for the complete destruction of a specific organ-
ism of known population in a particular product
may be predi from the D-value. If the mean
D-value for S. aureus in a product is 2.5 hr, the
time for 10° 5. aureus per milliliter to be totally
inactivated is given by the product of the log
number of the organisms per milliliter multi-

plied by the D-value, or 6 x 2.5 hr = 15 hr.
Table 18-7 shows the compesition of the vehi-
cles of several corticostervid creams. It is de-
signed to show how currently marketed semisal-
ids wtilize the principles described in the
}m'evlaus sections, namely, the different physio-
:aily innocuous fatty materials used in the
. the emulsifier systems, and aLxI:;

pr
chelaﬂng agents,

554 = The Theory and Practice of Industrial Pharmocy

of air.
Slmilar maneuvmﬁln;,e;rﬁguruol of the mix-
ing action is more limited with larger station.

; used for the f of semi ol
ids. High-speed agitation may introduce air into
the product, and slow mixing may not form a
satisfactory emulsion,

Such problems oceur in large-scale manufac-
ture, but would not be apparent in small 1- or
2-kg batches for which a beaker and a laboratory
mixer are used. Small-scale equipment similar
to the production models can approximate pro-
duction conditions. [t may not be possible to pre-
:ti_r;;'thme e b mume;gﬁmmmmmtw

e agitator, but the ov -
teristics can be ascenained if idmlieagl mixers

are used.
Aeration of the semisolid should be avoided,



