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ABSTRACT OF THE DISCLOSURE

A medicinal composition comprising an injectable ac-
tive substance or agent combined with a novel adjuvant
therefor capable of enhancing the effect of the agent.
The adjuvant in its preferred form includes a macro-
molecular synthetic resin complexing material such as an
acrylic acid polymer cross-linked with a polyallyl sac-
charide, and an emulsion system therefor including a sur-
factant selected from the group consisting of nonionic
and amphoteric nontoxic surfactants, and a water in oil
or oil in water emulsion carrier. The adjuvant is useful
with various medicinal agents including antigens, hor-
mones or drug and serums of the type which will com-
plex with the synthetic resin material.

CROSS REFERENCE

This is a continuation-in-part of our copending appli-
cation Ser. No. 707,671, filed Feb. 23, 1968, now U.S.
Pat. No. 3,639,577, granted Feb. 1, 1972 and entitled In-
jectable Adjuvant, Method of Preparing Same and Com-
positions Including Such Adjuvant.

This invention relates to an adjuvant system for inject-
able medicinal compositions and is directed to the prep-
aration and provision of an adjuvant which will increase
the residual effectiveness of various types of medicinal
agents without producing toxic or undesirable side effects
such as lesions or indurations. The adjuvant is especially
useful with medicinal agents such as antigens, serums and
other chemotherapeutic materials which contain N atoms.

The adjuvant has the unique property of undergoing
relatively slow but substantially complete dissociation in
the host’s tissues and at the same time causing the medici-
nal agent incorporated therewith to be released to the host
substantially at the rate of dissociation and absorption of
the adjuvant. Although the manner in which the adjuvant
functions in vivo is not fully understood, it is believed
that the adjuvant gives both a depot and a routing effect
in combination. By virtue of the depot action, the rate
at which the medicament is released is controlled and be-
cause of the routing effect, the agent is directed toward
those areas of the host most favorable to its utilization.

It has long been known that the effectiveness of some
injectable medicinal agents, and particularly materials
such as immunogens, may be significantly increased when
the agent is combined with an adjuvant which is capable
of retarding the rate of release of active agent to the
host’s system. In this way an effect is obtained which is
comparable to the administration of many small doses
injected periodically at regular intervals. Thus, the term
“adjuvant” in this context is used to designate a substance
that operates as a binder, carrier or suspending vehicle
for immunogens and other medicinal agents alone or in
combination, the function of which is to increase the ef-
fectiveness of the agent or the immunogenic response
from an immungenic agent by virtue of the retardation
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and slowing down of the absorption of such immunogens
or medicinal agents into the host’s system while at the
same time routing the agents to those areas where they
are the most efficiently utilized. In this manner a 51gn1ﬁ-
cantly greater prophylatlc or therapeutic activity is at-
tained.

In the selection of such an adjavant many factors must
be taken into consideration to insure a retarded rate of
release in the most efficient manner with minimum toxic,
allergenic, and irritating or other undesirable effects im-
posed on the host. Thus, the adjuvant should not omly
be capable of slow dispersion and absorption in the host
but preferably should bind the immunogen or medicinal
agent and release the active material to the host over an
extended period as the adjuvant composition itself is ab-
sorbed and dissociated by the host’s system. As used
herein, the term “medicinal agent” is employed in a broad
sense and encompasses agents which are useful in the pre-
vention, cure or alleviation of disease or the prevention
of some physiological condition or occurrence such as
pregnancy. As will be explained, the adjuvant system is
most useful with medicinal agents of the type which con-
tain N atoms,

A number of carriers for the general purposes outlmed
have been proposed in the past, and have included, e.g.,
metallic oxides (i.e., aluminum hydroxide), alum, inor-
ganic chelates of salts, gelatins, various paraffin-type oils,
synthesized resins, alginates, mucoid and polysaccharide
compounds, caseinates, and blood-derived substances
such as fibrin clots. None of these materials have been
found entirely satisfactory because in certain instances
they have adverse effects on the host and in other cases
have undesirable pharmaceutical properties.

Alum, the metallic oxides and chelates of salts have
been associated with the production of sterile abcesses.
Other researchers have claimed that it is doubltful if such
chemicals are ever completely removed from the body
through the host’s natural processes, thus leaving an in-
organic debris as a residuum. Moreover, while these salts
and oxides appear to be low in toxicity, there exists the
possibility that they may be phagocytized by the cells of
the reticuloendothelial system (littoral cells and sinusoidal
cells of the liver and spleen) as part of the insoluble de-
bris. There is evidence that such debris may be physically
harmful to the various filter mechanisms of the body, e.g.,
the liver, spleen and kidneys.

The synthesized oils and petroleum derivatives may
be particularly undesirable, in spite of relatively slow dis-
persion thereof in the body, inasmuch as they frequently
are broken down into aromatic hydrocarbons, which may,
in fact, be carcinogenic. Furthermore, these substances
have been found to be capable of producing sterile ab-
cesses and also may never be completely eliminated by
the body.

With respect to fully denatured animal-derived sub-
stances, such as gelatin, the primary objection thereto is
not the deleterious effect of the substance on its host, but
rather that dispersion of the gelatin from the site of in-
jection throughout the body of the host may be too rapid
to qualify as an efficient absorption retarding wvehicle;
hence a poor adjuvant. Thus, whenever gelatin is used as a
carrier, the gelatin is usually pretreated with tannning
agents or other inorganic compounds to retard rapid dis-
persion of the material throughout the body. These sup-
plements may prove deleterious. The fate of such mate-
rials in the body of the host is not completely understood
but the possibility exists that the formation of insoluble
debris can result. Finally, with substances such as gelatin,
which have a tendency to swell when introduced paren-
terally, under in vivo conditions, unpleasant mechanical
side effects including discomfort and swelling may be
produced.
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Because blood-derived fibrin substances have been found
to elicit immune responses in the body of the host, use
of such substances as adjuvants is undesirable because of
immunogenic dangers. It is common knowledge that cer-
tain similarities exist in the fibrins, fibrinogens and throm-
bins derived from various species of animals thereby in-
creasing the likelihood of immune or allergenic response
when such materials are used. Although a few of the
above described vehicles have been previously used or
suggested as adjuvants, in part at least because of their
attributes of relatively slow dispersion from the site of
injection, they possess characteristics which make for poor
control of their rate of intrahost dispersion.

In our copending application there is broadly disclosed
an adjuvant, method of preparing the same and composi-
tions including such adjuvant. However, the claims of
such application are limited to the working example dis-
closed. The purpose of the present application is to dis-
close additional working examples of the invention to
support broader claims and to delineate the full scope
of the present discovery.

It is, therefore, the primary object of this invention to
provide an adjuvant for injectable medicinal agents which
is operable to significantly increase the residual effective-
ness of the medicinal agent in the composition without
producing deleterious toxic, allergenic or antigenic re-
sponses.

Another important object of the invention is to provide
an improved injectable adjuvant for medicinal agents
which does not have the attendant detrimental effects
associated with previously known adjuvants and exhibits
sufficient depot action to retard release of the active in-
gredient while at the same time performing a routing func-
tion to direct the release medicament to sites in the host’s
body where most effective use of the agent can take place.

A still further important object of the invention is to
provide an injectable liquid substance having a medicinal
agent therein of the type having N atoms and combined
with an adjuvant therefor which is capable of increasing
the residual effectiveness of the agent at least in part by
virtue of the fact that the adjuvant includes a slowly utiliz-
able macromolecular synthetic resin material capable of
forming a complex with the medicinal agent at the N
atoms thereon to tightly hold the agent and thereby only
slowly release such agent in vivo substantially at the rate
of dispersion and absorption of the complexing material.

Also an important object of the invention is to provide
an adjuvant wherein is included an emulsion system for
the synthetic resin complexing material which is not only
capable of assuring complete dispersion of the material in
the liquid portion of the injectable substance, but also
serves a routing function to direct the released medica-
ment to the most favorable sites for utilization thereof
while at the same time being completely dispersible in and
dissociatable by the host’s system.

It is also an important object of the invention to pro-
vide an adjuvant including a synthetic resin complexing
material as described wherein an ingredient may be in-
cluded having amine groups reactable with remaining
free hydroxyl and carboxyl groups on the complexing
material to thus limit the ability of the material to bond
to the host’s tissues and thereby avoid any tendency for
the resin to cause the formation of lesions and indurations
at the area of injection.

Also an object of the invention is to provide an im-
proved adjuvant especially useful in connection with pro-
tein and mucopolysaccharide immunogens by virtue of
the utilization in the adjuvant formulation of a polymer
of acrylic acid cross-linked with polyallyl sucrose and
which is capable of complexing with the amine groups
of an immunogen or other active agent having N atoms
to cause the latter to be released to the host upon injec-
tion of the composition substantially at the rate of disper-
sion and dissociation of the resin material.
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Also an object of the invention is to provide an in-
jectable medicinal composition wherein the concentration
of the medicinal agent in the formulation may be varied
as desired without requiring significant changes in the ad-
juvant to accommodate different active agent concentra-
tions.

A very important object of the invention is to provide
an improved adjuvant for injectable medicinal composi-
tions which not only controls the rate of release of the
active agent at the site of injection but also functions
to provide the effect of mobile depots of the medicinal
agent or depots at sites other than the injection site, e.g.,
the cells of the macrophage and/or lympocyte series in
the host’s system. In addition, it is an object to provide
an adjuvant as described wherein depot action is provided
at the injection site by the viscosity of the adjuvant for-
mulation, Thus, with an immunogen, the improved adju-
vant makes possible a potentiated antibody response of
the host’s body to a single injection of an antigen.

Another important object of the invention is to provide
an injectable immunological composition wherein the shelf
stability and protection against high and low temperature
extremes are increased by virtue of the utilization of a
cross-linked acrylic acid-polyallyl saccharide polymer cap-
able of forming a complex with the antigenic agent. An in-
cident of such complex formation is protection of the im-
munogen against deterioration caused by oxidizing or re-
ducing agents, unfavorable temperature, or pH conditions
and free radicals.

Since the adjuvant of the present invention is especially
useful in connection with immunogens such as vaccines,
injectable formulations of this type will be described first.
However, as will be made clear, other medicinal agents
may be incorporated with the novel adjuvant composition
and superior potentiated results obtained. However, for
best performance, the medicinal agent should be of the
type having N atoms available for bonding to certain con-
stituents of the adjuvant. Exemplary of these materials are
hormones, antigens, serums and chemotherapeutics.

The adjuvant is made up of two major systems. It
includes: (a) a macromolecular synthetic resin and com-
plexing material having free carboxyl and hydroxyl sites
capable of bonding with the medicinal agent at the N
atoms thereon to hold the agent to the resin; and an emul-
sion system for the synthetic resin complexing material
and capable of assuring relatively complete dispersion of
the resin in the liquid portion of a final complete injectable
composition. Alternatively, an ingredient having amine
groups which are capable of combining with the free
carboxyl and hydroxyl groups which remain after com-
bination of the resin with the medicinal agent may be
included in the formulation if desired to limit the abiltiy
of the resin to bond to the host’s tissues in those cases
where the active agent has insufficient N available to tie
up substantially all of the available bonding sites of the
resin phase.

In its preferred form, the adjuvant comprises the com-
bination of: Carbopol 934P, B. F. Goodrich Chemical
Co., defined in the literature as a polymer of acrylic acid
crosslinked with polyallyl sucrose; and an emulsifier con-
taining either a nonionic or amphoteric, nontoxic surfac-
tant or mixtures thereof in a water in oil or oil in water
emulsion carrier. Admixture of the constituents under
ambient conditions is the only procedure necessary to
prepare the material,

Carbopol 934P is described in detail in U.S. Pat. No.
2,909,462 and although the polymer containing polyallyl
sucrose is preferred, satsifactory results can also be
obtained by using acrylic acid polymers cross-linked with
other equivalent polysaccharides. The letter P in Carbopol
934P is used to designate the pharmaceutical grade of the
product. In certain formulations, Carbopol 941 gives
somewhat better results and has a better overall appear-
ance than Carbopol 934P. However, it is necessary to
rather carefully determine that the free hydroxyl and
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carboxyl sites of the material have been loaded with N
atoms, either from the active agent or an N atom contain-
ing additive, than is the case with Carbopol 934P to more
effectively assure that irritation of the host’s tissue at the
injection site is avoided.

The emulsion system used with the polymer described
above should be either a nontoxic, nonionic or nontoxic,
amphoteric surfactant, or mixtures thereof in an oil in
water or water in 0il emulsion carrier. The nature of the
emulsion carrier is somewhat dependent on the type or
types of surfactants used. Variations of the proportions
of the surfactant or surfactants is permissible but prefer-
ably should be chosen as to type and used in respective
concentrations to give an HLB number within the range
of about 3 to about 16. Where surfactants are used for
dispersing oil in water, the final HLB number should be
above 6. In the case where surfactants are used of the
type for dispersing water in oil, the final HLB number
should be below 6.

Exemplary surfactants useful in carrying out the pre-
ferred concepts on this invention include nontoxic, non-
ionic surfactants available from the Industrial Chemicals
Department of Atlas Powder Company, Wilmington,
Delaware, e.g. for oil in water emulsions: Tween 80
(polyoxethylene sorbitan monooleate—HLB 15); Arlacel
80 (sorbitan monooleate~HLB 4.3); Tween 20 (poly-
oxethylene sorbitan monolaurate—HLB 16.7); Arlacel
20 (sorbitan monostearate—HLB 8.6); Myrj 45 (polyox-
ethylene stearate—HLB 11.1); Arlacel 40 (sorbitan mono-
palmitate—HLB 6.7); Myrj 53 (polyoxyethylene stear-
ate—HLB 17.9); Span 85 (sorbitan trioleate—HLB 1.8);
Myrj 52 (polyoxethylene stearate—HLB 16.9); Span 20
(sorbitan monolaurate—HLB 8.6); G-1790 (polyoxy-
ethylene lanolin derivatives—HLB 11); G-1471 (poly-
oxyethylene sorbitol lanolin derivatives— HLB 16);
G-1441 (polyoxyethylene sorbitol lanolin derivatives—
HLB 14); Span 80 (sorbitan monoleate—HLB 4.3);
G-1471 (polyoxyethylene sorbitol lanolin derivatives—
HLB 16); G-1702 (polyoxyethylene sorbitol beeswax
derivatives—HLB 5); Tween 81 (polyoxyethylene sorbi-
tan monooleate—HLB 10); G-1726 (polyoxyethylene
sorbitol beeswax derivatives—HLB 5); Brij 30 (polyoxy-
ethylene Jauryl ethers—HLB 9.5); Brij 35 (polyoxyethyl-
ene lauryl ethers—HLB 16.9); and for water in oil emul-
sions, Span 80; Arlacel 85 (sorbitan sesquioleate—HLB
3.7); Tween 61 (polyoxyethylene sorbitan monostear-
ate—HLB 9.6); Arlacel 83 (sorbitan sesquioleate—HILB
3.7); and Span 85. Union Carbide and Carbon Corpora-
tion, New York, New York, nontoxic, nonionic Carbowax
and Pluronics surfactants can likewise be used, with par-
ticularly good results being obtained from Carbowax
1540 (polyethylene glycols—HLB aprox. 7) where it is
desired to employ either an oil in water or a water in oil
emulsion carrier, and Pluronics 62 (addition products of
ethylene oxide to polypropylene glycols—HLB approx.
7); in the case of oil in water emulsions. An especially
useful amphoteric surfactant for an oil in water emulsion
carrier has been found to be Miranol DS (an amphotylic
fatty acid derived combination of monocarboxylates,
dicarboxylates and sulfonates—HLB approx. 7). The gen-
eral formula of Miranol DS may be represented as:

H,
AN
CH,

| |

CnHasCOO—é-——
0
H

C:H\0H

CH;CH~CH;30;Na
H

. Nontoxic, nonionic or amphoteric surfactants such as
those listed above when used in oil in water, or water in
oil emulsion carriers are chosen should be used in amounts
which assure emulsion stability (a minimum of three
weeks), desirable pharmaceutical elegance, nontoxic (no
discernible adverse reactions) and adjuvancy. It has been
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found that with the surfactants mentioned, these prop-
erties are obtained when the final HLB of the emulsifier
system is within the noted range of about 3 to about 16.

Although cottonseed oil is the prfeerred oil for pre-
paring the carrier, other nontoxic oils are also usable such
as olive oil and peanut oil.

Many types of medicinal agents may be incorporated
with the adjuvant of this invention. In the antigen cate-
gory, exemplary active immunogenic agents include
Clostridium chauvoei; Clostridium septicum; Erysipelo-
thrix insidious; Leptospiria anterogens; streptoccus equi,
Clostridium sordellia; Clostridium novyi; and Clostridium
hemolyticum. Toxoid antigens which can be combined
with the adjuvant include Clostridium perfringens (Types
C and D); and Clostridium tetani. Viral type antigens
include Encephalomyelitis (WEE and EEE); Foot Mouth
Disease Virus (FMVD); Encephalomyelitis (WEE),
Encephalomyelitis (EEE) and Clostridium tetani in com-
bination; Bovine virus diarrhea (BVD); Infectious bovine
rhinotracheaitis (IBR); Parainfluenza (PI3); and measles
virus. Usable serums include tetanus antiserum, and
Clostridium perfringens (Types B, C and D) in serum
form. Adrenalin is one of a number of hormones which
may be combined with the adjuvant system previously
described.

The preferred ranges of the constituents of the adju-
vants are as follows:

EXAMPLE I

1-10 ml. emulsion system (oil-water-surfactants)
0.1 gm. Carbopol 934P
100 ml. qg.s. distilled water (HLB approximately 12)

Best results have been obtained using the following
proportions of constituents in the adjuvant:

EXAMPLE II

1 ml. emulsion system (oil-water-surfactants)
0.2 gm. Carbopol 934P
100 ml. g.s. distilled water

One particularly useful adjuvant and which is claimed
in application Ser. No. 707,671 referred to above con-
tains:

EXAMPLE 1II

Adjuvant “HL”

2.5 ml polyoxyethylene sorbitan monooleate (Tween
80, Atlas Powder Co.)

2.5 ml. sorbitan monolaurate (Span 20, Atlas Powder
Co.)

50 ml. cottonsesed oil

100 ml. q.s. distilled water (HLB approximately 12)

Variation of the proportions of the emulsion system
is permissible within limits. However, in the emulsifier
system of Example III the HLB factor preferably should
be maintained within the range of about 11.2 to approx-
imately 12. This is the formulation used in Examples 1
to 5 set forth hereinafter.

The amount of adjuvant combined with the medicinal
agent should be varied depending upon the character-
istics of the particular product and whether or not a
suspension is desired. Generally, the final injectable com-
position will contain from 10% to 90% by weight of
an adjuvant preparation of the preferred relative pro-
portions. Sufficient adjuvant should be added to cause
a substantially homogeneous suspension to be formed
which is not so viscous that it will not readily flow
through standard size hollow needles (14 to 26 gauge).

Carbopol 934P is thought to have the property of
forming chemical and/or physical bonds with protein
and mucopolysaccharide antigens, as well as other com-
positions containing N atoms, holding them in a mod-
erately viscous menstruum which slowly releases certain
bound components under in vivo physiological condi-
tions. It is theorized that because of the high van der
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Waal cohesive forces and hydrogen bonding tendencies
exhibited by Carbopol 934P toward most proteins, it
forms loose hydrogen bonds as well as carboxyl bonds
with compounds containing N atoms available for bond
sites. Thus, for example, in the case of immunogenic
compositions, the Carbopol 934P provides a more stable
antigenic complex which serves to decrease the rate of
metabolic degradation of the antigenic complex by en-
zymes (lyotropic and proteolytic enzymes) by the leuco-
cytes at the site of inoculation (e.g., polymorphonuclear
neutrophils). Immunological competent cells are then
attracted to the site of the injection or mobile depots
so that they can form antibodies in response to the
antigenic stimulation.

It is believed that the Carbopol 934P antigenic com-
plex is more accessible to Iymphocytes and is more re-
sistant to enzymation degration by neutrophils. One of
the biggest problems in immunology and essentially one
of the basic functions of an adjuvant is to protect the
antigen composition from rapid neutrophil deteriora-
tion. The large molecules formed by the resim-antigen
combination thus serve to protect the antigenic material
from rapid enzymatic deterioration.

Normally, only small amounts of Carbopol 934P in
powder form may be brought into aqueous suspension
at pH’s on the alkaline side of neutrality. The viscosity
increases manyfold when a pH of 8 is reached; but
by using an emulsifier in the system it is possible to
increase the concentration and aqueous stability of the
adjuvant containing Carbopol 934P without causing gela-
tion at pH levels of 7 to 8. An increase in the pH of
Carbopol 934P in aqueous suspension to pH’s in the
range of 7 to 8 not only causes the viscosity to increase
but also probably results in the resin forming loose
bonds with water. This holds the Carbopol 934P in sus-
pension and increases the electrostatic tension of the
colloidal suspension to the point where its viscosity sub-
stantially increases. Additions of proteins or organic mol-
ecules to Carbopol 934P during this time causes the wvis-
cosity to drop. It is likely that organic molecules such
as proteins and amines have a higher binding coefficient
to the free bonding sites of the resin than does water.
Water is, therefore, pushed out and the viscosity of
the total menstruum is lowered.

Use of an emulsifier such as the emulsion systems
described makes it possible to dissolve more Carbopol
934P in aqueous solution without gelation than is the
case when such emulsifier is omitted. This apparently
causes a lower water binding tendency and it is pos-
sible therefore to increase the protein or amine load
substantially above that of solutions just containing Car-
bopol 934P alone. Carbopol 934P has some emulsion
stabilizing properties. Thus, the hydrophile-lipophile bal-
ence does not appear to be as critical when Carbopol
934P is used.

An amine dye such as phenylenediamine may be used
to trace the dispersion route of an adjuvant as disclosed
herein, through the system of a host. In one such test,
a small quantity of this dye (1 mg./1,000 ml.) was add-
ed to an adjuvant composition such as Example II. The
dye, because of its amine sites, bonded tightly to the
Carbopol 934P resin, allowing the total adjuvant men-
struum to be traced after injection into the body. All
injections were made subcutaneously and ten animals
(mice) were used in the experiment. The phenylene-
diamine was slowly removed from the subcutaneous in-
jection site in each animal as the days passed. By the
seventh day following inoculation, less than one-third of
the material could be found at the site of injection. The
kidneys, liver and spleen of one of the test animals were
removed and no dye was detected in these organs. By the
fourteenth day, no dye that could be visually observed
was present in any of the animals, This experiment
shows that an amine dye having approximately the same
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bond potential for Carbopol 934P as proteinaceous an-
tigens, is held by the synthetic resin and slowly released
from the Carbopol 934P bond. The mechanism of this
release is not fully understood but probably is attrib-
utable not only to a raise in pH (alkalinity of the tis-
sues) and uncoupling by enzyme action, but also degra-
dation by the tissues of the body to cause the bound dye
to be slowly given up to the animal’s system.

It has previously been suggested that Carbopol 934P
has some stabilizing effect on proteins and it has now been
found that it also stabilizes antigens. For example, it has
been established that there was no loss in antigenic potency
of a vaccine having a quantity of adjuvant of Example IIT
therein when the product was stored at 37° C. for one
month. This result is to be contrasted with the fact that
antigens without protection deteriorate logarithmically
under high temperature conditions. The ability of Carbopol
934P to stabilize antigens is believed to occur in at least
the following ways: (1) protection against kinetic energy
(heat); (2) protection from free radicals; (3) protection
from deterioration caused by water of crystallization of
freezing; and (4) Carbopol 934P is believed to preclude
or minimize antigenic deterioration due to oxidation and
reduction.

Carbopol 934P has the property of protecting aqueous
solutions from the free radical deterioration because of the
way in which most free radicals are picked up by the resin
itself thereby preserving and protecting other labile sub-
stances present in the menstruum. In most aqueous and
saline solutions, normal room conditions cause micro-
molecular collisions of molecules which produce aging
because of kinetic deterioration. When Carbopol 934P
is added to a composition not only does the kinetic energy
decrease in the system, but the substances which become
bound to the resin are thereby protected by the large
molecule attached thereto. In the case of antigens and
other substances, the fact that Carbopol 934P assists
in the formation of a stable emulsion also serves to insure
that the injectable product remains in a truly homogeneous
state and thus approximately equal amounts of the actual
materials are distributed throughout each milliliter of
the aqueous suspension. Insofar as protection against freez-
ing is concerned, it has been determined that vaccines con-
taining the adjuvant of Example IlI do not freeze at tem-
peratures as low as —30° C. It is generally thought that
Carbopol 934P will freeze at about —10° F. but even so it
does mnot actually freeze because in this particular case
water is bound to the molecules of the resin. It is known
that bound water has difficulty in forming crystals and that
actual crystal formation is necessary prior to what is des-
ignated mechanical freezing. In the present system most of
the water is tied up with the resin and mechanical freezing,
which is the major deteriorative force at low temperatures
on antigens, is avoided. Carbopol 934P also serves to
stabilize the emulsion state of the adjuvant, and helps sus-
pend any unbound antigen in the menstruum when used
in the proper amounts, thus making a homogeneous prep-
aration. In addition, Carbopol 934P has the property of
holding the antigen in the tissues longer than would nor-
mally be the case, thus creating a depot effect. This in
itself provides an adjuvant effect attributable to a po-
tentiated reaction similar to that induced by small repeated
doses of vaccine administered over a span of time.

Since Carbopol 934P also increases the viscosity of the
injected vaccine, this in itself serves to slow the absorption
rate of the antigen from the injection site, thereby produc-
ing an adjuvant effect by virtue of the fact that access
of body fluids to the bound and unbound antigens con-
tained within the innoculant is restricted. As an injection
menstroum. Carbopol 934P provides high viscosity and
adhesive characteristics with less irritation, providing it is
properly loaded with antigens or other amine compounds
than is the case with common parenterally injectable com-
positions, such as normal saline and distilled water.
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‘I'he combination of an emulsifier which Carbopol 934P
makes it possible to dissolve larger amounts of resin in
the menstruum than would otherwise be the case, thereby
making the total process of producing the adjuvant easier
and faster. The increased amount of resin made soluble by
use of the emulsifier makes it possible to load more antigen
into the preparation and also to increase the viscosity to
levels that allow more thorough suspension of any surplus
(unbound) antigen, as well as the necessary electrostatic
tension to provide a good holding agent in the tissues. The
emulsifier of Example IIT has a sensitive hydrophile-lipo-
phile balance (HLB) of 12, This balance provides the
necessary emulsion stability with a high level of homo-
geneity for large polymer molecules such as Carbopol
934P.

Incorporation of an emulsifier as set forth in Example
I into the composition makes an emulsion of the adjuvant
vaccine, and because of this emulsified state it appears to
be routed to the lymphatic system where it may contact the
lymphoid series cells (in lymph glands), which can absorb
the antigen by pinocytosis. Since the locus of the immune
reaction resides chiefly in the cells of the lymphocyte series,
such a routing is highly desirable. Other adjuvants reside
at the site of injection until phagocytized by neutrophils.
These neutrophils destroy part of the antigen by enzymic
degradation, and the rest finally finds its way to the lym-
phatic system. The present system results in a more effi-
cient utilization of the antigen. The emulsifier combination
disclosed herein consist of nonionic or amphoteric emulsi-
fiers. Because of this, as well as because of the small quan-
tity of these nonionic or amphoteric surfactants utilized in
the total menstruum, there is very little, if any, tissues
damage due to jon imbalance in the tissue. Also, very little
oil is required in the adjuvant and this also minimizes any
sterile abcesses that might be produced. In addition, the
recommended oils are relatively readily metabolized by
the host. Thus, Carbopol 934P and the N atom containing
compound (e.g., antigen, gelatin, collagen and/or other
N containing compound) which forms a depot effect, rep-
resent one phase of the adjuvant. Another phase is rep-
resented by the emulsified nature of the adjuvant which
routes the antigen, when released, to the lymphatic im-
mune system. The result is a two-phase adjuvant: (1)
depot; and (2) dispersion to the Iymphatic system. Also,
as previously indicated, the addition of an emulsifier to
Carbopol 934P makes possible the raising of the total men-
struum to pH 7.0 or above without gelation which facili-
tates injection.

Since remaining unreacted free hydroxyl or carboxyl
groups of the Carbopol 934P molecules may bind to the
host’s tissues at the injection site and could cause irritation
or induration, it is sometimes desirable to minimize this
possibility, particularly when the antigen or other medici-
nal agent does nmot possess sufficient N atoms to tie up
enough of the free sites of the Carbopol to avoid an irritat-
ing effect therefrom. These carboxyl-hydroxyl groups can
be neutralized by chemical bonding with amine groups
of various chemical compounds such as: (1) protein anti-
gens; (2) collagen (preferably reconstituted); (3) gelatin;
(4) basic amino acids; (5) epinephrine or other catechol-
amines; (6) peptides; (7) synthetic amines or polyamines;
or (8) peptide (amino-group-containing) antibiotics such
as penicillin, neomycin sulfate, polymixin B sulfate and
streptomycin.

When the bond sites of Carbopol 934P are not fully
occupied by antigens, then in order to protect the host’s
tissues from irritation, sufficient amine-containing sub-
stances as noted above may be added to neutralize most
of the free hydroxyl or carboxyl groups. The selected
compound or material depends upon the nature of the
final product. For example, reconstituted collagen is
ideally suited in many cases where the injection is to be
made subcutaneously since it is a natural relatively non-
antigenic substance at this subcutaneous site and there-
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fore tends to bond to the natural collagen, thus adding to
the adjuvant effect by mechanically interfering with the
dispersion of the antigen. Purified or reconstituted collagen
is an essentially nonallergenic protein since it does not

contain significant amounts of tryptophane nor tyrosine;
hence, it does not cause significant tissue reactions. Fur-
thermore, reconstituted collagen does not stimulate a sig-
niflcant secondary antigenic response which would com-
pete with that of the antigen.

A preferred procedure for producing reconstituted
collagen for use in the adjuvant is detailed in the process
flow sheet set forth in the drawing hereof. Other pro-
cedures are outlined in U.S. Pat. No. Re. 26,963.

The following examples set forth operable emulsion
systems for use in the present adjuvant within the range
specified in Example II and give outstanding emulsion
stability, pharmaceutical elegance and adjuvancy without
deleterious toxicity. In Example IV hereunder representa-
tive surfactant combinations are set forth for oil in water
emulsions.

Undiluted Percent- Initial Final

HL age HLB HLB

;S Tween 80....... 15.0 3 4.5 7.5

Arlacel 80..... 4.3 7 3.0 7.5

2 e Tween 80..___. 15.0 4 6.0 8.6

Anrlacel 80..... 4.3 6 2.6 8.6

: S Tween 80_ ... 15.0 5 7.5 9.7

Arlacel 80____ 4.3 5 2.2 9.7

S Tween 80...... 15.0 6 9.0 10.7
Arlacel 80..... 4.3 4 1.7

| S Tween 80..... 15.0 7 10.5 1.8
Arlacel 80.. 4.3 3 1.3

[ Tween 80..... 15.0 8 12,0 12,9
Arlacel 80..... 4.3 2 .9

(. Tween 20. ... 16.7 5 8.3 12.6
Arlacel 20..... 8.6 5 4.3

S, Tween 20 ... 16.7 [] 10.0 13.4
Arlacel 20.__. 8.6 4 3.4

[« PR, Tween 20_ ... 16.7 7 11.6 14,1
Arlacel 20.-.. 8.6 3 2.5

10. - o:eazesn Tween 20..... 16.7 8 13.4 15.1
Arlacel 20. ... 8.6 2 1.7

R U Myrf 45 cann i1 3 3.3 7.9
Arlacel 40..... 6.7 7 4.6

12 eenmnns Myrj45. oonen 1.1 4 4.4 8.4
Arlacel 40..... 6.7 6 4.0

18 cmmceence MyTidb oo 1.1 5 5.5 8.9
Arlacel 40 ... 6.7 5 3.4

b I 45 ... iL1 6 6.7 9.4
Arlacel 40 6.7 4 2.7

L1 7 7.7 9.7
6.7 3 2.0

16 cmmmene Myrf 45 cnenn 1L1 8 8.8 10.1
Arlacel 40 .. 6.7 2 1.3

b A Myrj 53 omoie 17.9 3 5.4 1.8
Arlacel 20, 8.6 7 6.2

18 e Myrj 53 ccenn 17.9 4 7.2 12.4
Arlacel 20..._. 2.6 6 5.2

£ [ My1 53, . eeee 17.9 5 9.0 13.3
Arlacel 20__._ 8.6 5 4.3

20 eemeaann MyT) 53 aneen 17.9 6 10.7 1.1
Arlacel 20_.-__ 8.6 4 3.4

b S Myr§ 53 ceeen 17.9 7 12.4 15.0
8.6 3 2.6

17.9 8 15.0 16.7
8.6 2 17

1.1 6 6.6 7.3
1.8 4 7

b7 My1§ 45 eenenn 1.1 7 7.7 8.3
Span 85.___... 1.8 3 .5

i1 8 8.8 9.2
1.8 2 .4

L1 9 9.9 10.1
L8 1 2
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TABLE—Continued TABLE—Continued
Undiluted Percent- Initial Final Undiluted Percent- Initial Final
HLB age HLB HLB HLB age HLB HLB
27. My 45. 16.9 3 5.1 1.8 % S Brij 35 ceemno. 6.9 3 5.0 1.6
Span 85._-.-.- 8.6 6. 5 Brijs0_ ... .0 9.5 7 6.6
28 ememnin Myr 52— con-e- 16.9 4 6.8 12,0 64 nnn Brij 35 meaeeoe 16.9 4 6.6 12,2
Span 20 ... 8.6 & 5.2 Brij 30 cmm .- 9.5 6 5.6
- T Myr 52 oo 16.9 5 8.5 12.8 65 mmnn Brij 85 meemeee 16.9 5 8.4 13.2
pan 20..o.o.. 8.6 5 4.3 Brij30. oo 9.5 5 4.8
80 oecene Myr] 52 - enee- 16.9 6 10.1 13.5 10 66. . acceeee. Brij 35 ccueo_n 16.9 7 10.1 13.9
Span 20 .eee-- 8.6 4 3.4 Brij30- ... 9.5 4 3.8
Bleoceaee Myrj 52 ceenie 16.9 7 119 14.5 i S Brij35.aemm.. 16.9 7 11.8 14.4
Span 20. ... 8.6 3 2.6 Brij30. ... . 9.5 3 2.6
7 My1i 522 e vmeen 16.9 8 13.6 15.3 i - Brij35. ... 16.9 8 13.6 15.5
Span 20.--. 8.6 2 1.7 15 Brij 30_ ... 9.5 2 1.9
33. G-1790 1.0 4 4.4 7.0
Arlacel 80..... 43 € 2.6
3. Q1790 1m0 5 55 w7 Exemplary of suitab!e sprfactar_lts and combinatfons
Arlacel 80.... 4.3 5 2.2 thereof useful for water in oil emulsions are the following:
35 G-1790. iLe 6§ 6.6 8.3 29
Arlacel 80..... 4.3 4 L7 EXAMPLE V
T T, G-1790....cnee- 1.0 7 7.7 9.0 - " -
Undiluted Percent- Initial Final
Arlacel 80..-- 4.3 3 1.3 HiE oge  HLB g
a7, G~1790 110 8 8.8 9.6
§ D Span 80___.... 4.3 5 2.2 3.1
Arjece] 80...... 43 2 -8 25 Arlacel 85_... 18 5 3
3s.. G-1790 1.0 9 9.9 10.3
b Span 80._.__.. 4,8 8 2.6 3.3
Arlacel 80.... - 43 1 -4 Arlacel 85 1.8 4 7
39 G-1471 16.0 5 8.0 1.4
- S Span 80 ... 4.3 7 2.9 3.4
Arlacel 40....... 6.7 5 3.2 Ariacel 85727 18 3 ‘5
40. G-1471 16.0 6 9.6 12.3 30 ,
___________ Span 80..__... 4.3 8 3.4 3.8
Arlacel 40 ... 6.7 4 2.7 e e s 5 -4
41 G-1741 16.0 7 1.3 13.3
- B e Span 20_ ... 8.6 2 1.7 4.7
Arlacel 0. 6.7 3 2.0 Arlacel 830111 37 8 2.0
420 ees G-1471......... 16.0 8 12.8 14.1
i I Span 20. ... 8.6 3 2.5 5.1
Arlacel 40..._. 6.7 2 1.3 35 e eae 37 2 22
43 e G-1471 oo 16.0 9 4.4 15,1
.- SR, Span 20._..... 8.6 4 3.4 5.6
Arlace] 40.-.... 6.7 1 7 Arlacel 83 37 6 22
F 7 S G-1441. ... 14.0 3 4.2 7.2
8 Span 20 ___._. 8.6 5 4.3 6.1
Span 80......-. 4.3 7 8.0 7 Arlacel 8. 3.7 5 18
45 eeaaen G-1441___..._. 14.0 4 5.6 8.2 40
2 JS, Tween 6l...__ 9.6 2 1.9 3.3
Span 80....... 43 6 28 Arlacel 85...-. 18 8 14
14.0 5 7.0 9.1
100 oo Tween 61.._.. 9.6 3 3.2 4.2
43 5 21 Arlacel 85,217 18 7 Lo
. . 10.1
li_g 2 i% b3 S Tween 61...._. 9.6 4 3.8 4.8
45 Arlacel 85.___. 1.8 6 1.0
16.0 3 4.8 10.8
8.6 i 6.0 12 Tween 61__._. 9.6 5 4.8 5.7
Arlacel 85_____ 1.8 5 .9
16.0 4 6.4 1.6
8.6 & 6.2 b S Tween 61..._. 9.6 8 5.7 6.4
Arlacel 85_____ 1.8 4 7
16.0 5 8.0 12.3 50
8.6 3 4.3 S Z A Tween 6l....... 2.8 1 L9 3.0
rlacel 83.___. . 2 .
16.0 6 9.6 13.0 -
26 4 34 Span 85_._____ 1.8 7 1.3
we oy me eee-Tmmge g g qr w0
8.6 8 2.6 55 Span 85_...... 1.8 5 9
53 G-1471. 16.0 8 12.8 14.5
Span 20.---.. 8.6 2 1.7 g g g 3. § 4.2
T S— ’I‘wlql%n 3 - 1{5;. g g 52, (5) 7.5 1.8 4 -7
T nmenee - : e Tween 6L 9.8 4 3.8 5.4
35 T Tween 81..... 10.0 ] 6.0 8.0 rlacel 83._._. . 1.1
1702 e 5.0 4 2.0 60 Span85___.... 1.8 3 .8
[T S, Tween 81..... 10.0 7 7.0 8.5 18- ccoeeee Tween 61 ____ 2.6 5 4.8 60
G-1702.noeem 5.0 3 1.5 Arlacel 83_____ 3.7 2 .7
Span 85_._.._. 1.8 3 .5
L. S Tween 81..... 10.0 8 8.0 9.0
G=1702.coeee- 5.0 2 1.0 19 ceoeee Tween 61__... 9.6 2.5 2.4 3.7
65 Ariacel 85____. 1.8 3.5 .6
58 mcenen Tween 20. - ... 16.7 4 6.7 9.7 Span 85__._... .8 4.0 .7
G172 meneen . 5.0 6 3.0
- E b7 R, Tween 61 ____ 9.6 3.0 3.2 4.4
[ Tween 20. ... 16.7 5 8.4 10.9 Arlacel 85__... 1.8 4.0 .7
5.0 5 2.5 pan 85. ... __. 1.7 3.0 .5
16.7 6 10.0 120 70 21 .. Tween 61..... 9.6 4 3.8 4.8
5.0 4 2.0 Arlacel 85..... 1.8 3 .5
Span 85..._... 1.8 3 .5
16.7 7 118 13.3
50 3 .5 g-g ﬁ f? 5.7
16.7 8 13.4 1.8 2 -4
5.0 2 1.0
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Although the above examples disclose preferred com-
binations of surfactants to obtain preferred HLB numbers,
it is to be recognized that at least certain of the surfactants
as well as nonionic equivalents thereof may be used singly
so long as they have a useful HLB factor and the Pluronics
and Carbowax surfactants previously mentioned are ex-
amples along with the amphoteric sulfonated surface ac-
tive agent, Miranol DS.

A number of representative surfactant systems of Ex-
amples IV and V were subjected to in vitro titration and
hemagglutination inhibition tests in accordance with the
following protocol.

EXAMPLE VI
I. Conduct of in vivo titration experiment
A. Methods and Materials

1. Antigen.—Western equine encephalomyelitis virus
was propagated, conventional procedures.

2. Emulsifiers.—Both oil in water and water in oil
emulsifiers were prepared using surfactants of the
non-ionic and amphoteric types as specifically identi-
fied in the table of this example.

3. Adjuvants.—Adjuvants were prepared using various
emulsifiers and Carbopol 934P with concentrations
of 1.0% on a volume basis and 0.2 gm. percent basis
respectively.

4. Vaccine-adjuvant preparation.—Inactivated western
equine encephalomyelitis viris antigen with a titer of
1075 per ml. was added to each adjuvant preparation
in ratios of 90:10, 75:25, 50:50 v./v.

5. Vaccination schedule.—11-13 gram female mice
were used for vaccination and each set of prepara-
tions were studied singularly. Thirty mice per dilu-
tion (90 mice total) were vaccinated on day 1 using
0.25 ml. dose administered subcutaneously in the
rear flank. These animals were boostered in a similar
manner on day 28. On day 35 these mice and a set

of nonvaccinated controls were challenged as follows:

Challenge
dilation Vaccinates Controls

One week later these animals were observed and
deaths recorded.

6. Challenge.—Live WEE virus CWEE-BG 3/3/71,
was prepared and stored at —80° C. in 5 ml. alignots.
One vial of this material was unfrozen for each set
of mice to be challenged. Half log dilutions from
10-4.5 to 10-6.5 were made in sterile PBS.

Before challenge, mice were anesthetized with
ether. Challenge consisted of 0.03 ml. administered
intracerebrally.

7. Results.—The table hereunder summarizes the re-
sults of this study. The neuntralization index (NI)
is the difference between control LDj, and vaccinate
LDj, (at similar dilutions) expressed as an exponent
of 10. This was done in order to compensate for dif-
ferences in challenge virus from one vial to another.
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The following conclusions can be drawn from the
table below. First, the adjuvant preparations of oil
in water and water in oil using nonionic and am-
photeric surfactants are compatible with Carbopol
934P. Second, a decrease in antigenic material cou-
pled with an increase in adjuvant concentration re-
sulted in an increase in the immunogenic response
in general as shown by the percent survivors and

neutralization index (NI).

II. Hemagglutination inhibition test

A. Methods and Materials

1. Vaccine.—The vaccine preparations with adjuvants
used in this experiment were the same as those used
in the previous test.

2. Animals.—11-13 gram female mice were used for
vaccination. Control mice weighed 18-20 grams.

3. Schedule.—5 mice per dilution were vaccinated on
day 1 using .25 ml. dose administered subcutaneously
in the rear flank, These animals were boostered on
day 28 in the same fashion. On day 35 these mice
were bled from the heart. Equal amounts of serum
from each of the mice in the set was pooled for the
hemagglutination inhibition test; these samples were
stored at 4° C. until the day of the test.

4. Test:

(2) Acetone extraction of serum samples:

To .2 ml. samples of the above pooled sera was
added .8 ml. isotonic saline and 2.4 ml. acetone.
After mixing, the samples were centrifuged at
1500 r.p.m. for 6 minutes at 4° C. The super-
nate was discarded, .2 ml. acetone was added
to the samples, mixed and incubated at room
temperature for 1 hour. After incubation, the
samples were again centrifuged and the super-
nate was discarded. The samples were then dried
in a —30 p.s.d. vaccine for 1 hour. 1.25 ml.
bovine albumin borate saline (BABS) and .6
ml. of 8% goose cells were then added and
mixed intermittently for 1 hour, for removing
nonspecific agglutinin. Absorption continued
overnight at 4° C. The following day, samples
were centrifuged and the supernate was heat
inactivated at 56° for 30 minutes. This was
stored at 4° as 1:10 acetone treated serum.

(2) (b) Diluent:

The standard diluent used was .4% bovine albumin

borate saline (BABS).
(c) Antigen:

A lyophilized western equine encophalomyelitis
virus, originally from newborn mouse brain, was
reconstituted with BABS. From previous tests,
it has been determined that the antigen was to
be used at a 1:80 dilution.

(d) Microtiter HAI:

Standard microtiter method was employed using
the previously mentioned sera, antigen, diluent
(BABS), and goose cells. The goose cells were
further diluted in pH 6.4 veranol acid dextrose
(VAD), 1 part 8% goose cells and 23 parts
VAD. Final dilutions were: 1:10, 1:20, 1:40,
1:80, 1:160, 1:320, 1:640, and serium control.

5. Results.—The tabular comparison hereunder of
the challenge experiment with the HAI titration
shows that NI and HAI results are comparable.

The vaccine without adjuvant afforded little pro-

tection in vivo and gave a negative HAL The adju-

vant-vaccine preparations elicited various amounts
of increased antibody titer as indicated in the table.
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TABLE OF EXAMPLE VI
Antigen Carbopol Surfac- Chall.
. to 935P, tant, dose Survi-

Adjuvant preparation antigen adjuvant, grams  grams (mouse), Survivors vors, HAI
Encephalomyelitis (WEE) v./v. percent percent LD% principals percent NI titer
Volume:

Tween 20, 7% 5.84 20/25 80 12,8 10

Arlacel 20 8% 5.84 23/25 92 219 80

5.84 23/25 92 21.9 80

HLB
Carbopol 934P 0.2 gm. percent-
Volume:

Myri 53, 3% 0.2 0.10 . 08 21/25 84 26.4 80

A;Iacel 20 % 0.5 0.25 6.08 22/25 83 31.6 160

Oil, 50%- - veu-- 1.0 0.50 .08 19/25 76 18.6 80

Water, 409 eecemcmcmcmmmcmm———- . P ;
HLB11.6_.__. e mccccmcanc o ——— .

Carbopo! 934P 0.2 gm. Dercent... - L e e
Volume:

Myrj 45, 8% §0/10 0.2 0.10 6.42 18/25 72 26.3 40

Span 85 2% ——- 75/25 0.5 0.25 6. 42 21/25 64.5 80

0il, 50%.- . ...~ - 50/50 1.0 0.50 6.42 17/25 68 21.4 160

Watéer, 400w ccm e m e miem e e m e meemem e memmm e e mem—m e ma— =
Carbopol 934P 0.2 gm. percent._ eeeecmmceeamane !
Volume:

Lanolin G-1471, 5% 90/10 0.2 1 6.08 19/25 76 17.4 10

Arlace]l 40, 5% e 75/25 0.5 0.25 6.08 20/25 23.0 40

i1, 50%.. .- 50/50 1.0 0 . 608 21/25 84 38.1 40

Wate;', 40%. —— -
Carbopol 934P 0.2 gm. PerCeNt . oo eeme e cmmmomomme
‘Volum:

Lanohn G-1441, 5% 90/10 0.2 0.10 6.08 21/25 84 25.8 80

Span 860, 5% 75/25 0.5 0.25 3 88 38.1 80

0il, 50%. . 50/50 1.0 Q. 5 3 80 22.4 40

Water, 40%. e eameaeesmeasmemeeveseameesuearesas-aesessmmmen

LB9 e e s m
Carbopol 934P 0.2 gm. percent -
Volume:

Beeswax G-1702, 5% 90/10 0.2 0.10 72 21, 40

Tween 81, 5%.--uvu- 75/25 0.5 0.25 64 141 10

0il, 50%-. 50/50 1.0 0.50 76 35.0 40

Water 40% -

B2 0 ) 2 0 TSRO
Carbopol 934P 0.2 gm., Dercent . cav v cccimcmcrar e cmrc e cvnaacam——— - -
Volume:

Brik 85, % 90/10 0.2 Q.1 6.34 19/25 76 36.4 40

Brij 30, 3% 75/25 0.5 Q.25 6. 34 19/25 6 28.4 40

O, B0 e e eeeae 50/50 1.0 0.50 6.34 16/25 64 14.8 40

Water, 40%. ceceoemmccec e e e mm————————mom oo e e mem o= e e eemmancmen e —

4.4 (e - rcecmeceesmeemececemc—mmccemtmemam-easann—n
Carbopol 934P 0.2 g, Pereent. o et ctmectnacaes———cvenanm——
Volum

Span 80, 5% s eeemmmmmame e 90/10 0.2 0.10 6.08 16/25 64 7.8 10

Atlacel 85, 5%, 75/25 0.5 0.25 6.08 21/25 84 30.2 20

Water, 50¢ 50/50 1.9 0.50 . 08 16/25 64 9.55 40

Oil, 46%. . - -- .

28 75 5 328 1O U -
Carbopol 934P 0.2 gm. percent_ o e em oo memm e eamamm—————
Volume: i

Tween 61, 3% 90/10 0.2 0.10 6.25 18/25 75 17.8 20

Arlacel 85, 7% a——— 75/25 0.5 0.25 6.25 18/25 72 2.4 20

Water, 50% - 50/10 .0 Q.50 6.25 17/25 68 13.2 20

0il, 40% .

HLB 4.2 e e e e e e e e m e o e m
Carbopol 934P 0.2 g, Pereent. oo v cacucmiciccac e crnnc e ———

Tween 61, 4%, 90/10 G, 0.10 6.08 21/25 84 27.0 40

SN 85, 2% e eemmcc e amee v s ear e 72/25 0.5 0.25 6.08 24/25 96 38.0 80

Arlacel 3, 3%, 50/50 1. 0.50 6.08 25/25 100 38.0 160

Water, 50%

Oil, 40%-_-- .......
LB 58 cmmamm e -
Carbopol 034P 0.2 gm. percent.._. -

Volume:

TWeen 61, 19 e oo caeinmmmeacaiemacnan on/10 0.2 0.10 6.31 18/25 72 20.4 160

Arlacel 83 2% 75/25 0.5 0.25 6.31 21/25 84 44. 40

Span 85, 7% - 50/50 1.9 0.50 8,31 21/25 84 45.7 40

WEEET, 50%5emmsmmmmmommmmm e —-

0il, 40%_- ....... e catmccettsaicamemimmmmmnemeemm—adssAsmdmemeReesseemeRo—acdeeaneesnme.———
HLB 8.0 oapomoomomeev ——

Carbopol 934P 0.2 gm. percent.....
Volume:

‘_Pluronjcs, 10% §0/10 0.2 0.10 5.83 18/25 72 10.3 10

Ofl, 50— - e ceememmm e 75/25 0.5 0.25 5,83 21/25 84 14.8 20

Watet 40%, 50/50 1.0 0.50 5.85 18/25 72 6.75 10
HLB 7.0 e ccoacmemeem e ceeccccmmacccmm e mcm o
Carbopol 934P 0.2 gm. percent. -
Volumse:

Carbowax 1540, 10% 90/10 0.2 0.10 6.08 19/25 76 17.8 10

Water 50% 75/25 0.5 0.25 6.08 25/25 100 33.0 80

Qil. (}7 50/50 1.0 0.50 6.08 19/25 % 20.4 40
Carbopol 934P 0.2 gm. percent..

Volum

Mﬂanol 10% 90/10 0.2 . 20 20/25 80 29.5 40

Water, 50% 75/25 0.5 0.25 6.20 15/25 60 30.9 20

Oil, 409, 50/50 L0 6.20 19/25 76 21, 40
Carbopol 934P 0.2 gm. percent..._.

Vaccine without adjuvant Encephalomyelitis
(WEE) (titer 7.2) antigen_...__... 6.34 12/25 48 5.14 10
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Specific examples of antigenic compositions containing
the adjuvant of Example III are set forth hereunder along
with tests supporting the potentiated results obtained from
the use of such adjuvant.

EXAMPLE NO. VII
Clostridium chauvoei septicum bacterin

1. Preparation of bacteria
Several known antigenic strains of the species above
were grown and inactivated according to conven-
tional standard procedures.
2. Preparation of experimental bacterins
Six experimental bacterins were prepared as follows
from a production batch:

Deseription

200 ml. of inactivated bacterial suspension was allowed to
settle. 20 ml. of supernate was mphoned off and replaced
with 20 ml. of adjuvant “HL".

200 ml. of Formalin-inactivated bacterial suspension was
centrifuged at 2,500 r.p.m. The supernate was discarded.
To the packed cells adjuvant “HL” wasg added to re-
store the produet to its original volume (200 ml.).

200 ml. of inactivated product was allowed to settle. 100
ml. was siphoned off. The 100 ml. of supernate was
used as fluid base for Carbopol 934P constituent in the
adjuvant “HI’’. The 100 ml. of complete adjuvant con-
taining the supernate was added to the product, re-
storing to original volume.

200 m]. of inactivated product was allowed to settle, and

20 ml. of supernate was siphoned off. To 180 ml, of
product, 20 ml. of 1% alum phosphate was added to
bring the final volume to 200 ml.

200 ml of product without any adjuvant or concentra-

200 ml of product concentrated to 100 ml. with alum.

3. Conduct of experiment:

350 to 450-gram guinea pigs were used in the test,
divided into 16 groups of 5 guinea pigs each. Two
of the groups of 5 guinea pigs each were set aside
as controls. Each sub-lot was broken down into
two groups of 5 guinea pigs each, Each group of
guinea pigs (except controls) was then inoculated
subcutaneously with 0.25 cc. and 0.5 cc. (each sub-
lot contained one group which received 0.25 cc. and
one group that received 0.5 cc.) bacterin, Seven
days later, all principals received a booster inocula-
tion. Fourteen days later all principals and con-
trols received a 10LDyg, dose of standard Clostrid-
ium chauvoei “F” spore.

4. Results
A/P1 Percent survival at—

Lot No. Sub lot 0.25 cc. 0.5 ce. 0.25 ce. 0.5 cc.
2/5 2/4 40 50
4/5 5/5 80 100
4/5 5/5 80 100
2/5 2/5 40 40
2/5 3/5 40 60
3/5 5/5 60 100

1 Alive over principals challenged.
2 Sub-lots B and C were made from unconcentrated material, and sub-
lot F was concentrated 50%, with alum.

Note.—Controls; Challenge material—1:50,000, 0/5 A/P, survival—
0%: Challenge material—1:500,000, 1/5 A/P, surviva1—20%

EXAMPLE NO. VII
Clostridium perfringens type “C” toxoid-

1. Preparation of toxoid
Clostridium perfringens type “C” was grown and in-
activated according to conventional production
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procedures. The cells were removed by centrifuga-
tion and the supernate was filtered through a
sterilizing bacteriological filter.
2. Preparation of experimental toxoid
15 liters of toxoid was divided into five 3-liter
batches and treated in the following manner:

Lot  Sub-

No. lot Description

b A 3 liters of *“‘C” toxoid containing 10% adjuvant “HL.”

2 B 3 liters of ““C”” toxoid containing 50% ad;uvant “HL”
(1,500 ml. toxoid plus 1,500 ml. adjuvant “H

b C 3 liters of “C” toxoid contaimng 10% A1(OH)3.

2 .- D 3 liters of “C” toxoid, no adjuvant was added.

2 ... E 3 liters of “C” toxoid bacterin (containing cells) was

concentrated to 1,500 ml. with AI(OH);.

3. Conduct of experiment

Twenty-five adult, 4-1b. rabbits were used in the test,
divided into five groups of 5 rabbits each. Each
group of rabbits was then inoculated subcuta-
neously with 2 cc. of one of the five sub-lots, Four-
teen days later each rabbit received a 2 cc. booster
vaccination. Fourteen days after the secondary
inoculation, all the rabbits were bled by heart
puncture and the serum from each sub-lot was
pooled. A toxin-antitoxin assay to determine units
of titer present in the hyperimmunized serum was
conducted in 18 to 20-gram white mice.

4. Results

20 30 40 50 60 Units
ATL .U. .U, AU .U. obtained
35/5 5/5 5/5 5/5 0/5 50 A.U.
5/5 5/5 5/5 4/5 0/5 40 A.U.
5/5 5/6 5/5 3/5 0/5 40A.0.
4/5 3/5 0/5 0/5 0/5 20 A.U.
5/5 5/5 5/5 5/5 5/0 60 A.U.

i International Antitoxin Units.
3 Alive over principals.

Nore.—Controls—10L+, 1/5; 10Lo, 5/5.

EXAMPLE NO. IX
Leptospira Icterohemorrhagiae canicola bacterin

1. Preparation of Bacteria:

The two species of Leptospira were grown separately
and inactivated according to conventional produc-
tion procedures. The bacterial suspensions were
concentrated and the supernate discarded. Con-
centrated cells were reconstituted with 0.85%
saline.

2. Preparation of experimental bacterin:

Antigen was obtained from a single production lot

and divided into equal volumes.

Percent

1. Leptospira icterohemorrhagiae canicola bac-
terin - 50
Adjuvant “HL” _________________________ 50

2. Leptospira icterohemorrhagiae canicola bac-

terin e _ —— 50
Aluminum hydroxide — 10
Saline .. —— 40

The test was a comparlson of the antibody (agglu-
tinins) response in guinea pigs of these two ex-
penmental bacterins.

Six guinea pigs were used for each of the prepara-
tions. The dose per animal was 1.0 ml. injected
subcutaneously. Preinoculation sera were negative.

Sera taken three weeks post inoculation were tested
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by the agglutination-lysis test with the following:~ - ear. In contrast when plain _Epinephrinq was injected in
results: equal amounts, the effect started immediately and lasted
Gut Icterohemorrhagiae Canicola
piglr\ll'o Adjuvant 1:10 1:50 1:250 1:1,250 1:6,250 1:10 1:50 1:250 1:1,250 1:6,250
.......... tHHL”.. 4+ 3+ 2 — - 4+ 4+ 3+ 1+
1 - Adjuvan -4 4i 21- 2 - 41 43 4+ 3+ i+
3 = - 44 4+ 3+ I+ 14
4 1+ + 4 3+ 24 % -
5 — = 4 2+ 2+ 1F -
6. 2+ * o 34+ 1+ % -
- - 34+ 94 x - -
- - 4 4 2+ + -
- - o 24+ F + -
- - 3+ 14+ = - -
- - 3+ 4+ 13— =
- - 4+ 3+ 1+ - H

EXAMPLE X
Bivalent encephalomyelitis vaccine, TCO

1. Preparation of virus
Encephalomyelitis virus strains, *Massachusetts EEE
and Rockefeller WEE, were harvested from tissue
culture fluid following conventional standard pro-
cedures. The tissues culture fluid was inactivated
with formalin and stored at plus 5° C.
2. Preparation of experimental vaccines
A single lot of inactivated virus was divided into
three equal volumes. Three experimental vaccines
were prepared as follows:

Sub-

lot Description

9 ml. of EEE inactivated tissue culture fluid and 9 ml.
of WEE inactivated tissue culture fluid were com-
bixlxetq with 21ml. of twenty percent (20%) of hydrolyzed

elatin,

9 gﬂ of EEE inactivated tissue culture fiuid and 9 ml.
of WEE inactivated tissue culture fluid were com-
bined with 2 ml. of ten percent (10%) adjuvant “HL”".

10 ml. of EEE inactivated tissue culture fluid and 10
ml. of WEE inactivated tissue culture fluid were com-
bined without an adjuvant.

3. Conduct of experiment

Twenty-five 350-400-gram guinea pigs were used in
the test, divided into five groups of S each. Two
groups were set aside as controls.

Three groups of guinea pigs were inoculated sub-
cutaneously with two 0.5 ml. of one of the three
-experimental vaccines one week apart and chal-
lenged ten days after the second vaccination with
0.1 ml. I.C. (intracranially) of heterologous virus
material diluted 10-5.

4. Results

The challenge virus titration of EEE strain was be-

tween 1 and 10 guinea pig LDsg,.

Alive over Percent

EEE fraction only principals survival
Vaccine A (gelatin) 4/5 80
Vaccine B (16% adjuvant “HL")__ocveeneee__. 5/5 100
Vaccine C (no adjuvant) 2/5 40
Controls; 10-%. 0/5 0
Controls; 10-8. 2/5 40

**The Western test was terminated as & “‘no test’” prior to completion
due to respiratory or non-specific disease in the test animals.

EXAMPLE NO, X1
Carbopol 934P titration with Epinephrine

. Equal amounts of Carbopol 934P and Epinephrine,
both at 1:1000 strength were combined and 0.15 cc.
doses injected into the ears of rabbits close to the posterior
auricular vein, It was found that the Carbopol 934P
bound the Epinephrine, but released it after three hours
and continued releasing the material for about 24 hours.
Measurement was made by counting the branches of the
central artery visible when a light was placed behind the

*Massachusetts eastern equine encephalomyelitis and Rocke-
feller western equine encephalomyeliiis,
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from two to three hours. These tests at least partly verify
the fact that amino compounds such as Epinephrine bind
to Carbopol 934P and are then released slowly in a
physiological environment of approximately pH 7.4.

Similar tests were conducted on erysipelas bacterin with
equivalent results being obtained.

Although not described in detail above, it is to be under-
stood that in preparation of an injectable medicinal com-
position in accordance with this invention, the pH of the
solution is preferably brought to substantially 7.0 by addi-
tion of sodium hydroxide thereto if necessary since the
complexing resin gives a pH of about 4.

Having thus described the invention, what is claimed as
new and desired to be secured by Letters Patent is:

1. A liquid injectable antigenic antibody producing
immunogen composition comprising:

an injectable antigenic substance; and

a sufficient amount of an adjuvant for said antigenic

antibody producing immunogen substance to increase
the residual effectiveness thereof, said adjuvant in-
cluding a polymer of acrylic acid cross-linked with
polyallyl sucrose, an emulsion system including a
surfactant selected from the group consisting of non-
ionic and amphoteric nontoxic surfactants, and a
water and oil emulsion carrier comprised of about
40% or 50% each of water and nontoxic vegetable
oil,

there being from about 0.1 to 1 gram percent weight to

volume of said polymer and from about 1 to 10%
volume to volume of said emulsion system in said
adjuvant.

2. An injectable antigenic composition as set forth
in claim 1 wherein said antigenic antibody producing sub-
stance is an immunogen.

3. An injectable antigenic composition as set forth in
claim 2 wherein said immunogen substance is a bacterial
type antigen.

4. An injectable antigenic composition as set forth in
claim 2 wherein said substance is a toxoid type antigen.

S. An injectable antigenic composition as set forth in
claim 2 wherein said substance is a viral type antigen.

6. An injectable antigenic composition as set forth in
claim 1 wherein a drug or tracer dye is included with
said injectable antigenic antibody producing immunogen
substance.

7. An injectable antigenic composition as set forth in
claim 1 wherein said substance is a toxoid.

8. An injectable antigenic composition as set forth in
claim 1 wherein said carrier comprises an oil in water
emulsion.

9. An injectable antigenic composition as set forth in
claim 1 wherein said carrier comprises a water in oil
emulsion.

10. An injectable antigenic composition as set forth in
claim 1 wherein said nonionic surfactant is selected from
the group consisting of sorbitan monooleate, polyoxyeth-
ylene sorbitan monooleate, sorbitan monolaurate, poly-
oxyethylene stearate, sorbitan monopalmitate, sorbitan
moonstearate, sorbitan trioleate, polyoxyalkylene sorbitol
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lanolin derivatives, polyoxyalkylene lanolin derivatives,
polyoxyalkylene sorbitol beeswax derivatives, polyoxyeth-
ylene sorbitol, polyoxyethylene lauryl ethers, polyethylene
glycols, and mixtures thereof, and said carrier comprises
an oil in water emulsion.

11. An injectable antigenic composition as set forth in
claim ‘1 wherein said nonionic surfactant is selected from
the group consisting of sorbitan monooleate, sorbitan tri-
oleate, sorbitan sesquioleate, polyoxyethylene sorbitan
moonstearate, sorbitan monolaurate, polyethylene glycols,
and the addition product of ethylene oxide to propylene
glycols, and mixtures thereof, and said carrier comprises
a water in oil emulsion.

12. An injectable antigenic composition as set forth in
claim 1 wherein said amphoteric surfactant is an ampho-
Iytic, fatty acid derived surfactant capable of dispersing
oil in water.

13. An injectable antigenic composition as set forth in
claim 1 wherein said amphoteric surfactant comprises

H;
/ C\
N Cle
C 11H35000—9}-———N
o \
H CH3;CH--CH;3;S03Na
H

CaH,0H

and said carrier comprises an oil in water emulsion.

14. An injectable antigenic composition as set forth in
claim 1 wherein the nontoxic vegetable oil in said oil
and water emulsion is selected from the group consisting
of cottonseed oil, olive oil and peanut oil.

15. An injectable antigenic composition as set forth in
claim 1 wherein said emulsion system in the adjuvant
includes on a relative volume basis, 50% nontoxic vege-
table oil, 40% water, 7% polyoxyethylene sorbitan mono-
oleate and 3% sorbitan monolaurate, and about 0.2 gram
percent weight to volume of said polymer as provided
therein.

16. An injectable antigenic composition as set forth in
claim 1 wherein said emulsion system in the adjuvant
includes on a relative volume basis, 50% nontoxic vege-
table oil, 40% water, 8% polyoxyethylene stearate and
2% sorbitan trioleate, and about 0.2 gram percent weight
to volume of said polymer is provided therein.

17. An injectable antigenic composition as set forth in
claim 1 wherein said emulsion system in the adjuvant
includes on a relative volume basis, 50% water, 40%
nontoxic vegetable oil, 3% sorbitan trioleate and 3%
sorbitan sesquioleate, and 4% polyoxyethylene sorbitan
monostearate, and about 0.2 gram percent weight to
volume of said polymer is provided therein.

18. An injectable antigenic composition as set forth in
claim 1 wherein said emulsion system in the adjuvant
includes on a relative volume basis, 50% water, 40%
nontoxic vegetable oil, 1% of polyoxyethylene sorbitan
monostearate and 2% sorbitan sesquioleate, and 7%
sorbitan trioleate, and about 0.2 gram percent weight to
volume of said polymer is provided therein.

19. An ipnjectable antigenic composition as set forth in
claim 1 wherein said emulsion system in the adjuvant in-
cludes on a relative volume basis, 50% nontoxic vegetable
oil, 40% water, 10% of an ampholytic fatty acid derived
surfactant capable of dispersing oil and water, and about
0.2 gram percent weight to volume of said polymer is
provided therein.

20. An injectable antigenic composition as set forth in
claim 1 wherein is further included reconstituted collagen
or gelatin adjuvant.

21. An injectable antigenic composition as set forth in
claim 20 wherein said ingredient is reconstituted collagen.
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22. An injectable antigenic composition as set forth in
claim 20 wherein said ingredient is gelatin.

23. An injectable antigenic composition as set forth
in claim 20 wherein said antigen is an inactivated virus
or bacterin.

24. An injectable antigenic composition as set forth in
claim 20 wherein said antigen is an inactivated bacterin
or toxoid derived from bacteria.

25. An injectable antigenic composition as set forth in
claim 21 wherein for each one part by volume of said
emulsion system, there is provided 0.2 gram percent weight
to volume of said polymer and 20 parts by volume of
reconstituted collagen.

26. An injectable antigenic composition as set forth in
claim 20 wherein said antigen is an inactivated equine
encephalomyelitis virus.

27. An injectable antigenic composition as set forth in
claim 20 wherein said antigen is an inactivated bivalent
western and eastern equine encephalomyelitis virus.

28. An injectable antigenic composition as set forth in
claim 1 wherein said emulsion system includes an oil in
water emulsion carrier and the surfactant or surfactants
used therein have an effective HLB number above 6.

29. An injectable antigenic composition as set forth in
claim 1 wherein said emulsion system includes a water
in oil emulsion carrier and the surfactant or surfactants
used therein have an effective HLB number below 6.

30. An injectable antigenic composition as set forth in
claim 1 wherein is provided from about 10% to about
90% of said adjuvant with respect to the antigenic anti-
body producing immunogen substance on a volume to
volume basis.

31. An injectable antigenic composition as set forth in
claim 1 wherein is provided about 25% of said adjuvant
with respect to the substance on a volume to volume basis.

32. A liquid adjuvant for constitution with water to an
injectable antigenic composition comprising the combina-
tion with an injectable antigen of:

a polymer of acrylic acid cross-linked with polyallyl
sucrose, an emulsion system including a surfactant
selected from the group consisting of nonionic and
amphoteric nontoxic surfactants, and a nontoxic
vegetable oil for constitution with water to form a
water and oil emulsion carrier,

there being from about 0.1 to 1 gram percent weight
to volume of said polymer and from about 1 to 10%
volume to volume of said emulsion system in said
adjuvant.

) 33. A liquid adjuvant as set forth in claim 30 wherein
is included a quantity of reconstituted collagen.

34. A liquid adjuvant as set forth in claim 32 wherein
sgid nonionic surfactant is selected from the group con-
sisting of sorbitan monooleate, polyoxyethylene sorbitan
monooleate, sorbitan monolaurate, polyxyethylene ste-
arate, sorbitan monopalmitate, sorbitan monostearate,
sorbitan trioleate, polyoxyalkylene sorbitol lanolin deriva-
tives, polyoxyalkylene lanolin derivatives, polyoxyalkyl-
ene sorbitol beeswax derivatives, polyoxyethylene sorbitol,
polyoxyethylene lauryl ethers, polyethylene glycols, and
mixtures thereof, and said carrier comprises an oil in water

emulsion,

35. A liquid adjuvant as set forth in claim 32 wherein
said nonionic surfactant is selected from the group con-
sisting of sorbitan monoleate, sorbitan trioleate, sorbitan
sesquioleate, polyoxyethylene sorbitan monostearate, sor-
bitan monolaurate, polyethylene glycols, and the addition
product of ethylene oxide to propylene glycols, and mix-
tures thereof, and said carrier comprises a nontoxic vege-
table oil for constitution with water to form a water in oil
emulsion.

36. A liquid adjuvant as set forth in claim 32 wherein
amphoteric surfactant comprises an ampholytic, fatty acid
derived surfactant capable of dispersing oil in water.
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37. A liquid adjuvant as set forth in claim 32 wherein
said amphoteric surfactant comprises

H,
C
N/ \CH:
CyHasCO 0—8——1&'—02H40H
H CH;CH—CH;30;Na
H

and said carrier comprises a nontoxic vegetable oil for
constitution with water to form an ocil in water emulsion.
38. A process for producing antibodies in the body of
a mammal at a controlled rate comprising injecting into
the mammal a quantity of a liquid antigenic composition
including:
an mjectable antibody producing antigenic immunogen;
and
a sufficient amount of an adjuvant for said antibody
producing antigenic immunogen to increase the resid-
ual effectiveness thereof, said adjuvant including a
polymer of acrylic acid cross-linked with polyallyl
sucrose, an emulsion system including a surfactant se-
lected from the group consisting of nonionic and
amphoteric nontoxic surfactants, and a water and oil
emulsion carrier comprised of about 40% or 50%
each of water and nontoxic vegetable oil,
there being from about 0.1 to 1 gram percent weight
to volume of said polymer and from about 1 to 10%
volume to volume of said emulsion system in the ad-
juvant,
39. A process for producing antibodies in the body of
a mammal by injecting therein an injectable antibody pro-
ducing antigenic immunogen substance as set forth in
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claim 38 wherein is provided for about 10% to about
90% of said adjuvant with respect to the substance on a
volume to volume basis.

40. A process for producing antlbodles in the body of
a mammal by injecting therein an injectable antibody pro-
ducing antigenic immunogen substance as set forth in
claim 38 wherein is provided about 25% of said ad-
juvant with respect to the substance on a volume to vol-
ume basis.
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