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I . INTRODUCTION 

The routine laboratory methods employed for the diagnosis 

of rabies , in most instances , c ons i sts of attempting to demon-

strate the presence of Negri bodies by microscopic examination 

of stained impress ion smears prepared from infected brain 

tissue . If Negri bodies are demonstrated in such preparations , 

a diagnosis of rabies is reported and quite frequently no fur -

ther diagnostic procedures are performed . In instances where 

Negri bodies cannot be demonstrated, a common procedure is to 

attempt to isolate the virus by intracerebral inoculation of 

supernates of either 10% or 20% suspensions of infected brain 

tissue into laboratory animals . Laboratory animals which are 

inoculated with such suspensions or their supernates may not 

receive a l ethal dose of virus if the titre of t he virus in 

the brain tissue is extremely low . It is not inc onceivable 

t hat a positive case of rabies could remain undetected by 

the methods employed for the routine laboratory diagn osis of 

rabies . 

A poss ible solution to the problem encountered in attempt -

ing to isolate rabies virus from brain tissue containing a l ow 

titre of virus would be to include greater quantities of the 

brain tissue in the suspensions employed for animal inocula-

tion . However , the use of greater quantities of tissue in 

the p r eparation of such suspensions is not entirely satis-
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facto r y . A tissue suspension of greater concentration than 

20% is fre quently lethal to mice when inoculated intracere -

brally . Such suspensions are not usually lethal when i nocu-

lated intraperitoneally or intramuscularly . The incubation 

peri od for rabies is frequently longer when t he virus is 

inoculated by the i ntraperitoneal a nd int ramuscular routes . 

For this reason the intracerebr a l route with its shorter in-

cubation per i od is prefer red for routine l aborat ory diagn os -

tic procedures . 

Supernates prepared from suspensions containing large 

quantities of infected brain tissue of l ow t itre could possi -

bly be employed for anim~l inoculation . However , the s edi-

ment of b r ain tissue and tissue debris which is precipitated 

when a tissue suspension containing rabies virus is centri -

fug ed , contains a large percentage of ·the availabl e v irus . 

This c an be easily demonstrated by re - grinding the sediment ; 

r e - suspen ding it in a suitable diluent , and titrating t he 

resultant supernate . At a centrifugat i on speed of 1 , 000 rpm 

for 45 minutes it has been report ed that as much as 90% of the 

free virus in a sus 9ension ca.n be precipitated with the tissue 

part icles . With increased centrifugation speeds or increased 

time r equired at a given speed necessary to obtain suitable 

supernates fro~ suspensions contai ning large concentrations of 

infected bra in tissue , a proportional decrease in the amount 

of free virus in the supernate can be exp ected . 
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A means of liberating additional quantities of virus 

from infected brain tissue , in addition to the amount liber-

ated solely by mechanical maceration , would offer a possible 

solution to the problems associated with the isolation of 

rab ies virus from brain t i ssue of low titre . Proteolysis of 

mechani cally macerated infected brain tissue cou ld possibly 

liberate additional quantities of live virus . A number of 

proteolytic enzyme s are known which do not attack living 

cells or most native proteins . The employment of such 

enzymes in the proteolysis of mechanically macerated infected 

brain tissue should , theoretically , result in proteolysis 

of the nerve cells without affecting t he virus . 

The action of various enzymes of animal and vegetable 

orig in on rab i es virus has been studied by v arious investi -

gators . In every instance these investigations were limited 

to determining whether or not a g iven enzyme inactivated the 

virus . In those instance s where the enzymes employed did 

not inactivate the virus , no efforts were made to determine 

if the enzymes had liberated additional quantities of virus . 

No investigations have been reported in which the more 

recently discovered fungal and bacterial p r oteases ~ave been 

studied for their effect on rabies virus . 

T~e purpose of this study i s to determine the effect of 

a selected b roup of proteol ytic enzymes on raoies virus with 

particular emp1~asis on funs al and bacterial proteases . This 
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evaluation should ascertain the potentialities of employing 

proteolytic enzymatic digestion of mechanically macerated 

rabies infected brain tissue as a means of rabies virus 

elution . 

~ 

I 
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II . REVIEW OF PERTINENT LITERATURE 

A. The Effect of Proteolytic Enzymes on Rabies Virus 

Remlinger (41) r eported i n 1905 tha t a , " t hick emulsion 

of fixed rabies virus , " when placed in " vi scus " sacks and 

inserted in the peritoneal cavity of d ogs or rabbits , was 

inactivated within twenty- four hours . He r epeated his basic 

experiment , removing the sacks from the per itoneal cavity 

every hour - By animal inoculation he was able to demonstrate 

that attenuation of the virus i s percept i b l e af t er one hour . 

After six hours , half the ani mals i nocula t ed remained unaf -

fected , and by t welv e hours the v irus was completely atten-

uated . The possibility that the temperature of the peri -

toneal cavity, or phagocytosis accounted for the attenuation 

of the v irus was investigated and disprov ed . Particular note 

was made of the fact that the attenuation of the virus occur-

red more rapidly when the emulsion of virus was enclosed in 

a " viscus " sack within the peritoneal cav i ty , than when it 

was injected d i rectly into the cav ity . He concluded that , 

" it remains therefore to incriminate a possible and singular-

.ly ene r g etic rabicide of the liquid of the peritoneal cavity ." 

In 1934, Hirano (23) conducted a series of experi~ents 

to determine the effe cts produc e d on fixed rabies virus by 

the enzymes , lip ase , trypsin , and diastase . He prepared 
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various dilutions of virus and enzyme using a phosphate 

buffered diluent with a pH of 7 . 4 . In a series of animal 

inoculations , utilizing albino rabbits , it was determined that 

rabies virus was unaffected by a 1 : 10 , 000 dilution of lipase , 

but was partially attenuated by a 1 : 8 , 000 dilution, and com-

pletely destroyed by a 1 : 4 , 000 dilution . With a five percent 

dilution of trypsin in 50% glycerol , diluted 1 : 20 , 1 : 100, and 

1:200 with phosphate buffer , he was able to demonstrate that 

the virus resisted the action of trypsin in dilutions greater 

than 1 : 100 . Similar results were obtained with a ten percent 

solution of diastase in 50% glycerol . In dilutions of 1 : 40 

and greater , diastase had no effect on the virus . 

In 1934, Jonnesco (26) investigated the natural immunity 

of some animals to infection with rabies virus . At a later 

date, he reported that as a result of his earlier research 

on the problem, he was convinced that , " enzymes appeared to 

have an important role in the ~rocesses of defense against 

rabies . " 

In 1936 , Jonnesco ( 27 ) investigc.ted the action of pan-

creatic juice on fixed rabies virus . He demonstrated that 

human pancreatic juice , in maximum dilutions of 1 : 10 , can 

have a destructive effect on the virus . The degree of the 

destructive action of the pancreatic juice varied as to the 

donors from which it was collected . The nature of the 

destructive action was found to be due , in the major part , 
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to the action of trypsin . This was demonstrated by the fact 

that when the trypsin content of pancreatic juice is inacti-

vated by the addition of antitryptic enzymes , obtained from 

normal human serum, the pancreatic juice is incapab l e of de -

stroying the virus . 

Bailly ( 2 ) conducted a series of experiments in 1945 , 

in which he studied the action of pancreat i c extract on fixed 

rab ies virus . He conclude d that the virulence of the virus 

is destroyed by an aqueous extract of dog pancreas , after 24 

hours of contact at 1 0 C. The destructive effec t of the 

extract takes p l ace at a pH of 10 , and is inhibited by an 

acid pH or an alkaline pH between 7 . 0 and 9 . 0 . 

In 1947, Remlinger and Bailly (42) studie d the effect of 

fi g latex on rabies virus . They subjected a 1 :50 emulsion of 

rabbit b r a i n , infected with a strain of fixed virus , to the 

proteol yt i c activity of fi g lat ex . The 1:50 emuls ion of 

infected brain was mixed with 1 : 10 , 1 :15 , 1 : 20 , and 1 :50 

dilutions of the lat ex and i ncuba ted for 17 hours at 15 C. 

Two mice were inoculated, intrac e r ebrally , with each mixture 

of brain emulsion and dilutions of latex . The eight mice , 

so inoculated , survived and .two mice inoculated with an 

aqueous suspension of the untreated brain emulsion died . The 

authors drew attention to the fact that the juice of vs.rious 

species of aloes had produced sin ilar destructive effects on 

rabies viru s . 
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According to Bodansky, (4, p . 158) , the proteolytic 

enzyme , cathepsin, is present in autolyzed tissue . The possi -

bility that this enzyme may have some effect on rabies virus 

is suggested by the statements of several authors . Hagan (21) 

states that putrefaction destroys rabies virus rather slowly . 

Kelser (29) also states that the virus will resist putrefac -

tion for a long period of time , if protected from other detri -

mental influences . VanRooyen (56) states that temperature 

also has an effect on the virulence of rabies virus in auto -

lyzed brain . Virus has been recovered after four months from 

autolyzed brain kept at 18 C., but onl y after a few days when 

the brain was kept at 37 C. 

During the preparation of a suspension of rabies virus 

from infected ti ssue , Johnson ( 25 , p . 287) states that intra-

cellular enzymes are liberated with the virus . These enzymes 

may hav e an unfavorable effect on the activity of the virus . 

He also states tha t " ti ssue enzymes liberated from brain 

material used in the preparation of rabies vaccine undoubted-

ly have a deleterious effect on the antigenicity of the 

virus ." 

B . The Effect of Heat on Rabies Virus 

Babes and Lepp (1) reported in 1889 that rabies street 

virus was inactiva ted when subjected to a temperature of 63 
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to 70 C. for an undisclosed period of time . This virus , after 

inactivation, possessed no immunizing properties . Another 

strain of virus which was heated to 60 C. for 12 hours was not 

inactivated by this treatment . It retained sufficient viru-

lence to cause the death of a dog which had been inoculated , 

within 14 days . 

In 1905, Remlinger (41) r eported that an emulsion of 

fixed rabies virus , which he had maintained for 24 and 48 
hour periods in a 39 C. water bath, still exhibited viru -

l e nce when inoculated into rabbits . He also subjected por-

tions of the same emulsion to 24 and 48 hour periods in a 

39 C. oven , and found that the virus sti l l exhibited viru-

l ence . 

Circa 1907 , Lamb and McKendrick (36) conducted a series 

of experiments on the effect of incubati on at 37 C. on 1 : 200 

and 1:1600 dilutions of f i xed rabies virus in normal s aline . 

They incubated the vi~us dilutions for varied periods up to 

24 hours , and reported that the virus was partially destroyed 

after two to four hours , and completely destroyed after 24 
hours . 

Semple (48) conducted extensive tests on the effect of 

heat on rabies virus , which were reported in 1911. In one 

series of experiments he was able to demonstrate that a five 

percent emulsion of fixed virus , in normal saline solution, 

wa s destroyed at a temperature of 50 C. in 15 minutes , but 
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not at a temperature of 45 C. in the same time . In another 

series of experiments on the effect of normal saline solution 

on the virus , he stated that his results had failed to con-

firm those of Lamb and McKendrick (36 ) . Utilizing anima l 

inoculation tests , he demonstrated that the virulence of a 

" one percent dilution " of virus in normal sal ine remained 

unimpaired when held at room temperature for 11 days , and in 

one case for 15 days . He repeated this experiment , at which 

time t he virus was incubated at 37 C . r ather than room temp-

e r a ture , and concluded that ; " the results of this series of 

experi ments prove that dilutions of 1 in 200 rab i es virus in 

normal saline solution are not destroye d in 24 hours at a 

temperature of 37 C.; and that a dilution of 1 in 1 , 600 loses 

nothing of its virulence when kept for four hours at a temp-

erature of 37 C . , but has l ost a litt le of its virulence 

alth ough not destroyed as the end of 24 hour so 11 

Hirano ( 23 ) in 1934, in the course of subjecting a 

strain of fixed rabies virus to proteol y tic digestion by 

lipase , trypsin, and diastase, i ncubated a 1 0% suspension of 

infected brain tissue in normal saline at 37 C. for two to 

three hour periods . After incubation the virus was allowed 

to stand at room temperat ure for various periods of time 

varying from 1 7 to 22 hours . He did not report any decrease 

in the virulence of the virus after incubation . 

Tierkel (53) , in his presentation before the Pane l on 
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Rabies of the Section on Public Health at the 87th annual 

meeting of the American Veterinary Medical Assocation in 1950 

stated, " in laboratory experiments in Montgomery, suspensions 

of the virus were killed in four to five days at 37 C. In 

the last tests , they were killed in three to four days at 

that temperature . At 45 C. , we could kill them in twenty-

four hours ; at 50 C . , in one hour ; and at 100 C. , in less 

than two minutes . So it is quite a thermolabile organism . " 
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III . STANDARD MATERIALS AND APPARATUS 

The materials and apparatus described bel ow were rou-

tinely employed throughout this problem . Those materials and 

apparat us which pertain only to a particul ar investigat ion 

are described separately with the methods of p r ocedure employ-

ed in that investigation . 

1 . Antibiotic solution 

An antibiotic solution prepared with steril e physiolo6 i -

c al s a l t solution, containing 12 , 500 units of penicillin G 

and 25 mg . of streptomycin sulphate per ml ., was routinel y 

used to control bacterial contaminants . 

2 . Experimental animals 

a . Rabbits . Ten to 15 pound adu lt albino rabbits were 

used as indicated . No preference was shown as to the sex of 

the rabbits used . Al l the rabb its were procured from a local 

source and their strain was unknown . 

b . Mic e and guinea pi g s . The mice and guinea pi g s 

employed in various invest i gations varied as to sex and 

strain a s de s c ribe d i n t~e de scrip tion of each inve sti ga t i on . 
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3 . Weights and measurements 

a . Fluid measurements . All fluids were measured with 

TD pyre_x , sterile , pipettes of suit able capacity . 

b . Solid measurements . All solids were measured by 

weight . An Ohaus , 11 Cent - O- Gram 11 , triple be am balance , model 

CG 3 11 , was us ed to weigh the specimens . 

4. Syringes and syringe needles 

Hypodermi c syringe s , of i ml . capacity , were routinely 

u sed for the intracerebral inoculation of experimental ani -

mals . Twenty- seven gauge , i inch , and 25 gauge , 3/4 inch, 

steri le syringe needles were us ed for the i ntracerebral 

inoculation of mice and rabbits respectiv ely . Hypodermic 

syringes , of 5 ml . capacity, and 25 gauge , 3/4 inch, sterile 

syringe needles were r ou t inely used for the i ntraperitoneal 

inocula ti on of mice and rabbits. 

5. Mechanical apnaratus 

a . Blender . A standard Waring b l ender with a stainless 

stee l , covered, small size blender cup , was r out i nely used to 

emulsify all brain t issue . 

b . Colorimete r . A Klett - Summerson phot oe l ectric color-

me ter , mode l 900 . 3, was routinely used fo r making turbidi.'Tletric 



determinations . 

c . Water bath . An electric serological water bath, t her-

mostat ically controlled to automatically maintain the tempera-

ture to which it was adjusted, was routinely used as indicated 

in various methods of procedure . 

d . Incubator . A standard type of dry heat laboratory 

incubator was routinely used as indicated in the v a rious 

methods of procedure . This incubator was electrically oper-

ated and thermostatically controlled to constantly maintain 

the temperature to which it was adjusted . 

e . Centrifuge . An International Centrifuge with a 

horizontal head was routinely employed as indicated in the 

various methods of procedure . 

f . Roller- tube drum . A motor driven roller - tube drum, 

commonly used for tissue culture , was constructed by the 

instrument shop of the Physics Department of Iowa State Col-

l ege . This drum holds 120 tubes , 16 x 150 mm . It was 

geared so that the drum r otated eight times per hour. This 

apparatus was routinely used as a means of agitating enzyme-

brain emulsion preparations while they were being incubated 

in a dry heat laboratory incub a tor . 

/ 
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IV . INVESTIGATIONS 

A, Toxicity Produced in Mice by Intracerebral 

Inoculation of Various Enzymes 

1 . Materials and aoparatus 

a . Diluent . Physiological salt solution, prepared by 

adding 8 05 gm. of sodium chl oride to 1 , 000 ml . of distilled 

water , was employe~ as the standard diluent . The solution 

was prepared in one liter flasks , stoppered, and sterilized 

by heating in an autoclave for 30 minutes at 15 .pounds of 

steam pressure . 

b . Experimental animals . The mice used in the foll ow-

ing p r ocedures were obta ined f r om two sources ; Stokley-

Peterson Farms , (S- P strain) and the Veterinary Physiology 

Department of Iowa State Colle ge , (CFW strain). Al l of the 

mice used were 20 gm., albino , swiss mice , and alth ough two 

different strains were employed , no preference was given as 

to the stra ins or sex used . 

c . Proteolytic enzymes . Va rious manufacture rs of bio-

log ic a l product s were r eque sted to furnish s ampl e s of s u it -

able proteol y tic enzymes . A t ota l or ·12 s ampl es were r e -

ceiv e d . Brief descri p tions of the produc ts whi ch we re s ub-

mi t t e d are a s f ollows : 
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(1) Trypsin. Manufactured by General Bio- Chemicals 

Inc . Harrow (22, p . 100) states that trypsin is derived from 

the pancreas , and hydro l yzes proteins to pept ides and amino 

acids . It can digest substrates much simpler t han proteins . 

Pure trypsin gradual ly digests itself at pH 7 . 0 to 9 . 0 , how-

ever the optimal temperature and pH for the proteolyt~c 

activity of this enzyme is 37 to 50 C. at pH 7 .8 to 8 .7 . 

( 2) Bromelain. Manufactured by Gener al Bio-

Chemicals Inc . According to Bodansky (4, p. 137) and Harrow 

(22, p . 100) , bromelain is derived from the pine apple and has 

a proteol ytic function similar to trypsin . 

(3) Ficin . Manufactured by General Bi o- Chemical s 

Inc . Ficin is a proteolytic enzyme obtai ned from t he l atex 

of certain species of the fig tree . Ficin a l so contains the 

enzyme peroxidase . The optimal pH for its pr oteolytic activ-

ity, as measured on gelatin, is 5. (15) 

(4) Papain (crystalline) . Manufactured by Jensen-

Salsbery Laboratories . Harrow (22 , p . 100) states that 

papain is obtained from the milky juice of the melon tree 

(papaw) , and from plant cells in general. It is similar to 

trypsin in its proteolytic activity. 

(5 ) Chymotry ps in . Manufactured by Nutritional 

Biochemic a l Corp. Harrow (22 , p . 1 07) states that chymotryp-

I 
I · 

i 
' I 
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sin is derived from chymotrypsinogen, which is isolated from 

the beef pancreas . Chymotrypsinogen is converted into a power-

ful proteolytic enzyme by trypsin , which differs from trypsin 

in that it c l ots milk , 

(6) 11 Rhozyme P- 1111 • Manufactured by Rohm&: Haas 

Co . The manufacturer (45) and Reed (39) state that 11Rhozyme 

P- 11 11 is a fungal protease . It is produced from an aqueous 

extract of the fungus by a lcohol precipitation followed by 

dilution with salt . "'~ Fungal proteases from this organis:n, 

the identity of which the manufacturer did not reveal , have 

never been produced in pure form , and therefore the purity 

of this enzyme is undetermined . The optimal temperature 

for its proteolytic activity is 50 C., but satisfactory 

results are obtained at lower temper atures if the reaction 

time is extended . The optimal pH range for its proteolytic 

activity is 6 . 5 t~ 7 . 5 . 

( 7) " Protease 15" . Manufactured by Rohm & Haas 

Co . The manufacturer (44) a nd Reed (39) state that " Pro -

tease 15 11 is a bacterial protease prepared in an analogous 

manner to that of "Rhozyme P- 11". It is characterized by 

its ability to hydrolyze proteins . Its action lowers the 

viscosity of protein solutions and increases the solubility 

°'~Specific chemical structure of salt not stated by ~anu
fact urer . 
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of the protein material . The action does not proceed as far 

as amino acids . The optimal temperature for its proteol ytic 

activity is 50 C. , but satisfactory results may be obtained 

at lower t emperatures if the t ime of reaction is i ncreased . 

Th e optimal pH for proteolytic activity is 6.5 to 7.5, how-

ever satisfactory results may be obtained from pH 5.5 to 8.5. 

( 8 ) " Protease (trypsin ) 11 • Manufactured py Takamine 

Labor atory Inc . The manufacturer states (52 ) that " Protease 

(trypsin) 11 contains both proteases and peptidases . The op ti -

mum conditions for the action of the two components of this 

enzyme are different . The optimal pH for its proteol y tic 

activity is 7.5 to 8.5 at a temperature of between 40 and 52 
c. 

(9 ) Lyso zyme . Prepared by Dr . William P . Swi tzer 

of the Veterinary Medical Re search Institute , Iowa State Col -

lege . A review of recent literature prepared by the Research 

Division of Armour and Co . (43) states that source s of l ysozyme 

are wide sp r e ad in nature . This particular preparation was 

prepared from egg white . The enzyme possesses nuc l eolytic 

and mucolytic activity , but does no t possess proteas e , 

kinase , amylase , lipase or p~osphatase activity . Certa in 

bac teria are suscepti ble to its action . Under various con-

dit i ons the enzyme is readily destroyed by pepsin and t r yps i n . 

It is a l so inactivate d and denatured by mech anical foaming . 

.1 
I 
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(10) " Proteinase A". Manufactured by Sharp & 

Dohme Division of Merck & Co . Inc. The manufacturer (46 ) 

(49) states t hat " Proteinase A11 is a crude preparation pro -

duced from the filtrates of a culture of an aerobic soil 

saprophyte . It possesses proteolytic activity , and degrades 

casein, denatured hemoglobin , gelatin , fibrin , fibrino gen , 

and lactalbumin . It does not attack native bovine , pork , or 

rat collagen . In solution it is inactivated in the presence 

or absence of a substrate by prolonged incubation at 50 to 

60 C. The optimal temperature and pH for its proteolytic 

activity is 37 C. at pH 7 . 0 . 11 Proteinase A" was supplied by 

the manufacturer in 5 ml . vials containing 25 , 000 units each . 

The potency of the enzyme is expressed in units determined 

by manufacturer ' s assay by a modification of the method of 

Kunitz . 

(11) Pancreatic desoxyribonuclease . Manufactured 

by Sharp & Dohme Divisi on of Merck & Co . Inc . The manufac -

turer (50 ) states that pancreatic desoxyribonuclease is pre -

pared from frozen beef pancreas . It has the capability of 

rapidly degrading desoxyribonuc l eoprotein . The action is 

characterized as a depolymerization , since there is no 

release of inorganic phosphorus nor does any other readily 

dialyzable substance occur . The optimal pH for its proteo-

lytic activity is 7 . 0 to 7 . 1 . Tne manufacturer supplied the 

e nzyme i n 5 ml . vials containing 100 , 000 units . The potency 
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of pancreatic desoxyribonuclease is expressed in units as 

determined by manufacturer ' s assay based upon the rate at 

which it reduces the viscosity of thyrnonucleic acid . 

(1 2) Streptokinase- streptodornase . Manufactured 

by the Lederle Laboratory Division of the American Cyanamid 

Co . The manufacturer states (37 ) that these enzymes are ex-

creted by streptococcal organisms into the cul ture medium in 

which they are grown . They are separated from the medium, 

purified, and filtered before freezing and drying . Strep -

tokinase acts indirectly upon fibrin or fibrinogen by acti-

vating a fibrinolytic enzyme in human serum, which then 

splits fibrin into polypeptides . Streptodornase acts direct-

l y upon desoxyribonucleoprotein and desoxyribonucleic acid , 

which are the main constituents in nuclei . Streptodornase 

does not act upon nuclei in living cells . The optimal pH 

for their proteolytic activity is 7.5. The manufacturer sup-

p l ied the product in 5 ml . vials containing 100 , 000 units of 

streptokinase and at least 25 , 000 units of streptodornase . 

The potency of the enzymes is expressed in units as deter-

mined by the manufacturer ' s assay , me thod not stated . 

2 . Methods o f procedure 

a . Preparation of inoculum . Serial dilutions were 

prepared of trypsin , bromelain , ficin , chyrnotrypsin , 

i 
1 
I ~ 
II 
I 

I 

I 
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"Rhozyme P- 11 11 , " Protease 1 5 11 , " Protease ( trypsin )", and 

lysozyme . 1 . 0 , o . 5 , 0 . 25 , 0 . 125 , 0 . 1 , 0 . 0625 , 0 . 04687 , 

O. 0312.5 , and O. 01 .562 g rams of' each enzyme were suspended in a 

diluent composed of' 1 part antibiotic solution and 9 parts 

physiol ogical salt sol ut i on t o make a total vo l ume of 1 0 ml . 

Each di l ution was mixed by flushing it 10 times with a sepa-

rate , sterile 5 ml . pipette . 

Simi l a r dilutions of papain were prepar ed , with the 

exception that thr ee additional di l utions were prepared . 

These dilutions contained 0 . 00020 , 0 . 0001 0 , and 0 . 00005 gr ams 

of papain respectively , per 1 0 ml . of diluent . 

Serial dilutions of " Proteinase A" were prepared, in the 

same manner as above , with the exception that the unit of 

measurement was units rather than by weight . 25 , 000 ; 1 8 , 750 ; 

1 2 , 500 ; and 1,560 units of the enzyme were suspended in 10 ml . 

of d iluent . 

Pancreatic desoxyribonucl ease and streptokinase- strepto-

dornase were suspended full strength, as supplied by the manu-

factu r e r , in 10 ml . of diluent . No serial dilutions were 

prepared of t he se two products . 

b . Animal inocu l ations . Each enzyme preparation describ-

ed above , was inoculated into 20 bram , swiss mice . Four mice 

were used per dilu tion . Each mous e received 0 . 03 ml . of 

inoculum intracereorally , whil e under the influence of d eep 

ether anesthesia . 
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The inoculated mice were observed for a period of 14 

days . All deaths occurring during this period were attributed 

to the toxicity of the inoculum . 

c . Controls . Mixtures of the antibiotic solution and 

p~ysiological salt solution were prepared in 1 : 1 , 1: 1 . 5 , 

1 : 2 . 75 , 1 : 4 and 1 : 9 proportions . Four , 20 gram swiss mice 

per dilution were inoculated and observed in a manner identi -

cal to that employed in tne actu al toxicity tests . 

B. Time Required to De~rade Brain Tissue by 

Disestion with Various Enzyme s 

1 . Materials and a puaratus 

a . Diluents . Dilu ent A consisted of sterile physiologi -

cal salt solution . 

Diluent B consisted of a mixture of 9 parts physiologi -

cal salt solution and 1 part antibiotic soluti on . 

b . Substrate . The brain tissue employed as a substrate 

i n the following determina tions was obtaine d from 10 to 1 5 

pound alb ino rabbits . Th e rabbits were sacrificed under deep 

ether anesth esia, and t h e fresh brain removed and stored in 

a sealed , ste~ile jar at - 30 C. until u sed . 

I 
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c . Proteolytic enzymes . Only five of the proteolytic 

enzymes , previously described , were employed . This group was 

comprised of trypsin , "Rhozyme P- 11 11 , "Protease 1511
, "Protease 

(trypsin )", and " Proteinase A". 

2 . Methods of procedure 

a . Turbidimetric method employed . A modification of 

the Klett - Summerson method (31) f or the determina tion of pro-

tein in cerebrospinal fluid was employed to determine the 

amount of time required at 37 C. for maximum digestion of 

brain tissue by each of the five proteolytic enzymes . The 

modific~tion consisted of maki ng four colorimeter readinb s 

of 1 : 100 dilutions of the s ample at 0 hours , and at various 

time intervals subsequent to 0 hours . The averag e of the 

readin~s obtained at 0 hours served as the standard , and the 

average of each of the subsequent readin 0 s as the basis for 

calcu lation of the percentage of protein de bradation . 

b . Turbidimetric determinations . Four dist i nct groups 

of turbidimetric determinations were made as follows : 

(1) Det ermination of the amount of degradation 

occurring in suspensions of enzymes in the absence of a 

s.ubstrate . Solutions of each of the following enzymes : tryp -

sin 0 . 2.25 gm . ; " Rhozyme P- 11 11 0 . 1 gr.1 . ; " Proteas e 15 " 0 . 125 
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grn.; " Protease (trypsin) " 0 . 125 gm.: and "Proteinase A" 2 , 500 

units ; were prepared to a total volume of 1 0 ml . i n diluent 

A . Each solution was prepared in a sterile , stoppered, t est 

tube , and thoroughly mixed by flushing 10 times with a separ-

ate , sterile , 5 ml . pipette . 

The control consisted of 10 ml . of diluent A mixed in a 

manner identical to that of the five enzyme solutions . 

Colorimeter readings were made on the control and each 

of the five enzyme solutions immediately after preparation . 

These were recorded as the 0 hour readin6s . The control and 

samples were then incubated at 37 C. Subsequent colorimeter 

readings were made after 4 hours incuba tion , and a gain at the 

end of 24 hours i ncubat ion . 

(2) Determinat ion of the amount of degradation 

occurring in suspensions of enzymes in the presence of a sub -

strate and antibiotics . A fresh rabbit brain was emulsified 

i n a sterile , chilled , Waring blendor . The emulsifi ed brain 

was diluted to a 20% suspension , by weight , in diluent B . 

This suspension constituted the stock substrate . 

Standard so l utions were made of each of the following 

enzymes : trypsin 0 . 25 gm. ; "Rhozyme P - 11 0 . 2 gm; " Prot ease 

15" O . 125 .;:,m.; "Protease (trypsin ) 11 0 . 25 gm.; and " Proteinase 

A" 5 , 000 units ; to a total volume of 10 ml . in diluent B. 

Each standard solution was prepared in a st e rile test tu be , 

and t '1roughly mixed by flushing 10 time s with a sepa:::-ate , 

,' 
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sterile , 5 ml . pipette . 

The samples for turoidi metric determinations were pre-

pared by adding 5 ml . of the 20% brain suspension to 5 ml . 

quantit ies of each of the standard solutions of enzymes . Each 

sample was then mixed in a manner identical to that used above . 

This procedure r esulted in a 10% suspension of brain i n each 

of the five enzyme solutions . The final concentration of 

each enzyme was identical to t~at used in the previous group 

of determinations . 

The controls consisted of a 10% brain s uspension in 

diluent B. This suspension was mixed in a manner identical 

to the test samples , and then divided into t wo equal parts . 

Co l orimeter reading s were made on the control s and each 

of the fi ve s ampl es i mmediately after preparation . These 

were r ecorded as the 0 hour reading s . One control and the 

five sampl es were incubated at 37 C. for 24 hours . The dup -

licate control was he ld at 4 C. for a similar period of time . 

Colorimeter readi ngs were made on the controls and the five 

samples at the end of this 24 hour period . 

(3) Determination of the rate of degradation occur-

ring in suspensions of enzymes in the presence of antibiotics 

in conjunction with the presence or a b sence of a substrate . 

A 20% suspension of iresh rabbit brain in diluent B ~as ~~e

pared in a maimer identical to that used in the second group 
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of determinations a bove . This suspension constituted the 

stock sub strate . 

Standard solut ions of each of t he five enzymes , in dilu-

ent B, were made in a manne r identical to that used in the 

s econd group of determina tions . 

Two sets of s ample s for colorimeter determinations were 

prepared. One set was prepared of a 10% suspension of brain 

in each of t he five enzyme solution s . Th is set was prepared 

in a similar manner and was identical to the samples employed 

in the sec ond ~roup of determinations . The second set of 

sampl es consis ted of 5 ml . of each standard solution of enzyme 

added to 5 ml . of diluent B. This set of samples was identi -

cal to tho se used in the first group of determinations , with 

t he excep tion that diluent B was employed rather than dilu-

ent A. 

Two sets of controls were prepared . One set consisted 

of a 10% suspens ion of brain i n diluent B. This suspen sion 

was mixed in a manner i dentical to the test s runples , and 

then divided into two equal parts . The other set con s isted 

of 20 ml . of di l uent B, w11.ich was divided i nto t wo equal 

parts . 

Colorimeter readinbs were made on the two sets of c on-

trols and samples i mmediate ly after preparation . These were 

recorded as the O hour reading s . A contro l and the five 

sample s of each set were incubated at 37 C . for 24 hours . 
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The duplicate controls for the two sets of samples were held 

at 4 C. for a similar period of time . Colorimeter readings 

were made on the two sets of controls and samples at 2 , 4, 
6 , 12 and 24 hour interval s , subsequent to 0 hours . 

(4) Determination of the amount of degradation 

occurring in suspensions of enzymes in , (a) the presence and 

absence of antibiotics without substrate , and (b) the ores -

ence of substrate with or without antibiotics . Two fresh 

rabbit brains were separately emulsified in sterile , chilled , 

Waring blenders . One emulsified brain was diluted to a 20~ 

suspension, by weight , in diluent A. The other brain was 

similarly suspended in diluent B. These two 20% suspensions 

constituted the stock substrates . 

Two sets of standard solutions of each of the five 

enzymes were prepared in a manner identical to that used in 

the second and third group s of determinations . One set 1v-as 

prepared using diluent A and tre other using diluent B. 

Four sets of samples for colorimeter determinations 

were prepared in a manner similar to that used in t~1e s eco::-id 

and third group of determinations , with the followin0 excep-

tions . The first set consisted of a 10% suspension of brain 

in diluent A in each of the five enzyme solutions in d.:..luent 

A. The second set was identical to that used in the second 

and third broups of determin°tions and consisted of a 10% 

sus )ension of or~ln in diluent Bin each of the five enzy:ne 
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solutions i n diluent B. The third set was identical to that 

used in the f irs t group of determinations and consisted of 

5 ml . of each of the standard solutions of enzymes in di l uent 

A. The f ourth set was identical to that used i n the third 

gr oup of determinQtions and c ons isted of 5 ml . of each of 

t he standard solutions of enzymes in diluent B added to 5 ml . 

of diluent B. 

Four sets of controls were prepared . The first and 

second sets c ons i sted of a 1 0% suspension of brain i n dilu -

ents A and B respectively . These suspensions were mixe d in 

a manner i dent ica l to t he test samples , and then divided 

into two equal parts per control . The t h ird and fou rth set 

of contro l s consisted of 20 ml . of diluents A and B r espec-

tively , which were each divided into two equal parts . 

Colorimeter readin6 s were made on the four sets of con-

trols and sampl es immedi ately after preparation . These 

were recorded as the 0 hour readin0 s . A control and the fi ve 

s amples of each of the f our sets were incubated at 37 C . f o r 

four hours . The duplicate control s for the four sets of 

sample s were hel d at 4 C. for a similar period of time . 

Colorimeter readings were made on the four sets of controls 

and sampl es at the end of the four hour incuba tion period . 

c . Calculation of results 

(1 ) Calculations for percentage of decrease in 

~ l 
I 
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total protein . With X representing the average of the colori -

meter readings at any given hour subsequent to 0 hours , the 

percentage of decrease in the total prote i n value for any 

given sample was calculated by the formula : 

100 - 100 x average of colorimeter readings at X hour = 
average of colorimeter readin~s at 0 hour 

t he percentag e of decrease in total protein value 

(2 ) Calculations for percentage of decrease in 

brain prote in . The percent a ge of decrease in brain protein, 

for any given sample was determined by subtracting the sum of 

the percentage of decrease in t otal protein value of the 

respective enzyme and substrate controls from the perce~tage 

of decrease in total protein value of the given sample . 

C. Rabies Virus Elution in the Presence of 

Five Proteolytic Enzymes 

1 . Materials and apparatus 

a . Diluents . Diluent A consisted of sterile physio-

logical salt solution . 

Diluent S consisted of a mixture of 9 parts Krebs - Ringer-

phosp~ate solu tion , pH 7 . 6, and 1 part antibiotic solution . 

T:ie Krebs - Ringer solution was prepared in t:ie manner described 
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by Cohen (11) as modified by Graca (17) , as follows : 

100 parts of 0 . 90% NaCl (0 . 154 M) in distilled water 

4 parts of 1 . 15% KCl (0 . 154 M) " II II 

3 parts of 0 . 61% CaC12 
( 0 . 11 M) It It 11 

1 part of J . 82% Mgso
4

.
7 HOH ( 0 . 154 M) II 11 

To 90 ml . of the Krebs - Ringer solution, 10 ml . of a phos-

phate buffer , pH 7 . 6 , was added . The phosphate buffer was 

prepared by the method described by Umbreit (55) . 

The components of the Krebs - Ringer - phosphate solution 

were kept under refrigeration in stock solutions . The requir -

ed amounts of Krebs- Ringer- phosphate solution , pH 7 . 6 , were 

prepared fresh from these stock solutions each time they were 

used . Prior to use the freshly prepared buffer s olutions 

were sterilized by autoclaving for 30 minutes at 15 pounds of 

steam pressure . After sterilization and immediately prior to 

use , the pH of the solution was verified with a Coleman pH 

electrometer , model JA . 

b . Exoerimental animals 

(1) Rabbits . As described in section III . 

( 2) Mice . The mice used in the following pro-

cedures were obtained from the Veterinary Physiology Depart -

ment of Iowa State College , ( CF\f strain) . All the mice used 

were 20 gm . , albino , swiss mice . No preference was given as 

' ~ 
1 

l 
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to the s ex of the mice used . 

c . Pr oteolytic enzymes . Five of the proteolytic enzymes , 

previ ously described, were employed . This g roup was compr ised 

of trypsin , "Rho zyme P- 11 11 , " Protease 15", " Protease (tryp -

sin )", and " Proteinase A". 

d . Viruses 

(1 ) Contr ol viruses 

(a) National I nstitutes of Health standard 

chall enge virus #59 . This is a fixed rab i e s virus , and is 

c ommonl y r eferred to in the liter ature as s t andard ch allenge 

virus (CVS) . This specimen was received from Dr . Killinger 

of the Fort Dodge La boratories , Fort Dodge , Iowa . It i s rou-

tinely supplied as a 20% mouse - brain suspension in a 2% h or se 

serum and distilled water diluent . Thi s v irus will be re-

ferred to subsequently as CVS . 

(b ) Lederle Rl74BK222AP99 (7 - 20- 54 ) rabie s 

stree t virus . This particul ar strain is commonly referred to 

as the " New York" strain . It is employed i n the potency test 

f or avianized rab ies vaccine as challenge virus . It was 

supplied by Lederle Laboratories to the Fort Dodge Labora-

torie s , as a 20% canine salivary gland sus pension in a 10% 

filtered and inac tivated rabbit serurn and buf fered saline 

diluent . Th is virus will subsequently be referred to as the 
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" if . Y. " strain . 

(2) Test virus es . Four strains of street rabies 

virus , isolated from dogs , were obtained from the Virology 

Sec tion , Fourth Army Area Medical Laboratory , Brooke Army 

Medical Center , Fort Sam Houston , Texas . The ma terial receiv-

ed consisted of frozen specimens of canine brain tissue . All 

four of these strains were originally diagnosed as rabies by 

mi c roscopic examination of impres sion smears p r epared fr om 

the canine brai n . The Wi l hite method as described by Bohls 

(5 ) was employed as the straining method for the imp ression 

smears . These four stra ins will sub s equently be referred t o 

by the cas e number originally assi gned by the Fourth Army 

Area Medical Laboratory , a nd the prefix FAAML . Case histori es 

are as follows : 

(a) FAAML 237 . A canine head was submitted 

to the Virology Section on 14 August 1952 . There was a his -

t ory of military personnel having been bitten by the animal 

prior to its death. Th e susp ected animal had been under the 

observa tion of a loc al civilian ve terinarian for several days 

prior to death and he had made a clinical diagno sis of rabies . 

A section of t ~1e semilunar ganglion was submitted t o t he 

Pathology Section of the l aboratory . Th e pathol ogist ' s re -

port stated that t~ere were c~anges in semi l unar 5an6lion 

characteristic of rabies . 
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(b ) FAA.NL 309 . A cani ne head was submit t ed 

to the Virol ogy Section on 8 October 1952 . There was a his -

tory of the suspect animal having attacked another dog and 

two mili tary personne l at Fort Sam Hou ston , Texas . In t he 

p r ocess of capturing t he suspect its s kull was f r actur ed and 

it arri ved at the Station Veterinar i an ' s office in a comatose 

condition . The suspect died wi thin 24 hours after c apture , 

and a c lin ic a l diagnosis of rabies wa s made by the Stat i on 

Veteri nari an . 

Negri bodies were observed in impression smears p r epared 

from the ani mal ' s brain. 

( c ) FAAHL 363 . A canine head was submi tted 

.to the Virol ogy Section on 26 Nove~ber 1952 . There was a 

~listory of the suspect having bitten a child, and two dogs 

at Kelly Ai r Force Base , Texas . The suspect died shortl y 

after the a t tacks and was dead when i t arrived at the Base 

Veteri n ari an ' s office . 

Negri bodies were observed in impression smears prepared 

from the ani mal ' s brain . 

( d ) FAA.ML 372 . A canine head was submi tted 

to the Virology Section on 8 December 1952 . There was a his -

tory of the suspect having snapped at children , and having 

attacked four military personnel and other animals at Lack-

land Air Force Base , Texas . The air pol iceman w10 captured 
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t he suspect was bitten . He had to shoot the animal in order 

to restrain it . The suspect was dead on arrival at the Base 

Veterinarian ' s office . 

Negri bodies were observed in impression smears prepared 

from the animal ' s brai n . 

e . Sera 

(1) Immune serum . Lederle ' s concentrated anti -

rabies serum was utilized as immune serum for serum- virus 

neutralization tests . Prior to use , the undiluted serum was 

dialyzed for 48 hours at 4 C. against 100 volumes of diluent 

A whi ch was replaced at 12 hour intervals . After dialysis 

the serum was filtered through a Sietz E- K filter . These pro-

cedures were instituted to remove the preservative , as recom-

mended by Dr . Koprowski (33) . 

( 2 ) Normal serum. Normal , filtered (Sietz E- K) 

equine serum was used as the normal serum for the serum-

virus neutralization tests . T~is serum was prepared by the 

Department of Veterinary Hygiene of Iowa State College . 

2 . Methods of procedure 

a . Preparation of stock virus material . Each of the 

canine brains of t h e four FAfu"'lL virus strains were separately 

emulsifi e d in a chilled ··faring bl e n der . After emulsification 
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they were each diluted to a 40% suspension , by wei ght , in 

diluent B. 

The CVS and " N. Y. 11 strains of challenge virus were each 

diluted , by volume , to a 1 0% suspens i on in diluent B. 

These suspensions of the four FAAML strains , and the two 

challenge stra ins were centrifuged f o r 15 minutes at approxi -

mately 2 , 000 r pm . After centrifugation , one rabbit pe r 

strain was inoculated intracerebrally wi th 0 . 1 ml . of super-

n at e . All inocul ati on s were perfo r med under deep ether anes-

thesia . 

Th e brain was harvested from each rabbi t t hat d i ed sub-

sequent to inoculation . I mp r ession smears were ·prepared 

f r om each brain , at the time i t was har vested and mi croscopic 

examinations for Ne gri bodies were made according to the 

method described by Tierkel (54). All of the impressi on 

smears wer e sta i ned according to Sell e r ' s method (47 ) . 
The whole brains of these rabbits were stored separate l y , 

at - 30 C. in a me c hanical fr eeze r , and constituted the stock 

virus f or the CVS, " N. Y.", and FAAML strains of vi rus . 

b . I dent iflcat i on of the stock viruses . Each of the 

rabbit brains , which cons ti tu t ed the s tock CVS , " N. Y. ", and 

FAAJViL s trains of virus , were separatel y emulsified in a 

sterile , chille d , Waring bl ender . One gm . of each emul sion 

was used to prepare a 20% suspension , by wei ght , i n diluent 

A of each of the s ix strains of stock virus . These 20% 
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s uspensions were then subjected to serum- virus neutr alization 

tests , performed according to ~he method of Koprowski and 

Johnson (34) . 

Normal , filtered , undiluted equine serum was employed as 

the normal serum for all serum- virus neutral ization t ests per-

formed . Lederle ' s concentrated anti - rabies ser um, dial yzed 

and filtered as previously described , was employed as the 

immune serum. Immediately prior to use , the concentrated 

immune serum was diluted 1 : 10 with diluent A, as recommended 

by Burns (6) and Koprowski (33) . 

The LD 50 endpoints in all of the serum- vi rus neutrali -

ation tests performed were calculated by the method of Reed 

and Muench (40 ) . This method for calculating 50% endpoints 

was used t:TI'oughout the entire problem . 

The unused portion of each 20% suspension of stock virus 

was sealed and stored at - 30 C. , in a mechanical freezer . 

c . Attemnted elution of stock viruses by proteolytic 

enzymatic digestion 

( 1 ) Enzyme standard solutions . Standa rd sol utions 

of each of five proteolytic enzymes were prepared in diluent 

B. Each stcndard solution was prepared to contain a specific 

amount , by weight , of a particular enzyme per 9 ml . of dilu-

ent , as follows : trypsin 0 . 125 gm. ; " Rhozyme P- 11" 0 . 1 gm . ; 

" Protease 15" 0 .125 gm . ; "Protease (trypsin ) " 0 . 125 g.1 .; and 



37 

11 Proteinase A" 2 , 500 units . Each of t hese st andard solutions 

were t horoughly mixed in a Waring blender . 

( 2) Digestion of stock virus brain emulsions with 

p ro t eolytic enzymes . One gm . quantities of each emulsion of 

the stock viruses , as de scribed for the serum- virus neutrali -

zation tests were weighed into each of seven 16 x 150 mm 

sterile , test tubes . This procedure resulted i n seven tubes 

of each stock viru s wi t h each tube containing 1 gm . of emul -

sified brain . The tubes containing a particular stock viru s 

were identified as to the virus they contained and nu_~bered 

1 through 7 . 

Tubes number 1 through 7 of CVS , " N. Y. ", and FAAML s tra:L.'1s 

of stock virus were diluted with the diluents indicated below 

to form 10% suspens i ons , by weight , of emulsified brain . 

These s u spensi ons were t hroughly mixed by flushing 10 times 

with a separate sterile 5 ml . p i pette . 

Tube No . 1 diluent B 

Tube No . 2 diluent B 

Tube No . 3 trypsin standard solution 

Tube No . 4 "Rhozmye P- 11" standard solution 

Tube No . 5 "Protease 15 " standard solution 

Tube No . 6 " Protease (tryps in )" s t andard sol ution 

Tube No . 7 "Proteinase A" sta.!dard sol ution 

Tube number 1 of each stock virus suspension ·1111·as used 

as the 4 C. temperature control , and tuces numoered 3 tirou6h 
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7 were identified as to the particular enzyme standard solu-

tion with which the suspension was prepared. The 4 C. temper-

ature controls for each of the s tock virus suspensions were 

placed in a mechanical refrigerator at 4 C . for a period of 

4 hours . The 37 C. temperatur e controls and the suspensions 

of each stock virus in the standard solutions of enzymes were 

incubated at 37 C. in a water bath for 1 hour . After the 

initial heat transfer period of 1 hour in the water bath, they 

were placed in a roller- tube drum, and incubated at 37 C. in 

a dry heat incubator for an additional 3 hour period . 

(3 ) Preparation of inoculum for animal inoculation . 

At the end of the 4 hour incubation period , as described above, 

all suspensions of each strain of stock virus were centrifuged 

for 15 minutes at approximately 2 , 000 rpm . The supernate of 

each suspension was transferred to a sterile test tube and 

properly identified . 

Serial ten- fold dilutions , 10- 2 through 10- 5 , in diluent 

B were prepared from each supernate . The supernate recovered 

from each original suspension was designated as the lo- 1 dilu-

tion . These dilutions were prepared by the same method 

employed in the preparation of serial ten- fold di luti ons for 

the serum virus neutralization tests described by Koprowski 

and Johnson (34) . 

(4) Ti tra d. on , in animals , of serial dilutions of 
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stock virus brain emulsions subjected to p roteolytic enzymatic 

diges tion . For the infectivity titration of the CVS , " N. Y. 11
, 

and FAAML strains of stock virus , swiss mice , weighing 20 grns . 

each , were selected . One hundred and forty of these mice were 

divided into 7 groups of 20 mice each . One gr oup was u s ed 

for the supernate of each of the tempera ture controls , and 

enzyme standard solution suspensions of each stock virus . 

Each group of 20 mice was further divided into 5 sets of 4 
mice each . One set of mice per dilution, was inoculated wi th 

each of the ten- fold serial dilutions prepared per strain of 

stock viruses , as described above . Each mouse received 0 . 03 

ml . of inocul um i ntracerebrall y . All mous e inoculations were 

performed by t he method described by Kopro~ski (32 ). 

All inoculated mice were observed for a period of 21 

days . Deaths occurring after the fifth day following inocu-

lation were considered as rabi es deaths . Mi ce which sur vived 

the t went y - first day of observ ation, but exhi b i ted symptoms 

of rabies at the end of the twenty- first day were also con-

sidered as r abies deaths . The LD 50 was calcul ated for the 

serial dilutions of the supernates of each temperature con-

trol and enzyme standard sol ution suspens i ons of each s t rai n 

of stock virus . 
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D. Ch allenge of Mice Which Survived in the Titr ation of 

Serial Dilutions of Stock Virus Brain Emulsions 

Subj ected t o Proteolytic Enzymatic Digestion 

1 . Materials and a pparatus 

a . Diluent . A mixture of 9 parts Krebs - Ringer - phosphate 

solution, pH 7 . 6, and 1 p art antibiotic solution was employed 

as the standard diluent . 

b . Exoerimental animals . The mi ce employed as controls 

in the following procedures were obtained from the Vet e rinary 

Physiol ogy Department of Iowa State College , ( CFW s t rain ) . · 

All the mice used were 20 gm., albino , swiss mice . No prefe r -

ence was g iven as to t he sex of t he mice used . 

c . Challenge viruses. The rabbit brain emulsions p r e -

pared from the first rabbit passage of CVS , "N.Y.n, and FAAML 

237 , 309 , 363 , and 372 strains of stock virus , and which were 

employed in the serum- virus neutralization tests were employed 

as the chal l en ge viruses . Portions of these rabbi t brain 

emulsions of each stock virus h a d been stored in a mechanical 

freezer at - 30 C. for a period of 35 days pri or to being used . 

The titre and identity of each of these viruses were previous-

ly established by the serum- virus neutralization tests . 



2 . Methods of procedure 

a . Pre~aration of challenge virus susoensions . The 

titre of the challenge virus suspensions we r e based on the 

LD 50 calcul ated for each titration of the serial di l utions 

of the 4 C. tempe rature controls of the s tock viruses as des-

cribed in the preceeding methods of procedure . Each homo-

logous strain of stock virus rabbit b rain emulsion was sus -

pended in t h at quantity of diluent necessary to contain 4 
LD 50 in each 0 . 03 ml . of inoculum. Each suspension of homo -

l ogous chall enge virus was thoroughly mixed by flushing 10 

times with a s eparate , sterile 5 ml . pipette . 

b . I noculation of surviving mice with homologous chal-

lenFe virus . At the conclusion of the 21 day observati on 

period of the titrations of serial diluti ons of stock virus 

orain emulsions , subjected to proteolytic enzymatic digestion, 

the surviving mice were chal lenged . All survivors inc l uding 

those of the 4 C. and 37 C . temperature controls were chal-

lenged without exception . Each mouse was anesthetized with 

ether and received 0 . 03 ml . intracerebrally of the homo -

logous challenge virus suspension . 

c . Controls . For each homologous challen0 e virus sus -

pension employed , six norn1al mice were inoculated . Each of 

the six mice were anest '1etized with ether a...YJ.d r e ceived 0 . 03 

intracerebrally of the challenge virus suspension . 
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d . Observation and recording of results . Each mouse , 

survivors and controls , inoculated with a homologous challenge 

virus suspension was observed for a period of 21 days . Deaths 

occurring after the fifth day following inoculation were con-

sidered as rabies deaths . Mice which survived the twenty-

first day of observation, but exhibited symptoms of rabies at 

the end of t he twenty- first day were also considered as rabies 

deaths . 

Results were recorded on the basis of the ratio of 

deaths to survivors subsequent to challenge inocul ations . 

E . Attempts to Immunize Mice a6ainst Rabies by 

a Single Inoculation of a Supernate of CVS 

Rabbit Brain Emulsion Subjec ted to 

Proteolytic Enzymatic Digestion 

1 . Materials and a oparatus 

a . Standard diluent . A mixture of 9 parts Krebs - Ringer -

phosphate solution, pH 7 . 6 , and 1 part antibiotic solution 

was employed as the standard diluent . 

b . Experimental animals 

(1) Rabbits . As descri bed in section III . 

(2) Mice . The mice employed in the following 
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procedures were obtained from Stokley- Peterson Farms , Madison , 

Wisconsin , (S- P strain ) . Al l the mice u sed were 20 gm ., 

female , a l bino , swi ss mice . 

c . Proteolytic enzymes . " Rhozyme P-11 ", and "Protea se 

15" were empl oyed as indicated i n the methods of procedure . 

Both of t~ese proteolytic enzymes have been previously de -

scribed . 

d . Stock virus . A 20% suspension of rabbit brain emul -

sion from the first rabbit passage of the CVS strain of rabies 

virus was employed as the stock virus . 

e . Control vac c ine . Phenolized rabies vaccine of capri ne 

origin, produced by Pitman- Moore Laboratories , serial number 

692656 , was employed as the control v acc ine . This product 

was originally s upplied as a 20% suspens i on , but was diluted 

to a 1 0% suspension with standard di l uent for use as the con-

trol vaccine . 

2 . Methods of procedure 

a . Second rabbit passage of CVS strain of rabies virus . 

Two rabbits were anesthetized with ethe r and inoculated intra-

cerebrally with a 20% suspension of rabo i t brain emulsion from 

the first rabbit passage of the CVS strain of rabies virus . 

Each raooit received 0 . 25 ml . of inoculurr . . 



The rabbits were sacrificed on the seventh day subsequent 

to inoculation and their brains were harvested and placed in a 

sterile , chilled, Waring blendor cup . The brains were emulsi -

fied to f orm a pool of stock rabbi t brain emulsion . Two gm . 

quantities of this pooled rabbit brain emulsion were weighe d 

out and transferred to each of seven sterile 16 x 150 mm . test 

tubes . The tubes were identified as containing the second 

rabbit passage of the CVS strain of rabies virus . 

The contents of two of the seven tubes were diluted to a 

20% suspension, by weight , with standard diluent and equally 

divided among four vials . These 20% suspensions were stored 

in a mechanical freezer at - 30 C. for later use as stock and 

challenge virus and li ve virus antigen . 

b . Preparation of experimental vaccines 

(1) "Rhozyme P- 1111 vaccine number 1 . A standard 

solution containing 0 . 2 gm . of "Rhozyme P- 11 11 per 8 ml . of 

standard diluent was prepared . Two tubes containing 2 gms . 

each of the rabbit brain emulsion from the second rabbit pass-

a ge of the CVS strain of rabies virus were diluted to a 20% 

suspension, by weight , with "Rhozyme P- 11 11 standard s olution . 

Tbese suspensions were incubated for 1 hour at 50 C. in 

a water bath. After the initial heat transfer period of 1 

hour in the water bath, they were placed in a rolle r - tube 

drum and incubated for an additional 3 hour period at 50 C. 
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in a dry heat incubator . 

At the end of the 4 hour incubati on period both-suspen-

sions were centrifuged for 15 minutes at approximately 2 , 000 

rpm . The supernat e o f each suspension was transf erred to a 

steri l e erleruneyer flask to form a poo l of the supernates . 

The volume of the pooled supernate was doubl ed by adding an 

equal volume of t he standard diluent . The diluted , pooled 

supernate was thoroughly mixed by repeated flushings wi th a 

10 ml . sterile pipette . After mixing the supernate was 

equally divided among four sterile screw- cap vials . Three 

vials were l abeled as " Rhozyme P- 11" vaccine number 1 , and 

one vial was l abeled as " Rhozyme P- 11 11 antigen number 1 . This 

material was stored in a mechanical freezer at - 30 C. 

( 2 ) " Protease 15" vaccine number 1 . The procedure 

described above was repeated with the modification that the 

enzyme standard solution contain"ed 0 . 25 gm. . of " Protease 15" 

in place of " Rhozyme P- 11" . Three vials of t he diluted, 

pooled supernate were labeled as "Protease 1 5 " vaccine number 

1 and one vial was labeled as " Protease 15 " antigen number 1 . 

T11is material was stored in a mechanical freezer at - 30 C. 

c . Test of viability of exnerimental vaccines . " Rnozyme 

P- 11" vaccine number 1 , and " Protease 15" vaccine number 1 

were both titrated by intracorebral inocul ation in mice to 

determine if either vaccine contained live virus . 
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Serial ten- fold dilutions , lo - 1 through l o - 3 , in standard 

diluent were prepared for each vaccine . The undiluted vac -

cines were designated as the 10- l dilutions . 

For each vaccine fiv e mice were inoculated per each serial 

dilution . Each mouse was anesthetized with ether and received 

0 . 03 ml . of inoculum . All mice were observed for a 14 day 

period after inoculation . 

d . Titration , in mice , of serial dilutions of the second 

rabbit passage of CVS strain of rabies virus . One tube , con-

taining 2 grns ., of the rabbit brain emulsion from the second 

rabbit passage of the CVS strain of rabies virus was dilut ed 

to a 10% suspension , by weight , with the standard diluent . 

This 10% suspension was designat ed as· the 10- l dilution and 

from it serial ten- fold dilutions , 10- l through io- 8 , were 

prepared in the standard diluent . The procedure employed was 

identical to that described above in the test of viability of 

the experimental vaccines . Tha t portion of the 1 0% suspens ion 

which was not employed in the serial ten- fold diluti ons was 

l abeled and stored in a mechanical freezer at - 30 C. 

Six.mice were i nocula t ed intra.cerebrally per serial dilu-

tion , 10- l through l o- 8 . Each mouse was anesthet i zed wit h 

ether and r eceived 0 . 03 ml . of i noculum . Inoculations were 

c ommenced with the lo- 8 dilution and proceeded in or der to 

the lo- 1 dilution . 

The inoculated mice were observed f or 14 days after 
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inoculation . Deaths occurring after the f ifth day following 

inoculation were considered as rabies deat h s . The LD 50 of 

each titration was c alculated and from this data the number 

of LD 50 in 0 . 03 ml . of undi l u t ed rabbit brain emulsion was 

calculated and expressed l ogarithmically . 

e . Potency test of experin ental vac c i nes 

(1) Attempted immunization of mice with exp erimen-

tal vaccines . Thirty mice were inoculated intraperitoneally 

per each experimental vaccine . Each mouse was anesth etized 

with ether and received a single inoculation of 0.5 ml . of 

experimental vaccine . After inoculation the mice wer e obs ervei 

for 14 days . 

(2) Vaccine control. Thirty mice were inoculated 

i ntraperitoneally wi th the control vaccine described under 

materi a l s and apparatus . The proce dure foll owed was identi -

cal to that emp l oyed with the experimental vac c i ne s . 

(3 ) Preparation of c halleng e virus dilu tions . Us -

ing t he standard diluent , serial diluti ons were prep are d of tte 

rabbit brain emulsion from the s e c ond rabbit passag e of t h e CVS 

strain of rao i es virus . Ba s e d on the numb e r of LD 50 i n O. OJ 

ml . of undilu t ed ra~ ... "!J i t br a i n emul s ion , as deter~1ined in the ~.:.. -

trati on de s cri bed above , the serial dilut i ons were pr ep a red to 

c ontain approxi~a~ely 12 , 443 ; 9 , 331 ; 6 , 221 ; 2 ,110; 1 , 244 ; and 
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124 LD 50 per 0 . 03 ml . Each dilution was t horoughl y mixed by 

flus h ing 1 0 times with a separate , sterile , 1 ml . pipette • 

. 
(4) Challenge of inoculated mice . On the four -

teenth day of the post - inoculation per i od, each gr oup o f 30 

mice inoculated with experimental and contro l vac cines , were 

divided into 6 lots of fiv e mice each. One lot of mice of 

each gr oup was inoculated in t r acerebrally per serial dilution 

of challenge virus as described above . Each . mouse was anes -

thetized with ethe r and re ceived 0 . 03 ml . of inocu l ura . 

The challeng ed mice were observed for an additional pe-

riod of 14 days . Deaths occurring aft er the fif th day foll ow-

i ng inocu lat ion were considered as rabies deaths . 

(5) Challenge control . A group of 30 unvac cinated 

mice was divided into 6 l ots of five mice each. One l ot of 

mice was inoculated intracerebrally per each serial dilution 

of challenge virus . The procedure followed was ident i cal to 

that empl oyed in the challenge of vaccinated mice . 

Th e challeng e control group of mice were observed for a 

14 day period . Th is observation period paralleled that of 

the challenged mi ce , 
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F . Attempts to Immunize Mice a gainst Rabies by 

Multiple Inoculations of vaccines Produced 

f rom CVS Rabbit Brain Emulsion Subjected 

to Prote olytic Enzymatic Di ges tion 

1 . Mat e rials and a pparatus 

a . Sto ck and c h allenge viruses . Twenty per cent suspen-

sions of rabbi t brain emulsion from the second rabbit passag e 

of t h e CVS strain of rabies virus were employed as the stock 

and cballen ge virus e s . 

b . Control vaccine . Phenolized rab i es vaccine of 

. cap rine ori gi n , produce d by Pi t man- Moore Lab oratories , s erial 

numbe r 692, 665 , was employe d as t he control vaccine . 

c . Apparatus . S terile mortars and pestles and ste rile 

alundum were employe d to emulsify mouse brain mate rial , as 

indic a t e d in me t hods of procedure . 

2 . Me t h ods of procedur e 

a . Th ird rabbit p a ssage of CVS strain of rabi e s v l r u s . 

Six rabbits were ane sthe tized with ether , and inoculated 

intrace r ebrally with a 20% s u spension of sto ck virus . Each 

raboi t r ecei ve d 0 . 25 ml . of i nocu l wn . 

The r a bbi ts i~ere sacrificed on t h e s even th day subse~uent 
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to inoculation, and their brains were harvested and placed in 

a sterile , ch~lled , Waring bl endor cup . The brains were emul -

sified to form a pool of stock rabbit- brain emuls i on . One gm. 

quantiti e s of this pooled rabbit brain emulsion were weighed 

out , and transferred to each of 48 sterile , 16 x 150 mm. test 

tubes . The se tubes were identified as containing the third 

rabbit passage of t he CVS strain of rabies virus . 

b . Titration, in mice , of serial dilutions of the third 

rabbit passage of CVS strain of rab i es virus . Serial t en- fold 

dilutions of a 10% suspension of the rabbit brain emulsion 

from the t hird rabbit passage of the CVS strain of rabies 

virus was titrated by intracerebral inocul a tion into mice . 

The procedure employed was identical to the procedure used for 

the titration, in mice , of serial dilutions of the s econd rab-

b it passage of the homol ogous virus . The LD 50 of the titra-

tion was calculated and on the basis of this data the number 

of LD 50 in 0 . 03 ml . of undi l uted r abbit brain emulsion was 

calcul ated and expressed logarithmically . 

c . Preparation of experimental and control vaccine s 

(1) 11Rhozyme P- 11 11 vaccine susp ension nlllYJ.ber 2 and 

vaccine suoernate number 2 . A standard sol u tion , containing 

O. l gm. of "Rhozyme P- 11 11 per 9 ml . of standard di l uent , was 

prepared . Sixteen tubes , each containing 1 @n . of the rab oit 

orain emulsion from the third rabbit passage of the CVS strain 
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of rabies virus , were diluted to 10% suspensions , by weight , 

with the 11Rhozyme P- 1111 stock solution . 

The se suspensions were incubated for 1 hour at 50 C. in 

a water bath . After the initial period of 1 hour in the water 

bath, they were transferred to a roller- tube drum and incubat-

ed for an additional 3 hour peri od at 37 C. in a dry heat i n -

cubator . 

At the end of the 4 hour i ncubation p eriod, the s uspen-

sions were removed from the roll er drum , and seven of the 

tubes were identified as "Rhozyme P- 11 11 vac cine suspension 

number 2 . This material was stored in a mechanical refrigera -

tor a t 4 c . 
The remaining nine tubes of 10% suspensions were centri -

· fuged for 15 minutes at approximately 2 , 000 r . p . m. The super-

nate of each suspension was transferred to a sterile e rlen-

meyer flask to form a pool of the supernates , and thoroughly 

mixed by repeated flushings with a 10 ml . sterile pipette . 

After mixing , the supernate was equal l y divided among eight 

sterile screw- cap vials . Seven vials were l a beled as "Rhozyme 

P- 11 11 vaccine supernate number 2 , and stored in a mechanical 

refri gerator at 4 C. One vial was l abeled as 11 Rhozyme P- 11 11 

antigen numbe r 2 , and stored in a mechanical f r eezer at 

- JO C. 

( 2 ) " Pro t ease 1511 vaccine susoension nurnber 2 and 

vacc ine supernate number 2 . The procedure described above 
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was repeated employing a standard enzyme solution containing 

0 . 125 gm . of 11Protease 15" per 9 ml . of standard diluent 2 . 

Seven tubes e ach of 11 Pro t ease 1511 vaccine suspension number 2 , 

and " Protease 15" vaccine supernate number 2 ; and one tube of' 

" Protease 15" antigen numbe r 2 , were prepared . The vaccine s 

were stored in a mechanical refrigerator at 4 C. , and the 

antigen was store d in a mechanical freezer at - 30 C. 

(3 ) Heat inactivated CVS vaccine suspension and 

vaccine sup ernate . Sixteen tube s each containing 1 gm. of 

the rabbit brain emulsion from the third rabbit passage of 

the CVS strain of rabi es virus , were dilut e d to 10% suspen-

sions , by weight , with standard diluent . The same procedure s , 

as outline d above , employed for t he production of the experi -

mental enzyme vaccine suspensions and vaccine supernates were 

used to produce seven tubes of heat inact i vated CVS vaccine 

suspension and seven tube s of vaccine supernate . These vac -

cine s were stored in a mechanical r e fri gerator at 4 C . 

(4) Contro l vaccine suspension and vaccine super-

nate . Ei ghty ml . of t he control vaccine , which was origi -

nally supplied a s a 20% suspens i on, was d ilu t ed with standard 

diluent to f'orm a 10% suspens ion . Ten ml . quanti ties of this 

10fo suspens i on were delivered into e ach of 1 6 sterile screw-

cap vials . Seven of these vials were set aside and labeled 

as c ontrol vaccine suspension . 
j 

I 

' 
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The remaining nine tubes of 10% suspensions of control 

vaccine were centrifuged for 15 minutes at approximately 

2 , 000 rpm . The supernate of e ach suspension was transferred 

to a steri l e erlenmeyer flask to form a pool of the supernates, 

and thoroughly mixed by repeated flush ing s with a 10 ml . 

sterile pipette . After mixing , t ~e supernate was equally 

divided among seven sterile screw- cap vials , and labeled as 

control vaccine supernate . The se preparations were stored in 

a mechanical refrigerator at 4 C. 

d . Test of viability of experimental vac cines . Tn e six 

experimental vaccine prep ar a tions , described a bove , were 

titrat e d by intracerebral inoculation in mice , to determine 

if any of the vac c ines containe d live virus . The method employ-

ed was identical to that used to test the viability of "Rho zyme 

P- 11" vaccine number 1 , and "Protea se 15" vaccine number 1 , as 

pre vi ously describe d . 

The brain of each mouse that died on or after the fifth 

day subse qu ent to intracereoral inoculation wit h an experimen-

tal vaccine , was harvested . As the brain material fr om each 

vaccine viability test was harvested , it was pooled and 

stored at - 30 C. in a mechanical freeze r . At t he end of t he 

initial 14 day observation period , the various pools of orain 

maverial ~arvested from eac~ of the viability tests were emul -

sified . A 20% suspension , oy we iu~t , was prepared of each 

emuls ion . Eac :1 20~ suspen~ i on was t:ien diluted -co a 1 : J60 
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dilution of original mouse brain . This dilution was calcu lat-

ed to contai n 100 LD 50 per 0 . 03 ml ., based upon t he r esults 

of the titration in mice of the third rabbit passage of t he 

CVS strain of rabies virus . 

The 1 : 360 dilutions , of each susp ension , were subjected 

to the modified serum- virus neutralization test , performed 

according to the method of Koprowski and Johnson (34) . Fil-

tered , undiluted equine serum was empl oyed as the normal 

serum. A 1 : 1 00 dilution of Lederle ' s concentrated anti -, 

rabies serum which had been dialyzed and filtered as previous-

ly described was employed as the i mmune serum . 

c . Potency test of experimental vaccine s 

(1) Attempted i mmunization of mice with experi -

mental and control vaccines . Separate groups of mice were 

inoculated with each of the six experimental and two control 

vaccine preparations . The procedure empl oyed was the s ame 

as recommended by Habel (20 ) in hi s modified test for po-

ten cy , with the following modificati ons : 

(a) Due to the toxicity of some of the experi -

mental vac c ine preparations , each group of mice immuni zed 

c ontained 25 rather t han 20 mice as recom.mended by Habel . At 

the end of the i mmunization procedures , only 20 of the survi -

vors in each gr oup of mice were challenged . 

(b) The n ice received 0 . 5 ml . of a 1 0% sus -
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pension per intraperitoneal dose of vaccine , rather than 

0.25 ml . of a 20% suspension as recommended by Habel . 

(2) Challenge of inoculated mice . A 1 : 79 suspen-

s i on of the challenge virus was prepared in standard diluent . 

This dilution was calculated to contain 500 LD 50 based upon 

the titration, in mice , of serial dilutions of the second ra~-

')it passage of CVS strain of rabies virus . The method employ-

ed in the challenge procedure was the same as recommended by 

Habel , as indicate d previously, with the exception that 

groups of f ive control mice received the challenge virus 

di l uted lo- 4 , as well as the 10- 5 through lo- 7. dilutions 

recommended by Habel . 

(3) Calculation of results 

(a) Challenge results . The results of the 

c '1allenge of mice inoculated with the six experimental , and 

two control vaccine preparations were calculated on the basis 

of the percentage of survi vors . 

(b) Challenge control . The LD 50 of the titra-

tion of challen~e virus in normal mice was calculated and on 

the basis of this data the number of LD 50 in 0 . 03 ml . of un-

diluted challen5e virus was calcu lated and expressed lo6 arith -

mically . From this calculation, the actual number of LD 50 
in the 1 : 79 dilution of challenge virus was determined . 
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G. Evaluation of Complement- fixing Antigens 

Produced from CVS Rabbit Brain Emul s i on 

Subjected to Proteolytic Enzymatic Digestion 

1 . Materials and apparatus 

a . Standard di l uent . Physiological salt sol ution, as 

described in investi gation A, was employed as the standard 

diluent . 

b . Antigens and antigen components 

( 1 ) Experimental antigens . Supernates of 10% sus -

pensions of " Rhozyme P- 11 11 vaccine s number 1 and 2 , and "Pro-

tease 15 11 vaccines number 1 and 2 , were emp l oyed as experi -

mental antigens . These antigens were des i gnated as " Rhozyme 

P- 11 11 antigen number 1 and 2 , and " Protease 15 " antigen number 

1 and 2 . 

( 2 ) Live virus antigens . Sup ernates of 10% sus-

pensions of rabbit brain emulsion from the second rabbit pass -

ages of " N. Y. 11 and CVS strains of rabies virus were employed 

as live antigens . The diluent employed in the preparation of 

these live antigens was the same as that employed in the pre-

paration of the experimental antigens . The se antigens were 

designated as " N. Y. " live virus anti t,;en and CVS live virus 

anti 6en . 
1 . 
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(3) Normal raobit brain antigen . A supernate of 

a 10% suspension of normal rabbit brain emulsion was employed 

as t he normal rabbit brain antigen . The diluent empl oyed in 

the preparation of this antigen was the same as that employed 

in the preparation of the experimental and live virus anti -

gens . 

(4) Antigen components . Dilutions were prepared 

of each of the following s tandard solutions : Krebs - Ringer -

phosphate pH 7 . 6 , antibiotic , "Rhozyme P-11" and " Protease 

15". The various dilutions were calculated to contain 2 con-

centrations of the particular anti gen component identical t o 

that of the experimental s e cond contro l brain antigens . 

These four preparations were teste d to det e rmine t he anti -

compl ementary activity of each of the component parts of the 

antigens . They wi ll s ubs equently be r eferred to as anti gen 

compon ents . 

c . Homolysin . Filte r e d (Sietz E- K), undilut ed pool e d 

serum obtained from rabbi t s sensitized to washed, s heep red 

b lo od cells , was em~loyed a s hemol ys in . This material was 

prepared by the Veterinary Hyg i ene Department of I owa State 

College . 

d . Sheep red b l ood c ells . Fres~ , citrated, normal sheep 

b lood was use d as the source of s'1eep red bl ood cells . The 

cells were washed three times in 3-4 volw.ies of standard 
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diluent . After the final washing they were diluted to a final 

concentration of 3%, by volume , in standard dil uent . 

e . Complement . Pool ed , normal guinea pig serum, obtain-

ed from e i ght guinea pigs , was employed as complement . The 

pooled complement was dispensed into 5 ml . vials , seal ed , and 

stored in a mechanical freezer at - 30 C. unti l used . 

f . Se ra 

(1) Anti - rabies sera 

(a) Equine serum. Dialyzed and filtered 

(Sietz E- K) , Lederle 1 s concentrate d anti - rabies serum of 

equine origin was employed as equine anti- rabies serum. 

(b ) Rabbit serum . Pooled sera , collected from 

three rabbits which were i mmunized against rabies , was employ-

ed as the rabbit anti- rabies serum. The rabbits were immuniz -

ed by six intraperitoneal inoculations of 3 ml . doses of 20%, 

phenolized rabies vaccine , of caprine origin , serial number 

692 , 668 , produced by Pitman- Moore Laboratories . The inocula-

tions were made at 2 day intervals . The sera was collected 

and poole d on the fourteenth day following the first inocula-

tion . 

(2) Normal sera 

( a ) Eauine sera . Normal , filtered (Sietz E- K ), 

equine sera obtained from two apparently normal horses , was 
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employed as the normal equine sera . These sera were not pool -

ed . They were separately identified as equine serum number 1 

and e quine serum number 2 . 

(b ) Rabbit serum . Pooled sera obtained from 

three app arently normal rabbits was empl oyed as the normal 

rabbit serum . 

g . Serum protein fractions . According to Dukes (14) 

the antibodies of the b lood a ppear to be definitely as sociated 

with the globulins . They can be separated from the blood in 

the g lobulin fraction of the proteins . Bodansky (4, p . 23 ) 

states that the separation of serum protein into two fractions 

may be accomplished by half- saturation with ammonium sulfate . 

The g l obulin is salted out while the albumin remains in solu-

tion . 

Eac~ of t he normal equine sera was half- saturated ~ith 

ammonium sulfate , by a dding an equal volume of a saturated 

solution of ammonium sulfate to a gi ven volume of serum. The 

resultant mixtures were centrifuged for 15 minutes at 3 , 000 

rpm . The superna te , containing the albumin fraction of the 

s e rum protein, of each sera was recovered . It was dialyzed 

for 1 6 hours a g inst cold flowing tap water . The salted out 

globulin fract ion of the s erum protein of each s e ra was re -

suspended in standard diluent to ori ginal volume . Thls mate-

rial was also dialyzed for 1 6 hours a gainst cold flowing tap 

water . 
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After dialysis , the albumin and gl obulin fractions of 

each sera were tubed , and properly identified . 

h . Apparatus 

(1) 13 x 100 mm. t est tubes were used in all sero-

l ogical test procedures . 

(2) 1 6 x 150 mm . test tubes were use d for making 

serum, antigen , and complement dilutions . 

2 . Method of procedure 

The schedul es emp loyed in the following procedures for 

hemolysin , complement , antigen titration , and compl ement-

fixati on tests were the same as those described by Casals et 

al (8 ) in their specific complement - fixation test f or infec -

tion with poliomyelitis virus . 

a . Neutrali zation tests . Each of the anti - rabies sera 

and normal sera , described under materials and apparatus , 

were checked for the presence of rabies neutralizing anti -

bodies . These sera were employed as imraune and normal sera in 

a series of serum- virus neutralization tests in which the CVS 

strain of rabies virus was used as the standard virus . The 

t ests were performed according to the met~od of Koprowski and 

Johnson (34) , 
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b . Initial standardization of materials 

(1) Titration of hemolysin . The titration of 

hemolysin was performed according to Schedule 1 . 

Schedule 1 . Titration of hemolysin 

Amount of Hemolysin dilutions 
each com-
ponent ex-
pressed in 

1 : 100 1 : 200 1 : 400 1 : 800 1 : 1 600 1 : 3200 1 : 6400 ml . 

Arnt . of e a . 1 . 01 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 
hemolys i n 
dilution 

Complement 
1 : 25 

O. J O. J O. J O. J O. J 0 . 3 O. J 

di l ution 

S tandard 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 
diluent 

Sheep RBC 0 . 1 
3% SUS -

0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 

pension 

., 
(Read· . .- after 30 mi nutes in a 37 c. water bath . ) 

-:~4 = complete comp lement fixation (no hemolysis ) 
3, 2 , 1 = partial complement fixation (partial hemolysis ) 
0 =no comp l ement fixation (complete hemolysis) . 

One unit of hemolys in was defined as the s !nalle st ar.!OU..>"lt 

of her-10lysin capaole of p r oduc i ni; complete hemolysi s of 0 . 1 rrJ. . 
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of a 3% suspension of sheep red b lood cells in the presence 

of an excess of compl ement . A 1 : 3 , 000 dilution of hemolysin 

contained 1 unit per 0 . 1 ml . Therefore , 0 . 1 ml . of a 1 : 1 , 000 

dilution would contain 3 units . 

(2) Titration of complement . The preliminary 

titration of complement was performed according to Schedule 2 . 

Schedule 2 . Titration of complement 

Amount of Serial dilutions of comp 1 emen t·::-
each com-
ponent ex-
pressed in 
ml . 0 . 20 0 . 18 0 . 16 0 . 14 0 . 12 0 . 12 0 . 08 0 . 07 0 . 06 0 . 04 

Amt . o f 0 . 3 O. J 0 . 3 0 . 3 0 . 3 O. J O. J O. J 0 . 3 O. J 
ea . comp -
l ement 
dilution 

Standard 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 
diluent 

Sensitized 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 .·2 0 . 2 0 . 2 
cells 

0 . 1 of 3% 
sheep RBC 

0 . 1 of 3 
units of 
hemol ysin 

(Read after JO minutes in a 37 C. water bath .) 

wA 1 : 25 di l ution of complement was p r epared and from it 
a graduated series of dilutions containing 0 . 20 through 0 . 02 
ml . of the original dilution of complement in each 0 . 3 ml . 
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One unit of complement was defined as the smallest amount 

of complement giving complete hemolysis in the presence of 3 

unit s of hemolysin . The r esults of this titration indicated 

the ·diluti on of complement r equired to c ontai n 2 units in 0 . 2 

ml . after 30 minut e s at 37 C. 

(3) Titration of experi mental antigens for hemoly-

tic activity . Serial dilutions of 11 Rhozyme P- 1111 antigens 

number 1 and 2 and " Protease 15 " antigen s number 1 and 2 were 

ti trated for evidence of hemolytic activity according to 

Sche dule 3 . 

Schedule 3 . Titration of antigens for hemolyt ic activity 

Amount of each c omponent 
expr essed i n ml . 

Amount of each ant i gen dilution 

Complement , 2 units in 

Standard diluent 

Sheep RBC , 1 . 5% suspension 

1 : 1 

0 . 2 

0 . 2 

0 . 1 

0 . 2 

Antigen dilutions 
1 : 2 1 : 4 1 : 8 

0 . 2 0 . 2 0 . 2 

0 . 2 0 . 2 0 . 2 

0 . 1 0 . 1 0 . 1 

0 . 2 0 . 2 0 . 2 

(Read after 30 minutes in a 37 c . water bath . ) 

1 : 16 

0 . 2 

0 . 2 

0 . 1 

0 . 2 
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(4) Titration of antigen components for anti-

complementary activity . The anti - complementary activity of a 

1 : 2 dilution of each of the four antigen components was mea-

sured as follows . 

Five series of complement titrations were performed ac -

cording to Schedule 2 . One series was identical to that shown 

in Schedule 2 . It served as the normal control . The other 

four series were similar to that shown in the schedule with 

the exception that one series was designated for each antigen 

component . In each of these series of complement titrations , 

0 . 2 ml . of a 1 : 2 dilution of an antigen component was substi -

tuted for the 0 . 2 ml . of standard diluent shown i n the 

schedule . 

The small est amount of complement in the presence of 

each antigen component required to produce complete hemolysis 

was determined . When compared to the normal control , this 

value served as an indication of the anti- complementary 

activity of each antigen component . 

(5) Titration of complement in the presence of 

serial dilutions of antigens . A titration of complement was 

performed in the presence of each dilution of serial two- fold 

dilutions , 1 : 2 through 1 : 1 6 , of each of the following anti -

gens : " Rhozyrne P- 11 11 anti _;ens number 1 and 2 ; " Protease 15" 

antigens number 1 and 2 ; and " N. Y. 11 and CVS live virus anti -

; ens . Twenty- :.'our titrations were performed simultaneously I 
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according to Schedule 4. 
As controls , t wo titrations of complement were performed 

according to Schedule 1 . One of these standard diluent con-

trols was incubated and read prior to the beginning of the 

test . The second control was handled and read in the same 

manner as the 24 titrations of complement in the presence of 

antigens . 

Schedule 4. Titration of complement in the presence of serial 
dilutions of antigens 

Amount of Serial dilutions of 1 : 25 complement in O. J ml . 
each com-
ponent ex-
pressed 
in ml . 0 . 20 0 . 18 0 . 16 0 . 14 0 . 1 2 0 . 10 0 . 08 0 . 07 0 . 06 0 . 04 

Amt . of ea . O. J O. J O. J O. J O. J O. J O. J O. J · 0 . 3 0 . 3 
complement 
dilution 

Antigen 0.2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 
dilution 

(:fold for 18 hrs . at 4 c. followed by JO minutes at 
room temp . ) 

Sensitized 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 
cells 

0 . 1 3% sheep RBC 
0 . 1 3 units of 

hemolysin 

(Read after 30 minutes in a 37 c. water bath) 
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The smallest amount of complement in the presence of 

each antigen dilution required to produce complete hemolysis 

when compared with the normal control served as an indication 

of the anti - comp l ementary activity , if any , of each antigen . 

It also indicated the amount of complement requi red , in the 

presence of the live virus antigens , to insure the a vailabil-

ity of 2 units of complement at the end of 1 8 hours at 4 C. 

These results also indicated that 0 . 1 ml . of a 1 : 1 , 000 dilu-

tion of hemolysin provided adequate runounts of hemolysin for 

the test in t h e presence of the live virus antigens . 

c . Standardization of materi als for actual complement -

fixation tests 

(1) Re - titration of hemolysin and complement . All 

dilutions of the " Rhozyme P- 11 11 antigens and some of the dilu-

tions of the " Protease 1511 antigens exhibited marked anti -

complementary activity in the previ ous titration of comple -

ment in the presence of serial dilutions of antigens . Si n ce 

no end- point was r eached with t hese antigens in the p r evious 

t i trations , it was nec essary to re - titrate the hemol ysin and 

complement . Thi s was done in order to determine the .di l ution 

factors required for hemolysin and complement to provide the 

proper concentration of these materials in subsequent sero-

lo~ical procedure s employing any of these antigens . 

(a) Titration of hemolysin in ore s ence of 
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antigens . Eight sets of hemolysin titrations were performed 

to determine the dilution of hemolysin which would be required, 

in the presence of each of the "Rhozyme P- 1111 and " Prot ease 

1511 , antigens , t o contain 3 units of hemol ysin in 0 . 1 ml . 

Schedule 1 , previously described for the titration of hemoly-

sin , was used with the following modifications . 

A 1 : 2 di l ution was prepared of each of the following 

antigens : "Rhozyme P- 1111 antigens number 1 and 2 ; and " Pro-

tease 15" antigens number 1 and 2 . Two - tenths ml . volu.rne s of 

these antigen dilutions were substituted for the same volume 

of standard diluent described in Schedule 1 . 

Due to the anti - complementary act ivity previously ex-

hibited by the anti gens being tested , t wo dilutions of com-

plement , 1 : 15 and 1 : 20 , were used . This was done in an 

attempt to b e certain that an excess of complement was pro-

vided . Two hemolysin titrations were performed simultaneously 

with each antigen dilution , one with each dilution of comple -

ment . 

No end- point was reached with the 11 Rhozyme P- 11 11 antigens 

due to their extreme anti - complementary activity . End- points 

were obtaine d with both " Protease 15" antigens . Three units 

of hemolysin were determlned to be contained in 0 . 1 ml . of a 

1 : 500 dilution . 

(a) Titration of comolenent in the nresence o!' 

" Protease 1=' 11 t · b 2 2 an i~en nwn er • Having established that a 
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1 : 500 dilution of hemolysin contained 3 units per 0 . 1 ml . in 

the presence of both " Prot e ase 15" antigens , it was necessary 

to perform a 30 minute and an 18 hour titration of complement 

in the presence of one of the antigens . This was done to 

determine the amount of complement required to provide 2 units 

per 0 . 2 ml . in the presence of the antigen . 

The procedure employed was the same as described in Sched-

ule 4, with the exception that a 1 : 30 dilution of complement 

was empl oyed. On the basis of the results attained, one unit 

of complement was defined as the smalle st amount of complement 

giving complete homolysis after 1 8 hours at 4 C., in the pres -

ence of the antigen and 3 units of hemolysin as determined.in 

the presence of the antig en . 

( 2 ) " Box" titration of antigens . ~~ A " box" ti tra ti on 

of two - fold serial dilutions , 1 : 2 through 1 : 16 , of "Protease 

15" antigen numb e r 2 ; and " N. Y. 11 and CVS l ive virus antig en 

was performed . These titra tions were performed a gainst equine 

and rabbit anti - rabies sera . The small e st quantity of antigen 

which would fix comp lement in the presence of the highest 

dilution of serum was dete rmined for each of the sera . 

(a) Actual t e st . Schedule 5 as outline d below 

was identical f or each serum and all antigen dilu tions . Th e 

sera to be t es t e d were dilut e d 1 : 2 and t h e nat i ve comp l ement 

-:~ " Box" t itra tion of ant i e;ens is the term u s e d by Casals 
e t al . (8 ) to ind icate a titrat i on of serial dilutions of an ti-
~enS-in the p r esence o f s e r ial dilut i ons of i mmune serum . 

1 

I 
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Schedule 5. " Box11 titration of antigens 

Amount of each componen t 
expressed in ml . 

Amount of each serum dilution 

Complement , 2 units in 

Antig en dilut i on 

Serum dilutions 
1 : 5 1 : 10 1 : 20 

0 . 1 

0 . 2 

0 . 2 

0 . 1 

0 . 2 

0 . 2 

0 . 1 

0 . 2 

0 . 2 

1 : 4 0 

0 . 1 

0 . 2 

0 . 2 

(Hold for 18 hrs . at 4 C. followed by JO minutes at room 
temp .) 

Sensitized cells 
0 . 1 3% sheep RBC 
O. l 3 units of hemolysin 

0 . 2 0 . 2 0 . 2 

(Read after 30 minutes in a 37 C. water bath ) 

0 . 2 

inactivated at 55 C. in a water bath for 30 minutes prior to 

t he preparation of the seri al di l ut i ons . 

In order that 2 units of complement would be contained 

in 0 . 2 ml . , two dilutions of compl ement were employed . With 

the " Protease 15 11 anti gen number 2 , a 1 : 1 9 comple:1.ent dilu-

tion was used . With the l ive virus antigens , a 1 : 24 dilution 

of complement was required . The actual number of units of 

comp l ement were i dentical for all antigens . 

As de termine d by pre viou s titrations of hemolysin as 

describe d in t h e text , a 1 : 500 hemol ys in dilution was used 
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with the " Protease 15 " antigen number 2 and a 1 : 1 , 000 hemoly-

sin di l ution with the live virus antigens . In each instance 

there were 3 units of hemolysin per 0 . 1 ml . in the presence 

of each anti gen . 

To measure the degree of anti - complementary activity of 

each serum four sets of controls were r un . Two sets of con-

trols consisted of substituting standard diluent in place o f 

the ant i gen in the above schedule . This was done with each 

serum with both complement di l ut i ons employed. The other two 

sets of control s consisted of essential l y the same procedure 

except t hat the antibi otic solution, previously described 

under anti gen components , was substituted for the antigen 

rather t han standard di l uent . 

( b ) Complement controls . Ti trations of gradu-

ated dilutions of a 1 : 20 dilution of complement in the pres-

ence of serial di l utions of " Protease 1511 anti gen number 2 ; 

and a 1 : 25 dilution of complement i n the presence of serial 

dilutions of " N. Y. 11 and CVS live virus antigens were performed. 

These titrations were performed concurrent l y with the respec -

tive 11 box11 titrations of antigens and served as complement 

controls . The method of procedure was described in Schedule4 . 

One unit of complement was determined for each dilution 

of each antigen after 18 hours incubation at 4 C. These 

results served as an indication of the amount of complement 

available after 18 hours at 4 C. in each " box" titration in 

I 
~ · 
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the absence of serum. 

d . Complement - fixation tests . The compl ement- fixing 

capabi l ities of " Protease 15" antigen number 2; "N. Y.n and 

CVS live virus antigens ; and normal rabbi t brain antigen were 

investigated i n two series of complement - fixation tests . I n 

one series , equine anti - rabies serum was emp l oyed as the im-

mune serum, and normal equine sera number 1 and 2 and their 

respe ctive albumin and gl obulin fractions were employed as 

the normal sera . In the second series of te s t s , pooled r ab-

bi t anti - rabi es serum was employed as the immune serum, and 

pool ed normal rabbit serum as the normal serum. The ti tre 

of each serum was defined as t he highest dilution of serum 

g iving a reading of 3 or 4 fixation of comp l ement . Evidence 

of complement fixation in t he controls i ndicated any anti -

complementary activi ty of t he serum tested . 

(1) Ac tual tests . Each i mmune and normal s e r um t o 

b e tested was diluted 1 : 2 and the native complement i nacti -

vat e d at 55 C. in a wat er b a th for 30 minut es . Sch edule 6 

was emp loye d for b oth s erie s of c omplement - f ixation tests . 

Based upon the results of the " box" titrations of anti -

g ens , a 1 : 2 dilu tion of e ach antlgen was emp l oy e d u ith the 

equine sera . A 1 :4 dilut i on of each antigen wa s us ed wi t h 

the rabbit ser a . Normal r abb i t brain ant i .sen was n o t employed 

wi th the r ajbit sera . 
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Schedule 6. Compl ement- fixation test 

Amount of Se r um dilutions 
each com-
ponent ex-
pressed in 1 :5 1 : 10 1 : 20 1 :40 1 : 80 1 : 160 1 : 320 1 : 640 
ml . 

Amt . of ea . 0 . 1 0 . 1 0 . 1 0 . 1 0 . 1 0 .1 0 . 1 0 . 1 
serum 
dilution 

Complement , 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 
2 units in 

Antigen 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 
dilution 

(Hold for 18 hrs . at 4 c. followed by 30 minutes at 
room temp . ) 

Sensi tize d 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 
c e lls 

0 . 1 3% s heep RBC 
0 . 1 3 units of hemolysin 

(Read after 30 minu.tes in a 37 c. water bath) 

The complement and hemolysin dilutions were the s a"Tle as 

for the "box" titrations of anti gens described above . The 

standard diluent and antibiotic solut i on controls were per -

formed in the same manne r as described for the " box" titra-

tions of antigens . Two sets of controls , as previously de -

scribed, were run for each immune and normal serum tested . 

( 2 ) Comolement controls . Titrations of 6raduated 

dilutions of conplement in the presence of each anti6en 
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enployed in the complement - fixation tests were run . The pro-

cedure was identical to t~at employed in the complement con-

trols for the 11 box" titrations of antigens . 
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V ~ EXPERIMENTAL RESULTS 

A. Toxicity Produced in Mice by Intracerebral 

Inoculation of Various Enzymes 

One hundred and ten groups of mice , each group containing 

four mice , were inoculated intracerebrally with 0 . 03 ml . of 

serial dilutions of various enzymes . Certain of these enzyme 

dilutions manifested toxic reactions resulting in the death of 

inoculated mice . The toxic activity of nine of the twelve 

enzymes tested appear in Table 1 . 

Table 1 . Toxicity of serial dilutions of nine enzymes when 
inoculated intracerebrally into mice 

Enzymes e in diluent 
1 . 0 0 . 10 0 . 03 0 . 01 

Trypsin 4·::- 4 4 0 0 0 0 0 0 
Brome lain 4 4 4 4 4 4 4 4 4 
Ficin 4 4 4 4 4 4 3 3 3 

Chymotrypsin 4 4 4 4 4 4 4 4 4 
Rhozyme P- 11 4 4 4 4 3 0 0 0 0 
Protease 15 0 0 0 0 0 0 0 0 0 

Pro tease 4 4 3 0 0 0 0 0 0 
( t rypsin) 

Lysozyme 3 1 0 0 0 0 0 0 0 
Papain 4 4 4 4 4 4 4 4 4 

"Numbe r of mice wh ich d i e d out of four which were i nocu -
lated . 
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From the results shown in Table 1 , it is evident that 

" Protease 1511 was the least toxic of the twelve enzymes tested. 

As much as 0 . 03 ml . of a 10% solution of the enzyme could be 

inoculated intracerebrally without producing any toxic effects 

in mice . Next in order of toxicity was lysozyme which was 

toxic in concentrations greater than 0 . 25 gm . per 10 ml . of 

diluent . Trypsin and " Protease (trypsin)" were of approximate -

ly equal toxicity . Concentrations greater than 0 . 125 gm . per 

10 ml . of either enzyme were toxic to i noculated mice . 11 Rho -

zyme P - 11" was twice as toxic as the latter two enzymes men-

tioned in that mice inoculated with concentrations greater 

than 0 . 06 gm . per 10 ml . exhibited toxic reactions . 

Trypsin, 11 Rhozyme P- 1111 , " Protease 15", " Protease ( tryp -

sin) " and lysozyme were markedly less toxic to mice than 

bromelain , ficin , chymotrypsin or papain . All four of these 

latter enzymes were toxic in concentrations as low as 0 . 015 

gm . per 10 ml . of diluent . Since concentrations of less than 

0 . 015 gm . per 10 ml . were not tested , with the exception of 

papain, it was not possible to ascertain the final end- point 

of the toxicity ranGe of each of these enzymes . In the case 

of papain , three additional dilutions were prepared, which 

are not shown in Table 1 , containing 0 . 0002 , 0 . 0001 , and 

0 . 00005 gm . per 10 ml . of diluent . Each of these additional 

dilutions proved to be 100% fatal to inoculated mice . 

Three enzymes, which are not shown in Table 1 , were also 
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tested . These enzymes were prepared in serial dilutions of 

units of measurement which were based upon the manufacturers ' 

assay . Two of these e nzyme s , pancreatic desoxyribonuclease 

and streptokinase - streptodorna se exhibited no toxic acti vity 

when 100 , 000 units of each were suspended in 1 0 ml . quantities 

of di luent and inoculated into mice in 0 . 03 ml . dosages . The 

third enzyme was " Proteinase A". Three - tenths ml . quantities 

of serial qilutions in 10 ml . of di l uent were inoculated into 

mice . The 25 , 000 , 1 8 , 750 and 12,500 unit di l utions killed 

all of the mice inoculated . The 6 , 250 and 3 , 1 25 unit dilu-

tions were f atal to half of each group of four inoculated 

mice . The 2 , 500 unit dilution killed one out of four inocu-

lated mice . A 1 , 560 unit dilution was non- toxic to inoculated 

mice . 

From the results obtained in this investigation, it was 

possibl e to calculate the minimal quantity o~ each enzyme 

required to produce fatal toxic r e acti ons in inoculated mice . 

The mini mal l ethal mouse do se of each enzyme tested appears in 

Table 2 . 

As can be seen by a comparison of the minimal leth al 

mouse dosage s shown in Table 2 , bromelain , ficin , chymotryp-

sin, and papain were extremely toxic as comp ared to the other 

enzyme s tested . The mini mal l ethal mouse dose of each of these 

enzy::.1es was less t han 0 . 00003 gm . For this reason these four 

enzyme s were not empl oyed in subsequent investigat i ons . 

f 
I 
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Table 2 . Minimal lethal mouse dose of twe l ve proteolytic 
enzymes 

Enzyme Quantity of enzyme per 0 . 03 ml . dose 
Grams Units by Mfg . assay 

Proteinase A 
Pancreatic desoxyribonuclease 
Streptokinase- streptodornase 

>7.5 
>JOO 
>JOO 

Trypsin 
Brome lain 
.Ficin 

Chymotrypsin 
Rhozy:ne P- 11 
Protease 15 

Protease (trypsin) 
Lysozyme 
Papain 

> 0 . 0008 
< 0 . 00004 
<O. OOOOJ 

< 0 . 00004 
< 0 . 0002 
>O. 001 

> 0 . 0005 
> 0 . OOJ 
~0 . 0000001 

The antibiotic solution employed as a bacteriostatic agent 

with each enzyme dilution did not appear to be associated with 

the toxic effects manifested by mice following inoculation of 

the enzyme preparations . Inoculation of an antibiotic solution 

containing the same quantity of antibiotics as the enzyme pre-

parations failed to produce any manifestation of toxicity in 

mice . No toxic symptoms were manifested by mice which receiv-

ed two and three times as much antibiotics- as were present in 

the enzyme preparations . 
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B. Time Required to Degrade Brain Tissue by 

Di gestion with Vari ous Enzymes 

Four distinc t groups of turbidimetric det erminc tions were 

made in an effort to d etermine the amount of time required to 

degrade brain tissue by digestion with various enzymes . The 

resu lts of these determinations are shown in Table 3. 

1 . Determi n s t i on of the amount of de 0 radation occurring in 

suspensions of enzymes in the absence of a substrate 

The percentage of decrease in total protein calculated 

from the colorimeter reading s made on the five test solutions 

and the negative control are shown as Dete rmination I in 

Table 3 . The results of this determination indicate that 

trypsin , 11 Rhozyme P- 1111
, 

11 Protease 1 5 " and 11 Proteinase A11 

evidenced no proteolytic activity when i ncubated at 37 C. for 

24 hours in the absence of a substrate . 

" Protease (trypsin) " did exhibit proteolytic activity 

when incubated at 37 C . f or four hours or longe r as e videnced 

by a 14% decrease in the protein value of the enzyme in the 

absence of a substrate . This indicates that " Protease (tryp -

sin) " was an impure product probably containing some non-

enzyme p r otein material . The manufacturer stated tha t it was 

not a purified enzyme pr eparation. 
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Table 3 . Decrease i n protein values occurring in five enzyme 
solutions incubated at 37 C. i n the presence and 
absence of antibiotics , and the presence of b r ain 
tissue with and without antibiotics 

Test solutions Percentage of decrease i n protein values 

~~~~~~~~~~~~~-T_o_t_a_l_.p_r_o_t_e_i_·n~~~~~ Brain protein 

Substrate NJ substrate Brain ti s sue Brain tissue 

Antibiotics Present Absent Present Absent Present Absent 
~~~~~~~~~~~~~~~~~ 

Hours at 37 C. 4 24 4 24 4 24 4 24 

Determination I 
Trypsin 0 0 
Rhozyme P- 11 0 O 
Protease 1 5 0 0 
Protease (trypsin)- - 14 14 
Proteinase A 0 0 

Determination II 
Trypsin 
Rhozyme P- 11 
Protease 15 
Protease ( trypsin ) 
Proteinase A 

Determination III 
Trypsin 0 0 15 
Rhozyme P- 11 0 0 1 9 
Protease 15 0 0 11 
Protease ( trypsin )l4 14 26 
Proteinase A 0 0 9 

Determination IV 
Trypsin 0 0 18 
Rhozyme P- 11 0 O 20 
Protease 15 0 0 11 
Protease ( trypsin)l2 - 12 26 
Proteinase A 0 0 9 

Det e rminations I , II , III , IV 
37 C. ne3 . 0 0 0 O O 

control 
4 C . neg . 0 0 0 O O 

control 

17 
20 
14 
26 

7 

15 
19 
11 
26 

9 

- 1 8 
- 20 
- 11 
- 25 

9 

0 0 

0 0 

0 

0 

4 24 4 24 

15 
19 
11 
1 2 

9 

18 
20 
11 
14 

9 

0 

0 

17 
20 
14 
12 

7 

15 
1 9 
11 
12 

9 

1 8 
20 
11 
13 

9 

0 0 

0 0 

0 

0 
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2 . Determination of the amount of degradation occurring in 

suspens ions of enzyme s in the presence of a substrate and 

antibiot ics 

A suspension of rabb i t brain emulsion contain i ng a s tand-

ard amount of antibiot i cs was employed as the substrate in 

Deterrµinat ion II shown in Tab le 3. The percentage of decrease 

in total protein and b rain protein calculated from t he colorim-

ete r reading s made on the five t est solutions of enzymes and 

ne gat ive controls are shown in the table . 

By comparing the percentage of decrease in the protein 

value of t he subs trat e in t he presence of each enzyme with the 

values obtaine d with the negative controls , it was i ndicated 

that antibiotics in the presence of t he subs t r ate did not 

possess proteolytic activity . 

3. Determination of the r ate of degradation occurri n g in s us -

pens i ons of enzymes i n the presence of antibiotics in 

conjunction with the presence or absence of a substrate 

In this s erie s of determinations , s o lutions of enzymes 

and negati ve c on t rols i dentica l to tho s e employed i n De t ermina-

tion II were ·use d as one set of test solutions . These were 

compared with solutions of enzymes and ne gat i ve controls con-

taining id entic al quant ities of antibiotics i n the a b s enc e of 

a b rain emulsion s ubstrat e . Th e percenta0 e of decrease in 
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total protein and brain protein, when applicable , was calculat-

ed from the colorime ter reading s made at 2 , 4 , 6, 12 and 24 

h our intervals on each test solution . The protein value s for 

the fourth and twenty- fourth hour are shown as Determination 

II I in Table J . 
None of the five enzymes teste d produced any measurable 

amount of p roteolysis by the end of the second hour . Maximum 

proteolys i s occurred between the second and fourth hour of in-

cubation. No increase i n the amount of proteol ysis was de -

tectable after the fourth hour of incubation . 

A comparison of the results obtained with the five enzymes 

in the presence of brain tissue and antibiotics with the re -

sults obtained with antibiotics without brain tissue indicate 

that the antibi .otics did not exert any detectable influence on 

the proteolytic activity of the enzymes . These results tend 

to confirm those of Determination II . 

4. Determination of the amount of degradation occurring in 

suspensions of enzymes in , (a) the presence and absence 

of antibiotics without substrate , and (b) the presence 

of substrate with or without antibiotics 

The fourth group of determinations shown in Table 3 con-

stituted a re - check of the previous three group s of determina-

tions . Four series of suspensions of identical quantities of 

enzymes used i n the previous three gr oups of determinations 
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were employed as test solutions . The decrease in total p r otein 

and brain protein , when applicable , occurring in each series 

of suspensions and controls after 4 hours incubation at 37 C. 

was determined . 

The results obtained with the five enzymes in the absence 

of a substrate and antibiotics in Determination IV confirm the 

results shown for Determination I . These collective results 

indicate more definitely that with the exception of " Protease 

(trypsin) " none of the enzymes evidenced proteolytic activity 

when incubated at 37 C . in the absence of a substrate . In 

Determination IV it was again indicated that the proteolytic 

activity of the five enzymes is not detectably influenced by 

the presence of antibiotics , either a l one or in the presence 

of brain tissue . 

In Determination IV, the results obtaine d with the five 

enzymes i n the presence of brain tissue were identical to 

those obtained in Determinations II and III . In each of these 

groups of determinations it was apparent that with all fi ve 

enzymes , maximum proteolysis occurred by the fourth hour of 

incubation at 37 C. No increase in the amount of proteolysis 

was detectable afte r the fourth hour of incubation . 

The results shown in Table 3, also tend to indicate the 

decr e e of proteolytic efficiency of each enzyme preparation . 

Trypsin and 11 Rhozyme P- 11 11 app ear to be more efficient than 

" Prote ase 1511 , 11 Pro t e ase (tryp sin) 11 and 11 Pr oteinase A" . 
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"Protease 1511 and " Protease ( t r yps in) " were equally efficient . 

"Proteinase A" was the least efficient of any of the f ive 

enzymes tes t ed . The procedures employed in the tur ~idimetric 

de terminations of the p roteolytic activity of trypsin , " Rho -

zyme P- 1111 , " Protease 15 ", " Protease (trypsin ) " and " Protein-

ase A" were r epeated a sufficient number of times to ascertai~ 

that the resu l ts obtained were consistent within a rang e of 

2%. 

C. Rabies Virus Elution in the Presence 

of Five Proteol ytic Enzymes 

I n this i nvesti gat ion , suspens ions of rabies virus rabbit 

brain emulsions were subj ected to the proteol ytic action of 

trypsin , "Rhozyme P- 11", " Protease 15", " Protease ( trypsin ) 11 

and 11 Proteinase A". 

1 . I dentification of stock vi ruses 

Five strains of r abies street virus a nd one strain of 

fixed v i rus were employed in this investigation . The street 

viruse s were : " N. Y . 11
, FAAML 237 , 309 , 363 and 372 . The f ixed 

virus was the CVS strain of rabies virus . 

The identity of each virus was esta blished oy a combina-

tion of procedures . As shown in Taole 4, each raboit inoculat-

e d with a stock virus developed typical sympto~s of raoies . 
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The incubation period in the case of each inoculated rabbit 

was within t he typical range described for rabies virus infec -

tion . 

The microscopical examinations of impression smears pre -

pared from t he brain of each infected rabbit , as shown in Table 

4, revealed Negri bodies in each case of street rabies . No 

Negri bodies were observed in t he case of the fixed virus . 

Table 4. Identification of the stock viruses used in the 
study 

Virus Days past inocu lation Micr oscopical I n dex of mouse 
strain when s ymp toms were exam . of smears LD -%O of virus 

observed in rabbits of rabbit brain neu ralized in 
for Negri bodies serum- vi.rus 

Paralysis · Death neutralization 
t e sts 

CVS 7 13 negative >24,450 
uN. Y. 11 6 8 positive >2, 191 

FAAML 237 14 16 positive >326 
FAAML 309 12 13 positive >1, 638 

FAAML 363 11 13 positive >128 
FAAML 372 15 18 positive >1, 850 

All six of t he stock viruses gave i ndicies of mous e LD 50 
of virus neutralized in excess of 100 LD 50 in the serum- virus 

neutralization tests . The index of mouse LD 50 of virus neu-

tralized by each individual virus a.re shown in Table 4. The 

I 
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results of these procedures , establish the identity of each 

virus employed as a stock virus as rabies . 

2 . Titration , in animals , of serial dilutions of stock virus 

brain emulsions subjected to proteol ytic enzymatic 

d i ges t ion 

Aliquots of pool s of rabbit brain emulsions of each of ~~e 

stock viruses were sub jected to p roteolytic enzymatic dige stion 

with five different enzymes , as s h own in Tabl e 5. Separate 

suspensions of each enzyme with each vi rus strain were subject-

ed to 4 hours incubation at 37 C. Two controls were employed 

for each strain of virus . One control was held f or 4 hours at 

4 C. while the other control was incubated at 37 C. along with 

the enzyme preparations . 

Serial t en- fol d di l utions , l o- 1 t h rough 10- 5 , of each 

enzyme and control preparation were ti trated i n mice . At t he 

end of the 21 day observation per~od , the LD 
50 

of each s erial 

dilut i on was calculatedo From the LD 50 of each serial d i l u -

tion , the numb er of residual LD of live virus r emaining in 
50 

each 0. 03 ml . of brain emulsion after 37 C. f or 4 hours and 

pro t eolytic digest i on was determined , as shown in Tabl e 5. 
The ex~erimental results shown in Table 5 give some indi -

cation of the separate influence s exerted by heat and proteo-

lytic enzymes on rabies virus . By comparison of the residu al 

nu..~ber of LD 50 of live virus in each 0 . 03 ml . of brain 
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Table 5. Effects of five proteolytic enzymes on six strains 
of rabies virus 

Virus 
strains Controls 

~~~~~~~~ 

4 c. 37 c. 

CVS loo , ooo·:~ 19,900 
"N. Y. 11 3 , 160 1 , 000 

FAAML 30 10 
237 

FAAML 10 , 000 1 , 990 
309 

FAAML 316 1 99 
363 

FAAML 50 1 9 
372 

Test preparations 

Proteolytic enzymatic digestion at 37 C. 
Tryp - Rhozyme Protease Protease Protein-
sin P- 11 15 (trypsin ) ase A 

10 30 199 1 5 10 
100 19 30 10 1 9 

10 

10 30 10 

1 5 

·''· "Number of residual LD 
50 

of live virus in 0 . 03 ml . of 
brain emulsion after 4 hours incubation . 

emulsion after 37 C. for 4 hours to the 4 C. control , a number 

of inferences can be drawn as to the effect of heat on r abies 

virus . 

Each virus was treat ed by exposure of a 1 0% suspension of 

rabbit brain emulsion to 37 C. for 4 hours . In every case , a 

marked decrease was noted in t h e number of LD 
50 

of live virus 

in each 0 . 03 ml. of brain e mulsion , as shown in Table 6 . 
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Table 6 . Decrease i n LD ~O of rabies virus occasioned by 
incubation at J7 C. for 4 hours 

Virus 

CVS 

11 N . Y . 11 

FAAML 
2J7 

FAAML 
J09 

FA.MIL 
J6J 

FAAML 
J72 

Test 
preparation 

4 c. control 
J7 c. control 

4 c. control 
J7 c. control 

4 C. control 
J7 c. control 

4 c . control 
J7 c. control 

4 c . control 
J7 C. control 

4 c. control 
J7 c . control 

LD 50 per O. OJ 
ml . of brain 
emulsion 

1 00 , 000 
1 9 , 900 

J , 1 60 
1 , 000 

JO 
10 

1 0 , 000 
1, 990 

Jl6 
1 99 

50 
1 9 

LD50 lost by Approx . 
incubetion at per cent 
J7 c./ 4 hrs . of decrease 

80 , 100 80% 

2 ,160 66% 

20 66% 

8 , 010 80% 

117 J7% 

Jl 60% 

Table 6 s hows that the decrease i n LD 50 of rabies virus 

exposed to J7 C. for 4 hours is not a constant characteristic . 

It varies between different strains of virus from JO% to 80% . 

Each strain of virus possessed an individual level of heat 

resistance . Th is ability to resist heat bears some relation-

ship to the original titre of the virus . The CVS , " H. Y. " and 

FAAML J09 strains of virus which possessed a relatively hie;h 

titre before heat treatment a ppe ared to be proportionally 
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l ess resistant to the effects of heat . 

By comparison of the residual number of LD 50 of live 

virus in each 0. 03 ml . of brain emulsion after treatment with 

the five proteolytic enzymes to the 37 C. controls, a number 

of infe rences can be drawn as to the effect of each enzyme on 

rabies virus . All five of the proteolytic enzymes exhibited 

harmful effects on each of the six strains of virus , as shown 

in Table 7. 

Table 7 . Decrease i n LD 50 of rabies virus occasioned by 
incubation at 37 C. for 4 hours in the presence 
of five enzymes 

Virus 
strain 

CVS 
" N . y . II 

FAAML 
FAAML 

FAAML 
FAAML 

237 
309 

363 
372 

Decrease in LD 50 per 0 . 03 
ml . of brain emulsion 

37 C . Range of 5 enzyme 
control preparations 

80 , 100 99 , 800 - 99 , 990 
2, 160 3, 060 - 3, 150 

20 > 20 
8 , 010 9, 960 - 9, 990 

117 >306 
31 40 - 44 

Approx . per cent of 
decrease in LD 50 in 
enzyme preps . above 
the decrease caused by 
37 c. alone 

19% 
33% 

<. 33~ 19 0 

> 60% 
26% 
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As shown in Table S, a decrease in the number of LD SO 
of live virus per 0 . 03 ml . of brain emulsion was evidenced in 

each titration of virus treated by any one of t he five en-

zymes . The se decreases , although they v ar ied in extent for 

each strair- of virus , exceeded the loss i n the numbe r of LD SO 
previously attributed to the effect of 37 C. for 4 hours , as 

shown in Table 7. The collective results shown in Tables S, 
6 and 7 , indicate that the virulence of each strain of virus 

tested was markedly ?J1tenuated by subjecting the virus to pro-

teolysis with either trypsin , " Rhozyme P- 11", " Protease 1511
, 

" Protease (trypsin) " or " Proteinase A11 for 4 hours at 37 C. 

D. Challenge of Mice Wh ich Survived in the Titration 

of Serial Dilutions of Stock Virus Brain 

Emulsions Subjected to Prot eolytic 

Enzymatic Digestion 

Those mice which survived for 21 days in the titrations 

of rabies virus subjected to proteolysis were challenged by 

intracerebral inocul ation with 4 LD SO of homologous virus in 

0 . 03 ml . The c oncentration of the challenge virus suspensions 

was based on the LD SO titre of the 4 C. controls of the t i -

trations of homolo gous stock viruses . The challenged mice 

and c ontrols were observed for a 21 day period following inoc-

ulation . Th e aortality ratios of challeng ed mice which 
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survived are shown in Table 8 . 

As shown in Table 8, a sufficient number of mice survived 

the challenge inoculation to indicate that some degree of im-

munity had been established in the mice . This immunity did 

not appear to be associated with the residual number of LD 50 
of live virus p r esent in each enzyme - brain emulsion prepara-

tion, as s h own in Table 5. There was no visible correlation 

between the number of residual LD 50 of live virus demonstrat-

ed in the original titrations and the survival of mice follow-

ing challeng e . 

By c omparing the survival rates observed subsequent to 

challenge , as shown in Table 8 , the dilution of residual 

live virus did not appear to have any visible correlation 

with any of the survival rates . In some of the control and 

enzyme - brain emulsion titrations , the challenge survival rates 

were higher in t he g r oups of mice which had survived in the 

lower dilutions of the original titrations . J ust as fr equent -

ly , the reverse of these findings was true . These finding s 

were so inconsistant that their influence on the immunity 

observed was discounted . 

The immunity developed by the surviving mice in the var-

ious ti trations appeared to be associated 11vi th the amount of 

dead virus in each control and enzyme - brain emulsion titra-

tion . This can be seen by comparing the results shown in 

Table 5 to those s1own in Table 8 . A correlation between the 
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Table 8 . Results of the chall 0nge of mice which survived i n 
the titrations of r ab ies virus subjected to proteo-
lytic enzymatic digestion 

Vir us Challeng e Ori g i nal t est Mortali t y ratio of mice 
strain d i luti on prepar ation of whi ch survived in each 
and LD so of vi rus rabi es virus serial dilution-of 
titre of repr esented subjected to r abie s v irus subjected 
4 c . by 4 LD SO proteol ysis at t o p r oteolytic enzy-
control in 0 . 03 ml . 37 C. for 4 hrs . mat i c digestion 

l o - 1 1 0 - 2 lo- 3 1 0- 4 l o-S 

CVS 1 : 2S , OOO Chal l enge 6/6 
cont rol 

10- S 
4 C. control 0 0/2 
37 C. control 0/1 0/4 

Tryps i n 0/4 0/4 1/4 1/4 
Rhozyme P-11 0/2 0/4 0/4 0/4 
Protease l S 0/1 0/4 0/4 0/4 
Protease ( t r ypsin ) 

2/2 0/3 0/4 1/4 1/4 
Protei nase A 1/4 0/4 2/4 2/4 

11 N . Y . 11 1 : 790 Chall enge 6/6 
control 

l o - 3 · .5 
4 C. control 3/4 2/4 
3 7 C. control 2/2 2/4 2/4 

Tryps i n 1/2 3/4 3/4 2/4 
Rhozyme P- 11 0/1 1/4 1/4 0/4 0/4 
Protease lS 1/ 1 2/3 1/4 0/4 0/4 
Protease (trypsin ) 

0/1 
2/4 3/4 1/4 1/4 

Proteinase A 2/4 3/4 3/4 2/4 

FAAML 237 1 : 8 Challenge 6/6 
control 

10- 1 · .5 
4 C. control 1/4 4/4 4/4 4/4 
37 C. control 0/2 0/4 4/4 4/4 2/4 

Trypsin 1/2 4/4 4/4 4/4 4/4 
Rhozyme P- 11 4/4 3/4 3/4 3/4 2/4 
Protease 1.5 3/3 3/3 2/3 2/3 
Protease (tryps i n ) 

4j4 4j4 4j4 4j4 4j4 Proteinase A 2 2 1 4 4 4 4 4 2 4 
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Table 8 . (continued) 

Virus Challenge Ori ginal test Mortality ratio of mice 
strain dilution preparation of which survived in each 
and LD 50 of virus rabies virus serial dilution of 
titre of r epresented subjected to rabies virus subjected 
4 c . by 4 LD 50 proteolysis at to proteolytic enzy-
control in 0 . 03 ml . 37 C. f or 4 hrs . matic dig estion 

10- l 10- 2 10- 3 lo- 4 lo-5 

FAAML 309 1 : 2 , 500 Challenge 6/6 
control 

10- 4 
4 ·c. control 2/2 4/4 
37 C. control 1/ 1 4/4 4/4 

Trypsin 0/4 3/4 2/4 4/4 2/4 Rhozyme P- 11 1/4 1/4 0/4 0 4 0 4 
Protease 15 2/2 1/4 2/4 0/4 . 0/4 
Protease (trypsin ) 

1/4 1/4 0/4 1/4 
Proteinase A 2/2 0/4 0/4 0/4 0/4 

FAAML 363 1 : 79 Challenge 6/ 6 
control 

10- 2 . 5 
4 C. c ontrol 0/4 3/3 4/4 4/4 
37 C. control 0/1 4/4 4/4 4/4 

Trypsin 4/4 4/4 4/4 4/4 4/4 
Rhozyme P- 11 4/4 4 4 tt;tt tit t~t Protease 15 4/4 3/4 
Pro tease (trypsin ) 

~t 4j4 ~t 3/4 4/4 
Proteinase A 4/4 4 4 4/4 

FA.AML 372 Challenge 6/6 
control 

10- 1 . 7 
4 C. control 0/1 0/2 o/4 2/4 2/4 
37 C. control 0/1 0/4 1/4 2/4 2/4 

Trypsin 1/4 1/4 3/4 3/4 1/4 
Rhozyme P- 11 0/4 0/4 3/4 2/4 3/4 
Protease 15 2/4 2/4 3/4 0/4 1/4 
Protease (trypsin ) 

2/3 2/4 2/4 1/4 1/2 
Proteinase A 2/4 2/4 0/4 3/4 2/4 
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decrease in the number of LD 50 per 0 . 03 ml . of brain emulsion 

in the control and enzyme- brain emulsion preparations and the 

survival rate of the mice following challenge appeared to ex-

ist . Although there were some except ions t he survival rate 

for all control and enzyme- brain emulsion preparations· follow-

ing challenge was highest i n those cases where the original 

titrations were determined to have a loss of 3 , 000 or more 

LD 50 of virus , as shown i n Table? . The CVS , 11 N. Y." and 

FAA.ML 309 strains of virus each exhibited a loss of 3 , 000 or 

more LD 50 of virus in the original titrations . In the case 

of these viruses , the strength of the immunity exhibited sub-

sequent to challenge , as s hown in Table 8, appeared to be pro-

portional to the amount of dead virus determined to be present 

in the original titrations , as shown in Table? . Such a cor-

relation did not appear to exist for those viruses in which 

the loss of LD 50 was less than 3 , 000 in the original titra -

tions . In those titrations in which the l oss of LD 50 was 

less than 3 , 000 the survival rates subsequent to challenge 

were extremely low . 

" Rhozyme P- 11" and " Protease 15" enzyme - brain emulsion 

preparations appeared to establi sh an immunity against 4 LD 50 
most consistently . With both enzyme preparations , an i mmunity 

of some significance appeared to have been established against 

the CVS , 11 N. Y. 11
, FAA:·iL 309 and FAAHL 372 strains of the total 

of six virus strains tested . 
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E . Attempts to Immunize Mice a gainst Rabies by a 

Single Inoculation of a Supernate of CVS 

Rabbit Brain Emulsion Subjected to 

Proteolytic Enzymatic Digestion 

1 . Titration in mice of serial dilutions of the second rab-

bit passage of the CVS strain of rabies virus 

In the titration of a 10% suspension of brain emulsion 

of the second rabbit passag e of the CVS strain of rabies 

virus , t he LD 50 ti~re was determined to be lo-4 · 6. Th is in-

dicated that there were 39 , 820 LD 50 of virus in 0 . 03 ml . of 

pooled brain emulsion . The numb er of LD 50 per 0 . 03 ml . of 

the pooled brain emulsion from the second rabbit passage repre -

sented a decrease in titre of 60 , 180 LD 50 , when compared to 

the titre of the first rabbit passage . The LD 50 titre of a 

10% suspension of rabbit brain emulsion prepared from a single 

brain of the first rabbit passage of the virus was 10- 5 . 

This titre indicated that there were 1 00 , 000 LD 50 of virus 

in 0 . 03 ml . of brain emulsion of the first rabbit passage . 

This variance in titre indicated tha t the pooling of the 

rabbit brains of t "ie second raob i t passage may ''lave had an 

adverse effec t on t he LD 50 titre of the virus . The titre of 

t he virus material employed in the preparation of the exper i -

mental vacine s in this and subse quent investigat i ons ~as less 

than t "1e tit r e of trie same s~rain of virus wnich was e:nployed 

in the investigation in rabies virus elution in tne presence 
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of enzyme s . 

2 . Test of the viability of the experimental vaccines 

Serial ten- fold dilutions , 1 0-l through lo- 3 , of "Rho-

zyme P- 11" vaccine numoer 1 , and " Protease 15" vaccine number 

1 , were titrated by i ntracerebral inoculation of mice . No 

deaths occu rred among any of the groups of inoculated mice 

du ring the ensuing 14 day observation period . Since no de -

tectabl e residual live virus was present in ei the r vaccine , 

the LD Sb titre of the vacc ines was demonstr ated to b e l es s 

than lo- 1 • 

3 . Attempted i mmunization of mice with experimental and 

control vaccines 

No deaths occurred among any oft he groups of mice which 

were i noculated intraperitoneally wi t h " Rhozyme P- 11 11 vaccine 

number 1 , " Protease 1.5" vaccine number 1 or the phenolized con-

t r ol vaccine . The mice were observed for 14 days without any 

symptoms of any type of toxicity being demonstrat e d . 

4 . Challenge of mice vaccinat ed with exper i mental and control 

vaccine s 

On the fourteenth day of the post- inoculation period , 

eac~ group of 30 mice inoculated with experimen~al and control 
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vaccines and a group of 30 normal mice were divided into six 

lots of five mice each . One lot of mice of' each group was 

inoculated intracerebrally with 0 . 03 ml . quantities of serial 

dilutions of challen~e virus , 124 LD 
50 

through 12 , 443 LD 
50 

per dose . These challenged mice were observed for an addition -

al 14 day peri od . The mortality ratio experienced per serial 

dilution of challenge virus in the groups of vaccinated and 

unvaccinated mice is shown in Table 9 . 

Table 9 . Results of the challenge of mice vaccinated with a 
single dose of experimental vaccine 

Groups of mice Number of LD 5o in 0 . 03 ml . of challenge virus 
inoculated with 
a single 0 . 5 ml . 1 24 1, 244 3,110 6 , 221 9 , 331 1 2 , 443 dose of vaccine 

Unvaccinated 5./5 5/5 5/5 5/5 5/5 5/5 
controls 

Vaccinated controls 4/5~~ 4/5 415 4/5 5/5 5/5 
Phenol ized 

vaccine 

Rhozyme P- 11 5/5 5/5 5/5 5/5 5/5 5/5 
vaccine no . 1 

Protease 15 5/5 5/5 5/5 5/5 5/5 5/5 
vaccine no . 1 

-::-Mortality ratios of mice inoculate d with O. OJ ml . of 
serial dilutions of challenge virus . 
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All of the mice which had been vaccinated with the two 

experimental vac c ines died subsequent to c hallenge , as did 

the mi ce in the unvaccinated controls . In the group of mice 

which receiv e d a 1 0% susp ension of p henolized vaccine , the 

survival r ates were extremely poor . Of these vac c i nated con-

trols , only one mouse out of five survived i n the groups inoc -

ulated with serial di l ut ions of challeng e viru s , 124 LD 
50 

t h r ough 6 , 221 LD 
50 

per dose . 

"Rhozyme P- 1111 and " Pro tease 15 11 vaccines number 1 were 

not capable of inducing an immune response in mice inoculated 

intraperitoneally with a singl e 0 . 5 ml . dos e of eit~e r vac -

cine when chall enged with 124 LD of homologous viru s . A 
. 50 

1 0% suspension of standard phenolized r abies vac cine of 

caprine origin was not capable of inducing a signif icant im-

mune response under identical conditi ons . 

F . Attempts to Immunize Mi ce a .gainst Rabies by 

Mult i ple Inoculations of Vaccines Produced 

from CVS Rabbit Brain Emulsion Subjected 

to Proteolytic Enzymatic Digestion 

1 . Titrat ion in mice of serial dilutions of the third rabbit 

passage of the CVS s train of raoies v irus 

A pooled rabbit brain emulsion of the third raobit pass -

a.;e of the CVS strain of rabies virus was employed as the sub-



strate for the experimental vaccines used in this investiga-

tion . The LD 50 titre of this substrate was determined to be 

lo- 4 · 6 by int racerebral titration in mice . From thi s titre it 

was determined that 0 . 03 ml . of the substrate contained 

39 , 820 LD 50 of live virus . 

2 . Test of the viability Of the experimental vaccines 

The following vaccines : " Rhozyme P- 11" vaccine suspen-

sion and vaccine supernate number 2 ; " Protease 15" vaccine sus -

pension and vaccine supernate number 2 ; and the heat inacti -

vated control vaccine susp ension and vaccine supernate were 

titrated in mice . Deaths occurred among the 1 0 - l group of 

mice of each vaccine titration . The LD 50 of the vaccine 

titrations was calculated in those cases where a sufficient 

number of deaths occurred that a 50% end point was reached . 

From the LD SO titre of a vaccine titration, the number LD 50 
of residual live virus in each 0 . 03 ml . of vaccine was calcu-

lated . These results are shown in Table 10 . 

In order to accurately evaluate these results , it is 

necessary to compare the method employed in the preparation 

of the vaccines used in this investigation to the method used 

in the preparation of the vaccines employed in the preceding 

investigation . In t he preparation of 11 Rhozyme P- 11 11 and " Pro-

tease 15" vaccine s nun~oer 1 , the enzyme - orain emulsion prepar-

ations were :ncuoated at 50 C. for 4 hours . No detectaole 
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Table 10 . Intracerebral titration in mice of six experimental 
vaccines 

Vacc ine titrations 

Rhozyme P- 11 
vacc ine suspension 

Rhozyme P- 11 
vaccine supernate 

Protease 15 
vaccine suspension 

Protease 15 
vaccine supernate 

Heat inactivated 
vaccine suspension 

Heat inactivated 
vaccine supernate 

Mortality ratios of 
mice inoculated 
with 0 . 03 ml . of 
serial dilutions of 
vaccine 

3/5 0/5 0/5 
2/5 0/5 0/5 

1/5 0/5 0/5 
1/5 0/5 0/5 

4/5 0/5 0/5 
4/5 0/5 0/5 

Residual LD 50 
of live rabies 
virus in each 
0 . 03 ml . of 
vaccine 

15 

<10 

( 10 

<10 

25 
25 

residual live virus was found in either of these two vaccines 

when they were titrated by intracerebral inoculatlon in mice . 

The method of proteolysis employed in the preparation of t~e 

vaccines listed in Table 10 differed from the method employed 

in the precedi n6 invest i gat ion, in that the enzyme- brain emul-

sion preparati ons were incubated at 50 C. for only 1 hour fol~~-

ed by incubation at 37 C. for 3 hours . A 10% suspension of 

untreated Drain emuls ion was subjected to the same heat treat-

. ent and is shown in Table 10 as heat inactivated vaccine . 
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The period of time for which the enzyme - b rain emulsion 

preparations were he ld at 50 C. was decreased to one hour be-

cause available information in the literat ure indicated that 

1 hour at 50 C. should be sufficient to inactivate rabies 

virus , and also because it was felt that the unsatisfactory 

results obtained in the previous investigation mi ght have been 

due to the effect of 50 C. f or 4 hours on t h e specifici ty of 

the enzyme r eaction . The as sumption that 50 c. for 1 hour 

would inactivate the virus was disproved by the resu lts ob-

tained in the titrations of the .vaccine s as depicted in Tabl e 

1 0 . In the case of each vac c ine suspension and supernate 

the re was sufficient evidence to indicate that exposure to 50 

C. for 1 hour was insufficient to completely inactivate t he 

virus . 

As previ ously d etermined in the titratio~ in mice of 

serial diluti ons of the third rabbit passage of the CVS strain 

of rabies virus , the brain emulsion from whi ch the experimen-

tal vaccines were prepared had a titre of 39 , 820 LD 
50 

of live 

virus per 0 . 03 ml . By c omparing the residual LD 50 of virus 

in 0 . 03 ml . of vaccine , as shown in Table 10 , to the LD 
50 

titre of the untreated bra in emulsion , it is evident t hat 

" Rhozyme P- 11 11 and " Protease 1 5 ", p l us heat , inactivated a 

minimum of 3 9 , 800 LD 50 of virus pe r 0 . 03 ml . of brain emul-

sion . By making a similar comparison with the titre s shown 

for the h eat inactivated vaccine s , it is a_ parent that the 
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action of the heat treatment , alone , inactivated a minimum of 

39 , 790 LD 50 of virus per 0. 03 ml . of brain emulsion . 

On the basis of the results described a bove , it was con-

el uded that the effect ~f the heat treatment employed in the 

preparation of the vaccines accounted for over 99% of the 

total amount of virus inactivated. The small amount of virus 

shown to be inactivated by the action of the enzyme s , over 

and above that accounted for by the eff ects of heat , was in-

significant . 

The brains of the mice which died aft er the fifth day of 

each vaccine titration were harvested and pooled . Each pool 

of this brain material was subjected to t he modified serum-

viru s neutralization test . The results of t he se tests are 

shown in Table 11 . 

That t he death s of t he mice observed in the vacc ine via-

bility titrations were caused by rabies virus was demonstrate d 

by the resul t s obtained in the serum-virus neutralization 

t est s . The se result s indicate that rabies virus was p r esent 

in each pool of b rain material harves ted from t h e mice which 

d i e d in each vaccine titration . On the basis of t~e results 

observed in t he vaccine viaoility titrations, as sh own in 

Tabl e 1 0 , and the confirmation afforded by t he serum- virus 

neutrali z ation tests that the vaccines did con tain live virus , 

it was concluded tnat exposur e of tne CVS strain of .rabies 

vir us to 50 C. for 1 hour followed by 37 C. for 3 hours was 
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Table 11 . Identification of virus material harvested from 
brain tissue of mice which died in the experi -
mental vaccine viability titrations 

Vaccine viability 
titration from 
which the virus 
was recovered 

Rhozyme P- 11 

Modified serum- virus neutralization tests 

Mortality ratios of mice inoculated with 
0 . 03 ml . of a mixture of equal volumes of 
serum dilution and 1 : 360 dilution of virus 

1:10 1 : 100 
Normal serum Immune serum 

vaccine suspension 6/6 0/6 
6/6 o/6 vaccine supernate 

Protease 15 
vaccine suspension 6/6 0/6 
vaccine supernate 5/6 o/6 

Heat inactivated 
vaccine suspension 6/6 0/6 
vaccine supernate 6/6 0/6 

insufficient to completely inactivate the virus . 

J . Attempted immunization of mice with experimental and con-

trol vaccines 

No deaths occurred among the four groups of mice which 

were inoculat ed intraperitoneally with six 0.5 ml . doses of 

the four control vaccines : heat inactivated control vaccine 

suspension and vaccine supernate ; and phenolized control vac -

cine susp ension and vaccine supernate . Several deaths oc -
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curred in each of the four groups of mice which were inocule-

ted in a similar manner with the four enzyme vaccines : " Rho -

zyme P- 11 11 vaccine suspens i on number 2 and vaccine s upe rnat e 

number 2 ; and 11 Protease 15 " vaccine suspension number 2 and 

vaccine supernate numbe r 2 . These deaths occurred within 10 

to 15 minutes followin; inoculation. The mice exhibited 

symptoms simi lar to those seen in the enzyme toxicity invest -

i gation . The deaths were attributed to the toxicity of the 

enzyme vaccine preparations . 

4. Challenge of mice vaccinated with mul tiple inoculations 

of exnerimental and control vaccines 

On the fourt eenth day of the immunization period, 20 

mice from each group of mice inoculated with ex9erimental 

and control vaccines were challenged intracerebrally with a 

dilution of homologous virus containing 500 LD 
50 

per 0 . 03 

ml . dose . The percentage of survivors in each group of vac -

cinated mice , subsequent to challenge with 500 LD 50 , was 

calcu l ated at the end of the 14 day observation period . Thes~ 

resul ts and the mortality ratios of the challenged mice are 

shown in Tabl e 12 . 

Table 12 s hows thet ei6hty per cent of t he mice which 

were vaccinated with a 10% suspens ion of co11~ercially pre -

pared p:1enoli zed vaccine of c aprine origin survived when cha:'.. -

len~cd . In the case of t~ose ~ice which were vaccina~ed wit~ 
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Table 12 . Percentage of survivors in groups of mice vacci -
nated with multiple doses of experimental and 
control vaccines and challenged with rabies virus 

Vaccines Mortality ratios Percentage of 
of mice challenged survivors 14 
with 500 LD 50 of days after 
rab ies virus challenge 

Prenolized control 
vaccine suspension ~20 80 
vaccine supernate 1 /20 25 

Heat inac tivated control 
vaccine suspension 15/20 25 
vaccine supernate 6/20 70 

Rhozyme P- 11 
20/20 vaccine suspension 0 

vaccine supernate 20/20 0 

Protease 15 
vaccine suspension 20/20 0 
vaccine supernate 20/20 0 

the supernate of a 10% suspension of heat inactivated vaccine , 

only 70% of the mice survived when challenged . According to 

Habel ( 20 ), t o be a valid test , the challenge given to the 

vaccinated mice should be be tween 100 and 1 , 000 LD 50 , and 

50% of the vaccina ted mice s~ould survive . The resul t s ob-

-tained with these two vaccines were more than adequate to 

pass t h e screening potency test . 

Only~25fo of the mice vaccinated with a supernate of a 

10% suspension of phenolized vaccine survived a 500 LD 50 dose 

I 
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of challenge virus . Identical results were obtained with the 

mice which were vaccinated with a 10% susp ension of heat in-

activated vaccine . Neither of these vaccines passed the 

screening potency t est . Howe ver, the resul ts indica ted that 

some degree of immuni ty was induc e d by both preparations . 

None of t he mice which were vaccinated with a 10% s uspen-

sion or with supernate prepar ed from pool ed CVS brain emulsion 

sub j ected to proteolysis with either " Rho zyme P- 11 11 or " Pro -

tease 1 5 " su rvived a 500 LD 50 dose of challenge viru s . Al l 

four of the vaccines failed to pass the screening potency 

test . 

From the re sul ts obtai n e d in the vaccine potency tests , 

it appeared that t he failure of the enzyme- brain emulsion prep -

arations to induce an i mmunity in mice was not necessarily 

related to the l ow LD 50 titre of the brain emulsion from 

which t he vaccines were prepared . The satisfactory immunity 

established in those mice which were vaccinated with a super -

nate of a 10% suspension of heat inactivated vaccine t end to 

i ndicate that t he LD 50 titre of the brain emulsion was ade -

quate for the p r oduction of an acc eptab le vaccine . 

5. Titration in mi ce of the challenge virus 

From the t i tration of challen~e virus performed concur-

rently with the challen....,e of the vaccinated mic e , it was de -

termined that the LD 50 titre of the virus was l o - 4 · 6. 
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Therefor e , 0 . 03 ml . of the brain emulsion of challenge virus 

contained 39 , 820 LD 50 . The 1 : 79 dilution of brain emulsion 

used for the challenges contained the 500 LD 
50 

per 0 . 03 ml . 

dose as indicated in Tabl e 1 2 . 

G. Evaluation of Compl ement - fixing Antigens Produced 

from CVS Rabbit Brain· Emulsion Subjected t o 

Proteolytic Enzymatic Digestion 

1 . Neutralization tests 

The results of the serum- virus neutralization t ests per-

formed with a known strain of rabies virus and the anti -

rabies and normal sera empl oyed in this i nvestigation are 

shown in Tabl e 1 3 . 

Table 1 3 . Seru_~- vlrus n eutr a lizat i on tests performed to 
detect pr e s ence of rab i es neutralizing antibodies 

Se rum Mortality ratios of mi c e I ndex of 
inocul ated with serum and mouse LD 50 dilutions of r abi e s virus of virus 

- 1 1 0 - 2 1 0 - 3 1 0- 4 l o - 5 neutrali zed 
10 

Normal equi ne no . 1 6/6 6/6 6/6 5/6 0/6 
Normal equine no . 2 6/6 6/6 6/6 6/6 0/6 
Anti - rabies equine 2/6 0/6 0/6 0/6 0/6 ) 20 , 000 

Normal rabbit 6/6 6/6 6/6 6/6 0/6 
Anti - rabies rabbit 6/6 3/6 o/6 o/6 o/6 > 300 
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The equine and rabbit anti - rabies sera possessed r abies 

neutralizing antibodies . The normal sera did not possess such 

ant i bodies . The resul ts of these serum- virus neutralization 

tests served to definitely establish the identity of each 

serum used in this investigat ion as either an anti - rabies 

serum or a normal serum . 

2 . Initial standardization of materials 

a . Titration of hemolysin . One - tenth ml . of a 1 : 3 , 200 

dilution was found to contain 1 unit of hemolysin . Th is was 

the smallest amount of hemolysin cap able of producing complete 

h emolysis of an equal volume of a 3% suspension of sheep r ed 

blood c ells in the presence of an excess of complement . 

b . Titration of complement . One unit of comp lement was 

found to be contained in 0 . 06 ml . of a 1 : 25 dilution of c omple-

ment . Th is was the smallest amount of comp l ement giving c om-

p lete hemolysis of 0 . 1 ml . of a 3% suspension of sheep red 

blood cells in the presence of 3 units of hemolysin . 

c . Titration of exoerimental antigens for hemo l yt ic 

activity . No hemolytic a ctivi t y was exhibited by any of the 

experimental antiGens at the end of 30 minutes a t 37 C . in 

the presence of an equal volume of a 1 . 5% suspension of s heep 

red b l ood cell s and 2 units of complement . These results 

indicated t~at any hemolysis that mi 0 ht occur in subsequent 



108 

serological procedures in which these antigens were used was 

due to the action of hemolysin or some material other than 

the antigens . 

d . Titration of antigen components for anti - compl emen-

tary activity . When a 1 : 2 dilution of each antigen compon-

ent was titrated for 30 minutes at 37 C. in the presence of 

serial dilutions of 1: 25 complement with 3 units of hemol ysin 

and an equal volume of a 3% suspension of sheep red blood 

cells , varying degrees of anti - complementary activity were 

exhibited by each component . The degree of anti - complementary 

activity can be expressed as the number of units of complement 

inactivated by each componen t as compared with the amount of 

complement available in the control . The nuinber of units of 

complement found to be inactivated by each 1 : 2 dilution of 

antigen components were : " Rhozyme P- 11", more than 2.5 units ; 

" Protease 15", 1 unit ; Krebs- Ringer- phosphate solution , 0.4 
units; and antibiotic solution, 0.4 units . 

These resul ts indicated that the anti - complementary 

activity exhibited by the experimental enzyme antigens was 

due , for the most part , to the action of the enzymes them-

selves . The elimination of the antibiotics or the Krebs -

Ringer- phosphate solution from the conposition of the enzyme 

antigens was not likely to greatly reduce the degree of anti -

complementary activity exhibited by such anti~ens . 
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e . Titration of complement in the presence of serial 

dilutions of antigens . Titrations of serial dilutions of a 

1 : 25 dilution of complement were performed in the presence of 

physiological salt solution and serial di l utions of each ex-

perimental and control antigen . The mini mum and maximmn num-

ber of units of complement available in the physiological 

salt solution controls at the beginning and end of the test 

were determined . By comparing these resul ts to those of the 

titrations containing antigens , it was possible t o determine 

the number of units of complement that were inactivate d in 

the presence of each antig en , as shown in Table 14. 

The results obtained in this series of titrations , as 

shown in Table 14, indicated that dilutions of 1 : 2 through 

1 : 16 of both " Rhozyme P- 11 11 antigens , " Protease 15" antigen 

nmnber 1 , and dilutions 1 :2 and 1 :4 of 11 Protease 15" anti6 en 

number 2 were markedly anti - complementary in the presence of 

a 1 : 25 dilution of complement . No end- point was reached with 

any of these antigen dilutions . In order to determine the 

amount of complement required in the presence of the antigens 

to provide a minimum of 2 units at the end of 18 hours , it 

was necessary to repeat the titrations using a more concen-

trated complement dilution . 

The results obtained witL the 1 : 8 and 1 : 16 dilutions of 
11 Protease 1511 anti .;en numoer 2 , and all di l utions of the 
11 N. Y. " and CVS live virus anti 0 ens and the normal raboi t 
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Table 14 . Titration of serial dilutions of 1 : 25 complement 
in the presence of antigens 

Antigen dilution Units of c omplement Units of 
available complement 

inactivated 
Minimum Maximum 

(After 30 minutes at 37 c . ) 

Physiological salt solution 
beginning of test 1 4 . 5 0 

(After 18 hours at 4 c .) 

end of test 1 1 . 6 2 . 9 

Rhozyme P- 11 number 1 
1 : 2 through 1 :16 0 0 4 . 5 

Rhozyme P- 11 nurnber 2 
1 : 2 through 1 : 16 0 0 4 . 5 

Protease 15 number 1 
1 : 2 through 1 : 16 0 0 4 . 5 

Protease 15 number 2 
1 : 2 and 1 : 4 0 0 4 . 5 
1 : 8 and 1 : 16 1 1 . 6 2 . 9 

N. Y. Live Viru s 
1 : 2 t hrough 1 : 8 1 1 3 . 5 
1 : 16 1 1 . 4 3 . 1 

CVS Live Virus 
1 : 2 through 1 : 8 1 1 3 . 5 
1 : 16 1 1 . 2 3 . 3 

Norm:=tl Rabbit Brain 
1 : 2 through 1 : 8 1 1 3 . 5 
1 : 16 1 1 . 4 3 . 1 

~. 

I 
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brain antigen indicated that these antigens exhibited only a 

minor amount of anti - complementary activity . It was deter-

mined that Oc06 ml . of a 1 : 24 dilution of compl ement should 

p rovide a minimum of 2 units of complement at the end of 18 

hours at 4 C. in the presence of each of these antigens . 

3. Standardization of materials for the actual comp lement -

fixation tests 

a . Titration of hemolysin in the presence of antigens . 

Due to the anti - complementary activity evidenced by "Rhozyme 

P- 11 1
' antigens number 1 and 2 and 11 Protease - 15" antii;ens num-

be r 1 and 2 , titrations of serial dilutions of hemolysin were 

performed in the presence of these antigens . The resul t s ob -

tained in the hemolysin titrat ions indicated that " Rhozyme 

P- 11 11 antigens number 1 and 2 were extremel y anti - complementary 

in their activity . Both of these antigens inactivated all 

available complement in a 1 : 15 di l ution of complement . No 

end-point was reached in any of the hemol ysin titr~tions per-

formed due to this anti-complementary activity. For this rea-

son , the "Rhozyme P- 11" antigens were eliminated from further 

consideration in this problem. 

In the hemolysin titrations performed with the " Protease 

15 " antigens and a 1 : 20 dilution of complement , definite end-

points were obtained . One - tenth ml . of a 1 : 1 , 600 dilution of 

hemolysin was found to contain 1 unit of hemolysin in the 
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presence of a 1 : 2 dilution of " Protease 15 " antigens number 1 

and 2 . This was the smallest amount of hemolysin in the p r es -

ence of the antigen capable of producing complete hemolysis 

of an equal volume of a 3% suspension of sheep red bl ood 

cells in the presence of 0 . 3 ml . of a 1 : 2 0 di l ution of comple -

ment . 

b . Titration of complement i n the presence of " Protease 

1 5 11 antigen number 2 . Serial dilutions of a 1 : 20 dilution of 

complement were titrated in the presence of a 1 : 2 dilution of 

" Protease 15" antigen number 2 . The number of units of c om-

plement available at the beginning of t he titration was com-

pared to the number of units available a t the end of the t est 

after 18 hours at 4 C. At the beginning of the titration, 3 

units of complement were available . At the end of the titra-

tion , only 1 unit was available . The results of this titra-

tion indicated that 0 . 12 ml . of a 1: 19 dilution of complement 

should provide a minimum of 2 units of complement at the end 

of 18 hour s at 4 C. i n the presence of the antigen and 3 units 

of hemolysin as determined in the presence of t he antigen . 

c . 11 Box" titration of antigens . 11 Box11 ti t r at i ons of 

two-fol d serial dilut i ons , 1 : 2 through 1 : 1 6 , of " Protease 1511 

antigen number 2 , and 11 1'1 . Y . 11 and CVS live virus antigens were 

performed in the presence of two - fold serial dilutions , 1 : 5 

through 1 : 40 , of equi ne and rabbit anti-rabies sera . Up on 
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completion of these 18 hour titrations the r esu lts were read 

visually . The deg r ee of hemolysis exhibited in each tube of 

the titrations was g raded O, 1, 2 , 3 or 4, as shown in Table 

1) . Four represented no hemolysis and zero represented com-

plete hemolysis . Any doubtful reactions in the 0 to 1 . grada-

tion were recorded as 0 . 

Table 1.5 . " Box" titration of experimental and control 
anti§,ens 

Dilutions Antigen dilutions Controls 
of anti - Protease 1.5 NY Live CVS Live Phy . Anti -
rabies virus virus salt bio . 
serum 1 to 2 l± 8 lb 2 l± 8 lb 2 4 8 lb 0 0 

Equine 1 : .5 4 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 : 10 4 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 : 20 4 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 : 40 4 0 0 0 0 0 0 0 0 0 0 0 0 0 

Rabbit 1 : .5 4 4 4 4 4 4 4 4 4 4 4 4 2 3 
1 : 10 4 4 4 4 4 4 4 4 4 4 4 4 0 0 
1 : 20 4 4 4 4 4 4 4 4 4 4 4 4 0 0 
1:40 4 4 0 0 4 4 4 4 4 4 4 4 0 0 

From the resul t s shown in Table 1) , it was possible to 

d e t e rmine the great e st dilution of each anti6 en capable of 

fixing c omplement in the greatest dilut ion of each serum . 

With the equ ine s e rum it was det ermined that a 1 : 2 dilution 

of " Pr otease 1.5 " ant i 0 en numb e r 2 wa s the e;r eates t dilut i on 

'.Jaich woul d fix compl ement in the p r esence o f a 1 : 40 dilution 
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of serum . In the case of the live virus antigens , no end-

point was obtained and dilutions of each of these anti gens in 

p r oportions of 1 : 2 or h i gher were incapable of fixing compl e -

ment in the presence of t he serum. 

From the results obt ained with the titrations performed 

with rabbit anti - rabies serum, it was ascertained that a 1 : 4 

dilution of the 11 Protease 15" antigen number 2 was the great-

est dilution which would fix complement in the presence of 

serial dilutions of serum. The results s hown for the 11 N. Y . 11 

and CVS live virus antigens indicate that any dilution fr om 

1 : 2 through 1 : 16 would fix complement in the p r esence of the 

serum . Since no end - point was obtained with the 1: 1 6 dilu-

tions of these latte r antigens , it is presumed that even 

greate r dilutions woul d have fixed complement in the presence 

of the rabbit serum. 

The complement controls which were performed concurrent -

ly with t he antigen titrations indicate d that in the absence 

of serum a minimum of 1 unit of complement would have been 

availabl e at the end of 18 hours at 4 C. in each anti gen 

titration . The se results confirmed that any complement -

fixat l on which took place in the presence of the anti - rabies 

sera , as shown in Tabl e 15 , was due to the fixation of comple -

inent by the ex~erimental and contr ol antigens concerned. 
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4. Complement - fixation tests 

The complement-fixing capabilities of " Protease 15" anti -

gen number 2 ; " N. Y. 11 and CVS live virus antigens; and normal 

rabbit brain antigen were investigated i n two series of com-

plement - fixation tests . The results of these tests were read 

visually . The degree of hemolysis exhibited in each tube of 

each test was graded O, 1 , 2 , 3, and 4. Four represented no 

hemolysis and O represented complete hemol ysis . Any doubtful 

reactions in the 0 t o 1 gradation were read as 0 . The titre 

of each serum was expressed as the greatest dilution of serum 

giving a 3 or 4 reading as shown in Table 16 . 

As shown in Table 16, the complement- fixat ion tests per-

formed with the equine immune serum, the normal equine sera 

number 1 and 2 and t heir respective albumin and g lobulin 

fractions gave conflicting results . Neither of the normal 

sera nor their albumin and globulin fractions were found to 

be markedly anti - complementary , as shown by the reading s ob -

tained with the respective p~ysiological salt solution and 

antibiotic solution controls . 

Normal equine serum number 1 and its globulin fraction 

demonstrated a titre of complement fixat i on greater than 

1 : 640 in the presence of all four antibens . A titre greater 

than 1: 640 was obtained with -che immune serum only in the 

presence of the " Protease 15" anti0 en number 2 . With the 

immune serum no titre was demonstrated with t he other three 
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Table 16 . Results of complement- fixation tests employing 
experimental and control antigens 

Serum Titre of serum 

Antigen dilutions Controls 
Phy . Anti -

Protease 15 " N. Y." CVS Rabbit salt biotic. 
(1 : 2 ) (1 : 2 ) ( l ·: 2 ) ( 1 : 2) (1 ) (1) 

Equine innnune > 640 0 0 0 0 0 

Normal equine #1 '> 640 > 640 ) 640 > 640 0 0 
albumin fraction 0 0 0 0 0 0 
g l obulin fraction > 640 > 640 > 640 > 640 0 0 

Normal equine #2 5 40 40 20 20 20 
a l bumin fraction 0 0 0 0 0 0 
globuli n fraction 5 40 40 40 20 20 

(1 : 4 ) ( 1 : 4) ( 1 : 4 ) ( - ) ( 1) (1) 

Rabbit i mmune '>640 1 60 640 0 0 

Rabbit normal 5 80 80 20 20 

antigens shown in Table 1 6 . In comparing the titre of the im-

mune serum to that of the normal serum number 1 and its glob-

ulin fracti on , it is impossible to state whether or not great -

er dilutions of each serum would have demonstrated any sig-

nificant differences between their respective titres . It was 

demonstrated that in a dilution of 1 : 640 , the end- point of 

complement fixation had not been reached in either serum. 

The fact that the normal equine serum nlllnber 1 and its globu-

lin fraction denonstrated titres g reater than 1 : 640 in the 
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presence of normal rabbit brain antigen , and that its albumin 

fraction di d not f i x complement , suggests that non- specific 

complement fixa tion may account for the resul t s obtained . 

This possibility was further indi cated by data in the clini -

cal rec ord of the horse from which the serum was obtained . 

The clinical re cord stated that the animal had been f ound to 

be affected with a sub- acute suppurative metritis seve ral 

weeks b e fore the serum sample was coll ec te d. At the time t he 

s e r um sample was r ece ived the auth or was no t aware of the 

p revi ous clinical history of t he donor . 

A second s ampl e of normal equine serum, desi gnated as 

number 2 , was obtained f r om a horse with a verifi ed nor mal 

clinical history . The results obtained with this serum sample 

and its serum f ractions , as s een in Table 1 6 , were d ecidedly 

different from those obtained with equi ne s erum number 1 . A 

titre of 1 :5 was demonstrated in the presence of " Protease 

1511 antigen as c ompared to a titre greater than 1 : 640 in the 

immune serum . These r esults i ndicated a great er than seven-

fold differ ence in titre between the nor mal and immune s erum 

was obt a ined with the " Protease 15" antigen numbe r 2 . 

Compl ement - fixation tests empl oyin g the s ame ant i gens as 

use d with t he equine s era , wit h the exception of the no r mal 

rabbit antigen , were perfor me d with pool ed i mmune and normal 

rabbit sera . As s~own in Table 1 6 , a t i tre o f e r eat er than 

1 : 640 was ob t a i ned wi t h the i mmune serum as compared to a 
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titre of 1 :5 in the normal serum with "protease 15" antigen . 

This represented a g r eater t han seven- fold difference in titre 

between the immune and normal rabbit serum. With the same 

sera , only a one - fold difference in titre was obtained with 

the " N. Y. " and a three - fold difference in titre with the CVS 

live virus antigen . 

The complement controls which were performed concurrent-

ly with the comp lement - fixation tests indicated that in the 

absence of serum a minimum of 1 unit of complement would have 

been available at the end of 18 hours at 4 C. in each 

compl ement - fixation test. These results confirmed that any 

complement - fixation which took place in the presence of the 

sera , shown in Table 1 6 , was due to the fixation of compl e -

ment by the experimental and control antigens concerned . 
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VI . DISCUSSION 

The twelve enzymes which were originally selected for 

us e in this study of some effects of proteolytic enzymes on 

rabies virus were considered a s proteolytic enzymes . Al though 

there are several classification systems referred to in the 

literature by which they could have been classified, the 

method of classification described by Sumner (51 ) place s all 

twelve of these enzymes within the group r eferred to as p r o -

teolyt ic enzymes . 

In contemplating the use of proteol ytic enzymes for the 

elution of virus from animal tissue , several problems were 

evident . The action of mos t proteolyt ic enzymes , and enzymes 

in general , is specific . This specificity exists , according 

to Bodansky (4 , p . 138) , not only as to the relation be t ween 

a given enzyme preparation and the general chemical structure 

of the substances which react in it s presence but a lso as to 

specific atomic groups or linkages in the molecule of the 

substrate . This factor would have a tendency to restrict the 

use of certain enzymes due to their l imited r ange of p roto -

l ytic activity . Lysozyme , pancreatic desoxyribonuc lease , and 

streptokinase - streptodornase , although non- toxic in vivo in 

high concentrations, were eliminated from further considera-

tion because of t~eir limited ran6e of proteolytic activity . 

Many of the proteolytic enzymes which might be considered 
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for use in the attempted elution of virus by proteolysis pro-

duce toxic reactions when inoculated into mice . One means of 

avoiding such toxic reactions might be the inactivation of 

the enzyme after completion of the proteolytic reaction . En-

zymes can be inactivated by various methods , s uch as : altera-

tion of the pH of the reaction; elevation of the temperature 

of the reacti on ; and exposure to light . Any procedure which 

might be used to inactivate an enzyme or alter an enzyme re -

action could very likely have a detrL~ental effect on most 

viruses . The problem is further complicated by the fact 

that enzymes are p roteins . The inactivation of an enzyme's 

proteolytic activity would not necessarily remove t he cause 

of its toxic properties for mice . Jobling , et a l . (24) , 

found that active and inactive trypsin were equally capable 

of producing toxic reactions in dogs when injected intraven-

ously . For these reasons , it appeared that t he problem of 

enzyme toxicity could best be solved by searching for suit-

able enzymes that were non- toxic or relatively so . No attempt 

was made to find means of inactivating enzymes which would 

not harm the rabies virus . 

Very few references appear in the literature concerning 

the effects n1anifested in laboratory animals followin0 the 

injection of proteolytic enzymes . The work done by various 

inve stigators on the effect of various enzyme preparations on 

rabies virus , as cited in the review of pertinent literature , 



121 

offered little insight into the proolem since the enzyme prep-

arations used were all crude products , containing extraneous 

non- enzyme material . To answer the question of enzyme toxi -

city in mic e , it was necessary to inoculate groups of mice 

Nith uniform dosages of serial dilutions of the twelve enzyme 

preparations under consideration . The intracerebral route 

of inoculation was empl oyed in these toxicity tests since 

this was the normal route used in the isolation of raoie s 

virus . By foll:>wing t'1is procedure it was possible to deter -

mine which enzymes were toxic for mice and the concentrations 

which were toxic . 

All mice which evidenced toxic reactions folloi·iing inoc -

u l ation with serial dilutions of prote olytic enzymes prese~ted 

SYJnptoms which although they resembled severe anaphylactic 

shock , could more correctly be desi0nated as proteolytic en-

zyrne shock . Jobling , et al . (24 ), described similar syriptoms 

which resembled anaphylaxis in cases of peptone shock in dog s . 

In his discussion of syndrome s similar to the anap:1ylactic 

reaction , Godlewski (16 ), likens pep tone and trypsin shock to 

anuphylactic s hock . He draws the distinction that there is 

no sensitization period in peptone or trypsin shock . It is 

oelieved t'1at the same dis tine ti on should apply to the re -

sul ts obtained with the various enzymes employed in this in-

vestigation . In no instance was there any kno~n se~sltiza

tion peri od i n t11e case of any of L1e enzymes tested . It is 
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difficult to conceive h ow there could have been any natural 

prior sensitization of an animal such as a mouse to any of 

the enzymes employed in this study, particularily with such 

enzymes as ficin , bromelain , and papain . 

From the results obtained in the enzyme toxicity tests 

it appears that there is some rel a tionship between the 

specificity of a proteolytic enzyme as to the substrate on 

which it acts and its toxicity in mice . In general , enzymes 

with a limited range of proteolytic activity were compara-

tively non- toxic wh en inoculated intracerebrally in mice in 

comparatively concentrated dosages . In the same r espect , 

enzymes with wider ranges of proteolytic act i vity were toxic 

for mice . The degree of toxicity being progressively greater 

with t hose enzymes which had t h e widest ran5 es of proteolytic 

activity . 

Out of the group of twelve enzymes which were orig inally 

considered for use in this problem, t hre e wer e eliminated be -

cause of t h eir limited range of proteol ytic activity as re -

ported by the manufacturers . Four of the nine remaining 

enzymes unde r consideration were eliminated from furthe r con-

sideration alth ough t h ey each possessed wide ranges of pro-

t e o l ytic activity . The y were found to produce prote olytic 

enzyme s h ock in mice when inoculated in dilutions g r ea t e r 

t h an 0 . 00004 gm. of enzyme per minimal mouse do se . 

Five enzyme s we re f inally selected for furthe r investiga-
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tion in this problem . All five of these enzymes were non-

toxic to mice in concentrations which were adequate for degr a-

dation of suitable protein substrates , according to the var-

ious manufacturers ' data sheets • . Two of these enzymes were 

trypsin preparations , one being a purified crystalline prep-

aration and the othe r an unpurified preparation . The other 

three enzymes consisted of a fungal . protease , a bacterial 

protease and a filtrate of a culture of an aerobic soil 

saprophyte . 

The use of t hese five enzymes were particularily suit -

able for this problem. The action on rabies virus of several 

enzymes of animal and p lant origin have been reported in the 

literature by various investigators. The two trypsin prep-

arations served as standards s ince conside r able data was 

available in the literature as to the action of trypsin prep-

arations on rab i es virus . No reference could be found in 

available literature as to the effect on rabies virus of the 

more recently isolated fungal and bacterial enzyme prepara-

tions . Therefore the use of the three enzymes of f'ungal or 

bacterial orig in in t his problem would serve to help complete 

the picture concerning the general effects of proteolytic 

enzy1nes on rabies virus . 

Several methods e xist for the measurement of the proteo-

l ytic activity of pure and crude proteolytic enzyme prepara-

tions . In general, methods of assaying such enzymes depend 
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upon correlating the proteolytic activity manifested by .the 

enzyme on a standard substrate , Christensen (10) , and 

Northrop (38) ; or the determination of the amount of a spe-

cific enzyme inhibitor required to in,hibit the proteolytic 

activity of the enzyme , Kunitz (35) . None of the methods of 

assay reported in the literature appeared to offer a solu-

tion to the problems associated with this study . 

A method was needed to determine the amount of time 

required by a given quantity of a given proteolytic enzyme , 

at a given temperature , to produce maximum proteolysis of a 

specific substrate . The maximum limitations as to the dura-

tion and temperature of the reaction were predetermined on 

the basis of the known effects of these physical forces on 

the viability of rabies virus . The maximum quantity which 

could be used of any given enzyme was pre- determined by 

known non- t oxic dose levels established for intracerebral 

inoculation of mice . Within these arbitrary limi ts , it was 

necessary to determine the minimal amount of enzyme which 

would produce maximum proteolysis of a brain tissue substrate . 

The method evolved was a modification of the Klett-

Summerson me tnod for the colorimeter determination of protein 

in cerebrospinal fluid . This method is a standard laboratory 

d i agnostic p rocedure considered to be suf ficiently accurate 

for routine purposes . Essentially, the modified procedure 

consisted of turoidimetric determinations of the percentage 

Ii 
\I 

i I 
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of decrease i n the p r otein value of a brain tissue substrate 

occasioned by proteolysis . 

In the series of turbidimetric determinations conducte d 

i n this study , the pH of e ach proteol ytic enzyme reaction was 

ascertained to be i n the ranLe of 7.4 to 7 . 6. Although this 

pH range was not t he optimal pH for each enzyme used , it was 

wi thin the e ffective pH rang e of eacn of the five enzymes 

employed . According to Bodansky (4, p . 145 ) , the activity of 

an enzyme d epends upon the pH at which the reaction takes 

p lace . At a certain pH , the enzyme may underg o destruction 

while it acts on t he subst rate . On the other hand , even 

though t here is no destruc tion of t he enzyme , the r a te at 

which it acts depends on the pH of t he solution . There is a 

certain pH for every enzyme at which the reaction velocity is 

optimal . It is a pparent tha t the pH , had it been at an opvi -

mal concentr ation for each enzyme , could have r esulted in 

either a g reater de gree of proteolysis or a decrease in the 

reaction time . 

The incubation t emperature of each proteolytic enzyme 

reaction conducted for t urbidime tric determinations was he ld 

at 37 C. since t emperatur e a lso has a definite relationship 

to the veloc i ty of an enzyme reaction . For each e nzyme there 

is an opt i mal temperature ran0 e at which the r eaction veloc ity 

is g r eatest . Grob (18 ) , i n hi s discus sion of c ondit-ions 1-:hicr. 

affect t:1e ac ti v i t:y of pro t eolytic enzymes states that . .nos t 
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of these enzymes are very active at 37 C. , s l ightl y i ncreased 

in activity by short exposure to a temperature be t ween 37 c. 
and 60 C. , slightly i mpaired by a temperature of 65 C., and 

destroyed , i f in sol ution , above 70 C. The necessary tempera-

ture varies inversely with the l ength of time of the r eaction . 

The temperature of 37 c. was within the effective tempera-

ture r ange of each of the five p r oteol ytic enzymes tested . 

This temperature was selected since the enzymes under investi -

gation were i ntended for l ater use i n the study of their 

effects on r abies virus . It was essential to assay the activ-

ity of the enzymes in rel ation to their subsequent util iza-

tion . The t emperature of 37 C. was decided upon after r eview-

ing the literature as to the effect of heat on rabies virus . 

It appeared that t h is t emperature was the highest temperature 

which coul d be employed without adversel y affecting the virus , 

whi l e a t t he same time p rovidi n g an effective t emperature for 

the enzyme reactions . 

The resul ts obtained in the turbidime tric determinations 

correlate d well with the factors , as described by Bodansky 

(4 , p . 141 ) , and Grob (1 8 , p . 220 ), which control the v e l ocity 

of enzyme reactions , such as : concentration of substrate ; con-

c entration of enzyme ; pH of the reaction; temperature of the 

r e a ction ; and inactivat i on of the enzyme . The belief that 

the dec r ease in the prot e in value of the substrate was a 

direct ind i cation of the proteolytic a ctivity of the enzyme s 

.L 
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tested is based on the following factors : significant de -

creases in the protein value of the substrate were recorded 

when the substrate was incubated at 37 C. for 4 to 24 hours 

in the presence of each enzyme ; no decrease i n the protein 

value of the substrate was recorded when the substrate was 

~andled in a simil a r manner in the absence of enzyme . 

By means of this turb idimetric procedure it was possible 

to determine that each of the five proteol ytic enzymes used 

in this study were capable of degrading br ain prote i n when 

employed in concentrations th~t would not produce proteo-

lytic enzyme shock in mice . The procedure also made it 

possible to ascertain t•1e amount of time required at 37 C. 

for each enzyrae to accomplish maximum proteolysis of the 

brain tissue . I n this regard it was particularly interesting 

to find that with each enzyme- brain emulsi on preparation , the 

end- point of the reaction was reached by the fourth hour of 

incubation at 37 C. This finding made i t possible to estab-

lish a standard incubation schedule of 4 hours at 37 C. for 

the subsequent invest i gations of the effect of these enzymes 

on rabies virus . 

The fact that the enzymes were capabl e of producing a 

9 to 20~ decrease in b rain protein , depending upon the enzyme 

employed , in addition to the amount of degradation of protein 

accomolis~ed by e~ulsification of the brain tissue was promis -

ing . If an equivalent per cent of live rabies virus was 
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released with this proteolysis , it could result in a signifi -

cant increase in the titre of the virus in an infected brain 

tissue suspension . This possibility prompted the subsequent 

investigation of rabies virus elution in the presence of the 

five proteolytic enzymes . 

In view of the results obtained with the modified Klett -

Summerson method for the colorimeter determination of protein , 

it is felt that this method might be suitable for assaying 

the activity of proteolytic enzymes on any suitable substrate . 

The method could l end itself to the determination of the 

influence on the rate of proteolysis of various factors which 

might influence the velocity of a given proteolytic enzyme 

reaction . 

Throughout the investigation of rabies virus e lution in 

the presence of five proteolytic enzymes and in subsequent 

investigations in which mice were used for animal inocula-

tion studies , 20 gm., adult mice were employed . Ac cording to 

Casals (7) , the age difference in the susceptibility of mice 

to street virus are not especially noteworthy , but are sig-

nificant with fixed virus which has been passed artifically 

from animal to animal . He found that 7 to 9 day old mice 

were more susceptible than ol der mice to the injection of 

fixed or street virus by any route . Twenty day old mice were 

reported to be no more su sceptible to intracerebral inj ection 

of street or fixed virus than 60 day old mice . Kop rowski 
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(32 , p . 56) , states , "mice of all ages are susceptible to 

intracerebrally introduced rabies virus . However , it is 

easiest to inoculate , maintain , and observe mice which are 

21- 35 days old , (8- 12 gm . weight ) at the time of inoculation . " 

Since the use of young mice , commonly recommended in the 

literature , appeared to b e based for the most part on the 

ease of handling , t he same criterion influenced t he use of 

20 gm . mice in these investigations . A large numoer o f the 

mice used in this problem were received from a producer 

located several hundred miles from our laboratory . Due to 

regLonal transportation difficul ties , each shipment of mice 

was in transit several days . Twenty gm . mic e sustained ship-

ment better than younger mice . It is felt that the age and 

weight of the mice employed bears no discernable influence 

on the experimental results obtained . The factor of age and 

weight of the mice used for animal inoculation was maintained 

constant throughout the course of this study . 

In the investigation of rabies virus elution in the 

presence of five proteolytic enzymes and in subsequent invest-

igations employing stock emulsions of rabies infected brain 

material , every effort was made to insure that each suspen-

sion of a particular brain emulsion was of uniform titre . 

That t~ese efforts were successful is demonstrated by the 

fact that identical LD 50 titres were obtained in four titra-

tions of untreated suspensions of eaci1 brain emulsion al thoubh 
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picked at random. 

The LD 50 titre of the 4 C. controls in the titrations 

f b -4. 6 o ra ies virus subjected to proteolysis was 1 0 as com-

pared to a titre of 10- 5 obtained with the homolog ous virus 

in the serum- virus neutralization tests . The cause of this 

divergence was not definitely ascertained . The virus sus-

pensions employed in the neutralization tests were 20% sus-

pensions , whereas those empl oyed in the titrations of rab ies 

virus subjected to proteolys i s were 10% sus9 ensions . Differ-

ent diluents with slightly different pH were employed in 

these two series of tests . These two factors could account , 

in part , for the different LD 50 titres obtained in the two 

series of tests . 

The titra tions in mice of brain emul sions of six differ -

ent strains of rabies virus wh ich had been subjected to pro-

teolytic enzymatic digestion indicated tha t e ach of the five 

enzymes employe d exerted detrimental effects as evidenc ed by 

redu ction in t h e titre of each virus . The resul ts obtai ned 

with each individual enzyme so closely approximated each 

other tha t a separate c onsideration of each enzyme is unnec e s -

sary . The refor e , the y can b e described as a g roup . The 

e f fect of the enzymes on t he viruses was not uniform in so 

far as each individual strain of virus was concerne d sinc e 

the p ercent a g e of decr e ase in LD 50 of li ve virus , foll owing 

prot eol y sis at 37 C. f or 4 ~ours , varied b etween s t r ain s from 
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88% to 99% . This would appear to indicate that each strain 

possessed a slightly different degree of resistence to the 

antenuating effects of the enzymes . These resul t s correlate 

well with the results reported by several other investigators 

to the effect that trypsin can have a detrimental effect on 

rabies virus . It was found that proteolyti c enzymatic diges -

tion performed with trypsin or " Protease (trypsin)" occasioned 

a greater than 99% decrease in the titre of each strain of 

virus tested . 

It was demonstrated with each virus , that infected rab-

bit brain emulsions when subjected to 37 C. for 4 hours in 

the absence of any enzyme produced decreases in the titre of 

the viruses ranging from 37% to 80%. An · inverse relat ionship 

was found to exist between the percentage of decrease in 

titre of a strain attributabl e sole l y to treatment at 37 C. 

f or 4 hours to the percentage of decrease in titre attributed 

solely to the effect of the enzymes . When the decrease in 

titre of a strain of virus occasioned by heat was great , the 

decrease by proteolysis was small . Conversely , when decrease 

in titre by heat was small , the decrease by proteolysis was 

g r eater . 

Since proteolytic enzymatic digestion of brain emulsions 

containing rabies viru s produced severe , almost total , de -

creases in the titre of live virus due to the combined action 

of heat and enzymes , it is obvious that e lution of live virus 
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was not successfully accomplished by the enzymes . However , 

it appe~red that an increase in the elution of dead virus was 

accomplished by the enzymes and that the quantity of dead 

virus r e l eased by this method exceeds that which can be re-

l eased solely by emulsion of infected brain tissue followed 

by inactivation at 37 C. for 4 hours . If such were true , an 

immune r esponse might possibly be induced by inoculation of 

mice with suspensions of rabies virus brain emulsi on subjected 

to proteolytic enzymatic digestion . This possibility prompted 

the challenge of those mice which survived in the titrations 

of rabies virus brain emulsions subjected to proteolysis . 

In the challenge of the surviving mice , 4 LD 50 of ho.mo-

logous virus was used as the challenge virus since it was 

felt that this concentration would provide a minimal lethal 

dose . It was feared that the use of a standard challenge 

dose of virus as employed in routine vac cine potency tests 

might possibly obscure any immunity that might conceivably 

have been induced by a singl e intracerebral inoculation of 

0 . 03 ml . of attenuated virus . 

A sufficient numbe r of mice survived the challeng e inocu-

l ation to indicate tha t in four out of six of the viruses 

used , some degree of immunity had been established in those 

mice which had been inoculate d with r abies infected brain 

emulsions subje cted to proteolytic enzymatic dig estion . This 

immunity was sufficient to protect a gainst 4 LD 50 of 
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homologous virus and appeared to be associated with the amount 

of dead virus l:alown to be present in each of the original con-

trol and enzyme- brain emulsion suspensions . 

The resul ts obtained in the challenge tests described 

above indicated that it might have been possible to induce a 

higher l evel of immune response if larger quantities or more 

concentrated suspensions of enzyme- brain emulsions had been 

used to inocu late the mice . To expl ore the possiole use of 

enzymes in the preparation of rabies vaccines , two experi -

mental vaccines were prepared by proteolytic enzymatic diges -

tion of brain tissue pools of CVS rabies virus . The first 

rabbit passage of the CVS virus was used as the seed virus 

and one fungal and one bacter ial protease as the enzymes . 

Although the seed virus conformed with the requirements 

for a raoie s seed virus , as described by Kaplan (28) , the 

LD 50 titre of the brain tissue pool from t he resultant 

second rabbit passage of the virus was not high enough to 

properly conform to the standard requirements for vaccine 

production . This b rain tissue pool was employed for the prep-

aration of the experimental vaccines disregarding its fail -

ure to conform to standard r equirements for corrL~ercial vac-

cine production . The purpose of this investigation was to 

study the effect of the enzymes on the antigenicity of t~e 

v rus and not to ~roduce a corru~2 rcial vaccine . Since the 

brai n tissue pool from the second raboit passage of tne CVS 
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virus possessed the highes t titre of any of the readily avail -

able viruses it was deemed to be the most suitable for the 

production of experimental vaccines . 

In the product i on of the experimental vaccines the 

method of proteolysis of t he brain emulsion substrate differed 

from that employed i n the inve stigation of the elution of 

rabies virus in the presence of fi ve proteolytic enzymes . The 

incubation temperature employed for the proteol ytic reaction 

in t he production of the vaccines was 50 C. for 4 hours as 

compared to 37 C. for 4 hours in the elution of rabies virus 

by proteolysis . The incubation temperature was increased in 

order to inactivate the residual live virus which was present 

in the enzyme- brain emulsion preparations . Due to the speci -

ficity of enzyme reactions it was assumed that the increased 

temperature increased the velocity of the reaction . It was 

also assumed on the basis of previous results that it did not 

increase the degree of proteolysis obtained as compared to a 

temperature of 37 C. for 4 hours . 

When groups of mice were inoculated with a single 0.5 ml . 

dose of either " Rhozyme P- 1111 or " Protease 15" vaccine number 

1 and challenged 14 days later with serial LD 50 di l utions of 

homologous virus , no immune response was evidenced . This 

would se em to indicate t hat the experimental vaccine s pos -

sessed no antlgenic properties capaole of inducing the forma-

tion of neutralizing anti - bodi es . Ho~ever , no such conclusion 
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was warranted since a single dose of the commercial phenolized 

vaccine also produced unsatisfactory results . No conclusions 

were drawn from this experiment other than the fact that it 

should be repeated using multiple doses a s specified in stand-

ard methods for assaying the potency of r abies vaccines . 

In the attempts to immunize mice by multiple inoculations 

of the experimental vaccines , the results confirm the belief 

that the 11 Rhozyme P- 1111 and " Protease 1511 exerted an adverse 

effect on the antigenicity of the virus . When the mice which 

has been vaccinated with 11Rhozyme P- 11 11 and " Protease 15" 

vaccine suspensions number 2 and vaccine supernates number 

2 were chall enged with a standard challenge dose of 500 LD 
50 

of homologous virus , none of the mice survived . Thi s would 

seem to indicate that the vaccines did not stimulate the 

production of neutralizing anti - bodies , or that the titre 

of the neutral izing anti - bodies that were produced was too 

l ow to withstand 500 LD 50 of virus . The latter deduction 

is probably more accurate since it was previously demonstrated 

that a sing l e intrac erebral inocu lation of similar enzyme-

brain emulsion preparations could induce an immune response 

sufficient to protect against 4 LD 
50

• There is some 

indication in the literature that the enzymes might inter-

fere , in some manner , t-Ji th the antigenic properties of the 

virus associa ted with the stimulation of the production 

of neutralizing anti - bodies . Johnson (25 , p . 287), states 
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that tissue enzymes l iberated from brain material used in the 

preparation of rabies vaccine undoubtedly have a deleterious 

effect on the antigenicity of the virus . In the proteolysis 

of brain tissue i t would not be illogical to assume that for -

eign enzymes added to those liberated from the brain tissue 

could also r esult i n a deleterious effect on the antig enicity 

of the virus . 

Eighty per cent of the mice which were vaccinated with a 

10% suspens ion of commercially prepared phenoli zed vaccine 

survived when challenge d with 500 LD 50 of CVS virus , whe reas 

only 25% of the mice vac c inated with a supernate of this sus -

pension survived the challenge . The difference in the l evel 

of i mmuni ty induced by the vaccina tion of mice with suspen-

sion s and superna t es of phenolized vaccines could possibly 

be expl ained on the effect s of centri fugation . D1 Silva , et . 

al . (13) , draw attention to the fact that upon centrifugati on 

of brain emulsions containing rabies virus , t he brain tissue 

is deposited t aking with it over 90% of t he virus . Th is ex-

planat i on c oul d account for the variance in the antigenicity 

of the suspensions when compa red to the supernates of the 

phenolized vaccine . I t woul d not exp l a in the r esul ts obtai ned 

with the heat inactivated vaccines . 

In the case of the heat inactivated vac c i nes , the super-

nates were decidedly more antigenic than the suspensions . 

These results were the reversal of those obtained with the 
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phenolized vaccine suspensions and supernates . The amount of 

residual live virus present in the suspensions and the super-

nates of the heat inactivated vaccines was found to be approx-

imatel y the same . Al though. this phenomenon cannot be fully 

explained a possible explanation might be based on the assump -

tion that the virus which was freed by the emulsion of the 

brain tissue and subsequently inactivated by heat was of such 

particle size as to prevent its sedimentation by centrifuga-

tion at low speeds . If such a condition did exist , it could 

result in the greater portion of freed dead virus remaining 

in the supernate . The procedure of decanting the supernate 

and pooling it would serve to concentrate the freed dead viru s 

in the supernate vaccine . To come to any definite conclusion~ 

this portion of the investigation should be repeated a suf-

ficient number of times to determine i f the phenomenon was a 

constant characteristi.c of such preparations . 

In the preparation of the enzyme vaccines and the heat 

inactivated vaccines , the enzyme- brain emulsion and non- enzyrne-

brain emulsion preparations were incubated at 50 c. for 1 

hour followed by 37 C. for 3 hours . The procedure differed 

from t hat used in t he preparation of the "Rhozyme P- 11 11 and 

" Protease 1 5 " vaccine s number 1 which were incubated at 50 C. 

fo r 4 hours . Informat ion available in the literat ure indi-

cate that one hour at 50 C. should have been sufficient to 

inactivate the virus . However , on t he basis of the results 
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obtained when serial dilutions of the experimental and heat 

inactivated vaccines were titrated in mice it is evident that 

exposure of the CVS strain of rabies virus to 50 C. for 1 hour 

followed by 37 C. for 3 hours was insufficient to completely 

inactivate the virus . Deaths occurred in the lo- 1 dilution 

of each vaccine which was titrated and these deaths were 

proved to be due to rabies virus . These resul ts are markedly 

different from those described by other investigators . 

Although it was found that the effect of the heat em-

ployed in the incubation of the enzyme and heat inactivated 

vaccines accounted for over 99% of the total virus inactivat-

ed , this finding does not mean that the enzyme vaccines could 

not have contained a greater concentration of dead virus . 

T~rn method of calculating the amount of virus killed by the 

action of the heat ranges used for the incubation of the 

vaccine preparations consisted of comparing the live virus 

titre o! the vaccines to that of the original untreated brain 

emulsion . Numerous r eferences in the literature concede that 

in the emulsion of i nfected brain tissue , only a portion of 

the live virus is recoverable by methods currently available 

for the harvest of the virus . If any additional amounts of 

.virus were fr eed and killed by the proteolytic act~on of the 

enzymes it would not be possibl e to estimate the amount of 

dead virus in the vaccin0 s prepared by proteol ysis since the 

original amount of live virus fre ed and subsequently inacti-
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vated would not be detectable except by the demonstration of 

the increased antigenicity of such a preparation . As has 

already been sho"Wll, the enzymes also inhibit the anti ~enicity 

of the virus at l east in so far as its ab ility to stimulate 

the formation of neutral izing anti - bodie s is concerned . It 

mi ght be possible that the enzymes completely degraded the 

dead virus . Due to the spec i ficity of enzymes i n their action 

on a substrate t h is possibility does not s eem too likely . At 

any rate , further invest igation was warranted in order to 

more fully define the effect that the enzymes exerted on the 

anti~enicity of the virus . For this reason , the investiga-

tion of the complement - fixing capabilities of the enzyme-

brain emulsion preparations was considered . 

Sup ernate s of 11 Rhozyme P- 11 11 and " Protease 15 " vaccines 

number 1 and 2 were originall y intended to be used as anti -

5 ens in the evaluation of the complement- fixing antigens pro-

duced from CVS rabbit brain emulsions subjected to proteo-

lytic enzymatic digestion . The "Rhozyme P- 11" antigens were 

determined to possess marked anti - comp l ementary activity and 

were therefore unsuitabl e for use as antigens . Both 11 Pro -

tease 15" antigens exhibited some anti - comp l ementary activity 

which could be readily c orlpensated for by balancing the com-

plement and hemolysin syste!!ls . Although both of these anti -

bens were suitabl e for u se in so f ar as their anti-co!1pl e.nen -

tary activity was c oncer ned only " Protease 15" antlgen number 
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t e sts . The sole reason f or eliminating " Protease 15" antigen 

number 1 fr om further c onsideration was that insufficient 

quantities of this antig en were a vailable and the expense 

involved in the p r eparati on of additional quantities was no t 

warranted . The dilutions of e ach " Protease 1511 antig en which 

were det e r mi ned t o be suitable for use in the 11 box" titra-

t i ons of anti gens had exhi bited s i milar characteristics in 

all the procedures which were performed for the standardiza-

tion of the materi als to be used in the c omplement - fixati on 

t ests . 

The selection of a su itabl e complement-fixation test 

sc~edule presented some problems since the quantity of mate -

ria ls r equired in most schedul e s would h ave exceeded the 

quant iti es available f or this purpose . Al though spec ific 

comp l ement- fixati on test schedul e s have been developed f o r 

rabi es , Casals and Palacios (9 ), and Bernkopf and Nachitigal 

(3), neither of the two r eported in the literature were adapt -

able to this problem. The schedu l e which was s e l ected was 

the one described by Casals , et al . (8 ), i n their spec ific 

compl ement - fixation test for i nfec tion with poliomyelitis 

virus . Th i s schedul e was wel l adap ted to the effective util i -

zat i on of small quantities of material s and gave satisfactory 

results with the antisens empl oyed i n thi s problem . 

In the complement - fixation tests performed with the 



equine anti - rabies serum and the normal equine serum number 1 

and its serum fractions , there was some evidence that non-

specific complement fixation may have accounted for the un-

satisfactory results obtained . In the tests performed with 

the equine anti - rabies serum and the normal equine serum num-

ber 2 and its serum fractions , there was a greater t han 

seven- fold difference in titre between the immune and normal 

serum obtained with the " Protease 15" anti gen . The end- point 

of complement fixation was not demonstrated with this anti -

gen since comp lete complement fixation occurred in the 1 : 640 

dilution of the i mmune serum which was the greatest diluti on 

employed in the test . No evidence of complement fixation was 

demonstrated in t he i mmune serum by either of the control 

antigens . 

In the complement - fixation tests performed with the pools 

of rab i es immune and normal rabbit serum there was a greater 

than seven- fold difference in titre between the i mmune and 

normal serum obtained with the " Protease 15" antig en . Again , 

the end- point of complement fixation was not demonstrated 

with t h is anti gen since complete complement fixati on occurred 

in t he 1 : 640 dilution of the immune serum . With the same sera 

a one - fold differ ence i n titre was obtaine d with the 11 N. Y." 

and a t h r ee - fold diffe rence in titre with the CVS live virus 

antigen . 

On the basis of the re sult s ob tain ed in the two series 
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antigens were capable of fixing complement in rabies immune 

serum as shown in the tests with the rabbit immune serum. If 

the titres of complement fixation attributed to the " Protease 

15" antigen are assumed to be due to the complement - fixing 

capabilities of this antigen , it would indicate that 

complement - fixing antibodies were definitely available in 

both of the immune sera . Although it was not definitely 

proved it appears that the failure of the contro l antigens 

to fix complement in the equine anti - rabies serum could have 

been due to a low titre of complement-fixing antibodies in 

this serum . The rabbit immune serum was collected from ani -

mals which had just recently been vaccinated a gainst rabies 

and therefore could be expected to contain a high titre of 

complement - fixing antibodies . On the other hand, the equine 

anti - rabies serum was a commercially prepared concentrated 

serum developed for its neutralizing antibody titre by repeat-

e d inoculations over a period of serveral months . It is con-

ceivable tha t the complement - fixing antibody titre of such a 

serum could be considerably lower than would have been ex-

pected if the serum had been secured from freshly vaccinated 

animals . 

The approximate ccncentration of live rabies virus in 

the " Protease-15 " anti gen and the live virus control antigens 

had been previously determined . The 11 .N . Y. " live virus 
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antigen contained approximately 390 times more live virus 

than the " Protease 15" antigen per given quantity of antigen . 

The CVS live virus antigen contained approximately 3 , 900 

times more live virus than t he " Protease 15" anti gen . It 

would appear that the live virus content of the antigens was 

not the deter mining factor in the comparative abilit i es of 

the antigens to fix complement . If the l i ve vi rus was the 

determining factor in the ability of an antigen to fix c om-

p lement it would seem l ogical to expect that the resul ts·ob-

tained in the complement - f ixat ion tests would have been the 

opposite of those which were observed. 

The actual concentrati on of dead virus in the " Protease 

15" antigen and the control antigens was not definitely 

known . I t had been previously determined that proteolytic 

enzymatic digestion of a b rain er.ml sion of CVS or " N. Y." 

virus by " Protease 1511 resulted in a greater than 99% reduc -

tion in the number of LD 50 in a given quantity of emulsion 

as compared to the titre of an identical quantity of untreated 

brain emulsion of the same virus . On the basis of this in-

formation it is assumed that the " Protease 15" antigen con-

tained a much g reater concentration of dead virus than either 

control antigen . If this assumption is correct it would 

indicate tha t the concentration of dead virus in an anti gen 

was closely rela t ed to the ability of an antigen to fix 

complement . 
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These theories would satisfactorily explain the results 

obtained with each antigen employed in the complement - fixat ion 

tests . They would a l so tend to support the bel ief that pro-

teolytic enzymatic digestion of rabies infected brain tissue 

results i n the e l ution of greater quantities of viru s from 

the tissue than woul d be possible by mechanical emul sification 

alone , and that the virus which is released by proteolysis 

is subsequently i nactivated by the combined action of heat 

p lus enzyme . It does not appear that the enzyme adversely 

effects the antigenicity of the virus in so far a s the comple -

ment - fixing capabiliti es of the virus are concer ned . I t 

definitely does adversel y effect the ability of t h e virus t o 

induce the formation of neutralizing antibodies . 

Further i n vestigation of the potentials of t he " Protease 

1511 antigen should encompass a more significant number of 

homologous and heterologous i mmune sera, and higher dilutions 

of sera should be employed . The ability of susp ensions of 

rabies brain emulsion which have been subjected to proteo-

lytic enzymatic di gestion to induce the formation of 

complement - fixing antibodies in the serum of inocul ated ani -

mals should also be i nvesti gated . 
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VII . CONCLUSIONS 

The following concl usions were made c onc erning the 

effects of five p r oteolytic enzymes on rab ies virus . · 

1 . Trypsin , "Rhozyme P-11 11
, " Protease 1 .5", " Protease 

(trypsin) 11 and " P·roteinase A" exert a marked a ttenuating 

effect on the virulence of each strain of rabies virus tested . 

2 . The employment of trypsin , "Rhozyme P- 11 11 , " Protease 

15 ", " Protease (trypsin) " and " Proteinase A" as a means of 

elution of dead rabies virus from brain material appeared to 

be successful . 

3 . The employment of the 5 proteol ytic enzymes , stud-

ied i n this problem, as a means of elution of l ive rab i es 

virus was not successful . 

4 . The inoculatlon of mice , intracerebrally, with a 10% 

suspension of rabies infected rabbit brain emulsion subjected 

to proteolysis with either "Rhozyme P- 1111 or " Protease 1511 

may induce an immune response in the host . This i mmune re -

sponse , as observed with four out of si'x strains of virus 

tested , is suff ici ent to protect against an intracerebral 

chal l en0 e of 4 LD 50 of homologous virus . 

5. Suspensions of b rain material from rabbits infected 

with rabies virus when subjected to proteolysis with either 

"Rhozyrne P- 11" or " Protease 1.5" are antigenically unsuitable 

for employment as vaccines . The titre of neutralizing anti -



bodies induced in mice inoculated with either preparation is 

too low to protect against standard doses of challenge virus . 

Both enzymes exert a deleterious effect on the antigenicity 

of the CVS strain of rabies virus in so far as the ability of 

the virus to stimulate the production of neutralizing anti -

bodies is concerned. 

6. Concentrations of 0 . 1 gm. of 11 Rhozyme P- 1111 in 

either physiological salt solution or supernates of 10% sus -

pensions of rabbit brain emulsion exhibit marked anti-

complementary activity . 

? . An antigen prepared by the proteolysis of a 10% sus -

pension of rabies infected rabbit brain emulsion with " Pro -

tease 15" gave indications of being a suitable complement -

fixing antigen warranting further investigation . This enzyme 

does not appear to exert any deleterious effect on the anti -

genicity of the CVS strain of virus in so far as the ability 

of the virus to fix complement is concerned . 

The following conclusions were made concerning the effect 

of heat on rabies virus . 

1 . Exposure of a 10% suspension of rabies infected rab-

bit brain emulsion to 37 C. for a period of 4 hours produces 

a marked decrease in the infectivity of brain tissue . The 

percentage of decrease of infectivity varie s from 30% to 80% 

depending on the ori;inal titre of the virus . 

2 . Exposure of a 10% suspension of rabies infected rab -

oit brain emulsion to 50 C. for 4 hours inactivates the virus . 

' I 
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3. Exposure of a 10% suspension of rabbit brain emulsion 

of the CVS strain of fixed virus to SO C. f or 1 hour , followed 

by 37 C. for 3 hours , produces a 99% decrease in the number of 

LD SO of live virus in the b r ain tissue . The virus is not 

comp l etely inactivated . 
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VIII . SUMMARY 

The toxicity induced in mice by 12 proteolytic enzymes 

was determined by t he intracerebra l inoculation of s erial 

dilut i ons of solutions of each enzyme . Five enzymes : trypsin, 
11 Rhozym.e P- 1111 , " Protease 1511 , 11 Protease ( trypsin) 11 and 11 Pro-

teinase A" were found to be rel ativel y non- toxic in low 

dilutions . Three enzymes : l ysozyme , pancreatic desoxyribon-

uc l ease and streptokinase- streptodornase were characterized 

by a narrow range of proteolytic activity . Al though non- toxic 

to mice , they were eliminated from further onsideration . Four 

enzymes : bromelain , ficin , chymotr yps in and papain were found 

to be toxic to mice in high dilution s and were eliminated 

from further consideration for this reason . 

A turb idimetric method for the assay of the v elocity of 

p r oteolytic enzyme reactions , under g iven conditions which 

effec t this rate of velocity , was descri bed . By means of this 

method , trypsin , 11 Rhozyme P- 1111 , " Protease 15 ", " Protease 

(trypsin) " and " Proteinase A11 were assayed for their proteo-

lytic effect on a b r ain tissue substrate . Significant de -

creases i n the p r otein c ontent of the substrate were produced 

by p r oteolysis with each of the five enzymes . In the case of 

all f ive enzymes , no detectable p r oteolysis occurred until 

after the second hour at 37 C. No a dditional increas e in the 

amount of p roteolysis occurred after the f ourth hour . 
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Rabbit brain emulsions of six strains of rabies virus 

were individually subjected to proteolysis with each of five 

enzymes . After completion of the proteol ytic r eact i on , serial 

di l utions of each enzyme- brain emulsion preparation of each 

strain of virus were prepared . Group s of mice were inocu-

lated intracerebrally p er dilution . A significant nurnber of 

r:ice survived in each titration of enzyme - brain emulsion pre-

parations indicating that all five of the enzymes possessed 

the ability to markedly decrease the viability of each strain 

of virus tested . 

The survivors of each titration of an enzyme - brain emul-

sion preparation were challenge d 21 days subsequent to inocu-

lation . The chal lenge was administe r e d intracerebrally and 

consisted of 4 LD 50 of homol ogous virus . An immunity to 4 

LD 50 was established, with four of the six strains of virus 

employed , in mice which had rec eived an intracerebral i n ocula-

tion of enzyrne - brain emulsion preparations p r epared with 

either " Rhozyme P- 11" or " Protease 1 5 ". 

At tempts were made to immunize mice a gainst rabies by a 

single intraperi toneal inocu lation of a supernate of a 1 0% 

suspension of rabies infected rabbit brain emulsion subjected 

to proteolysis with e i ther "Rhozyme P- 11 11 or " Protease 15". 

Challenge of inocul ated mic e , 14 days subsequent to inocula -

tion , wit h serial LD 50 dilutions of homolo gous virug failed 

to confirm the existrnce of any immunity attributable to 



either enzyme-brain emulsion preparation . 

Attempt s to immunize mice with multiple i nocul ations of 

the enzyme - brain emulsion preparati ons , described above , 

following the procedure f or the modified Habel potency test , 

were equally fruitless . No immunity was evidenced by either 

enzyme - brain emulsion preparations when inoculated mice were 

challenged with 500 .LD 50 of homologous virus . Results ob-

tained with the control vaccines i ndicated that a supernate 

of a heat inactivated rabbit brain emulsion containing rabies 

virus induced a satisfactory immune response . This immunity 

compared favorably to the immunity established with the com-

mercial phenolized rabies vaccine employed as a control . 

The complement - fixing antigenic potentials of super-

nates of " Rhozyme P- 1111 and " Protease 15" enzyme - brain emul -

sion preparations were investigated . Preparations containing 

" R!'lozyme P- 11 11 were found to be markedly anti - complementary 

i n their activity . With preparations containing "Protease 

15" a balanced complement - hemolysin system was developed . A 

" Protease 15" brain antigen for rabies was employed in a 

series of complinent - fixati on tests with equine and pooled 

rabbit i mmune and normal sera . Albumin and g lobulin frac -

tions of each of the normal equine sera were also tested . 
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