
tocin. The differences in the amount of 

activity regenerated from the inactiva- 

tion product by the various -SH 

compounds may reflect differences in the 

reducing power of the -SH compounds 

and/or differences in the tendencies of 

the latter to form mixed disulfides with 

inactivated oxytocin (or oxytocin), as 

well as possible differences in the activ- 

ity of the mixed disulfide species formed 

thereby. The unexpectedly low potencies 
obtained in the sodium-ammonia ex- 

periments indicate perhaps a greater 
lability, of undetermined type, toward 

the alkaline reagent than is the case with 

oxytocin or its S,S'-dibenzyl derivatives, 
which yield appreciable activity with 

this reagent (14). 
A preliminary determination of molec- 

ular weight gave a calculated minimal 

value of 2250 (uncorrected for mois- 

ture) (15). The inactivated material is 

therefore a dimer or other higher molec- 

ular weight form of the hormone and 

may be represented at present as (oxy- 
tocin) ; n 7 2. The inactivation process 
would appear to involve cleavage of the 

intramolecular disulfide bond of oxy- 
tocin and the formation of intermolecu- 

lar disulfide bonds between two or more 

molecules of the hormone. This inacti- 

vation of oxytocin, which may also be 

represented as an interchange between 

two or more molecules of an unsymmet- 
rical disulfide, may be a prototype of 

some of the dimerization or aggregation 
reactions that occur with certain pro- 
teins, especially in concentrated solu- 

tion. Whether it is related in mechanism 

to the interchange studied by several 

investigators between two different sym- 
metrical disulfides (6, 16), which under 

neutral or alkaline conditions is thought 
to proceed through a reaction of the 

disulfide bond with a mercaptide ion, 
remains to be determined. 

The occurrence of varying degrees of 

disulfide interchange during the han- 

dling of the posterior pituitary hormones 

may account for some of the losses in 

biological activity that take place, and 

may well explain some of the difficul- 

ties encountered in obtaining prepara- 
tions of vasopressin of a uniform high 

potency. It is possible that the inactiva- 

tion of these hormones in the body might 
also proceed through an intermolecular 

disulfide exchange, where it could be 

catalyzed enzymically. The inactivated 

forms of oxytocin and vasopressin could 

serve perhaps as physiological storage 

products for these hormones; when 

needed, activity could be generated 
through the action of body -SH com- 
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tides and proteins that structural inter- 
pretations based on data obtained 
through the dinitrophenylation proced- 
ure, and perhaps through other proced- 
ures as well, must be made with caution. 

A second inactivation of oxytocin was 
observed when the polypeptide was al- 
lowed to stand in 7M urea solution. 
Changes in optical rotation were also 
followed (Fig. 1). The potency after 7 
days at pH 8 was not increased by addi- 
tion of cysteine to the solution, either 
before or after dialysis. The findings 
would suggest that secondary forces such 
as hydrogen bonding are of importance 
for biological activity in oxytocin. How- 
ever, the possibility of chemical change 
should be ruled out before this inactiva- 
tion in urea is ascribed to change in the 
spatial configuration of the oxytocin mol- 
ecule. 

CHARLOTTE RESSLER 
Department of Biochemistry, Cornell 
University Medical College, New York 
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Airborne Immunization 

against Tuberculosis 

Abstract. Inhalation of very small num- 
bers of living attenuated (BCG) organ- 
isms and their multiplication in guinea 
pigs results in the development of acquired 
resistance against subsequent airborne in- 
fection with virulent tubercle bacilli. Dif- 
ferent strains of BCG have differing ca- 
pacities to immunize by this means. 

It has long been known that certain 

attenuated mutant strains of tubercle ba- 

cilli are capable of limited, though defi- 

nite, multiplication in animals suscepti- 
ble to tuberculosis. The strain selected by 
Calmette and Guerin, BCG, for purposes 
of immunization, and some of its descen- 

dants, manifest this behavior. A wide 

variety of routes has been used to intro- 

duce such organisms into experimental 
animals or man (1), but introduction by 
the airborne route has not previously 
been investigated. During the course of 

such studies (2) we have observed that 

the viable units in certain cultures of 

BCG, even when inhaled in very small 

numbers, are able to "infect" and pro- 
duce tuberculin allergy and immunity 

against subsequent airborne challenge 
with virulent tubercle bacilli in guinea 

pigs. 
The apparatus and techniques em- 

ployed were the same as those previously 
described (3, 4). Three different BCG 

strains have been used: a commercial 
BCG vaccine (5) prepared for purposes 
of immunization of human beings; and 

two different stock laboratory cultures of 

BCG, "D" and "T," derived from BCG 

317, originally obtained from the Henry 
Phipps Institute (6). The "D" strain was 
maintained for long periods in the Deep- 
freeze and infrequently transferred ina 
artificial media. The "T" strain had been, 
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min liquid medium for several years. 

Suspensions of the commercially avail- 
able BCG vaccine were prepared from 

glass vials of freeze-dried material: the 
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content of a vial (40 to 50 mg) was dis- 
persed, as directed on the label, in 1 ml 
of sterile distilled water, and was shown 
by plate count to contain 2.5 (? 1) x 108 
viable units per milliliter. Such suspen- 
sions of BCG organisms, which contain 
many clumps of widely varying size, 
were further diluted in distilled water 
containing 0.1 percent serum albumin 
and 0.01 percent Tween 80 before intro- 
duction into the nebulizer for airbome 
infection. 

Under the standardized conditions 
used, which involve a I2-hour exposure 
of guinea pigs in the airborne infection 
chamber, 103 viable units per milliliter 
of nebulizer fluid containing a well-dis- 
persed suspension of fully pathogenic 
tubercle bacilli yield approximately one 
infecting unit per guinea pig (7). 

In Table 1 are presented the results 
of exposing guinea pigs by the airborne 
route to various dilutions and, therefore, 
to various numbers of viable units of the 
untreated commercial BCG vaccine, and 
then challenging them with fully patho- 
genic tubercle bacilli by the same route. 
Statistical analysis has shown that the 
differences between the plate counts of 
virulent tubercle bacilli in the lungs and 
spleens of the unvaccinated tuberculin- 
negative animals and the groups of tu- 
berculin-positive -animals are highly 
significant (p < .001). Other typical 
manifestations of resistance were also 
seen in the tuberculin-positive animals: 
they had smaller numbers of grossly visi- 
ble primary pulmonary lesions, smaller 
spleens, and smaller mediastinal lymph 
nodes than the controls. These gross ob- 
servations were confirmed by microscopic 
examination of sections from the lungs 
and tracheobronchial nodes. Only a 
small proportion of the tubercles in the 
vaccinated animals had necrotic centers 
or contained acid-fast rods, whereas 
nearly all of the tubercles in the controls 
had necrotic centers and large numbers 
of stainable organisms. It is evident that 
four out of six guinea pigs estimated to 
have inhaled no more than 25 potentially 
infecting units (2.5 x 104 viable units per 
milliliter of nebulizer fluid) became hy- 
persensitive to tuberculin and manifested 
a significant degree of acquired resist- 
ance to the subsequent airborne chal- 
lenge. 

In view of the poor degree of disper- 
sion of the bacterial cells in the vaccine 
suspension used, it seems likely that a 
large proportion of the viable units and, 
therefore, of the droplet nuclei formed 
during nebulization, were too large to 
infect by inhalation (8). With better 
dispersion it can be anticipated that in- 
halation of fewer than 25 infective units 
per animal would be effective in con- 
ferring a significant degree of immunity 
on a majority of guinea pigs exposed 
under the same conditions. 

It seems noteworthy that an increase 
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Table 1. Airborne BCG immunization of guinea pigs against experimental tuberculosis. 

Mean bacterial countst: 

No. of Airborne BCG Tuberculin after virulent challenge (70th day) 
animals exposure* reactionst 

(0 day) (41st day) Lung Spleen 
(r.l. lobe/50) (whole organ/50) 

6 2.5 x 104 

6 
6 
6 

2.5 x 105 
2.5x controls0 
0 (controls) 

(2) neg. 
(4) pos. 

2.5 x 104 
1.0x 102 

pos. 1.7 x 102 
pos. 0.5 x 102 

neg. 1.2 x l04 

1.1 x 104 
2.5 x 10 

6.0 x 10 
3.0x 10 
1.7 x 10W 

* No. of viable units per milliliter of nebulizer fluid. 
t 300 tuberculin units intracutaneously, read after 24 hrs. 
t Plate counts at 28 days after airborne challenge with about 100 infecting units of virulent tubercle bacilli 
(H37Rv) per animal. 

of 100-fold in the number of viable units 
inhaled did not result in a further in- 
crease in immunity, although it did 
result in immunization of all of the 
animals. It is also important to state 
that the degree of acquired resistance 
manifested by airborne-BCG-immunized 
guinea pigs against subsequent virulent 
challenge is at least as great as guinea 
pigs show after immunization with many 
thousandfold larger numbers of viable 
BCG organisms by the subcutaneous 
route (4). 

Gross and microscopic examination of 
the lungs, mediastinal nodes, spleens, 
and livers of guinea pigs at 35 days after 
inhalation of these small numbers of liv- 
ing BCG organisms have revealed no 
abnormalities except for occasional and 
slight enlargement of the mediastinal 
nodes containing a few microscopic col- 
lections of epithelioid cells which harbor 
small numbers of acid-fast rods. 

Evidence has been adduced that the 
development of tuberculin allergy and 
immunity after airborne exposure to 
BCG organisms under these conditions 
is dependent upon actual multiplication 
of the attenuated organisms in the guinea 
pig. Thus treatment of the animals with 
a sterilizing antibacterial agent, isoniazid, 
for 10 days after airborne exposure to 
large numbers of BCG organisms com- 
pletely prevents the development of tu- 
berculin hypersensitivity or immunity. 

These results with the commercially 
available vaccine have been confirmed 
in other experiments under similar con- 
ditions with the stock laboratory strain 
BCG "D." On the other hand, in several 
experiments organisms of the BCG "T" 
strain have been ineffective in conferring 
tuberculin hypersensitivity or immunity 
under conditions calculated to provide 
for inhalation of as many as 300 to 500 
potentially infecting units per guinea pig. 
Especially noteworthy is the fact that 
this strain is, nevertheless, quite effective 
in conferring immunity when it is intro- 
duced in customary dosage by the sub- 
cutaneous route. It is common experience 
in our laboratory that strains of tubercle 
bacilli lose infectivity or pathogenicity 

(or both) on repeated passage through 
Tween-albumin liquid medium. Thus the 
striking difference between the BCG "D" 
and "T" strains on inhalation indicates 
that the airborne infection route can 
provide a precisely quantitative means 
of defining the infectivity of different 
strains and cultures of attenuated tuber- 
cle bacilli. 

The observations described in this re- 
port have important implications. (i) 
The consequences of inhalation of small 
numbers of living BCG organisms by 
human beings should be investigated. 
Mass airborne BCG immunization, under 
appropriate epidemiologic conditions, 
could have certain advantages over con- 
ventional methods. (ii) Possibilities are 
suggested of airborne immunization of 
experimental animals against some other 
types of respiratory tract infection with 
living attenuated parasites. 
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