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tissue thromboplastin or viper venom, it is 
apparent that this factor is necessary for the 
action of both of these thromboplastic ma- 
terials. I t  has been suggested that viper 
venom contains proconvertin or acts in place 
of proconvertin(4). I t  is also possible that 
there are two distinct systems for activation 
of the prothrombin conversion enzyme, one 
through the tissue thromboplastin route where 
proconvertin is necessary, and the other 
through the plasma throm boplastin route 
where proconvertin is not necessary. In this 
sense. proconvertin may be thought of as a 
true "cothromboplastin" but only for tne 
tissue thromboplastin. Yiper venom in this 
scheme appears to act in the same manner as 
plasma thromboplastin (platelets, antihemo- 
philic globulin. PTC. PT,Y and possibly other 
factors) for it does not require the presence 
of proconvertin for its normal action (8). 

I t  seems probable from the findings that 
Hjort. Rapaport, and Owren's(9) method of 
assaying prothrombin by viper venom is also 

sensitive to Stuart factor. 
Summary. The modi$fication of Owren and 

.\as' test for proconvertin by substitution of 
viper venom-cephalin mixture for tissue throm- 
boplastin is described as a method of assay 
for Stuart factor. 
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The electrophoretic distribution of serum 
proteins following experimental infections 
with &I. tuberculosis has been studied in rab- 
bits(l) ,  guinea pigs(2-4), and rats(3). Also. 
the effects of adrenocortical hormone adminis- 
tration on serum protein patterns have been 

* Hydrocortisone, desoxytorticosterone, and  2- 
methyl-9-fluorohydrocortisone were generously do- 
nated by Dr. Robert 0. Stafford, Dept. of Endocri- 
nology, Upjcrhn Co., Kalamazoo, Mich. Total pro- 
tein determinations were performed #by Jack A. 
Moorman and Jeanne LaCerte. 

t Present address: Dept. of Biology, Univ. of Ore- 
gon, Eugene. 

$ Present address: Univ. of Nebraska School of 
Medicine, Omaha. 

reported on rabbits (5,6), guinea pigs( 7), 
rats(8), and dogs(6). It has been difficult to 
evaluate these results due to species varia- 
tion, variation in severity and length of the 
infection, and differences in amounts and 
types of hormones administered. 

This study was designed to investigate the 
effects of adrenocortical hormones on serum 
proteins of infected, adrenalectomized mice 
where there is no buffering effect on the intact 
adrenal gland, and to compare the effects of 
similar amounts of a glucocorticoid and a 
mineralocorticoid in this animal. 

Materials and methods. Bilateral adrenal- 
ectomies were performed on 260 CFl albino 
mice. One hundred thirty of these mice and 
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TABLE I. Effects of Hydrocortisone (F), Desoxycorticosterone (DC), and 2-Methyl-9-fluorohydrocorti- 
sone ( M F F )  on Serum Proteins of Adrenalectomized Infected and Non-infected Mice after 5 Weeks of 

Infection and Hormone A’rtministration. 

7 Globulins* Total pro- \ 

Treatment tein ( g % )  Albumin” Alpha, Alpha, Alpha, Beta Gamma 

Nornial mean (45) t 
” range ( 2 ~ )  

Tntact controls (8  j 
Adrenalec- 

” 

” 

” + 1 0 y M F F  ( 5 )  

tomized controls (3) 
+ 500 y F (8) + 500 y DC (8) 

Intact controls (9) 
Adrenalec- 

” 

” 

” + 10 y M F F  (9) 

toniizecl controls (10) 
+ 500 y F (6) + 500 y DC (7) 

6.07 54.87 4.06 9.73 
5.25-6.89 45.05-64.69 3.28-4.84 8.29-11.17 

Infected animals : 
5.35 44.42 8.62 14.32 

5.45 47.36 4.13 13.80 
6.50 50.86 9.70 14.06 
5.50 47.44 5.18 13.34 
5.50 52.30 4.30 8.61 

Non-inf ected animals : 
5.98 48.75 5.28 11.42 

6.78 47.57 2.98 9.56 
7.50 37.80 4.38 6.98 
6.72 42.36 3.80 11.65 
7.08 28.49 3.18 10.03 

5.16 20.21 5.97 
2.20-8.12 10.27-30.15 1.33-10.61 

7.41 19.69 5.54 

11.24 18.97 4.50 
7.42 13.56 4.40 

10.54 18.62 4.89 
9.26 19.92 5.61 

10.81 16.68 7.05 

21.96 12.99 4.94 
27.28 10.69 12.88 
15.11 19.71 7.37 
38.45 11.97 7.88 

* Protein fractions expressed as % area. 

20 intact mice were infected with M. tuber- 
culosis var. horninis H37Rv by means of an 
airborne infection apparatus (9). The ad- 
renalectomized mice were divided into 7 
groups of 15-20 each the day after infection 
and treated as follows: oil-treated controls, 
50 y and 500 y hydrocortisone/animal/day, 
50 y and 500 y desoxycorticosterone/animal/ 
day, a combination of 50 y hydrocortisone 
and 50 y desoxycorticosterone/animal/day, 
and 10 y 2-methyl-9-fluoro-hydrocortisone/ 
.animal/day. The daily dose in each case was 
administered in 0.1 ml corn oil subcutane- 
ously. The intact infected animals were 
treated only with oil. The 130 non-infected 
adrenalectomized mice were divided into the 
same groups, including a group of 20 intact, 
non-infected controls. The animals were bled 
to death by cardiac puncture. Approximately 
half were sacrificed a t  2% weeks and the re- 
mainder 5 weeks after injection or after the 
beginning of hormone administration. The 
blood drawn from each group was combined 
into one or 2 pooled samples due to the small 
amount obtained from each animal, and serum 
was obtained from the whole blood by centri- 
fugation at  2,500 rpm for 10 minutes. Total 
protein was determined by a modification of 
the biuret method ( 10) and relative concen- 
tration of the serum protein fractions with 

t Total No. of animals/group. 

the Spinco Model R Electrophoresis equip- 
ment consisting of a Durrum “hanging strip” 
type cell and a recording and automatically 
integrating densitometer ( 11 ) . A normal 
range (2 0) was established from 10 pooled 
samples of blood from 45 untreated, intact, 
non-infected mice of the same age and weight 
(approximately 2 5 g) . Degree of infection 
was determined by gross and histological ex- 
amination of the lungs after autopsy. 

Results. Over 90% of the normal deter- 
minations of each fraction fell within the nor- 
mal (2 O )  range (Table I). Since i t  was nec- 
essary to pool the blood from each experi- 
mental group, values which fell outside the 
normal range were considered to be significant 
changes. 

After 2% weeks of hormone administration 
all the non-infected mice, including both ad- 
renalectomized and intact controls, showed a 
decrease in albumin and increase in the al- 
phaa globulin. An increased alphas globulin 
was observed in all of the groups after 2% 
weeks of infection. 

A summary of the results from 5 weeks of 
infection and/or hbrmone treatment is found 
in Table I. The results obtained with 50 y 
hydrocortisone and desoxycorticosterone were 
similar to those demonstrated with the higher 
doses. In  the non-inf ected animals, adrenal- 
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ectoiq- alone caused a slight decrease in the 
alpha, fraction and a marked increase in the 
alpha:; globulin. \\'ith both doses of hydro- 
cortisone, the total protein increased. the al- 
bumin decreased, and the alphaH globulin was 
slightly higher than in the adrenalectomized 
controls. The greatest decrease in albumin. 
an increase in the alpha:< globulin. and a slight 
decrease in the alpha, globulin were caused 
b ~ i  the 2-methyl-9-fuorohydrocortisone and 
the combination of hydrocortisone and des- 
osycorticosterone. 

The infection with AI.  tuberculosis ap- 
peared to mask or possibly inhibit the effects 
of the individual hormones on the seruni pro- 
teins. In the intact controls, the disease 
caused an increase in the alpha, and alpha, 
globulins and a slight decrease in the albumin. 

All of the infected animals showed a 
marked degree of lung involvement both 
grossly and histologically. There was no cor- 
relation between severity of the disease and 
serum proteins as the high doses of hydrocor- 
tisone and desoxycorticosterone and the 2- 
methyl-9-fuorohydrocortisone caused the 
greatest degree of infection. 

IXcussion. There has been considerable 
variation in the reported effects of the adreno- 
cortical hormones on the serum proteins de- 
pending on the species of the animal treated 
and length of time and level of administration 
of the compounds. Hoch-Ligeti and Irvine (8) 
reported elevation of albumin and total pro- 
tein and decrease in gamma globulin in rats 
with large doses of hydrocortisone and corti- 
sone. and no change with desoxycorticosterone 
following 5 days of administration. Cortisone 
has been shown to cause an increase in gamma 
globulin and decrease in albumin in guinea 
pigs after 15 days(7), but Snell and Nicol 
reported a decrease in gamma globulin in 
guinea pigs after 2 weeks of cortisone treat- 
ment(l2).  Y o  changes, however, were ob- 
served in rabbit serum proteins after 30 days 
administration of cortisone and hydrocorti- 
sone(5,6). In  dogs, a marked elevation of 
alpha2 globulin was observed after cortisone 
and hydrocortisone treatments for 3 weeks 
(6) .  I t  is not too surprising, therefore, that 
the changes in serum proteins observed with 
hormone treatments in mice do not agree with 

those reported in other animals. 
There are also considerable variations in 

the serum protein changes with $2. tubercu- 
losis infections in different species and with 
different strains of bacilli. -4n elevation in 
beta globulin and decrease in albumin has 
been reported in rabbits( 1 ) , while an increase 
in gamma globulin and decrease in albumin 
has been observed in guinea pigs( 2,4). 

I t  is felt that these results present some 
interesting possibilities for future study. To 
our knowledge, there has been no previous 
report of a disease inhibiting the effect of 
hormones on serum proteins and this observa- 
tion alone warrants further investigation. 

Summary. Following administration of 
varying amounts of hydrocortisone, desoxy- 
corticosterone, and 2-methyl-9-fluorohydro- 
cortisone to adrenalectomized non-infected 
mice and adrenalectomized mice experimen- 
tally infected with M .  tuberculosis, changes 
in serum proteins were determined by a paper 
electrophoretic technique. An increase in 
total protein was observed with hydrocorti- 
sone: a decrease in albumin and an increase 
in alpha:: globulin occurred with hydrocorti- 
sone. high doses of desoxycorticosterone, a 
combination of hydrocortisone and desoxy- 
cor ticos terone, and 2 -met hyl-9-fl uorohydro- 
cortisone: and an increase in gamma globulin 
resulted with a high dose of hydrocortisone. 
The individual effects of the hormones on 
serum proteins were not apparent in those 
animals infected with M .  tuberculosis. All of 
the animals, except those treated with 2- 
methyl-9-fluorohydrocortisone, showed an in- 
crease in alpha2 globulin while only the high 
dose of hydrocortisone produced a decrease 
in albumin. 
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Sublethal doses of x-radiation are capable 
of inhibiting antibody response in experi- 
mental animals if antigen is given before or 
after irradiation ( 1,2). This inhibition can 
be reversed by lead shielding of the spleen 
or appendlix during irradiation even if the 
spleen is removed soon afterward (3,4). In- 
jections of homogenates of spleen and bone 
marrow have been shown to accelerate re- 
covery from the hematopoietic damage caused 
by tdal-body x-irradiation( 5-7). It was 
demonstrated recently that this protection by 
cell transfer is characterized by a “recoloniza- 
tion” process in which the injected cells pro- 
liferate and substitute for some of the animal’s 
own tissues that were destroyed by x-rays 
(8 ,9) .  There has been relatively little study 
of the effects of heterologous and homologous 
post irradiation cell transfer upon the im- 
munological process. The present work was 
undertaken to study antibody response of rats 
receiving homologous spleen cell injections up 
to 24 hours after 500 r total-body x-irradiation 
and stimulated from 3 to 48 hours later with 
an intravenous dose of sheep erythrocytes. 
Other investigators have attempted to restore 
or protect the immune mechanism of experi- 
mental animals by injection of various ma- 
terials following irradiation. Of these, Jaro- 
slow and Taliaferro have been able to produce 
considerable protection in rabbits by means 
of injection of whole spleen cells and of HeLa 

* Present address: Dept. of Anatomy, University 
of Chicago. 

and yeast extracts when the material is given 
mixed with the antigen 24 hours after irradia- 
tion( 1 0 ) .  The present experiments, on the 
other hand, have always involved separate ad- 
ministration of spleen cells and antigen from 
a f ew  hours to 24 hours apart at different in- 
tervals after irradiation. A previous study, 
with a somewhat similar pattern, is that of 
Smith and his associates( 11)  in which spleen 
or bone marrow cells were given immediately 
after x-irradiation, immunization was carried 
out from 1 to 7 weeks later, and the circulat- 
ing antibody titer was studied on the day of 
peak response. Under these conditions no 
difference in the rate of recovery of the anti- 
body-forming capacity was noted between 
“protected” mice and mice receiving x-irradi- 
ation alone. Spleen cells were transferred into 
the irradiated animals in this study because 
of the demonstrated importance of the spleen 
in antibody formation in the rat. Under these 
circumstances, splenectomized animals form 
only a very small amount of circulating anti- 
body( 1 2 ) .  Rats injected intravenously with a 
particulate antigen show characteristic cellu- 
lar changes in the spleen which appear to be 
closely correlated with the appearance of cir- 
culating antibody ( 13). These changes can 
be inhibited by a variety of treatments known 
to depress antibody formation(2,14,15). 

Materials and methods. Young adult 
Sprague-Dawley albino rats were used 
throughout. Irradiation was administered by 
means of a General Electric Maxitron thera- 


