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Effect of Electroconvulsive Shocks on Nest Building in the Male Albino 
Rat.* (17403) 

H. ENGER ROSVOLD~ AND ALAN 31. WALKER. (Introduced by Calvin P. Stone.) 
From the Department o f  Psychology, McGill University, Montreal, and the Department of 

Psychology, Stan ford University, California. 

In  an investigation of the effect of electro- 
convulsive shock on maternal behavior, 
Rosvoldl studied the change in nest build- 
ing activity in the female albino rat. His 
data show definite interference with nest 
building activity, varying in degree with the 
length of time after parturition that the 
series of convulsive shocks is introduced. 

Since Kinder2 has shown that males build 
nests when environmental temperatures are 
low, it is possible to test the effects of electro- 
convulsive shocks on nesting activity in ani- 
mals free from the influence of the physio- 
logical conditions due to pregnancy and ma- 
ternity. Should the shock disrupt the nest 
building of males, it could be argued first, 
that shock influences some factor common 
to both sexes rather than one specific to the 
female, and second, that the effect in the 
females is not the result of the combined stress 
of the convulsive shock and maternity. 

Procedure. Twenty-one adult male albino 
rats approximately 100 days old were selected 
from the Stanford laboratory stock. Twelve of 
these were shocked each day for 9 days, after 
which they were moved into a relatively cold 
attic room (diurnal range, 52"-75"F; usually 
below 65°F) for observation of their nest 
building activity. Nine, not shocked but 
otherwise treated like the experimental ani- 
mals, served as controls. Each male was 
placed in a cage similar to those used for the 
females of Rosvold'sl study. Shavings and 
paper were provided for nesting. A tenth 
shock was given about 24 hours after the 
rats had been in the attic. Thereafter they 
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were undisturbed except for routine care and 
observation, and the nests were left intact. 

A five point scale was used to rate their 
nests. The points were defined as 0 for no 
use of nesting materials, 1 if the paper had 
been moved to a preferred sleeping place, 2 if 
all the paper had been gathered, 3 if a bowl 
had been formed with paper, and 4 if the 
best possible nest had been built of shavings 
and all of the paper. 

The electroconvulsive shocks were induced 
by administering 45 milliamperes for 0.2 
second through alligator clips attached to the 
rat's ears. This strength of current invaria- 
bly induced a complete tonic-clonic convul- 
sion. 

ResuEts. During the first day in the cold 
room the temperature did not go above 64°F 
which, according to Kinder,' should have 
afforded ample thermal incentive for nest 
building. Table I gives the ratings assigned 
to the nests on each observation day in the 
attic room. The control animals began nest- 
ing immediately, and after 6 hours 2 had 
built nests that were rated as 1, one rated as 
2, two as 3, four as 4. Not one of the shocked 
animals (having received 9 shocks) built a 
nest on the first day in the attic room. 

On the second day the shocked males ex- 
perienced the tenth convulsion while the con- 
trols were removed from the cages for a 
similar length of time. On this day the con- 
trol group improved their nests with the 
result that 6 were rated 4, two rated 3, and 
one, 2. Most of the shocked animals did very 
little nest building. One gathered some paper 
into a preferred corner and was rated 1, and 
another built a nest base which was rated 
2. Twenty-five university students taking a 
course in comparative psychology distin- 
guished between the experimental and con- 
trol groups very definitely, giving the shocked 
group less than 15% of a perfect score and 
the control group more than 80% of a perfect 
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TABLE I. 
Ratings of Nests on Each Day in the Attic Room. 

(Rating of shocked rats 1-7 and controls 1-4 was discontinued on the 10th day, post shock). 

Daily ratings on a scale of 0-4 
~~ r \ 

Shocked animals (Nos.1-12) Control animals (Nos. 1-9) 
Day in  < \ (  

attic Shock 1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  1 2  3 4 5 6 7 8 9 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

9th 0 0 0 0 0 0 0 0 0 0 0 0  1 4 4 3 1 3 2 4 4  
10th 0 0 0 2 1 0 0 0 0 0 0 0  4 4 4 3 2 4 3 4 4  
0 1 0 1 3 1 0 1 0 0 0 0 1  3 4 4 4 2 3 4 4 4  
0 1 0 0 3 0 1 2 1 0 1 1 1  4 4 4 4 3 3 4 4 4  
0 1 1 0 3 0 1 3 0 1 1 8 1  4 4 . 4 4 3 3 4 4 4  
0 2 1 2 4 1 1 3 1 0 2 3 2  4 4 4 4 3 3 4 3 4  
0 2 2 3 4 1 2 4 1 0 2 3 2  4 4 4 4 3 3 4 3 4  
0 4 3 3 4 2 2 4 2 1 3 4 2  4 4 4 4 3 3 4 3 4  
0 4 4 4 4 3 3 4 2 1 3 3 2  4 4 4 4 3 4 4 4 3  
0 4 4 4 4 3 3 4 2 2 3 4 3  4 4 4 4 3 3 4 4 4  
0 - - - - - _ _  1 0 1 2 2  - - - -  3 3 3 3 4  
0 - - - - _ _ -  1 3 2 2 4  - - - -  3 3 4 3 3  

3 3 3 4 4  - - - -  4 2 4 3 4  0 
0 - - - - _ - _  2 2 3 3 4  - - - -  3 2 3 3 3  

2 3 2 3 4  - - - -  4 3 3 3 3  0 
0 - - - _ _ _ -  1 2 1 3 4  - - - -  3 3 2 3 3  
0 - - - _ _ _ _  4 3 2 3 4  - - - -  4 3 4 3 4  
0 - - _ _ _ _ _  3 3 2 3 4  - - - -  3 2 4 3 3  
0 - - - _ - _ _  1 3 2 3 4  - - - -  4 3 4 3 4  

- - - - _ _ _  

- - - - _ _ -  

score. 
NQ further shocks were administered. As 

can be seen in Fig. 1, shocked animals 
gradually began to build better nests, but it 
was not until the fifth day after the last shock 
(seventh day in the attic room) that the nests 
of the convulsed animals began to approach 
those of the control rats in structure and 
composition. By the seventh day, post shock, 
the nests of 4 of the experimental animals 
could not be distinguished from those of the 
control group, but those of the other 8 were 
slightly inferior. By the tenth day there 
were only minor differences onl the part of a 
few of the shocked rats. 

On the tenth day, post shock, the nests of 
5 animals from each group were removed 
and fresh nesting materials provided. Dif- 
ferences between shocked and non-shocked 
animals showed up again. By the following 
day (the eleventh day) the control animals 
had rebuilt good nests while the convulsed 
animals had built nests which deserved ratings 
no better than 2. Improvement was rapid, 
however, so that by 48 hours later, nests which 
were rated 3 and 4 were built. This rating 
surpassed their previous highest rating and 
nearly equalled that of control group. There- 

after no constant differences were found. 
Rating of 5 of the shocked rats and five of 

the controls was continued until the nine- 
teenth day, post shock, when the same group 
of psychology students were told that the 
positions of the animals had been changed. 
Using the same criteria for rating, they were 
unable to distinguish between the two groups. 

Discussion. The study reported in this 
paper combines the findings of 2 experimenters 
using the same procedures. The behavior of 
the shocked animals in both instances was so 
identical as to warrant reporting them as one 
study. The fact that the same results were 
obtained by 2 experimenters working one 
year apart lends support to the validity of the 
findings. We may conclude that electro- 
convulsive shocks disturb nest building ac- 
tivity in the male albino rat in an environ- 
ment in which the diurnal range of tempera- 
tures is from 52"-75"F, and usually below 
65 O F .  Furthermore, the disruptive effects 
of convulsive shocks on nest building activity 
of the male rat demonstrates that the effects 
in the female described by Rosvoldl may be 
common to both sexes, and that they are not 
necessarily the result of the combined factors 
of shock and maternity. 
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Beach:: has stated that adequate function- 
ing of innately organized reproductive be- 
havior depends on the organism being under 
the influence of certain hormones at critical 
periods. Unless the hormones are present in 
sufficient strength at the right time, stimuli 
specific to an innately organized pattern of 
behavior have no effect. Rosvold-l suggested 
that the inability of the parturient mother to 
respond to the paper and shavings as nesting 
materials may have been due to the fact that 
the innate organization for these responses 
had not been sensitized by the appropriate 

3 Beach, F. A., Horniows and Behacior, New 

4 Rosvold, H. E., J. Comp.  Pliysiol. Pbyckol., 
York: Paul Hoeber, Inc.., 1948, pp. 368. 

1949, 42, 207. 

hormones. He implied that the hormones 
affected were related to the pregnancy-lacta- 
tion cycle. Such an hypothesis, without 
qualification, is no longer tenable. 

Twelve adult male albino rats 
were shocked once a day for 9 days after 
which they were placed in a relatively cold 
attic room and supplied with nest building 
materials. Nine, not shocked but otherwise 
treated like the others, served as controls. In 
the early post shock period the convulsed 
animals made no attempt a t  nest building 
whereas their controls built excellent nests. 
There was gradual recovery so that by the 
tenth day post shock, the convulsed animals 
built nests equal to those of the control rats. 

Summary. 

- 
Received September 6, 1949. P.S.E.B.M., 1949 7s. 

Hypotensive Action of Influenza A Virus on Rats." (17404) 

J. EMERSON KEMPF AND H. T. CHANG.~ 
From the Department of Bacteriology, College oj Medicine, University of Illinois, Chicago. 

The frequent clinical observations of cardio- 
vascular disturbances complicating influenza 

infection1,2 prompted us to undertake an ex- 
perimental investigation of the toxic effect 
___- 

* This investigation was supported in part  by a t Research Fellow in  Medicine, College of Medi- 
research grant from the division of research grants 
and fellowships of the National Institute of 1 Findland, M., et al., Am.. J. Med. Sc., 1945, 

cine, Vniversity of Illinois. 

Health, United States Public Health Service. 209, 455. 
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of the virus on the cardio-vascular system 
of the host. During a study on the cardiac 
output of ferrets infected by the PR8 strain 
of influenza virus3 arterial hypotension was 
occasionally noticed. Further observations 
disclosed that this phenomenon was invaria- 
bly produced when albino rats were given 
intravenous injections of the virus. A series of 
experiments were then carried out to determine 
the nature of this factor in our preparation. 

Preparation of the virus. A PR8 strain of 
influenza virus which was lethal for mice on 
intravenous injecti,on4 was originally obtained 
from Dr. W. Henle and maintained by pas- 
sages in embryonated eggs by the usual pro- 
cedures of allantoic sac inoculation, incuba- 
tion and harvest.5 The pooled, bacteria-free 
allantoic fluid was centrifuged at  1050 g to 
remove the debris and then purified by ad- 
sorption and elution from chick red blood 
cells.c The eluate was then centrifuged at  
20,000 g for one hour and the precip?tate was 
suspended in 0.1 M phosphate buffer solution 
of pH 7.0. A final centrifugation at  1050 g 
removed larger particles. In two experiments, 
the material was further purified by methanol 
precipitation according to the method of Cox 
et aL7 The final product has an average 
hemagglutination titers of 64,000 per mg of 
nitrogen, and its infectivity titer for chick 
embryo was 10-1'3.4 g. The extent to which 
our material was free from non-viral proteins 
was about the same as the preparations of 
other authors working on the purification of 
influenza v i r u ~ . ~ J ~  

Preparation of the animals. 250-300 g male 
albino rats (Harlan strain) were anesthetized 

2 Andrews, C. L., J .  Med.  Soc. N .  J., 1940, 37, 
16. 

3Kempf, J. E., and (;'hang, H. T., submitted for 
publication. 

4Henle, G., and Henle, W., J .  Exp. Ned., 1946, 
84, 623. 

5 Diagn.ostic Procedures f o r  Viruses and Rick- 
attsial Diseases, Am. Pub. Health Assn., 1948, 99. 

6 Hare, R., et al., Canad. J. Pub. Health, 1946, 
37, 284. 
7 Cox, H. R., J. Immunol., 1947, 58, 148. 
8 Salk, J. E., J. Immunol., 1944, 40, 87. 
QShasp, A. R., J .  Immunol., 1944, 48, 129. 
IOStanley, W. M., J. Exp. Med., 1944, 79, 255. 
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]FIG. 1. 
Hypotensive action of virus prepared by differ- 

eiit purification procedures and that of normal 
allantoic fluid. 

A-Inj. of cone. normal allantoic fluid. 
B-Inj. of virus cone. by adsorption and  elution 

from chick rbc. 
C-In j .  of virus cone. by adsorption and elution 

from chick rbc. plus high speed centrifugation. 
D-Inj. of virus cone. by adsorption and elution 

from chick rbc. plus high speed centrifugation and 
methanol precipitation. 

with sodium nembutal and the trachea was 
cannulated. Arterial blood pressure was ob- 
tained by direct cannulation of the common 
carotid artery and registered by mercury 
manometer writing on a kymographic drum. 
One ml of the virus suspension per 100 g of 
body weight was injected into the jugular 
vein at  the rate of one ml per minute. The 
h l d  pressure was thenl observed for the 
next 30 minutes. 

Results. The data of the experiments can 
be summarized in the following categories: 

1. Allantoic fluid of normal 1 1-day-old chick 
embryos was harvested, purified and con- 
centrated by the same procedures used for the 
virus. Injection of this control material did 
not alter the blood pressure (Fig. 1, A) .  

2. The hypotensive factor seemed to be 
associated with the virus particles since i t  was 
similarly adsorbed and eluted from chicken 
red blood cells sedimented by high speed 
centrifugation and precipitated by methano1 
(Fig. 1, B, C, D).  When the infectious al- 
lantoic fluid was centrifuged at  20,000' g, the 
precipitate resuspended in buffer solution gave 
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TABLE I. 
Effect of Heat on Hemagglutination, Chick Embryo Infectivity, Mouse Toxicity and Hypo- 

tensire Factor of the Concentrated Virus Preparation. 

Treatment of the Hernagglutination Infectivity Mouse 7' of drop in  B.P. 
purified virus titer titer toxicity' after inj. into ratst  

Unheated 1 : 16000 10-10 1:16 42.9 
Heated a t  56°C for 4 hr 1 : 8000 10-1 1:4 28.2 

8 hr 1 : 200 0 1 :2  33.6 
12 hr 0 0 0 18.2 
16 hr 0 0 0 5.44 

* Kills 4 out of 6 in 48 hr. 
Mas. drop of E.P. in nun Hg  

(lontrol B.P. i ~ a d i n g  before inj. 
t % of drol) in B.P. = ~ - x 100. 

4 This figure is equiriilent to spontaneous variation in B.P. during the period of observation 
on control animals. 

TABLE 11. 
Effect of Specific Anti-Serum on Neutralization of Hypotensive Factor of the Virus 

Preparation. 

Max. drop in B.P. 
No. of during first 30 % drop in B.P. 

Preparations injected into rats rats used min. after inj.* after inj. 

A. Infectious allantoic fluid 
neutralized first and then 
concentrated 

B. Purified virus plus specific 
immune fvrrct serum 

6 0 mm Hg 0 

a li 11.2 

C. Purified rims plus normal 6 49 32.9 t 
ferret serum 

_- 
*Ini t ia l  B. P. for all these animals during control period before injection (average) 

t Difference between values for I3 and C is highly significant statistically. (P value less 
= 150 2 2 mm Hg. 

than 0.01). 

a maximal decline of 40 per cent in blood 
pressure while the supernatant of the same 
preparation was entirely without effect. 

3. The hypotensive factor was found to be 
relatively heat resistant being destroyed only 
after heating at 56" C for 16 hours (Table I ) .  
The hemagglutinins, infectivity for chick 
embryos and toxicity for mice were all in- 
activated by heating at  the same tempera- 
ture for shorter periods of time respectively. 

4. Ferret immune serum titering 1:12500 
by the hemagglutination inhibition test was 
produced by injection of infected mouse or 
ferret lung tissue suspension. Addition of 
this serum to pooled allantoic fluid of infected 
chick embryos resulted in complete neutraliza- 
tion of the virus as indicated by the hemag- 
glutination and chick embryo neutralization 
tests. This neutralized mixture was then 
treated by adsorption and elution from chick 

red blood cells plus high speed centrifugation. 
Injection of the resulting preparation showed 

% Drop in B.P. 
after injection 

40t 30 

I 

2000 4000 8000 16000 32000 64000 

Concontrotion of V i r u s  

FIG. 2. 
Relationship between concentration of the virus 

(shown by hemagglutination titer) and hypoten- 
sive response. 
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the loss of the hypotensive factor indicating 
specific neutralization of the factor (Table 11, 
A)  * 

To prove further that the hypotensive 
factor was a fraction of the virus particles, 
the concentrated and purified preparation was 
mixed directly with the immune serum. In- 
jection of the mixture into rats showed a 
significant reduction of the hypotensive effect 
in comparison with the control material to 
which normal ferret serum was added (Table 
11, B, C) .  

6 .  To elicit the hypotensive response a 
threshold concentration of virus with hemag- 
glutination titer of 1 : 8000 was required. Con- 
centrations of virus with titer between 
1:16,000 and 1:64,OOO elicited about the 
same response (Fig. 2 ) .  

Conclusion. These observations indicate 
that a fraction of the PR8 strain of influenza 
virus possesses the toxic property of lower- 
ing arterial blood pressure in rats. 
Received Sept. 28, 1949. P.S.E.B.M., 1949, 72. 

Effect of Congo Red on the “MM” Virus. (17405) 

F. J. MURRAY, J. F. SCRUGHAM, AND MILTON J. FOTER. 
From the Department of Bacteriology, Research Laboratories of The Wm. S .  Merrell Company, 

Cincinnati, Ohio. 

Conflicting reports on the effect of trypan 
red on the “MM”I neumtropic virus have 
appeared in the literature. Wood and Rusoff 
reported this compound along with two other 
acid dyes, Congo red and brilliant vital red, 
to he definitely effective against the virus. 
Using the intraperitoneal injection route fol- 
lowed by intraperitoneal inoculation of the 
virus, these workers found an apparent pro- 
tection which was overcome by inoculation 
of the virus in too high concentration. 

Hammon et aZ.3 have reported the failure 
of trypan red to protect against the “MM” 
virus when the dye was injected subcutane- 
ously and the virus inoculated by intraperi- 
toneal route. These authors interpreted the 
results of Wood and Rusoff as being due to 
a non specific protection such as afforded by 
various inert substances when injected previ- 
ous to the inoculation of infectious agents by 
the same route. 

Since the effect of Congo red had been 
reported for only one concentration of “MM” 

virus it was thought desirable to determine 
the activity over a range of dilutions. 

In one series of experiments Congo red was 
injected intraperitoneally into 12 g mice 
and in a second series the dye was administered 
by stomach tube. As a matter of interest 
trypan red was included in 2 of the experi- 
ments. All virus inoculations were by the 
intraperitoneal route, serial dilutions being 
made from frozen stock material. A range 
(10-fold) of infecting dilutions was employed 
so as to permit calculation of LD50 values 
by the method of Reed and Muench.4 Unless 
otherwise specified, dilutions of through 

were used for controls and through 
for test groups, 6 mice being used per 

dilution. 
In all experiments calling for the injection 

of dye the schedule employed was that used 
by Wood and Rusoff. A 1% solution was 
injected in 0.1 cc amounts on each of 3 days 
and the virus was administered one day after 
the last injection. 

For the experiments in which the dyes 
Jungeblut, C. W.9 and Dalldorf, G-9 Am. J .  were given by stomach tube the schedule 

called for the feeding of 0.5 ml of a 1% 

virus inoculation following the fourth feed- 
4Reed, L. J., and Mueneh, H., Am. J .  Hyg., 

Pub. Health, 1943, 33, 169. 

1945, 82, 297. 
3Hammon, W. McD., Aird, R. B., and Sather, 

Gladys, PROC. Soc.  EXP. BmL. AND MED., 1948, 
69, 511. 1938, 27, 493. 

2Wood, H* G.3 and RUSOff, I* 1 . 9  J .  E%?* Ned., solution twice daily for 9 feedings with the 


