
Infantile Experience and 

Resistance to Physiological Stress 


I t  has been reported ( 1 )  that rats 
which had been "gentled" ( that  is, 
picked up and stroked once daily for 21 
,days postweaning) were heavier and re-
acted Ivith less cardiovascular and gas-
trointestinal damage under conditions of 
immobilization for 48 hours than did the 
"nongentled" controls. I n  addition, adre- 
nal glands of the nongentled were heavier 
than those of the gentled animals. Sub- 
sequent research ( 2 )  has revealed that 
rats handled prior to weaning showed 
.significantly less mortality follo~\-ing 5 
days of total food and water deprivation 
than did nonhandled rats or rats handled 
after ~veaning. T h e  present experiment 
(3) was designed to investiqte the re-
sponse of rats, handled and nonhandled, 
in infancy (days 1 through 20) to physi- 
.ological stress. 

T~venty-seven male Sprague Dawley- 
Holtzman albino rats Ivere handled from 
day 1 through day 20. Handlirlg con-
sisted of removing the pup from the nest, 
placillg it in a 2.5- by 3.5- by 6-in. com- 
partment, and then returning it to the 
nest. This procedure \\-as followed oncr 
daily until weaning, on day 2 1 .  Twenty-
nine rats were not handled in any man- 
ner through the first 20 days of life and 
then lvere handled only once, at  weanirlg. 
T h e  experimental treatments of handling 
and nonhandlirlg were randomly assigned 
to complete litters. ,411 rats within each 
litter received the same treatment. 

,411 animals received no further han- 
dling until 70 days of age. At this time 20 
rats from the handled group and 20 rats 
frorn the nonhandled group Ivere given 
a 20-percent solution of glucosr, injected 
intraperitoneally at  a dosage of 7.5 
lnl/100 g of body weight, according to 
the method described by Brogi ( 4 ) .  A 
21.4-percent mortality has been reported 
with this dosagr for normal animals. Fol- 
lowing the administration of the glucosr, 
the animals wrre placed in individi~al 
cages without food or water. Twrnty-four 
hours aftcr the glucosr injcction the sur- 
viving animals were prrmitted to drink 
for 1 hour. T h e  amount of watrr  con-
surned ivas recorded. They \\.ere then 
uacrificrd. and the left adrrnal was re-
moved and \\-eighed. T h e  rrmaining 
ieven handlcd and nine nonhandled rats 
\\-err not e i v ~ n  thr  glucose injcction but 
were sacrificed, and the adrenal ~veiglirs 
\\.err determined. 

T h e  mean body \\.eight for the groups 
at  \\-caning (21 days of age) was 47.74 
g for the handled group and 44.31 g for 
thr  nonhandled group. This diffrrrnce 
\\-as significant bryond the 0.05 level. 
T h r  inran weight for thr  groups at  70 
days was 248.78 g for the handlrd group 
and 230.28 g for the nonhandled group. 
This differmcr Ivas significant beyond the 
0.01 lrvrl. These rrsults are consistent 
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Fig 1. Comparison of weights of adrenals 
of the various groups. The lengths of thr 
bars indicate the range of individual val- 
ues: the light lines, the means; and the 
numbers, the subjects within each group. 

Ivith those previously reported (5) under 
identical conditions. 

Although there was no significant dif- 
ference in mortality between the groups 
followillg the glucose injection (three 
handled and two nonhandled rats d ied) ,  
there \\-as a significant difference at  the 
0.02 level in the adrenal weights follo~v- 
ing the glucose injection. T h e  adrenal 
~veights for all the groups are presenteti 
in Fig. I .  I t  is important to note that. 
although the weights of the adrenals of 
the nonhandled animals were greatcr 
than the \\.eights of those of the handled, 
both groups receivillg the glucose injec- 
tion had significantly greater adrenal 
weights than had their nonstressed con-
trols. T h e  noninjected groups had almost 
identical mean adrenal weights. Finally. 
the handled group consumed 1.29 g 
of water follo\ving glucose injection, 
whereas the nonhandled group consurnecl 
2.11 g. ?'his diffrrrncr is significant be- 
vond the 0.01 levrl. T h e  differrnce be- 
tween the handling procrdure used in 
this rxperiment and thr  gentling proce- 
dure used by \tTirningrr should be recog- 
nized. iYhereas \tTienirlger strokrd and 
fondled his rats, the rats in this study 
\\.err merrly transportrd from the nest to 
a compartmrnt and aftcr 3 minutes \\-ere 
returned to the cage. Tha t  this procedurr 
produces results similar, if not inorc 
profound, than those producrd bl- he 
gcntling procedure argues against the 
concept of "gentling" and the surpluc 
meaning associatrd Ivith this term as the 
major variable in the effects of early cx- 
prrience on behavior undrr  stresi; ili 
adulthood. I t  has been proposrd ( 6 )  that 
handling collstitutrs a stressful situation 
for the infant organism and that earl\. 
experience with stress rrsults in a greater 
ability of the organism to adapt to psy- 
chological and physiological s t rec  in 
adulthood. 

Bovard ( 7 )  has suggested that, as a 
~ r < u l t  of early handling, the threshold 
for emotional react i~i ty  is raised. T h e  
present data suggest a Inore generalizt~tl 
hypothesis-namely, that the nonhan-
dled animals are more profoundly af-
fected by stress, both psychological and 
physiological. T h e  greater adrenal 
weizhts of the nonhandled animals fol- 
lowing glucose injection suggests a 
greater output of A C T H  as a result of 
stress. T h e  differences in the water in-
take may be a result of greater A D H  
production by the nonhandled rats fol-
lowing strcss. lnsofar as both ACTI-I (8) 
and ,4DH (9 )  have been shown to in- 
crease markedly follo\ving noxious stimu- 
lation, the hypothesis that handling in 
infancy reduces the physiological rc-
\ponsc to stress is supported. 

Since A C T H  (10)  and A D H  (11) ,  
anti in general the stress reaction (12:,  
appear to be mediated through the cen- 
tral nervous system, it is my belief that 
the effrcts of early experience modify 
later reactivity of the central nervous sys- 
tem under stress conditions. T h e  prcciv 
nature of this modification is still un-
laio~\-n.  
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Inapparent Lynlphocytic 
Ghorionleningitis Infection in 
Folic Acid-Deficient Mice 

rldministration of amcthopterin, or 
~naintenancr on folic acid-drficirnt diets, 
frequrntly causes mice to survive usually 
fatal 1ymphoc)-tic choriomrningitis 

L C M  ) infectionz, the virus being re-
coverable for long periods (1 ,  2 ) .  T h e  
cxpcrinlents reported in this article dra l  
\ \ i th  persistence of virus in trrated mice 
ha\.ing mild or inapparent infrctions. 

l l a l e  mice from N I H  stock wrre usrd, 
either Siviss "general purpose" or strain 
C:5TBl. The  former, weighing 16 to 18 f i  
\?-hen inoculated, \\.ere given bread-and- 
inilk diets; thr  latter, weighillg 7 to 9 g, 
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Table 1. Influencc of amethopterin and of folic acid deficiency on inapparent LCM in-
fcction in mice. Data werr conkpiled from four independent experiments. Virus was in- 
jected subcutaneously (s.c.) or intraperitoncally (i.p.) (column 2 ) .  Diet C2F was de- 
ficicnt in folic acid and contained 0.5 percent IIL-methionine in addition to the published 
ingredients (3): the mean weight of these mice was 15 g. Diet (22 was the same as 
dict CZE', except that it contained 3 mg/kg of folic acid; the mean weiaht of the micc 
was 26 g. The mice in groups E and E' were C57; the other mice were Swiss, which re- 
ceived bread-and-milk diets ( 2 ) .  

- .~ ---	 -- -- -

Last recover? 
Virus recoveries/Xo. of trials at (last tent) 

postinoculation intervals 
Group I;/,"; Treatment - (da?) 

~--
or diet 

<: 10 days 10 to 20 days > 20 days 
" , Blood Pool" 

Blood Pool* Blood Pool' Blood Pool' 

B 
7.c. 

s.c. 
.4metliopterin 
KO treatment 

4/6 
1/F 

3/3 
2/3 

C! i.p. Amethopterin 616 3/3 
D 
E 

i.p. 
s.c. 

Notreatment 
Diet C2F 

3/6 
2/6 

3/3 

F s.c. Diet C2 I/? 
-

-. Pool of l i v r .  splren. and kidney. 

\\-ere givrn synthetic diets (3) starting 6 
\seeks beforr inoculation. Onc basal syn- 
thetic dict, dcsignr:trd C2F, rvas drficient 
in folic acid; thr o t h ~ r ,  drsignatcd C2, 
c,ontaiiicd 3 mg of folic acid (ptcroyl-
ylutamic acid) prr Itilograin. Lynpho-  
cytic clioriomrningitis virus was an intra- 
cerebrally passagcd strain (31,given suls- 
cutaneously or intraperitoneally as in-
fectrd brain emulsion, 0.1.5 ml of 
dilution, or intracerrlsrally in 0.03-ml 
doses of 10- Vi lut io i l .  XTiremia tvas de- 
tcctcd Isy iiltracerchral injection of heart 
blood dilutrd 1/10;  fi\.r nlicc were usrcl 
for rach trst. For virus denionstration in 
othcr tissues, the dilution tvas givrn 
intracrrrbrally to each of five mice; 
emulsions \very madr  by hand grinding 
in mortars; dilutions werr made rvith 
i~uffered saline. Amcthoptrrin, 0.3 mg/ 
in1 in 2-percent NaI-ICO,, rvas givrn in- 
traperitonrally on the third, fifth, sev-
t>nth, and ninth days aftrr  virus injcc- 
t ion. 

I n  four rxperimeilts, inapparent in-
Fection was produced Isy giving LC31 
virus sulscutanrously or intraprritoneally 
(4';.Data arr  nresented in Table 1. XTirus 

a5 no1 recovcrrd from cont~ol ,  nondc- 
ficient mlcc aftrr  the ninth day, mith a 
kinqlr rxception on the srvcntrcnth. In  
Ll~~~cthoptrr i i~- t r ra tcdmice,, and in those 
oil f o l ~ c  acid-dcficirnt diet, virus \ \as  
~ rgu la r lp  drmonstratrd for 4 lvrrkc, or 
longer. 

111 anothpr rxperimcnt, mice + - e n  

4/4 2/2 3 / i  4/5 24(38) 28(38) 
0 / 4  0/2 O / i  O/5 6138) 6(38) 
3/5 3/3 6 ) i  516 50(50) 35(35j  
0/5 1/3 0/6 0/6 6 \36 )  17(35) 
1 /1  3/3 36(36) 
0 /1  0 /4  9(36)  

~ ~ --

L C M  virus sulscutailcously lvrrr chal-
lrngcd 2 ~veeks later (after immunity had 
developed) by homologous virus inocu- 
latrd intraccrrbrally; s o ~ n r  tvrre treated 
rvith amcthopterin, and othrrs rvere left 
untrrated. No virus was recoverrd from 
blood or brains of mice in eithrr group 
in eight attempts Isct~vcen the sixth and 
fifteenth days after intraccrebral chal-
lmgr;  in parallel trsts on noninln1une 
rnice, virus \\as rrcovrrrcl iron1 treated 
mice as reported previously ( 2 ) .  

T h r  significant rffect c o n ~ ~ n o n  to these 
and prelious (1 ,  2 )  rxprrimcnts is the 
prolongation of infrction Is\ interference 
r\ith folic acid actwit!. T h e  contrast hp-
t~vern  this prrsistcilt infection and the 
norm all^ self-limited one is illustrated 
by the f o l l o ~ ~ i n q  fortuitous obse~vation. 
Trvo C57 mice of a group of fi lr  on a 
nondeficient diet (5) happenrd to sur-
live an intracerrbral injection of virus, 
although the! became extremrly ill. 
-After their recovcry, attempts to d(~n1on- 
stratr vircmia on the scvrntcenth and 
twenty-fourth postinoculation days rvere 
unsuccrssful. T ~ v o  other groups of (2.57 
mice ifour in one. five in the othrr)  
~naintained on a colic acid-dcficirnt diet 
1 5 )  had vircnlia on each of these days, 
althouyh nonr had apprared ill at any 
t i n ~ r .  

One interpretation of thrse rrsults is 
thaf mice u i th  drfective folic acid ac-
tility fail to develop imn~uni t l  in the 
normal manner. Con~cqucntly, tcrmina- 

tion of virus replication is delayed. (As  
is indicated in a preceding paragraph, 
whrn immunity was \\,ell established hc- 
fore folic acid nictabolisni Ivas disturbed, 
virus replication was not detectable.) In  
the inapparent infections reported here, 
thrre is a basic alteration of the nlousr's 
rraction to initial contact ~v i th  LCLl 
virus, manifestrd by the devrlopment of 
a carrier state. I n  the normally fatal in- 
fections reported prrviously (1, 2 )  thc 
crration of thr carrier state \<as possible 
becausc, along u i th  virus persistrnce, 
thrrc \\as sparinq of the host. This con- 
dition of ecluililsrium Isetu ren mouse and 
LC11 virus, \\ it11 both surviving, is knoun 
to occur in tr\o other circumstances-
namrly, when mice are infected in uturo 
(6 ) , and \\hen the) are exposcd to x-ra) \ 
l~cfore injection of virus ( 7 ) .  

At somr stag(, in the rvolving LChI  
infrction in the mouse, thrr r  appear t o  

br potentialities for diffrrent p,ith~.va)r. 
O n r  leads to r'ipid virus replication and 
death of thr mouce, another to host im- 
munlt) and xirus supprrssion, and a 
third to an ~ n t e ~ n ~ r d i a t e  situation ch-ir- 
acterized by survival of mouse and virus. 
Folic acid is one factor, although not 
the only one, in determining rvhich route 
the infrction \\ill take. 
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