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CEREBRAL EFFECTS OF DIFFERENTIAL EXPERIENCE 
IN HYPOPHYSECTOMIZED RATS1 

MARK R. ROSENZ'\VEIG," EDWARD L. BENNETT, AND MARIAN C. DIAMOND 

University of California, Berkeley 

Enriched and impoverished environments have been demonstrated to. af
fect significantly brain chemistry and brain weights in rats. To test whether 
these effects might be mediated hormonally, three experiments were done on 
rats hypophysectomized at about 30 days and on normal controls. The 78 
hypophysectomized rats retained were those with complete operations as 
verified by inspection of target organs and sella turcica. Environmental 
treatments lasted about 35-65 days of age. Among operates as among con
trols the enriched-environment rats showed significantly greater cortical 
weight, decreased cortical AChE/weight, and increased ChE/AChE. Thus 
these effects of"aifferential environment do not require mediation by hor
mones of the pituitary or those regulated by the pituitary. Hypophysecto
mized rats had significantly lower brain weights, lower cortical AChE/ 
weight, and great~r cortical ChE/ AChE than did controls. · 

Although it has been clearly established 
that prolonged commerce with environ
ments differing in richness of stimulation 
affects brain weights, brain enzymes and 
nucleic acids, and brain anatomy in rodents 
(Diamond, 1967; Rosenzweig & Bennett, 
1969; Rosenzweig, Bennett, & Diamond, 
1972; Rosenzweig, Bennett, Diamond, Wu, 
Slagle, & Saffran, 1969), the mechanisms by 
which these changes are produced have not 
yet been determined. The effects may result 
rather directly from mw (lr rli~n!':P nf n'?'lr"'l 

cells. On the other hand, the differential ex
perience n1ight lead to alterations of meta
bolic or hormonal functions which could, in 
turn, affect the nervous system. A number 
of investigators have shown that brain de
velopment is influenced by hormones, espe
cially in early life (e.g., Eayrs, 1968; Ford, 
1971; Timiras, Vernadakis, & Sherwood, 
1968). 

This paper reports tests of the hypothesis 
that the effects of environmental experience 
on cerebral measures are mediated by mod-. 

1 This investigation was supported by Grant 
GB-8011 from the National Science Foundation 
and also received support from the United States · 
Atomic Energy Commission. A report of this re
search was presented at the 1970 meeting of the 
Federation of American Societies of Experimental 
Biology (Rosenzweig, Bennett, & Diamond, 1970). 

• Requests for reprints sbould be sent to Mark 
R. Rosenzweig, Department of Psychology, Uni
versity of California, 3210 Tolman Hall, Berkeley, 
California 94720. · 

ified outputs of certain endocrine glands. In 
the earlier experiments, this was tested by 
taking weights of the adrenal glands or the 
thyroid glands, in addition to brain meas
ures, in rats exposed either to our standard 
enriched condition (EC) or to the impover
ished condition (IC). These experiments 
will be reported rather briefly here. In three 
later experiments, hypophysectomized as 
well as normal rats were exposed to the ex
perimental environments in order to deter-
mln,:J.. TU:J...ofh.o-,. -1-h" nn~'"''J....·._nl ,.1-...,- .... ..., ... - ........ 1-l 
, ·-·---- •··-----·-- .,. ..... ..., ...,.....,,_....,.._, ... ......, ... VJ.J.~LJ.Q\.110) \'YVUJ.U 

occur when secretion of certain endocrines 
was diminished and no longer subject to en
vironmental influence. 

EXPERIMENTS ON ENDOCRINE WEIGHTS 

Adrenal Glands 

In our first attempts to determine 
whether endocrine organs are specifically 

. involved in the EC-IC effects, we asked 
whether weights of ·certain glands would de
velop differentially. in EC and IC groups. 
This was done originally with regard to the 
adrenals, partly because we wondered 
whether either the EC or IC situations 
might be stressful and ruight thus involve 
adrenal mediation. We, therefore, included 
measures of adrenal weights in standard 
EC-IC experiments, and we also tested ef
fects of overt stress on both cerebral meas
ures and adrenal weights. Adrenal weight 
was used as a convenient, although admit-
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tecll}· ch:lil~; ·ii1dex of stress; we have found 
it to yield clear effects whene'ver we have 
employed overt stressors. 

Jlt!ethod 
Behavioral candition.s. In the EC condition, ani

mals ~re houseti.in a same-sex. group of 10-12 in 
a large cage (70 X 70 X 46 em.), and the cage is 
provided with stirimlus -objects ("toys") from a 
standard pooL Each day there are si:K or more toys 
in the EC cage; some may be in new positions 
from the previous day and some are newly taken 
from the pooL Rats in an EC cage are sho,,·n in 
Figure 1 of Bennett, Diamond, Krech, and Rosen
zweig (1964); the pool of objects is shown in 
Figure 1 of Rosenzweigand Bennett (1969). Each 
day the EC animals are placed for 30 min. in the 
field of a Hebb-Williams apparatus (75 X 75 em.) 
where the pattern of barriers is changed daily. 
During this time the selection and arrangement 
of objects in the EC cage are changed. In the IC 
condition, animals are housed in individual cages 
similar in size to standard colony cages. The IC 
cages have solid sidewalls so that the animals can
not see each other, and they are placed in a sepa
rate, qi.tiet, anddimly illuminated room. In these 
special IC cages, the floors are made of wire bars 
and pans of shavings below the cages can be 
changed without touching the animals. All animals 
-EC and IC--have laboratory pellets and water 
available ad lib. All animals are weighed regularly, 
usually at weekly.intervals. 

Littermates were assigned semirandomly among 
the number of groups required. Assignment was 
. GCD~irn.ndom i~ th::;.t, if :::;.~~~38~:-j-, C~:8ha::~.::: 7;C:-~ 
made to insure that the distributions of body 
weights among groups were stmilar. Runts and 
animals whose weight departed more than 15% 
from other Iittermates were excluded. The groups 
so chosen were then assigned at random to the 
experimental conditions. Animals were usually 
assigned to conditions at about 25 days of age 
and removed for sacrifice at about 55 days of age. 

Shock stress. Except during the experimental 
periods, the animals were housed individually in 
colony cages. The shock subjects received inter
mittant unavoidable electrical shock in daily 12-
min. sessions; the shocks were delivered through 
the floor bars of a special experimental box. Dur
ing the shock sessions, littermate controls were 
placed in similar boxes but with no shock and in a 
different room, so they received neither shock nor 
stimulation from the shocked animals. Shock 
treatment was given over 2-\\·k. periods in 1959 to 
rats of the 81 and K strains (each experiment in
cluding 8 littermate pairs) and for a 4-wk. period 
in 1966 to the RCH and RDH strains (11 and 12 
littermate pairs, respectively). 

Weighing adrenals and bmin samples. The rats 
were brought to sacrifice under code numbers that 
did not reveal to the analYsts the behavioral con
dition of any individual; Iittermates were sacrificed 
in immediate succession, the EC rat (or the shock 

rat) being first in some pairs and the IC (or non
shock) being first in others. Brain samples were 
dissected and weighed according to our standard 
procedures (Rosenzweig, Krech, Bennett, & Dia
mond, 1962). The adrenals were removed rapidly, 
cleared of any adhering tissue, and weighed to the 
nearest .1 mg. 

Resu,lts 

'Ve reported briefly in 1964 (Bennett et 
al.). that adrenal \veight did not differ be
tween EC and IC groups. A more complete 
statement is that, while the IC adrenals do 
weigh somewhat more, this is only in: pro
portion to the greater body weight of IC 
rats. In six experiment:; run in 1964 with a 
total of 64 littermate pairs, adrenal >veight. 
as a percentage of body weight did not dif
fer significantly between the EC and IC 

·groups. In the same experiments, cerebral 
cortical \Veights were, as usual, significantly 
greater in EC than in IC. In recent experi
ments involving hypophysectomized and 
control rats, there is again no consistent 
EC~IC difference in adrenal weight/body 
weight of either controls or hypophysec
tomized animals (see Table 4). 

Opposite results were obtained in the four 
shock ~xperiments (39 pairs). That is, the 
animals that received footshock foi' 12 min . 
daily developed significantly greater ratios 
of adrenal weight to body weight (14%, p 
< .001) than did the nonshocked controls, 
but there were no differences between 
shocked and control animals in our usual 
measures of brain weights and brain chem
istry. Thus, there vvas clear evidence of ad
renal involvement in the shock experiments 
but not in the EC-IC experiments. Re
cently Riege and Morimoto (1970) ran 
three experiments with 30-clay EC and IC 
groups, both with and wHhout the stress of 
being tumbled daily in a revolving dr;um. 
They confirmed both that stress increases 
adrenal weight but does not affect our usual 
brain measures, and that the differential en
vironmental conditions did not lead to sig
nificant differences in adrenal \Yeight/bocly 
weight. :More severe stress ·was then em
ployed in two additional experiments.3 Here 
the stress included both 3-.5 min. daily 

8 These experiments were also performed by 
Riege and W. H. Morimoto in our laboratories. 
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tumbling and 3-5 min. daily footshock. 
Once again, stress increased the ·adrenal 
weights but. did not affect brain weights, 
whereas the differential environments al
tered brain weight but not adrenal weights. 

Thyroid Gland 

We also asked whether the weight of the 
thyroid might differ bet,veen EC and IC 
and thus suggest a possible thyroid involve
ment in production of the brain differences. 
Thyroid secretion has been shown to influ
ence brain development in the rat, although 
it has been reported that such effects can be 
induced only during the first few postnatal 
days and cannot be produced thereafter 
(Eayrs, 1968). In 1968 we took thyroid 
weights in t'vo experiments (T1 and T 2 ) in 
which S1 rats were placed in standard EC 
or IC situations (as described above) at 25 
days of age and were sacrificed at 55 days. 
The results of these experiments have not 
been reported previously. 

The results of the two thyroid experi
ments were closely similar in ·regard to 
both brain weights and body weights, but 
they were opposite in regard to thyroid 
weights, as can be seen in Table 1. Both 
E'~:::'':'rinwntc: .c:hmw~fl thP 11S113.l significant in
CreaSeS in cortical 'veights with EC, andes
pecially in the occipital area; both showed 
a highly significant increase in the ratio of 
cortical weight to that of the rest of the 
brain. In both cases, EC was significantly 

TABLE 1 
PERCENT"\GE DIFFERENCES BETWEEN EC AND 

IC GROuPs IN WEIGHTS OF BRAIN, BoDY, AND 

THYROID GLAND (rvJ.>\LE sl RATS) 

Weight measure Experiment T1 ·Experiment T, 
(n = 9 pairs) (n = 11 pairs) 

Occipital cortex 7.6* .... 13.8** 
Total cortex 4.8*** 6.2*** 
Rest of brain 1.2 1.4 
Total brain 2:8* 3.5*** 
Cortex/Rest .. 3.6**· 4.8*** 
Total body -11.8** -7.6** 
Thyroid gland• 3.3 ~15.0"'* 

Thyroid/Body• 15.6** -8.4* 

an =Eight pairs in each experiment:· 
* p < .. 05 . 

** p < ~01. 
.... p < .001. 

lower tha_n IC in body weight, although 
having the greater brain weights. 'Vhen we 
come to thyroid weights, the similarity of 
results ends, In T 1 , thyroid weight/body 
weight was significantly greater in the EC 

. than in the IC group (p < .01), but in T 2 

there was a statistically significant effect in 
the reverse direction (p < .05). Since typi
cal and significant cerebral EC-IC differ
ences \vere found in both of these experi
ments, there was no consistent or necessary ·· 
relation behveen thyroid weight and cere
bral effects. It may be noted that either set 
of thyroid/body weight results, by itself, 
could have been taken as evidence for a 
significant relation bet,-v:oeen thyroid and 
cerebral effects-positive in one case and 
negative in the other. Only the attempt to 
replicate, and its failure, stood in the "·ay 
of such an erroneous conclusion. In the 
more recent hypophysectomy experiments 
(Table 4), there was again no consistent 
EC-IC difference in thyroid weights. 

To obtain a more functional measure of 
thyroid activity, protein-bound iodine was 
analyzed in two further 25-55 day experi
ments with sl rats. 4 values were obtained 
for 16 littermate pairs. The EC rats were 
lo·wer in iodine in the first experiment hut 
higher than IC in the second; overall the 
difference was -6.9% (ns). 

CEREBRAL EC-IC EFFEc'rs IN Hypo:.. 
PHYSECTOl\IIZED AND NoRMAL RATS 

Another design to test the possibility of 
hormonal mediation of the cerebral effects 
of experience is to abolish :;:ecretion of a 
gland or to make it immune from effects of 
environmental stimulation. Thistype of de
sign was employed by Adair, \Vilson, and 

. Glassman (1968) when they removed the 
adrerials of mice and found that avoidance 
conditioning nevertheless produced change.s 
in brain RNA and protein in the operates as 
well as in coritrols. One could proceed in 
this fashion to perform separate experi
ments on the possible roles of a series of 
endocrine glands. Ratherthan to do so, we 
decided to employ hypophysectomy in the· 
hope of ruling out a number of endocrines 

• These e}."]Jeriments were performed by Leon 
Dorosz in our laboratories. 
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at the same time; if this prevented the ap
pearance of cerebral EC-IC effects, then it 
would be necessary to backtrack and study 
the effects of inactivating single glands or 
combinations of glands. The pituitary se
cretes growth hormone and also trophic hor
mones for the thyroid, the adrenal cortex, 
and the gonads; its removal leads to regres
sion of these target organs. Failure to find 
EC-IC effects after hypophysectomy might 
also be interpreted to mean that lack of 
sufficient basal level of one or more of these 
hormones interfered with brain metabolism 
e"-en if the EC-IC effects were not media
ted by alteration Of hormonal output This 
hypothesis could be tested by removing a 
gland and maintaining a fixed level of re
placemeiit hormone. If, however, EC-IC ef
fects appeared in the hypophysectomized 
rats, then this >vould indicate that neither a 
normal resting level of secretion nor altera
tion of rate of secretion are necessary, inso
far as the pituitary, the thyroid, the· adre
nal cortex, and the gonadsare concerned. 

Jlfethod 
Subjects. Three successive experiments were run, 

H, and H, with male rats of the inbred Fischer 
strain (Simonsen Laboratory, Gilroy, California) 
and H3 with Long-Evans rats from the colony of 
the Ph~·siology-Anatomy Department, University 
c.£ C&.!ifv.t i.~lc:t, :u~rl\.t:ley. ~J:'i:1e Fisci1er rats were 
weighed 1 or 2 days after weaning (which occurred 
at about 25 days of age) and were divided into 
groups of four that were closely matched in weight. 
From each foursome, one rat was assigned at 
random to each of the following experimental 
groups: (a) hypophysectomized-EC (H-EC), (b) 
hypophysectomized-IC (H-IC), (c) control-EC 
(C-EC), and (d) control-IC (C-IC). The opera
tions were then done under anesthesia by Jacque
line Ehlert, using a parapharyngeal approach. In 
H3, Jitters with four or more male weanlings were 
used. All but two males from each Jitter were 
hypophysectomized. In all litters where at least 
two operates survived, two operates. and the two 
controls were assigned among the four conditions 
listed above. In Experiments H. and H3, unoper
ated animals of the same strain, sex, and age were 
sacrificed at the time of hypophysectomy to pro~ 
vide base-line measures. 

Behavioral conditions. After operation, the 
hypophysectomized rats were housed several in a 
cage in a romn kept at about 27" C. for a recovery 
period. This period lasted for 10 days in Experi
ment 1. Since most of the deaths in H, occurred 
soon after the operation, the recovery period was 
reduced to 5 days in Ho and H.. During this period 

the controls were housed similarly and in the s:ime 
room as the operates. The animals wei·e then 
placed in their preassigned experimental condi
tions, and 30 days of standard EC and IC treat
ments were given. Some observations of activity 
\\·ere made, both in the EC cages and in the Hebb
Williams apparatus. 

Postmortem verification of hypophysectomy. At 
sacrifice, completeness of hypophysectomy was 
verified both by examination of the sella turcica 
under a dissecting microscope and by taking the 
weights of the adrenals, and, in many cases, also 
the thyroid, the testes, and the seminal vesicles. 
Data were not used forany animal that showed a 
remnant of the pituitary or that did not demon
strate marked stunting of body growth and regres
sion of those target organs that were taken.· The 
target organs were also weighed in all of the control 
rats in Experiment Ht and in a sample of the con
trols in H. and Hu. 

Final gro1Lps for analysis. The rather severe op
erative mortality,· especially among the Fischer 
strain, and the incompleteness of some operations 
reduced sharply the number of original foursomes 
that survived for analysis of effects. Some new 
foursomes were therefore constituted after the fact 
by putting together survivors that were closely 
similar in body weight at the outset of the experi
ment. The magnitudes of effects were not altered 
by this procedure, but the increased number of 
cases allowed a more critical testing of the hy
pothesis. Table 2 gives the number of original 
foursomes in each experiment, the sources of loss, 
the number of original foursomes remaining at the 
end, and the number of reconstituted sets of four. 
Since the Long-Evans rats sho\\-ed much less op• 
erative mortality than th0 Fi<;chers, there \ya:o; !css 
selection due to mortality in Experiment H3, and 
therefore most weight should probably be given to 
the results of this experiment. 

Brain enzyme analyses. For the spectrophoto-

TABLE 2 
ASSIGNMENT OF ANIMALS IN HYPOPHYSECTOMY 

EXP£RIM£N1'S, LOSSES, AND MAKE-UP OF 

FINAL SETS 

Assignment and fates of animals 
Experi- Experi- Ex!'<'ri
ment 1 mcnt 2 meot 3 

(Fis- (Fis- (Long-
cher) cher) Evans) 

------------1----- --
Initial sets of four (Fischer) 

or litters (Long-Evans) 
Number operated 
Deaths 
Operative mortality 
Incomplete operations 
Original sets of four surviv-

ing and with complete op
erations 

H.econstituted sets of four 
Final n per group 

18 
36 
16 
44% 

4 

6 
2 
8 

35 
70 
35 
50% 

4 

I ~ 
Ill 

16 
36 

4 
11% 
2 

10 
5 

15 
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metric analysis of. brain acetylcholinesterase 
(AChE), acetylthiocholine was the .substrate and 
promethezine was used to inhibit cholin~sterase 
(ChE) activity. For analysis of ChE, butyrylthio
.choline was the substrate and AChE was inhibited 
with BW2S4C51 . (1,5-bis[4-allyldimethylammoni
umphenyl]pentan-3-one diiodide). Analyses were 
made in duplicate; two AChE values usually 
agreed within 2% and ChE values within 3%. 

Results 

Brain weight effects. Hypophysectomy 
checked the growth of body and of brain, 
but significant EC-IC effects occurred in 
both brain weights and brain chemistry. 
The main brain weight effects are shown in 
Figure 1. For economy of presentation, the 

BRAIN WEIGHTS RE PRE-OPERATIVE BASELINE 

1.15 
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~ 1.10 
0:: 
0 
u 

<i. 1.05 
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0 
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<1 
0:: 
m 
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(/) 

w 
.cO:-

Fischer 
Diff. from 
base·l i ne: 

v 
IC-C 

01 A
EC-C 

<.00!--- EC-·H 

.... -----... --·:··- --

I 11~~~~--------~1~·--~~ 
N=19pergroup N=9 N=\5pergroup. 

A- Pre-op., Baseline _ 0'- Hypophysectomized, Enriched 
condition 

Iii- Controls, Enriched Conditiol"l ..... H 
0- ypophysectomized, Impoverished 

e- Controls, Impoverished Condition condition 

XBL 703-5122 

FIG. 1. Brain weights of hypophysectomized animals taken as proportions of the preoperative base 
lines. (The left half of tl1e figure is based on the combined results of Experiments H 1 and lb, run with 
rats of the Fischer strain; the right half is based on Experiment HJ, run with Long-Evans rats. The upper 
blocks on each side show weight results for all cortical sections combined, and the lower blocks show the 
results for the rest of the brain. Both hypophysectomized animals [hollow symbols] and controls [solid 
symbols] show effects of differential environments on the brain weights, and there are also effects of 
hypophysectomy within both environmental conditions.) . 
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data of the two Fischer experiments were 
combined. Looking at results for 'veight of 
total cortex (in the two upper blocks), it 
will be seen that for both strains, control 
rats gained more in comparison with the 
base-line value than did operated rats, and 
EC rats gained more than did IC rats. Both 
the effects of the operation and the effects 
of the environmental treatment were signif-

. icant. For cortical weight in both strains, 
EC-H was clo;;ely similar to IC-C; in a 
sense, the enriched condition compensated 
for the effect of hypophysectomy on cortical 
weight. In the rest of the brain, both strains 
showed significantly greater growth on the 
part of controls than of operated rats. In 
botlr experiments with the Fischer strain, 

· IC-H lagged behind EC-H in subcortical 
weight, but this was not· true of the Long
Evans rats. 

More detailed weight results are given in 
Table 3. The initial Fischer experiment 
sho,ved no significant EC-IC brain weight 
differences among the hypophysectomized 
animals, but the control animals in this ex
periment also had relatively small ·weight 
effects, except in the occipital cortex. In 
the replication Fischer experiment the 
hypophysectomized animals yielded larger 
EC-IC e11ecLB Limu uiu ~i1e control::;, except 
for the cortical/subcortical ratio, and even 
here the effect was statistically significant. 
When results of the two Fischer experi
ments were combined, the EC-IC percent
age difference was as large among the oper
ates as among the controls for somesthetic 
cortex, remaining dorsal cortex, ventral cor
tex, total cortex, and total brain. Further
more, all of these EC-IC effects were statis
tically significant among the operates. In 
the Long-Evans experiment, the EC-IC 
percentage effects were larger among the 
hypophysectomized than among the control 
rats in most brain regions, and they were 
statistically significant for occipital cortex, 
remaining dorsal cortex, ventral cortex, 
total cortex, and for the cortical/subcortical 
ratio. 

Body u·eights. The relation between EC 
and IC animals in body weight was found 
to differ between hypophysectomized and 
controls. Normally, EC animals weigh about 

one-tenth less than ICs at the end of a 30• 
day experiment, and this was found among 
the controls in these three experiments. In 
the case of the hypophysectomized rats, 
however, the ECs ·weighed slightly more 
than the ICs in the Fischer experiments, 
and only 1.3% less in the Long-E"vans ex
periment. It should not be supposed that 
this contributed importantly to the EC-IC 
brain weight effects, for \Ye have found only 
slight influence of body weight on brain 
weight in such experiments .. Note that in 
the first experiment where EC-H had the 
greatest body weight in relation to IC-H, 
there were the smallest EC-IC brain weight 
effects. 

Hypophysectomy effects on weights of 
brain, bo.dy, and endocrines. In all three ex
periments, hypophysectomy slo·wed the 
growth of the brain, significantly in most 
regions, as can be seen in the right-hand 
columns of Table 3. This effect was less 
pronounced in the cortex than in the rest of 
the brain, so the ratio of weight of cortex to 
that of the rest of the brain was higher in 
all cases among hypophysectomized than 
among control animals, and significantly so 
in five of the six cases. Thus the operation, 
done in postweaning rats, not only checked 
brain growth but also altered its propor
tions. It should be emphasized that although 
the cerebral effects of hypophysectomy were 
consistent and significant, the brain is 
nevertheless relatively immune to the oper
ation. Total brain weights were changed by 
less than 10%, whereas body weights vvere 
60% lower in the operates than in the con
trols. Target organ weights were severely af
fected by hypophysectomy, as can be seen 
in Table 4. Whereas brain and body weights 
of the operates ·tose somewhat above the 
weanling base-line values (see Table 3), 
adrenal and thyroid weights regressed from 
the base-line levels. This occurred while the 
endocrine weights of the controls "'ere dou
bling during the same period. 

Effects on Brain Enzyrnes 

· We have reported that in· experiments 
starting at 25 days of age and lasting 80 
days, the following EC-IC differences in 
enzymatic activities result: (a) Activity of 



Experiment 

BMe line 

Experiment Ht (Fischer) 
Occipital cortex -
Total cortex -
ltcst of brain -
Total brain -
Cortex/Jtest -
Body weight -

n .. -
Experiment Hz (Fischer) 

Occipital cortex 68.5 
Totrtl cortex 688 
Hcst of bmiir 781 
Total brain 1,46!) 
Cortex/Rest .882 
Body weight 61.3 

n 11 
'Experiment Hs (Long-Evans) 

Occipital cortex 73.6 
Total cortex 748 
Rest of br~in 833 
Total brain 1,580_ 
Cortex/H.est .898 
Body weight ... 76.8 

n 9 .. 

• gnvironrncntal effect· = 100(EC-IC)/IC. 
b Hypophysectomy effect = lOO(H-C)/C. 
* 1) < .05. 

** p < .01. 
*** p < .001. 

:. 

.. 

TAULE 3 
WlciGH'r Rl!lsuurs IN HYPOPHYSECTOMY ExPJmiMI!lNTS 

Mean weights (in mg. for bnin and in gm. for body) % EC-IC differences" 

H-EC I H-Ie C-EC C-IC Among H Among C 
--

68.2 70.4 70.8 72.3 -3.1 10.4* 
735 712 781 7G1 3.4 2.7 
880 859 961 976 2.5 -1.5 

1,616 1,571 1, 742 1,737 2.9 .3 
.835 .82!) .812 .780 .8 4.2** 

76.5 71.8 202 222 6.6 -0.2** 
8 8 8 8 

77.4 71.0 78.8 75.0 8.9** 5.0 
754 707 781 740 6.6*** 4.4** 
883 844 941 938 4.6** .3 

1,636 1,551 1,722 1,687 5.5*** 2.1 
.854 .838 .830 .708 1. 0* 4.0*** 

74.2 70.4 186 207 5.4 -11.4*** 
11 11 11 11 

82.!) 76.1 88.6 78.7 8.!l*** 12.5*** 
801 758 831 802 5.6** 3.6* 
921 91!) 999 1,010 .2 -1.1 

1,722 1,678 1,830 1,813 2.6 1.0 
.869 .826 .833 .794 5.3*** 4.8*** 

88.9 90.1 256 282 -1.3 -9.1*** 
15 15 15 15 

--- - ---------- ------- --- ---- ---- -- ------ ----

. . ~ 

,._ .'Q 

r~ ......., 
o:> 
L~ 

·~-

r·-

"·" % H-C difierencesh 
~ (.,,_ 

Among EC Among IC ?:1 
-~ ~-

0 
-14.5** -2.f> 
-5.8** -().5** 

en 
trl 

~" z 
-8.4*** -12.0*** 
-7.3***. -9.6***· 

2.8 6.3*** 
-62.1*** -67. 7~** 

N 
:!1 .. ~ 
trl "-\...:.""' 

'H _o !/'"' .._ 
r":! 

-1.!) -5.3 
-:3 .. 5** -5.6*** 
-6. 2*** -11.1*** 

~ ..0 
to 
trl -..c z 

-5.0*** -: !l.1 *** 
2.0** 4.0** 

z 
trl 
>-3 

-61.1*** -66.1*** t-J 
> z 

-G.4*** -3.3 t:l 
-3.7* . -5.5*** 
-7 .8*** -\J.O*** 
-5.!l*** ....:.7 .5*** 

·~ 
p 

4.4*** 3.9*** t:l 
-65.3*** -68.0*** 

H 

> 
~ 
0 z 
t:l 
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TABLE 4 
MEAN ENDOCRINE WEIGHTS (IN !>!G.) IN HYPOPHYSECTOMY EXPERIMENTS 

Group 

~~--~-----A_a_r_en_a_l ________ +_··~--~~-----------T-h_)_'ro_i_d __________ ___ 

Experiment Ht Experiment H, I Experiment H, ' Experiment Ht Experiment H, Experiment H, 

Hypophysectomized 
EC 

M n M n M l n M n M n M·· n 

I 
6.2 -8- 7.2 ---:-- 8.t -:-r. 3.9 -8--:--4--: -8-

IC , 6.8 8 6.8 11 7.5 15 3.9 8 3.3 4 3.4 7 
Control 

EC 

IC 
31.3 
30.6 

8 
8 

25.6 
28.9 

8 36.6 
8 43.6 

5 12.0 
5 13.8 

8 
8 

10.6 
14.2 

4 17.0 
4 17.7 

5 
5 

Base l!ne 16 .. 9 I 11 18.3 4 4.2 11 7.3 4 

AChE per unit of cortical \veight is signifi
cantly lower in EC than in IC; the rest of 
the brain shows little change in AChE/ 
weight, so the cortical/subcortical ratio is 
lower in EC than in IC. (b) ChE activity 
per unit of cortical weight is significantly 
greater in EC than in IC, and so is total 
activity of ChE. (c) The ratio of ChE to·· 
AChE activity (a purely chemical measure 
in which tissue weight does not enter) is 
greater in EC cortex than in IC cortex (Ro
f';Pn~wP.ig, 1968: Rosenzweig et al., 1972). 
:More recent work has shown that the AChE 

effects can also be produced in experiments 
-of 30-day duration but that it requires more 
than 30 days to produce the full ChE effects 
(Rosenzweig et al., 1972). 
· Chemical data from the present 30-day 
experiments are given in Table 5 in the 
form of percentage environmental effects 
(EG-IC) and percentage hypophysectomy 
effects (H-C). Data from the two experi
ments with Fischer rats have been com
bined for economy of presentation. Consid~ 
ering first the EC-IC effects, we see that 
AChE/weight is reduced in tile cortex o:i 

TABLE'"5 
CHEMICAL RESULTS IN HYPOPHYSECTOMY EXPERIMENTS 

%.EC-IC differences• % H-C differencesb 

Experiment AChE/Weight ChE/W eight ChE/AChE AChE/Weight ChE/Weight 

H c H c H c EC IC EC 

-·- ---- -- ------ ----
Experiments Rt imd Hz (Fischer) 

Occipital corte.x -2.6** -5.2*** .2 -1.7, 3.1* 3.8** -1.9* -4.5*** 3.2* 
Total cortex -2.3* -2.4* .2 1.012· 7* 3.5** -1.1 -1.2 2.6* 
Rest of brain -1.1 .2 -1.4 .81-.2 .6 1.5 2.s•• .9 
Total brain -·1.7* -1.2 -1.0 .4 .8 1. 7* .2 .8 1.2 
Cortex/Re.•t -1.2 -;-2.5 .. 1.6 .3j 2:9*_* 3.o•• -2.'6** --3. 8*** 1.6 

:Experiment u, (Long·EYans) 
Occipital cortex -1.8 -3.1 "1-·'i , .. 3.5 -6.3** -7.6** -.8 
Total cortex -2.1 -2.2 4.3 -.3 7.1• 2.5 -5. 6*** -5. 7*** 1.9 
Rest of bmin .7 .8 1.4 1.5 .3 ,g .4 .4 -1.7 
Total' brain -1.1 -1.0 1.6 .3 2.5 1.5 -2.0 ,-1.9 -1.2 
Cortex/Rest -2.9* -3.0* I 2.91 -1.7 6.1* 1.3 -6 0*** -6 1*** 3 7 . . . I 

Note.-n = 19 per group for Experiments Ht and H,; n = 1.:; per group for Experiment H,. 
• EnYironmental effect = 100(EC-IC)/1C. 
b Hypophysectomy effect = IOO(H-c)/C . 
• p < .05 . 

•• p < .01. 
••• p < .001. 

IC 

--
1.2 
3.4** 
3.1** 
2.6** 

.3 

-2 .. 3 
-2.6 
-1.6 
-2.4 
-1.0 

ChE/AChE 

EC IC 

----
j 

5.2*"'* 5.9"'** 
3.8** 4. 6*** 

-.5 .3 
1.0 1. 9* 
4.3*** 4. a••• 

6.3 6.4 
8.2* 3. 6 

(2.2 
-1.7 

. 8 .,-.2 
10:4*** 5. 4* 
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EC rats, 'vhether or not they have been hy
pophysectomized; the rest of ·the brain 
shows no significanteffect. The ChE/weight 
tends to be slightly greater in EC than in 
IC cortex, but, as in other 30-day experi
ments, there are no significant effects for 
either H or C rats. The ChE/ AChE ratio is 
greater in the cortex of EC than of IC ani
mals, and this effect is significant and as 
large for hypophysectomized as for control .. 
rats. 

Hypophysectomy Effects on Bmin Enzyme 
Activities 

'Vhereas hypophysectomy reduced brain 
weights and EC raised them, the two treat
ments y_ielded brain enzyme effects that 
were usually in the same direction. This can 
be seen by comparing values in the right 
half of Table 5 (H-C effects) with the cor
responding values in the left half of the 
table (EC-IC effects). In AChE/weight, 
hypophysectomy produced somewhat larger 
drops than did EC in the cortex and in the 
cortical/subcortical ratio; this was espe
cially the case for the Long-Evans strain. 
In ChEjweight, hypophysectomy produced 
some significant increases in the Fischer 
rats, whereas there were no significant 
EC-IC differences on this measure. In 
~ChE/ AChE, the p~tti3i"~t1 of TI-C cff\:~ts , ... ~s 
similar to that of EC-IC effects, but the 
magnitude tended to be greater for H-C, 
especially for the Fischer rats. 

-· GEl\~RAL DISCUSSION ___ -

In advance of the experiments we were 
concerned that the hypophysectomized rats 
might behave differently from the controls 
in the EC situation and that this might 
complicate or vitiate comparisons of brain 
effects. Observations indicated, however, 
that 'the hypophysectomized rats were just 
as active as the normals, at least during the 
daylight hours when we observed them. The 
gait and appearance of the operates were 
different from those of normal rats, but the 
hypophysectomized animals appeared to in
teract as much with the environment as did 

. the controls. 
If the operates had failed to show EC-IC 

effects, a possible interpretation would have 

been that they lacked adequate circulating 
levels of endocrines necessary for normal 
cerebral function, rather than that environ
mental modulation of endocrine output is 
necessary to the EC-IC effects. To test this, 
further experiments could have been · run 
with hypophysectomized rats receiving 
fixed levels of one or more hormones. Since, 
however, the effects occurred w·ithout any 
replacement therapy, \Ve conclude that, for 
pituitary hormones and those regulated by 
the pituitary, neither normal resting levels 
nor environmental modulation of endocrine 
activity are necessary to produce cerebral 
effects of differential experience. 

Our results testify to the relative stabil'
ity of the brain of the weanling rat to hypo
physectomy, while at the same time show
ing that it is not totally immune to effects 
of the operation. The relative stability is 
sho>vn in the fact that brain >veight contin
ued to increase at about half the normal 
rate after hypophysectomy. It was within 
7% of the brain ·weight of controls at the 
end of the experiment. Of course, growth of 
brain is already well advanced in the rat at 
weaning, so that even if the operation had 
halted brain development completely, the 
brain weights of the operates would have 
been only 14% below that of the controls. 
Ii1 t1·n:; l;it5t; uf bud:v- V\:-ciglit, \Jj_i the· vth.:r 
hand, the normal animals more than tripled 
their weight during the experimental period, 
whereas the operates gained only 15%-20%. 
The case of the adrenal and thyroid glands 
is even more striking, since the cootrols 
showed a doubling of their weights, whereas 
in the operates these organs shrunk to about 
half their weight at operation. 

In spite of the relative stability of the 
brain and its continued growth after hypo
physectomy, our results demonstrate that 
its growth is significantly retarded, that the 
cortex is less affected in weight than is the 
rest of the brain; that AChE/weight is re
duced by hypophysectomy, especially in the 
cortex; and that the ChE/ AChE ratio is 
raised, especially in the cortex. In certain 
other studies, no significant effects ofhypo
physectomy were found on the brain of the 
rat, but these studies are not directly com
parable with the present one, either because 

1 ., 

! 
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different measures were employed or be..: 
cause subjects were taken at different ages. 
Thus Diamond, Johnson, Ingham, and Stone 
(1969) studied the depth of cortex in 
Long...:Evans rats hypophysectomized at 28 
days of age and sacrificed at 77 days. The 
results showed stability of this brain meas
ure, with no difference in cortical thickness 
appearing between operates and controls._ 
Under other circumstances we have shown 
that differences in cortical depth and corti- · ·· 
cal weight correlate positively (Rosenzweig · 
et a!., 1972). In this case, however, it is 
doubtful that differences between operates 
and controls in depth would correlate with 
those in cortical weight, because hypophy
sectomy results in a shorter but wider skull 
(Asling & Frank, 1963). The cortex is 
therefore more compact in the anterior-pos
terior direction but has additional space 
laterally. Thus the lack of effect of hypo
physectomy on thickness of cortex may be 
due to redistribution of cortex and does not 
necessarily contradict the effects reported 
here on cortical weight and enzymatic ac
tivity. Gregory and Diamond (1968) re-
ported on brain measures used in the present 
study, but with hypophysectomy carried 
.out at 6 days of age and sacrifice at 33-35 
days. Weights of cortex and of total brain 
vvere less in the operates (hy ~% in both 
cases), but these differences fell short of 
statistical significance. The AChE/weight 
was significantly lower in the cortex of the 
young operates than of their controls, and 
the ChE/ AChE ratio was greater in the op
erates; both of these effects correspond to 
ones that "'e have reported here. Thus, in 
spite of the differences of ages and sex of 
the subjects, the results of Gregory and 
Diamond provide support to the results of 
the present study. 

This research is part of a series of studies 
in which we have examined possible physio
logical mechanisms that might produce the . 
cerebral effects of differential experience in 
EC and IC environments. Evidence has 
been offered that the cerebral effects are due 
neither to stress (Riege & 1\forimoto, 1970; 
Rosenzweig eta!., 1972; R.osenzweig,Krech, 
Bennett, & Diamond, 1968) nor to altered 
rates of maturation (Rosenzweig et al., 

1972; Rosenzweig et al., 1968). The present 
findings support the conclusion that, for 
hormones of the pituitary gland and for 
those regulated by the pituitary, neither .
normal resting levels nor. environmental 
modulation of endocrine activity are neces
sary to produce cerebral effects of differen
tial experience. 

REFERENCES 

ADAIR, L. B., WILSON, J. E., & GLASSMAN, E. Brain 
function and macromolecules: IV. Uridine in
corporation into polysomes of mouse brain 

, during different behavioral experiences. Pm
ceedings of the National Academy of Sciences, 
1968; 61, 917~922. 

.AsLING, C. W., & FRANK, H. R. Roentgen cephalo
metric studies on skull development in rats~ L 
Normal and hypophysectomized females. 
American Journal of Physical Anthmpology, 

·1963, 21, 527-544. 
BENNETT, E. L., DIAMOND. M. c .. KRECH, D., & 

- RosENZWEIG, M. R. Chemical and anatomical 
plasticity of brain. Science, 1964, 146, 610-619. 

DLHIO:XD, M. C. Extensive cortical depth measure
ments and neuron size increases in the cortex 
of environmentally enriched rats. Journal of 
Comparative NeuTology, 1967, 131,357-364. 

DIAMO-ND, lVL C., JoHNSON, R. E., !NGHA~r, C., & 
STONE, B. Lack of direct effect of hypophysec
tomy and growth hormone on postnatal rat 
brain morphology. Experimental NeuTology, 
1969. 23, 51-57. . 

EAYRS, J. T. Development~! relationships between 
brain and thnoid. In R. P. Michael (F.d. ). 
Endocrinology and human behavior. London~ 
Oxford Univer><ity Press, 1968. 

FoRD, D. H. (Ed.) Influences of hormones on the 
nervous system. Basel, Switzerland: S. Karger, 
1971. 

GREGORY, K. M., & DIAMOND, M. C. Acetylcholines
terase and cholinesterase activities, protein 
content and wet weight measures in the rat 
brain after early hypophysectomy. Experi
mental Nettrology, 1968, 21, 502-511. 

·RIEGE, W. H., & MoRIMOTo, H. Effects of chronic 
stress and differential e~vironments upon brain 
weights and biogenic amine levels. Journal 
of Comparative and Physiological Psychol
ogy, 1970, 71, 39EH04. 

RosENZ\HIG, M. R; Effects of experience on brain 
chemistrv and brain anatomv. Atti Accademia 
Nazionaie der Lincei (Italy), 1968, 109, 43..,. 
63. 

RosENZWEIG, M: R., & BENNETT, E. L. Effects of 
differential environments on brain weights and 
enzyme activities in gerbils, rat'S, an-d mice. 
Developmental Psychobiology, 1969, 2, 87-95. 

RoSE1\ZWEIG, M. R., BEXNETT, E. L., & DLU!Or\D, 
M. C. Cerebral effects of differential environ
ments effects of_ differential environments oc-

i 
I 

I 
l 



.I 

~-----------------LEGAL NOTICE---------------------. 

This report was prepared as an account of work sponsored by the 
United States Government. Neither the United States nor the United 
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