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Activity Rhythm and Breast Cancer in Pituitary-Isografted C and 
Effect of Hypotliafamus.‘ (25348) 

3Iiihlbock and Boot have shown that the 
estrous cycle of mice can be significantly al- 
tered by pituitary isografts( 1,2 ) . +  Estrous. 
in turn. in the rodent, is locked in defined 
phase relations with 23-hour rhythms, such as 
that in body activity(3.4). Are the latter 
rhythms biologically more basic, however. and 
do they persist under conditions which alter 
or obliterate estrous(4,j)  ? It was of interest. 
then. to record gross motor activity and to 
find that a 24-hour periodic activity-pattern 
persists after pituitary isografting. In the 
same study. mammary carcinogenesis from 
pituitary isografts was analyzed and experi- 
mentally modified. 

I’irgin female re- 
cipient and donor mice of 2 strains were used. 
The  strains had been maintained by brother- 
to-sister mating for over 15 years and differed 
in that the C’s (Bagg albino) had no demon- 
strable mammary tumor agent (31TX) . while 
the Dh’s had a demonstrable AITA. From 
weaning and throughout the study, the mice 
had Purina Fox Chow and tap water continu- 
ously available. They were kept under na- 
tural conditions of illumination. in wooden 
cages with a wire mesh top. 5 mice i n  an 11” 
.y 5\{i’’  s 5 ’ -1 ” space. Beginning during second 
month of life and continuing 7 .  8, 14, or 16 
times (a t  one-week intervals, or exceptionally, 
a t  2-week intervals), recipient mice were given 
subcutaneously by trocar one of the follow- 
ing treatments: Pools of either 5 ( I )  or 3 ( T T )  
pituitaries, or one (111) hypothalamus with 3 
pituitaries, or one ( I V )  hypothalamus alone, 
or 5 (V)  or 3 (171) pieces of femoral muscle. 

JIciteuXs c r d  methods. 

*Supported by Elsa U. Pardee Fn.. .4mer. Cancer 
Soc., U.S.P.H.S., and I lept  o i  Public iyelfare, State 
ol‘ Minn. 

t Drs. Muhlbock and H o o t  discussed actil-ity- 
rhythm measurements in pituitary-isojirafted micr 
with one of the authors (FH) and allowed him early 
insight into extensive and valuable data on estrous 
lwhavior in such micc, 

Is Mice;  

Hospital, 

The 6 <‘-recipient groups and 2 D8 recipient 
groups ( I  and V j  consisted of 10 mice each. 
The  other 4 D, recipient groups consisted olf 5 
mice each. Right and left axilla were used in 
alternation as sites of consecutive treatments. 
,Age of donors (of same stock as recipients) 
varied from 3 to 5 weeks. Transplantations 
were done with assembly-line procedures im- 
mediately after killing donors by cervical dis- 
location by day (08-16). Fig. 1 shows area 
removed as “hypothalamus”: as well as  pitui- 
tar).. Cancer rate and age were evaluated by 
inspection and palpation, the diagnosis veri- 
fied on biopsy or autopsy material stained with 
hematoxylin-eosin and, frequently, also by 
tests of transplantability. Two off 40 Ds re- 
cipients and 6 of 60 C recipients died non-can- 
cerous before one year of age. Cancer inci- 
dence comparisons were by Fisher’s exact test 
( 6 )  with and without omission of deaths prior 
to one year of age, with similar results. Dur- 
ing second year of life gross motor activity 
was measured concomitantly on 10 non-can- 
cerous C mice from different experimental 
groups (including animals which developed 
later verified breast cancer). Activity was re- 
corded for several weeks on each mouse, in 
individual electronic actometers (4,7) kept a t  
24LC in light daily from 06 to 18 hrs. 

Activity counts of individual C 
mice which had received different treatments, 
in each case, were on the average higher dur- 
ing daily dark periods than during light pe- 
riods (cf .  Fig. 2 ) .  Persistence of a 24-hour 
activity rhythm synchronized with the regi- 
men od light and dark seems establisheld for 
mice bearing pituitary isoigrafts: in which 
pseudopregnancies reportedly replace nolrmal 
estrous cycle( 1 . 2 ) .  If periodic changes under- 
lying activity rhythm, e.g., in blood corticoids 
( 8 ,9 ) ,  also are synchronized with lighting 

Results. 

$ Authors are indebted to Dr. Berry Campbell, 
Univ. of California a t  Los Angeles, fcr advice re- 
garding hypothalamus removal. 
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FIG.  '1. Tissue removal from donors (see text). 

schedule in mice bearing pituitary isografts, 
the data suggest persistence of the adrenal 
cycle( 4$,5-10) under conditions which sig- 
nificantly alter the estrous cyclle. 

In addition to changes with time, overall- 
activity levels differed from mouse to mouse. 
Similar differences existed, however, among in- 
dividual mice from the same treatment-group 
(and were recorded earlier on untreated mice), 
although the actometers had been calibrated 
before use. Further work is needed to explore 
possible differences among experimental 
groups in 1 j amplitude or level (rather than 
period j of light-dark synchronized activity 
rhythm or in 2) behavior of period of rhythm 
in the absence of such synchronization. 

Breast cancer development in some groups 
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i t y  i n  arbitrary units is higher dming dark pcriods 

(above horizontal bairs) . 

given pituitary isografts is shown in Fig. 3 
(with corresponding data on mice given mus- 
cle). The upper sections show data on D:, 

N "  

Age ( d a y s )  
* NzNo of mice w i t h  breast cancer (odenocorcinomoto and adenoocanthomoto) 

No dead wthout breast cancer. .. , ( ) Mean cancer age ,. . L 1 +S.E. 

F I G .  3. Breast cmiccr iiicideiice in 65 of reeipicnts 
stuilied-work iiivolvirig also 1390 donors of cor- 
responding inbred stock, sex, and age. Iiicitleiiee 
in virgin I), iriiec is low, whether or iiot mmlsclc? 
treat,rricnts are given; it is significantly raised by 
pituitary isografts. In 11011-caiicerous C mice pitui- 
tary isografts jndiice breast eaii~ei.,  t l i o ~ g h  at a. 
1110re advancd cancer age t ,hm in 11;s. Iiisertioii 
o f  1iypot;lialamus at times of pituitary isograftiiig 

cle1aq.s ina,mrrittry caucinogcncsis. 

mice with MTA: The number of mice with 
breast cancer was 1 of 15 DH's given muscle 
10 of S Ds's given hypothalamus (not 
graphed) 1 ,  as compared to 13 of 15 Db's 
given pituitaries (all maintained as virgins). 
Fig. 3 (bottom) also shows data. on virgin C 
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TABLE I. Body Weights of Mice without Cancer, a t  About 1 6  Months of Age.* 

No. of inserts No.  of inserts 
Treatment (No.  of mice) BoCl,v wt, g (No. of mice) Body wt, g 

* See test. t Mean 5 X.E .  

mice, without demonstrable PIITA. revealing 
again the carcinogenic effect of pituitary iso- 
grafts, in agreement with results on other 
stocks without demonstrable MTA( 2 ) , re- 
cently reviewed ( 1 ) . Differences in cancer 
incidence between muscle and pituitary treat- 
ment-groups are significant for each stock: 
The 1’ values for the 2 available comparisons 
on I>, mice were <.01 and <.03 respectively. 
and <.Ol for the C mice. 

Breast cancers recorded were adenoacan tho- 
mata or adenocarcinomata. both types being 
found in C’s as well as D,’s with pituitary iso- 
grafts. Squamous metaplasia was seen more 
often, however, in C mice without IITA than 
in D, mice with IITA, in agreement with re- 
sults of earlier work on other stocks( 11 ) .  

The carcinogenic effect of pituitary iso- 
grafts (Fig. 3 )  is in close agreement with 
earlier work ( 1 -2.12.13 ) : its significance is 
underlined by control of secular variation, 
since all treatment groups compared were set 
up concomitantly and by control of esperi- 
mental procedures, since the standards of 
reference are data from mice given muscle 
rather than data from colony a t  large, a pro- 
cedure previously used, which does not allow 
for colntrol of trauma (e .g . ,  from trocar punc- 
ture or from “irritation” by inserted tissues). 
Control of exposure to experimental proce- 
dures was sought since trauma might affect 
carcinogenesis, although some data supporting 
this suggestion were not statistically signifi- 
cant( 14) .  In  this study at 16 months of age, 
body weight of DP mice given 14 muscle treat- 
ments was lower than that in mice given only 
7 such treatments, but this possible effect of 
trauma was not apparent in comparison of C 
mice given 8 or 16 treatments (Table 1 ) .  
Herein trauma, as such, was not studied, only 
its possible effect was controlled. The con- 

:: Those alive all with breast cancer. 

tribution of pituitary isografts themselves to 
breast cancer development in the mouse stands 
out more significantly, whether or not a de- 
monstrable MTA is present. 

Stock mid number of implants in relation to  
breast C O ~ P I  incidcnce and cancer age. Al- 
though cancer developed in mice without (C)  
as well as with MTA (D8) ,  the question 
might be raised whether presence of agent en- 
hanced carcinogenesis ( c f .  1 , 2 ) .  Cancer inci- 
dence in c mice given totals of either 80 or 24 
pituitaries was 7 of 10 in each group while for 
the Ds’s given 70 or 21 pituitaries, the number 
of cancers was 8 of 10 and 5 of 5 respectively. 
Comparisons of these small samples of mice 
with different genetic background, receiving 
slightly different total numbers of treatments, 
do not reveal an effect of stolck (and agent) or 
number of implants upon cancer incidence. 
c‘ancer age, in turn, seems to be affected by 
both factors, stock (agent) and number of im- 
plants. An analysis of variance (Table 11) 
reveals these effects to be significant at about 
10%. The difference in cancer age between 
pituitary isografted mice from the C and D8 
stocks is morel clearly seen when the groups 

TABLE 11. Stock (Agent) and Number of Im- 
plants in  Relation to Cancer Age. 

Stock MTA implants (No. of mice) 
No. of Cancer age 

C - 24 523 & 32 (7) 
80 428 k 40 (7) 

n, + 21 4 1 1 4 3 0  (5) 
3 9 1 e 4 2  (8) 

Analysis of variance* 

70 

Source DF MS Ft 
No. of implants 1 .0373 3.08 
Stock (agent) 1 .0364 3.01 
Interaction 1 .0057 < l . O O  
Within 23 .0121 

.x. On log,, transformation of data. 
t P., (1 ,23)  = 2.94. 



BREAST CANCER IN PITUITARY-ISOGRAFTED MICE 6 53 

receiving the smaller number of implants are 
compared i t  computed for difference (in loglo 
transformed data) = 2.56; P = .0128]. The 
effect of number of implants, in turn, appears 
more clearly in data on the C stolck, not com- 
plicated by presence of MTA ( t  = 1.868; P 
= .088). In close agreement with Muhlbock 
and Boot( l , Z ) ,  i t  seems that. cancer age is 
shortened by either presence of MTA or by 
increase in number of implants; either effect, 
however: may be obscured by the other, that 
cf the number of implants by the presence of 
the agent and vice versa. I t  also seems per- 
tinent that in subsequent work from this lab- 
oratory, on 100 pituitary-isografted D8 recipi- 
ents, breast cancer incidence was over 20% by 
one year after implantation olf only 2 pools, 
each composed of 3 pituitaries. For this 
stock, the number of implants is therefore not 
among the more critical experimental variables 
in mammary carcinogenesis from pituitary iso- 
grafts. 

E,fect of hypothulnnzus. In some animals, 
a hypothalamus was inserted into the axilla 
(in the same trccar with the pituitary) a t  time 
of pituitary implantation. Cancer incidence in 
animals thus treated was slightly less than in 
mice given only the pituitary (Fig. 3 )  but the 
difference was not statistically significant in 
either stock. Noteworthy differences were 
found: however, in cancer age lbetween animals 
given only the pituitary on one hand and the 
pituitary and hypothalamus on the olther. At - 520 days post-implantation, one-half of the 
C mice given only pituitaries ( 5  out of 10) 
had breast cancer as compared to none of the 
(10) C mice given pituitary and hypothala- 
mus (P  = . O S ) .  The differences in cancer 
age as a function of whether or not the hypo- 
thalamus had been inserted were ultimately 
not significant a t  10% in either stock. This 
lack of statistical significance in the C data, 
however, resulted from the fa,ct that one ani- 
mal from the group given only pituitaries de- 
veloped cancer a t  a very late age and thus 
raised the mean cancer age of the pituitary 
group. 

In the interim, additional groups each com- 
posed of 20 D8 mice were given 2 pools of 
pituitary alone ( I )  or pituitary and muscle 
(11) or pituitary and cerebral cortex (111) or 

pituitary into one axilla and hypothalamus 
into the other axilla ( IV),  while another two 
groups (of 20 mice each) received the pitui- 
tary and hypothalamus in the same axilla 
either jointly by the same trocar (V)  or suc- 
cessively through different trocars directed a t  
the same site (VI)  . At the time of this writ- 
ing, 11 months post-treatment, tumor inci- 
dence in the latter two groups ( V  and VI) is 
about one-fourth that in either of the former 
groups (I to IV) . These latter findings con- 
firm the impression gained from Fig. 3 and 
suggest further that mechanical factors can- 
not be held solely responsible folr an apparent 
anti-cancer effect of the hypothalamus when 
it is inserted a t  the time of pituitary isograft- 
ing. May has suggested that grafted dying 
tissues have chemical action while they are 
being replaced by immigrated elements and 
that nerve fibers may electively be attracted 
by tissues which are no longer, or which are 
not yet innervated(l.5). At any rate, the 
mode of action od the as yet ill-defined “hypo- 
thalamus”-insert (Fig. 1) awaits analysis with 
particular reference to the moirphology or 
function of the grafted pituitary. 

Sumwzary. A light-dark synchronized ac- 
tivity rhythm persists in pituitary-isografted 
C mice. The adrenal cycle probably persists 
in mice with a significantly altered estrous cy- 
cle( 1,Z).  Multiple pituitary isografts are as- 
sociated with adenocarcinomata and adeno- 
acanthomata in virgin female mice of the D8 
and C stocks. The carcinogenic effect of the 
pituitary isografts is statistically significant 
and not a result of trauma. Number of im- 
plants as well as presence or absence of mam- 
mary tumor agent also are significant vari- 
ables, but neither variable is critical to car- 
cinogenesis from pituitary isograf ts, under the 
conditions studied. Insertion of the hypo- 
thalamus a t  the time of pituitary implantation 
delays mammary carcinogenesis by mecha- 
nisms as yet unknown. 

The authors are greatly indebted to Dr. Robert 
Hebbel of the Dept. of Pathology, Univ. of Minne- 
sota, for valuable help in histologic diagnoses. 
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Apparent Loss of Glycine on Acid Hydrolysis. (25349) 

JEAK S .  O ' B . A K K  X \ I )  ('HAKLES A. DENTON 
Animal  Hitahandry RPAearc-h Di-Jisiori, .1 R S . lgric.  Rr,rearc-h Center,  BPltbvillP, M d .  

Studies concerning loss of amino acids dur- 
ing acid hydrolysis of protein containing ma- 
terials have been reported(l .2).  For the 
most part, such losses resulted from outright 
destruction, racemization. or irreversible bind- 
ing to human material. The present report is 
concerned with an apparent loss of glycine, as 
determined microbiologicallj-, with increasing 
time of acid hydrolysis. This loss is due to 
the presence of glycine peptides in the short 
time hydrolysates which promote greater 
growth of the assay organism than a corre- 
sponding amount of free glycine. The  rela- 
tionship of these findings to the antagonistic 
effects of certain amino acids in the basal me- 
dium upon glycine was investigated. 

Methods. Hydrolysates were prepared by 
autoclaving 1 g olf material with 20 in1 of 3 
N HCl in a sealed tube a t  15 lb 121-C for 
varying time. The  hydrolysates were taken 
to dryness. resuspended in water and made up  
to pH 4.0 with KOH. After filtering through 
a sintered glass funnel, the resulting clear fil- 
trate was adjusted to pH 6.8, made to desired 
volume and stored under toluene a t  5°C. Gly- 
cine was estimated microbiologically with LPU- 
conostoc mesentwoides strain 1)-60 ( ATC'( ' 
8042 ) using a commercially prepared amino 
acid assay mixture.* After distributing 2 ml 

* M.M.Chemica1 Go. 

of assay medium, samples and standards were 
added and total tube volume was made to 3 
ml. The tubes were autoclaved for 10 min. a t  
1.5 Ib 121"C', cooled, and inoculated with one 
drop of a washed suspension of test organism. 
Jncubation was carried out a t  37°C for 72  
hours and the resulting acidity titrated w:th 
0.025 S NaOH. 

Krszrlts. Typical results illustrating effect 
of acid hydrolysis u p m  glycine content of soy- 
1)ean oil meal are shown in Fig. 1. The appar- 
ent glycine reaches a maximum a t  one hour, 
and thereafter drops rapidly to 6 hours. Ad- 
ditional autoclaving to 24 hours results in a 
further slight loss in activity. In separate ex- 
periments. where glycine was added prior to 
hydrolysis, recovery values ranging from 97.1 
to 100.8$, showed that this apparent loss was 
not due to destruction of free glycine. I n  
addition to decrease in glycine activity with 
increased time of hydrolysis, a dxvnward drift 
with increasing aliquot of sample assayed was 
observed. These results are shown in Table 
1. In  the various hydrolysates, decrease in 
assayed glycine value is less with larger ali- 
quot of sample and more pronounced with 
smaller aliquot. However, as time of hy- 
drolysis is lengthened these differences be- 
come less significant. 

Therefore. i t  seemed exnedient to examine 


