
NSL 64-29-10 

PROGRESS REPORT 

INVESTIGATION OF PEROGNATHUS A S  AN EXPERIMENTAL ORGANISM 
FOR RESEARCH I N  SPACE BIOLOGY 

1 January t h r o u g h  31 M a r c h  1966 

GPO PRICE $- 

R. G. L i n d b e r g ,  Ph.D. 
P r i n c i p a l  Inves t iga to ;  

~ 6 6 3  July65 

PREPARED UNDER CONTRACT NASW- 8 1 2  

f o r  

'On WSOd A U m ~ ~ d  O F F I C E  OF SPACE S C I E N C E S  
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

I 

WASHINGTON 2 5 ,  D.C. 20546 

NORTHROP SPACE LABORATORIES 
3401 WEST BROADWAY 

HAWTHORNE, CALIFORNIA 90250 

https://ntrs.nasa.gov/search.jsp?R=19660014420 2020-03-16T19:45:30+00:00Z



NSL 64-29-10 

Investigation of Perognathus as an 

Experimental Organism for Research in 

Space Biology (Contract NASw-812) 

1 January through 31 March 1966 

R. G. Lindberg, Ph.D. 
Principal Investigator 

Di rec to r ,V  Lif e Sciences 

Northrop Space Laboratories 
3401 West Broadway 

Hawthorne, California 90250 



TABLE OF CONTENTS 

Page 

Hibernation Characteristics 
in Perognathus longimembris . . . . . . . . . . .  1 

Preliminary Report of Free Running Rhythms 
of Body Temperature in Perognathus longimembris 
at 22OC and 10°C. . . . . . . . . . . . . . . . .  12  



t c 

HIBERNATION CHARACTERISTICS I N  PEROGNATHUS LONGIMEMBRIS 

Kyl l ikk i  Grubel 

I. INTRODUCTION 

It has been e s t a b l i s h e d  t h a t  Perognathus longimembris has a c i r c a d i a n  

rhythm of t o r p i d i t y  throughout t h e  year (Bartholomew e t  a l . ,  1957, Chew 

e t  a l . ,  1965). 

spontaneously every 24 hours. 

days without  a rous ing  when kep t  i n  a c o l d  environment (+lO°C). 

The pocket mice a r e  a b l e  t o  go i n t o  t o r p i d i t y  and a rouse  

They a l s o  may s t a y  i n  t o r p i d i t y  f o r  a few 

The p r e s e n t  work was designed t o  determine whether t h e r e  i s  a 

s easona l  f a c t o r  i n f l u e n c i n g  t h e  t o r p i d i t y  p a t t e r n  of t h e  pocket mice 

and whether t h e i r  t o r p i d i t y  i s  comparable t o  t h e  h i b e r n a t i o n  phenomenon 

of t h e  * k l a s s i c a l "  h i b e r n a t o r s .  

t r u e  h i b e r n a t o r s  ma in ta in  a d i f f e r e n t i a l  v a s o c o n s t r i c t i o n  i n  o r d e r  t o  

enhance t h e  r a p i d  rewarming of t h e  b r a i n  and t h e  v i t a l  organs i n  t h e  

thorax.  T h e i r  brown f a t  performs a thermogenic r o l e  during a r o u s a l .  

And i n  most h i b e r n a t o r s ,  t h e  thyroid glands a r e  invo lu ted  during h ibe r -  

n a t i o n  season.  Th i s  r e p o r t  summarizes t h e  r e s u l t s  of experiments i n  

p rogres s  designed t o  e s t a b l i s h  whether t h e s e  systems a r e  p r e s e n t  i n  

- P. longimembris and whether t h e r e  a r e  seasona l  v a r i a t i o n s  i n  t h e s e  

parameters .  

During t h e  f i r s t  p a r t  of a r o u s a l ,  t h e  

11. MATERIALS AND METHODS 

The animals used f o r  t h e  present  work were randomly chosen i n d i v i d u a l s  

of t h e  species E .  longimembris. 

t o  3% y e a r s ,  and bo th  males and females were used. 

t h e  m i c e  had been kep t  i n  ind iv idua l  one-gal lon jars,  which contained 

about  one inch  of sand. 

and 1 2  hours l i g h t - d a r k  photoperiod was provided. The mice were f ed  a 

m i x t u r e  of r o l l e d  o a t s ,  b i r d  seed and sunflower seed l i b i t u m  and an  

o c c a s i o n a l  p i e c e  of l e t t u c e  o r  apple,  b u t  no water .  

cap tu red  n e a r  Whitewater, C a l i f o r n i a .  

The age of t h e  animals v a r i e d  from 1% 

During t h e i r  c a p t i v i t y  

Ambient temperature was he ld  cons t an t  a t  ca .  +22OC, 

A l l  t h e  mice had been 
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A. Blood flow r a t e  and c o l o n i c  temperature during a r o u s a l  

1) Apparatus. A s c i n t i l l a t i o n  probe (Nuclear-Chicago DS 5) ,  which 

was connected t o  a ra te-meter  (Nuclear-Chicago 1620 B) and f u r t h e r  t o  a 

r eco rde r  (Nuclear-Chicago R l O O O ) ,  was placed i n  a v e r t i c a l  p o s i t i o n  

underneath a working t a b l e .  

was a s t anda rd  s i z e  ( 5  x 10 x 20 cm) l ead  b r i c k ,  w i t h  a 5 mm diameter h o l e  

d r i l l e d  through i t s  c e n t e r .  

wood board. 

On t h e  t a b l e  above t h e  s c i n t i l l a t i o n  probe 

The lead b r i c k  was topped by a f i t t e d  pine-  

2 )  Method. When an experiment w a s  s t a r t e d ,  a mouse was removed from 

i t s  j a r ,  and t i e d  on to  t h e  board v e n t r a l l y  i n  such a p o s i t i o n  t h a t  t h e  

l e f t  t h i g h  was d i r e c t l y  above t h e  5 mm h o l e  i n  t h e  l ead  b r i c k .  

probe was placed i n  t h e  co lon  (ca.  2 c m  deep) t o  o b t a i n  a continuous record 

in Os, - 0.5 m l  of 0.9% NaCl solu-  

A t h e r m i s t o r  

13 1 oi the  tody teiqeratzre. 2 gc 5f I 

t i o n  was then  i n j e c t e d  i n t o  t h e  musculature of t h e  l e f t  t h i g h  above t h e  

s c i n t i l l a t i o n  probe. The r eco rde r  t hus  provided a continuous record o f  

c l e a r a n c e  from t h e s e  p e r i p h e r a l  muscles,  t he reby  g i v i n g  an i n d i c a t i o n  

of t h e  blood flow r a t e  a t  s i t e .  

I n  handl ing t h e  d a t a  ob ta ined  from t h e s e  experiments,  time zero was 

chosen t o  be t h e  t i m e  of i od ine  i n j e c t i o n .  To ach ieve  t h e  temperature  

r eco rds  (Fig.  1) a reading was taken from t h e  o r i g i n a l  r eco rds  a t  5 min. 

i n t e r v a l s .  The i o d i n e  c l e a r a n c e  record i n  t h e  a rous ing  m i c e  formed a 

two-part  curve.  The f i r s t  p a r t  i n d i c a t e d  n e g l i g i b l e  blood flow. The 

second p a r t  showed a b r u p t  i n c r e a s e  i n  blood f low r a t e .  

was t aken  t o  i n d i c a t e  t h e  l e n g t h  of t i m e  t h a t  p e r i p h e r a l  v a s o c o n s t r i c t i o n  

was maintained.  

The p o i n t  of change 

3 )  Animals. One group of nine m i c e  was k e p t  i n  normal room tempera- 

t u r e  and used f o r  c o n t r o l s .  Two groups of mice were placed i n  a cons t an t  

t empera tu re  room w i t h  a temperature of +lO°C and a 12-hour l i g h t - d a r k  c y c l e .  

The f a l l  group (October, 6 mice) had food a t  w i l l .  The w i n t e r  group 

(February,  9 mice) w a s  f i r s t  given food, b u t  s i n c e  a f t e r  f o u r  days of 

c o l d  exposure on ly  one animal had become t o r p i d ,  t h e  food and sand were 

removed from t h e  j a r s .  

of one mouse t h a t  d i ed .  

The animals t hen  became t o r p i d ,  w i t h  t h e  except ion 
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B. Amount of brown f a t  

For t h i s  s tudy ,  each mouse was f i r s t  weighed and then a n e s t h e t i z e d  

wi th  e t h e r .  A l l  brown f a t  was removed from t h e  mouse and weighed immedi- 

a t e l y .  From t h e s e  f i g u r e s ,  t he  brown f a t  percentage of t o t a l  body weight 

was  c a l c u l a t e d .  

Two groups of m i c e  were s tud ied :  1) a group of t e n  pocket m i c e  k e p t  

i n  normal room temperature,  w i t h  food & l i b i tum;  2 )  a group of t e n  m i c e  

k e p t  a t  +lO°C,  w i t h  food & l i b i tum f o r  t h r e e  t o  s i x  days b e f o r e  s a c r i f i c e .  

C .  H i s t o l o g i c a l  appearance of t h e  t h y r o i d  g l ands  

For t h e s e  obse rva t ions ,  t h e  same i n d i v i d u a l  mice were used a s  f o r  

P a r t  B,  brown f a t  measurements. Due t o  t h e  small  s i z e  o f  p. longimembris, 

t h e  removal of t h e  thy ro id  g l ands  was performed under t h e  microscope. 

Also,  i n  t h e  subsequenr: hanciiing or' these tissues the siiil.1 s i z e  ca??ed f o r  

s p e c i a l  methods. When t h e  t i s s u e s  w e r e  embedded i n  p a r a f f i n ,  t h e  fol lowing 

s t e p s  were taken:  

i n t o  c o l o r l e s s  p a r a f f i n  i n  a mold 3 x 3 x 2 m. 

pee led  o f f  t h e  p a r a f f i n ,  and t h e  small p a r a f f i n  cube wi th  t h e  t h y r o i d  g l ands  

i n  it was subsequent ly  embedded i n t o  co lo red  p a r a f f i n  i n  a r e g u l a r  s i z e  mold. 

t h e  thy ro id  glands were embedded i n  t h e  o r d i n a r y  manner 

The aluminum f o i l  was then 

The t i s s u e s  were sec t ioned  6u t h i c k  and s t a i n e d  wi th  hematoxylin and 

eos in .  The diameter  of t h e  f o l l i c l e s  and t h e  th i ckness  of t h e  ep i the l ium 

w e r e  measured. 

111. RESULTS 

A .  Colonic temperature  and p e r i p h e r a l  v a s o c o n s t r i c t i o n  during a r o u s a l  

The r e s u l t s  of t h e s e  experiments a r e  i l l u s t r a t e d  i n  F igu res  1 and 2. 

The c o l o n i c  temperature  of t h e  c o n t r o l  m i c e  s t ayed  between +32OC and +36OC. 

No p e r i p h e r a l  v a s o c o n s t r i c t i o n  was observed i n  t h e s e  mice. 

The a r o u s a l  of t h e  t o r p i d  mice i n  October forms a c o l o n i c  temperature  

c u r v e  c h a r a c t e r i s t i c  of h ibe rna t ing  animals.  There i s  d e f i n i t e  vasocon- 

s t r i c t i o n  i n  t h e  p e r i p h e r i e s ,  t h e  average t ime being 38.3 min. 

a r o u s i n g  mouse r e l e a s e d  t h e  pe r iphe ra l  blood flow 15 min. a f t e r  beginning 

of t h e  experiment.  

t h i s  v a s o c o n s t r i c t i o n  f o r  65 min. 

The f a s t e s t  

The mouse w i t h  t h e  longes t  a rous ing  t i m e  maintained 

However, i n  February when the mice had t o  be s t a r v e d  b e f o r e  they 

would become t o r p i d ,  only one ou t  o f  e i g h t  mice aroused. The average t i m e  
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of v a s o c o n s t r i c t i o n  w a s  on ly  11.2 min. 

rewarmed a t  about t h e  same r a t e  as the  s lowest  a rous ing  mouse i n  October. 

This  mouse maintained t h e  p e r i p h e r a l  v a s o c o n s t r i c t i o n  f o r  10 min. 

The on ly  mouse t h a t  d i d  arouse,  

B. The amount of brown f a t  

The body weights ,  brown f a t  weights and t h e  p e r c e n t  of brown f a t s  

r e l a t i v e  t o  body weights a r e  shown i n  F igu re ,3 .  

t h e  d i f f e r e n c e s  i n  t h e  body weights and t h e  a b s o l u t e  brown f a t  weights a re  

n o t  s i g n i f i c a n t .  But t h e  re la t ive amount of brown f a t  i s  s i g n i f i c a n t l y  

l a r g e r  i n  t h e  c o l d  exposed mice. 

mice was 2.0 2 0.9% and i n  t h e  group of cold exposed mice 3.3 2 0.4% of 

body weight.  

A s  is seen  i n  t h i s  f i g u r e ,  

The amount of brown f a t  i n  t h e  c o n t r o l  

C. The t h y r o i d  g l ands  

The h i s t o l ~ g i c a l  appearance of t h e  thy ro id  g l ands  i s  d i f f e r e n t  i n  t h e  

two groups of mice. 

(diameter  59.5 2 1 1 . 7 ~ )  and f i l l e d  wi th  c o l l o i d .  

a r e  squamous, t h e  average th i ckness  of t h e  e p i t h e l i u m  being 4.5 _+ 0.8~. 
I n  g e n e r a l ,  t h e  t h y r o i d s  of t h e  c o n t r o l  group i n  t h e  l a t t e r  p a r t  of 

January may be desc r ibed  as involuted.  

I n  t h e  c o n t r o l  group, t h e  f o l l i c l e s  a re  l a r g e  

The e p i t h e l i a l  ce l l s  

On t h e  o t h e r  hand, t h e  thy ro id  g l ands  o f  t h e  co ld  exposed m i c e  a t  

t h e  same t i m e  of t h e  yea r  appeared very a c t i v e .  

g l ands  w e r e  not organized i n t o  f o l l i c l e s .  

l i t t l e  o r  no c o l l o i d  was presen t .  The remainder of t h e  g l and  c o n s i s t e d  of 

sma l l  f o l l i c l e s  w i t h  t h e  average diameter of 38.9 2 6.1 U. The e p i t h e l i a l  

ce l l s  w e r e  c u b i c a l  o r  c y l i n d r i c a l  i n  shapg and t h e  th i ckness  of ep i the l ium 

was g r e a t e r  t han  i n  t h e  c o n t r o l  group, 9.9 - + 1.7  p. 

t r a t e d  i n  F igu re  4 .  

i n  t h e i r  t h y r o i d  gland h i s to logy .  

The c e n t e r  p a r t s  of t h e  

The cel ls  were crowded, and 

The d a t a  a r e  i l l u s -  

It shows t h a t  t h e  two groups obviously have d i f f e r e n c e s  

I V .  DISCUSSION 

The purpose of t h i s  s tudy  w a s  t o  determine whether t h e  physiology of 

t o r p o r  i n  - P. longimembris i s  s i m i l a r  t o  t h e  physiology of I k l a s s i c a l ”  

h i b e r n a t o r s .  

pe rmi t  any conc lus ive  deduct ions.  

membris does behave as a f lclassicalff  h i b e r n a t o r ,  and ( 2 )  t h a t  t h e r e  may 

b e  a seasona l  rhythm i n  t h e  t o r p i d i t y  p a t t e r n  of E .  longimembris. 

a r o u s a l  p a t t e r n  and simultaneous pe r iphe ra l  v a s o c o n s t r i c t i o n  seen i n  

Obviously, t h e  d a t a  a v a i l a b l e  a t  t h e  p r e s e n t  s t a g e  do n o t  

But t hey  do sugges t  ( 1 )  t h a t  E .  l ong i -  

The 
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t h e s e  m i c e  i n  October confirm t h e  hypothesis  t h a t  t h e  organism would have 
t h e  same types  of phys io log ica l  mechanisms a s  has been observed by 

previous  au tho r s  (Bul la rd  e t  a l . ,  1962, Lyman e t  a l . ,  1963) i n  t h e  t r u e  

h ibe rna to r s .  The f a c t  t h a t  they seem t o  be  less a p t  t o  go i n t o  t o r p i d i t y ,  

a r e  unable  o r  very slow t o  a rouse  and main ta in  t h e i r  v a s o c o n s t r i c t i o n  f o r  

a r e l a t i v e l y  s h o r t  t i m e  when t r y i n g  t o  a rouse  i n  e a r l y  February is  

p o s s i b l y  due t o  t h e  l a t e  season. 

p o t e n t i a l i t y  f o r  h i b e r n a t i o n  (o r  a e s t i v a t i o n )  i n  E. longimembris presumably 

e x i s t s  throughout t h e  yea r ,  and t h a t  t h e r e  i s  no d i f f e r e n c e  i n  a r o u s a l s  

dur ing  t h e  year .  But he d i d  h i s  experiments between June and September 

and aroused t h e  animals i n  room temperature ,  whereas ou r  a r o u s a l  exper i -  

ments were conducted i n  an  ambient temperature  of +lO°C.  

i n  t h e  experiments would account f o r  t h e  d i f f e r e n t  r e s u l t s .  

of s easona l  e f f e c t s  on t h e  t o r p i d i t y  p a t t e r n  of E. longimembris has been 

p rev ious ly  suggested by Chew et  a l .  (1963). They found t h a t  E. longimem- 

- b r i s  k e p t  a t  + lO°C f o r  n ine  months on a cons t an t  12-hr photoperiod showed 

t h e  g r e a t e s t  inc idence  of t o r p i d i t y  i n  t h e  win ter .  

au tho r s  have poin ted  towards t h e  p o s s i b i l i t y  of p e r i p h e r a l  vasocons t r i c -  

t i o n  dur ing  a r o u s a l  i n  pocket mice. 

a rousa1 ,coord ina t ion  i s  a t t a i n e d  f i r s t  i n  t h e  fore l imbs  wh i l e  c o n t r o l  over  

t h e  h indquar t e r s  l ags  some minutes behind. Bartholomew e t  a l .  (1957) 

found t h a t  r e c t a l  temperature  lagged s l i g h t l y  behind t h e  o r a l  temperature  

du r ing  a r o u s a l .  

Bartholomew e t  a l .  (1957) s t a t e  t h a t  t h e  

These d i f f e r e n c e s  

The p o s s i b i l i t y  

The works of  o t h e r  

Eisenberg (1963) says  t h a t  dur ing  

Our r e s u l t s  seem to  confirm t h e s e  s ta tements .  

Seve ra l  au tho r s  have s t a t e d  t h a t  t h e  thy ro id  g lands  a r e  invo lu ted  

du r ing  h i b e r n a t i o n  (e.g. ,  Kayser, 1961; Hoffman, 1964). The appearance 

of  t h e  t h y r o i d  g lands  of t h e  con t ro l  group i n  l a t e  January seem t o  ag ree  

w i t h  t h i s .  

a c t i v e .  

t end  t o  ma in ta in  t h e i r  normal body temperature  r a t h e r  than  go i n t o  h ibe r -  

n a t i o n  under exposure t o  t h e  s t ress  of  a co ld  environment. 

would b e  t h e  case, i t  would mean t h a t  t h e r e  i s  some d i f f e r e n c e  i n  t h e  

sys tem of h i b e r n a t i o n  and a e s t i v a t i o n .  This  would be t h e  oppos i t e  of 

what Bartholomew e t  a l .  (1957) s t a t e s .  There i s  disagreement among 

v a r i o u s  au tho r s  a s  t o  t h e  s t a t e  of t h e  thy ro id  glands dur ing  h ibe rna t ion ,  

and Kayser (1961) concludes:  "Hibernation i s  u s u a l l y  accompanied by an 

The t h y r o i d  g lands  of  t h e  co ld  exposed mice appeared more 

Th i s  might b e  explained by t h e  l a t e  season when t h e  m i c e  would 

But i f  t h i s  
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underfunct ioning of t h e  t h y r o i d ,  but small s i z e d  h i b e r n a t o r s  may h i b e r n a t e  

even though t h e i r  t h y r o i d s  show the  morphological s i g n s  of a c t i v e  glands 

and though t h e i r  blood con ta ins  a c t i v e  forms of i o d i n e  e l abora t ed  by t h e  

thy ro id .  l1 

The importance of brown f a t  t o  h i b e r n a t o r s  du r ing  t h e i r  a r o u s a l  has 

been shown by Smith and Hock (1963) and Kauppinen e t  a l .  (1964, a b s t r . ) .  

Our d a t a  on t h e  amount of brown f a t  i n  - P. longimembris show t h a t  t h e s e  

m i c e  have a r e l a t i v e l y  l a r g e  amount o f  brown f a t  and t h a t  t h e i r  brown 

f a t  r e a d i l y  responds t o  c o l d  s t imulus.  

V. SUMMARY 

1) The a r o u s a l  from t o r p i d i t y  w a s  s t u d i e d  i n  - P. longimembris i n  

October and e a r l y  February. During a r o u s a l ,  t h e  c o l o n i c  temperature  and 

t h e  blood flow r a t e  i n  a hind limb were observed. I n  October, t h e  temper- 

a t u r e  increment formed a curve,  which i s  t y p i c a l  of " c l a s s i c a l "  h i b e r n a t i n g  

mamnals. The blood flow r a t e  i n  the  hind limb i n d i c a t e d  p e r i p h e r a l  vaso- 

c o n s t r i c t i o n .  I n  February,  seven o u t  of e i g h t  mice f a i l e d  t o  arouse.  

T h e i r  p e r i p h e r a l  v a s o c o n s t r i c t i o n  was maintained f o r  a r e l a t i v e l y  s h o r t  

t i m e ,  i f  a t  a l l .  

2 )  The amount of brown f a t  and t h e  h i s t o l o g i c a l  appearance of t h e  

t h y r o i d  glands were s t u d i e d  i n  l a t e  January.  The amount of brown f a t  i n  

c o n t r o l  animals w a s  2.0% of body weight. I n  c o l d  exposed mice, i t  was a s  

much as 3.3%. 

i n  c o l d  exposed m i c e ,  a c t i v e .  

The t h y r o i d  g l ands  i n  c o n t r o l  m i c e  appeared p a s s i v e  and 

3 )  The s p a r s e  d a t a  do no t  a l l o w  d e f i n i t e  conclusions,  bu t  t h e  r e s u l t s  

of t h e s e  experiments suggest  t h a t  t he  physiology of t o r p o r  i n  E. longimem- 

- b r i s  i s  s i m i l a r  t o  t h a t  of l l c l a s s i c a l l l  h ibernators ,  and t h a t  t h e r e  i s  a 

p o s s i b i l i t y  of a s easona l  f a c t o r  a f f e c t i n g  t h e i r  t o r p i d i t y  p a t t e r n .  
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PRELIMINARY REPORT OF FREE RUNNING RHYTHMS 
OF BODY TEMPERATURE I N  PEROGNATHUS LONGIMEMBRIS AT 2 2 O C  AND 10°C 

Page Hayden 

I .  INTRODUCTION 

The s tudy of h i b e r n a t i o n  has both a phys io log ica l  and a temporal f a c e t .  

The y e a r l y  l i f e  c y c l e  of a " t y p i c a l "  h i b e r n a t o r  involves  t h r e e  major segments: 

1) p r e p a r a t i o n  f o r  h ibe rna t ion ,  2 )  h ibe rna t ion ,  and 3 )  a rousa l  and reproduct ion .  

During t h e  h i b e r n a t i o n  per iod ,  t h e  t y p i c a l  hypothermic s t a t e  i s  broken per iod-  

i c a l l y ,  and t h e  body temperature  i s  r a i s e d  t o  normal. These a r o u s a l s  occur  i n  

a rhythmic manner every few days o r  weeks, depending on t h e  species and environ-  

mental  cond i t ions .  

h i b e r n a t i n g  s t a t e  a r e  d i f f e r e n t  phenomena from t h e  o v e r a l l  y e a r l y  c y c l e  of 

h i b e r n a t i o n  vs .  normal a c t i v i t y .  

These rhythmic a rousa l s  w i th  innnediate r e -en t ry  i n t o  t h e  

The L i t t l e  Pocket Mouse (Perognathus longimembris) undergoes c y c l i c  

pe r iods  of  depressed metabolism of a c i r c a d i a n  n a t u r e  (Chew, Lindberg and 

Hayden, 1965) and a l s o  an  annual cyc le  of increased  express ion  of t h i s  rhythm 

i n  any g iven  number of animals (unpublished obse rva t ion  i n  t h e  l abora to ry )  

which corresponds w i t h  f i e l d  observa t ions .  I n  n a t u r e ,  t h e s e  animals  d i sappea r  

from above ground a c t i v i t i e s  from October u n t i l  l a t e  January and have been 

thought  t o  h ibe rna te .  

ment t h e  metabol ic  rhythm of t o r p o r  and a c t i v i t y  under cond i t ions  more c l o s e l y  

resembling those  found i n  n a t u r e  than p rev ious ly  used. 

f a c t o r s  a r e :  t i m e  of yea r ,  su rp lus  of food, cons t an t  dark,  i s o l a t i o n  from 

n o i s e  and low temperature .  

I t  was t h e  purpose of  t h i s  phase of t h e  s tudy  t o  docu- 

The most p e r t i n e n t  

11. METHODS AND MATERIALS 

The experimental  p l a n  was t o  cons t an t ly  monitor  t h e  body temperature  of  

a group of pocket m i c e  t h a t  were t o  be maintained i n  dark a t  t h r e e  tempera- 

t u r e  l e v e l s  (22OC, 10°C and 5OC) f o r  t h r e e  weeks a t  each l eve l .  Temperature 

moni tor ing  telemeters were s u r g i c a l l y  implanted w i t h i n  t h e  p e r i t o n e a l  c a v i t y  

and were no t  t i e d  t o  any organ. The animals were allowed t o  r ecupe ra t e  from 

t h e  implan ta t ion  f o r  8 days,  by which t ime t h e  i n c i s i o n  had healed,  and t h e  

animal  appeared t o  be  normal. They were then he ld  f o r  7 days a t  2 2 O C  with  a 

12 hour  l i g h t  (0600-1800) and 1 2  hour da rk  (1800-0600) photoperiod.  Animals 

used i n  t h i s  experiment were s e l e c t e d  because f r equen t  observa t ions  ind ica t ed  

a tendency t o  p e r i o d i c  to rpo r .  

12  



A l l  experimental  chambers were provided wi th  a h a l f - i n c h  s u b s t r a t e  of 

d e s e r t  sand, 35 gm of sunflower seeds and a handful  of d ry  g r a s s  f o r  bedding. 

The i n d i v i d u a l  animal chambers were placed i n  a l i gh t -p roof  cons t an t  temper- 

a t u r e  room and were semi - i so l a t ed  from each o t h e r  by open f r o n t  boxes con- 

s t r u c t e d  of a c o u s t i c a l  t i l e .  A f t e r  29 days of cont inuous i s o l a t i o n ,  t h e  food 

supply was rep len ished  and a small  amount of d ry  g r a s s  added. Entry i n t o  t h e  

cons t an t  temperature  room was made with t h e  a i d  of  a ruby red l i g h t  (photo- 

g raph ic  s a f e  l i g h t )  and c a r e  was  taken t o  keep d i r e c t  i l l u m i n a t i o n  of animals 

a t  a minimum. Previous exper ience  has i n d i c a t e d  t h a t  Perognathus cannot 

e n t r a i n  t o  t h i s  p o r t i o n  of  t h e  spectrum o r  i n t e n s i t y  of  i l l umina t ion .  

e n t r y  t i m e  was about 7 minutes.  

To ta l  

The animals were k e p t  a t  5 O C  longer than  t h e  a l l o t t e d  t i m e  per iod .  

However, because of m u l t i p l e  f a i l u r e s  of  a p o r t i o n  of t h e  da t a  recording sys-  

t e m ,  u n r e l i a b l e  da t a  w e r e  ob ta ined  during t h e  5 O C  p o r t i o n  of t h e  experiment.  

It i s  s i g n i f i c a n t ,  however, t h a t  t h e  animals a t  5OC d i d  undergo p e r i o d i c  

t o r p o r  and surv ived  t h e  36-day exposure. 

111. RESULTS 

Two animals were found dead when t h e  chamber was en tered  on t h e  29th 

day. One animal had escaped from i t s  monitor ing chamber and presumably had 

s t a r v e d .  The o t h e r  animal was dead i n  i t s  monitor ing chamber, w i th  no 

obvious cause of dea th .  

Food consumption: A t  t h e  te rmina t ion  of  t h e  experiment,  t h e  remaining f i v e  

m i c e  appeared to  be  i n  e x c e l l e n t  hea l th ,  even though a gene ra l  weight l o s s  

was noted.  A l l  animals  l o s t  weight ,  w i t h  an average of 1.3 gm (range 0.8 - 
1.8 gm). 

t h r e e  of  t h e  f i v e  consuming approximately 23.7 gm of sunflower seeds dur ing  

t h e  86 days of  t h e  t o t a l  experiment.  These range va lues  of 0.17 - 0.27 gm 

foodlday a r e  113 t o  115 of  t h e  amount r equ i r ed  by t h e  animals t o  main ta in  

normal body temperature .  

Sequence and d u r a t i o n  of t o r p o r :  F o r  t h e  purpose of t h i s  paper ,  t o r p o r  i s  

d e f i n e d  a s  t h e  d e c l i n e  i n  body temperature t o  w i t h i n  one o r  two degrees  

above t h e  ambient temperature ,  22OC and 10°C r e s p e c t i v e l y .  

a r o u s a l  from t o r p o r  du r ing  a 24-hr per iod a r e  p l o t t e d  i n  F igu re  1. Per iods  

of  t o r p o r  were observed i n i t i a l l y  during t h e  l i g h t  p o r t i o n  of t h e  regimen 

and were g e n e r a l l y  ev iden t  by t h e  fou r th  o r  f i f t h  day. 

24D w a s  i n i t i a t e d  on t h e  7 t h  day, a l l  animals exh ib i t ed  d a i l y  per iods  of 

Food consumption averaged 2 1 . 1  gm ( range  14.8 - 23.8 gm) wi th  

The onse t  and 

A f t e r  t h e  cons t an t  

13 



L 

I .  

t o rpo r .  These t o r p o r  pe r iods  l a s t e d  from f o u r  hours t o  t h e  e n t i r e  24-hr 

per iod .  

day 30, Fig.  1). 

I n  some cases ,  m u l t i p l e  per iods  of t o r p o r  were observed ( # 5  on 

The d u r a t i o n  of s e q u e n t i a l  per iods  of  t o r p o r  i s  p l o t t e d  i n  F igu re  2.  

It appears  t h a t  t h e  pe r iods  of to rpor  p rogres s ive ly  lengthen  u n t i l  about 

t h e  8 t h  o r  9 t h  day; however, one animal reached a p l a t e a u  a f t e r  f o u r  pe r iods  

of t o r p o r  (#3, F ig .  2) .  

4200 minutes ( 7 2  hours )  a t  10°C. 

per iods  of t o r p o r  of over  3700 minutes (61  hours )  each. A t  2 2 O C ,  69% of 

t h e  t o r p o r  per iods  were from 200 t o  800 minutes (3-13 hour s ) ,  w i t h  30% 

being from 400 t o  600 minutes (6.6-10 hours ) ,  and 9% were from 1800 t o  

2200 minutes (30-36 hours ) .  A t  10°C, 24% of t o r p o r  pe r iods  were from 200 

t o  800 minutes ,  32% were g r e a t e r  than  2200 minutes (=max t i m e  i n  t o r p o r  a t  

22OC) and 11% were from 3600-4200 minutes (60-70 hours) .  

The maximum t i m e  spen t  i n  cont inuous t o r p o r  w a s  

One animal exh ib i t ed  f i v e  s e q u e n t i a l  

A dec rease  i n  ambient temperature  and concomit tant  dec rease  i n  t h e  

u l t i m a t e  body temperature  during to rpor  does no t  i n i t i a l l y  i n c r e a s e  t h e  

l e n g t h  of t o r p o r  exh ib i t ed  by t h e  animal. 

t o  t h e  decrease  i n  ambient temperature  (from 22OC t o  10°C) w i t h  a decrease  

i n  d u r a t i o n  of t o rpo r  (compared t o  t h e  d u r a t i o n  of t o r p o r  a t  22OC). 

dec rease  i n  d u r a t i o n  of  t o r p o r  i s  evident  f o r  3-5 t o r p o r  pe r iods  a f t e r  t h e  

tempera ture  change. Two animals (Fig. 2, #3 and #7) were unusual i n  t h a t  

they underwent two l eng ths  of to rpor  pe r iods ,  approximately 600 minutes and 

1600-2000 minutes ,  dur ing  t h e  22OC ambient temperature .  The long per iods  

were g e n e r a l l y  sepa ra t ed  by one o r  two s h o r t  per iods .  

(#3) was unique i n  t h e  r e l a t i v e l y  long t o r p o r  per iod  t h a t  was maintained 

du r ing  both t h e  22OC and 10°C temperature  regimens. Th i s  long per iod ,  

however, was ev ident  less f r equen t ly  a t  22OC than  a t  10°C. A t  t h e  l a t t e r  

tempera ture ,  it was t h e  d a i l y  mode. Another animal (116, Fig.  2) maintained 

a r e l a t i v e l y  cons t an t  s h o r t  du ra t ion  of  t o r p o r  i n  both  22OC and 10°C. I n  

g e n e r a l ,  a s  was expected, t h e  du ra t ion  of t o r p o r  was prolonged i n  10°C 

a s  compared t o  2 2 O C .  

Four of t h e  f i v e  animals r eac t ed  

This  

One of t h e s e  animals 

The t imes of e n t r y  and a rousa l  from t o r p o r  a r e  d i s t i n c t i v e  po in t s  i n  

t h e  l i f e  processes  of t h i s  animal and can be  used a s  phase markers of t h e  

me tabo l i c  c i r c a d i a n  rhythm. I n  the 22OC temperature  regimen, e n t r y  and 

a r o u s a l  from t o r p o r  had a s t rong ,  wel l -def ined rhythm (e.g. ,  Fig. 3 ) .  

14 
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I Severa l  days a f t e r  t h e  t e rmina t ion  of the 12L-12D l i g h t  regimen and commence- 

ment of cons t an t  dark,  a l l  en t e red  in to  f ree- running  metabol ic  rhythms. 

These f ree- running  pe r iods  var ied  from 22 h r s  t o  23 h r s  and 41 minutes.  

The a rousa l  from t o r p o r  seemed t o  be a more p r e d i c t a b l e  and c o n s i s t e n t  

marker t han  e n t r y  a t  ambient temperature  of 22OC. 

10°C on day 29 appa ren t ly  caused a severe  d i s tu rbance  i n  t h e  p a t t e r n  of a 

s t a b l e  p e r i o d i c i t y .  One animal (Fig.  4)  regained a wel l -def ined  s t a b l e  

p a t t e r n  a f t e r  showing a d i s tu rbance  f o r  about  seven t o  e i g h t  days. 

animals  changed from a less than  24-hr rhythm t o  a g r e a t e r  t han  24-hr 

rhythm. 

temperature  change and was a t r a n s i e n t  phenomenon l a s t i n g  about  seven days. 

The temperature  drop' t o  

Severa l  

With one animal,  i t  was not  mani fes ted  u n t i l  f i v e  days a f t e r  t h e  

The a r o u s a l  of an  animal a t  a t i m e  i n  phase wi th  t h e  e s t a b l i s h e d  

c i r c a d i a n  rhythm a f t e r  one o r  two days i n  a cont inuous ly  hypothermic s t a t e  

was a r a t h e r  connnon occurrence,  and i n  some animals had an  amazing accuracy 

(Fig.  1, #4, 10°C,  body tempera ture  = -11%). 

Table  I i s  a summary of f ree-running pe r iods  c a l c u l a t e d  from bo th  e n t r y  

and a rousa l  from t o r p o r  and s u b j e c t i v e  e s t ima tes  of t h e  accuracy of  t h e  

rhythm by t h e  two phase markers.  T rans i en t s  of rhythms induced by t h e  

temperature  dec rease  a r e  evidenced by po lyphas ic  n a t u r e  of f ree- running  

per iod  and by g r o s s  changes i n  length  o f  per iod.  I n  a l l  bu t  one i n d i v i d u a l  

t h e r e  was a deg rada t ion  of accuracy of t h e  rhythm. 

I V  . DISCUSSION 

This  s tudy  aga in  emphasizes the  metabol ic  l a b i l i t y  of E .  longimembris 

(Chew, Lindberg and Hayden, 1965). Prolonged pe r iods  of n a t u r a l  t o r p o r  

w e r e  evidenced when t h e  animal was not s t r e s s e d ,  i . e . ,  food w a s  provided 

i n  excess a t  a l l  t i m e s ,  n a t u r a l  s u b s t r a t e  and bedding m a t e r i a l  a v a i l a b l e ,  

a reasonable  degree  of i s o l a t i o n ,  temperature  r e l a t i v e l y  high and normal 

gaseous atmosphere. The metabol ic  l a b i l i t y  probably r e f l e c t s  t h e  seasonal  

c y c l e  of  h i b e r n a t i v e  behavior  of t h i s  species, a l though i t  appears  i n  some 

animals  throughout t h e  year .  The experiment was c a r r i e d  ou t  during t h a t  

p o r t i o n  of t h e  y e a r  when mice i n  the  f i e l d  are  absent  from a c t i v i t y  above 

ground (i .e. ,  cannot  be  t rapped)  and presumably a r e  undergoing pe r iods  o f  

reduced metabolism (Chew and Butterworth,  1964). 
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The d u r a t i o n  of i n d i v i d u a l  t o rpo r  per iods  ( h i b e r n a t i o n )  was longer  i n  

t h i s  experiment t han  has been observed i n  previous experiments.  

mental  cond i t ions  of i s o l a t i o n  from p e r i o d i c  no i se ,  cons t an t  dark,  s u r p l u s  

food, s u f f i c i e n t  t ime t o  acc l ima te  and t i m e  of year  probably con t r ibu ted  t o  

t h e  maximum t i m e  spen t  i n  torpor .  The observed maximum of 70 h r s  may 

r ep resen t  t h e  l i m i t s  o f  n a t u r a l  continuous hypothermia t h a t  t h i s  small 

mammal can  undergo a t  an ambient temperature  of 10°C. It w a s  un fo r tuna te  

t h a t  very  l i t t l e  da t a  w e r e  der ived  from t h e  5OC p o r t i o n  of  t h e  experiment,  

bu t  t h e r e  w a s  a s t r o n g  i n d i c a t i o n  t h a t  d u r a t i o n  of t o r p o r  was inc reased ,  and 

t h e  c i r c a d i a n  component of a r o u s a l  was s t i l l  i n  o p e r a t i o n  a t  t h i s  temperature .  

The weight l o s s  of t h e  animals w a s  g r e a t e r  t han  expected b u t  d i d  n o t  appear  

t o  a f f e c t  t h e  gene ra l  w e l l  being of t h e  animals.  A t  t h e  t e rmina t ion  of t h e  

experiment,  a l l  had s l e e k  c o a t s ,  b r i g h t  eyes, showed normal a c t i v i t y  and 

a r e  s t i l l  l i v i n g .  It i s  p o s s i b l e  t h a t  t h e r e  was p r e f e r e n t i a l  u se  of body 

f a t  a s  an energy source ,  even though food was a v a i l a b l e  a t  a l l  t i m e s .  

I t  i s  impossible  t o  t e l l  i f  t h e  weight l o s s  was g radua l  o r  i f  i t  was l o s t  

i nc remen ta l ly  w i t h i n  t h e  t h r e e  temperature  regimens. 

The exper i -  

When a t y p i c a l  h i b e r n a t o r  (ground s q u i r r e l )  e n t e r s  h i b e r n a t i o n ,  it 

undergoes pe r iods  of body temperature depress ion  known a s  " tes t -drops" .  

These drops occur  over  a per iod  of  a few days t o  weeks and a r e  cha rac t e r i zed  

by each  drop be ing  s l i g h t l y  lower i n  temperature  than  t h e  previous one. 

It i s  thought  t h a t  t h e s e  drops a r e  a k ind  of acc l ima t ion  of  metabol ic  

p rocesses  a s s o c i a t e d  wi th  h ibe rna t ion  and a r o u s a l  (Strumwasser, 1960). 

The pocket mice used i n  t h i s  experiment probably had undergone tes t  

drops necessary  t o  go t o r p i d  i n  an  ambient temperature  of 22OC. It i s  

i n t e r e s t i n g  t o  no te ,  however, t h a t  i n  most ca ses  t h e r e  w a s  a s e q u e n t i a l  

i n c r e a s e  i n  d u r a t i o n  of t o r p o r  a t  the  beginning of t h e  experimental  per iod ,  

and t h i s  may r e p r e s e n t  a kind of temporal "checkout" of prolonged hypo- 

thermic  metabolism and func t ion ing  of a rousa l  processes  wi th  t ime. 

The change from 22OC t o  10°C gene ra l ly  d id  not  immediately i n c r e a s e  

t h e  d u r a t i o n  of t o r p o r ,  b u t  decreased t h e  t ime i n  t o r p o r  f o r  s e v e r a l  days.  

The f i r s t  t o r p i d  pe r iod  of  one animal (Fig.  2 ,  #5)  was cha rac t e r i zed  by a 

series of e n t r i e s  and a r o u s a l s  from t o r p o r  a s  i f  t h e  an ima l ' s  temperature  

dropping below a c r i t i c a l  l e v e l  immediately aroused t h e  animal t o  normal 

1 7  



L 

I 

body temperature.  

t h e  animal t o  t h e  new low temperature.  

I t  is  p o s s i b l e  t h a t  t h e s e  were l l t es t -drops l '  t o  acc l ima te  

It has been suggested i n  t h e  l i t e r a t u r e  (Twente and Twente, 1965) t h a t  

d u r a t i o n  of h ibe rna t ion  i s  a d i r e c t  f u n c t i o n  of body temperature  dur ing  

h ibe rna t ion .  

of s p e c i f i c  me tabo l i t e s  (Pengel ley and F i s h e r ,  1961) a s  t h e  r a t e  of meta- 

bol ism i s  governed by t h e  temperature of  t h e  t i s s u e s .  I f  t h i s  i s  t r u e  i n  

pocket m i c e ,  i t  i s  d i f f i c u l t  t o  expla in  how t h e  du ra t ion  of t o r p o r  could 

be increased  from 4 t o  6 t i m e s  i n  some animals ,  when t h e  temperature  was 

decreased from 2 2 O C  t o  10°C, and ye t  i n  o t h e r  animals t h e  d u r a t i o n  increased  

only  2 t i m e s .  One animal (Fig.  2, 113) had a d u r a t i o n  of t o r p o r  i n  22OC 

t h a t  was more t y p i c a l  of t h a t  shown i n  10°C. This  would i n d i c a t e  t h a t  t h e  

animal could e i t h e r  l i m i t  t h e  product ion of t h e  s p e c i f i c  me tabo l i t e s  i n -  

volved wi th  a rousa l  o r  could r egu la t e  t h e  th re sho ld  of t h e  me tabo l i t e  

s e n s o r ( s ) .  

f u n c t i o n  of when t h e  animal a rouses ,  a s  evidenced, f o r  example, by animal # 4 ,  

Fig .  1, day 30-49. It appa ren t ly  made l i t t l e  d i f f e r e n c e  i f  t h e  animal was 

t o r p i d  f o r  one day o r  two days,  f o r  a r o u s a l  occurred a t  t h e  a p p r o p r i a t e  

t i m e  w i th  regard t o  t h e  previous a rousa l .  The presence of a c i r c a d i a n  

rhythm i n  t h i s  s p e c i e s  has been documented (Chew, Lindberg and Hayden, 

1965),  and t h e  p re sen t  da t a  i n d i c a t e  t h a t  t h e  rhythm func t ions  during 

extended pe r iods  of t o r p o r  wi th  body temperatures  of l l ° C .  

The a rousa l  from h ibe rna t ion  might be i n i t i a t e d  by a b u i l d  up  

The d u r a t i o n  of hypometabolism does no t  seem t o  be  a d i r e c t  

V. SUMMARY 

1. Perognathus longimembris undergo d a i l y  per iods  of t o r p o r  even 

when no t  s t r e s s e d ,  i .e. ,  food p l e n t i f u l  and temperatures  r e l a t i v e l y  h igh .  

2. A continuous t o r p o r  of about 3 days was observed a t  10°C and may 

r e p r e s e n t  a maximum f o r  t h i s  spec ies  a t  t h i s  temperature .  

3. A per iod  of i nc reas ing  du ra t ion  of t o r p o r  was observed a t  t h e  

beginning  of t h e  experiment and may r ep resen t  temporal " tes t -drops" .  

4. An ambient temperature  decrease  of 1 2 O C  i n i t i a l l y  decreased 

t h e  d u r a t i o n  of t o rpo r .  

5 .  A t  an ambient temperature  of 10°C, t h e  du ra t ion  of t o r p o r  w a s  from 

2 t o  6 t i m e s  longer  than  a t  22OC. 
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6. A strong circadian rhythm is involved in the time of arousal 

from a deep torpor (hibernation). 

7. The temperature change resulted in a disturbance of the circadian 

rhythm and was, in genera1,less precise at the lower temperature. 
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F i g u r e  1 - Torpor pe r iods  of Perognathus longimembris maintained wi th  

excess  food, cons t an t  dark,  i n  i s o l a t i o n ,  during two temperature  regimens. 

The da rk  b a r  r e p r e s e n t s  t h e  pe r iod  of t h e  day i n  which body temperature  

was n e a r  ambient temperature ,  and the absence of t h e  b a r  r e p r e s e n t s  

no ma 1 body tempera t u  re. 
L 

20 



1 . 

21°C 
12L - 12D 

5 c 

m 

10 

12 

14 

* 

20 l8 * 
22 1 

5 z 24 

0 c 

10°C 30 
24D 0 0 

0 2 4 6 8 10 12 14 16 18 x) 22 24 
HOUR 

- P .  longimembris #3 (L-1520 ?)  



10 

12 

14 

38 0 e 

40 - 0 

42 

4 4 -  e 

46 0 c- 

48 

e 

28 

26 z- 
0 0 - 

10°C 30 0 

24 D 

34 3 

5 0 :  I r I I 1 1 I 1 I 1 I I 
0 2 4 6 8 10 12 14 16 18 20 22 24 

HOUR 

P .  longimembris #4 (L-1532 d)  - 



0 

2 

A 

21°C 6 
12L - 120 

21°C 8 
24D 

10' 

12 

14 

16 

18 

20 

22 

24 

26 

28 

10°C 30 
24 D 

32 

34 

36 

38 

40 

42 

44 

46 

c 

0 c 
r 

I I I 1 I I 1 I I I 1 

48 

M 

0 2 4 6 8 10 12 14 16 18 20 22 24 

HOUR 

- P. longimembris #5  (L-1579 0 )  



2 .  

4 4  

a 

21°C 
12L-12D 

21°C 8 , 

24D 

10 

12 

14 

16 . 

18 

20 

22 

24 

26 

28 

10°C 30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 

24D 

0 e 

e e 

- - 
e e 

0 0 

~ - 
e 

e 

- 
e 

- 
e 

e - 
e 

e 

e 

c- 

- 

e 

c 

c - 
c-- 

e 

* c. e . 

c - e 

- - 0  

e 

e 

I I I I 1 I 1 I I I I 

0 2 4 6 8 10 12 14 16 18 20 22 24 

HOUR 

- P. longimernbris #6 (L-1822 ?)  



LL 
0 

- 

4 2 l  
0 + 

a - c - 
.. - 

21OC 8 
24D 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

I 

-..I 10°C 30 

36 CL.. 

* 
a 

* 
6 

0 

48 

5 o I  I I 1 1 1 1 1 1 I 1 1 

0 2 4 6 8 10 12 14 16 18 20 22 24 

HOUR 

P .  longimembris #7 (L-1425 ? )  - 



F i g u r e  2 - Duration of i n d i v i d u a l  t o rpo r  per iods  of E .  longimembris 
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F i g u r e  3 - The t i m e s  of e n t r y  and a rousa l  from t o r p o r  of E .  longimembris 

#4 dur ing  two temperature  regimens. 

10°C ambient and maintenance of accu ra t e  rhythm. 

Note decrease  o f  pe r iod  l eng th  i n  
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Figure 4 - The times of entry and arousal from torpor of E .  longimembris 

#6 during two temperature regimens. 

temperature change and re-establishment after  about 10 days. 

Note disturbance of rhythm at 
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