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Fai lure  of the  P inea l  R e m o v a l  to P r e v e n t  s o m e  C o l d - I n d u c e d  T e s t i c u l a r  C h a n ~ e s  
in Go lden  H a m s t e r s  

Morphological  and  biochemical  s tudies  have  ind ica ted  
t h a t  the  m a m m a l i a n  pineal  g land is involved in the  
regula t ion  of r ep roduc t ive  funct ions  1-8. This  organ 
serves as a neurochemica l  t r ansduce r  which  conver t s  
changes  in env i ronmen ta l  l ight ing to chemical  messages  
and  thus  is able to  regula te  the  r ep roduc t ive  process  ~. 
S tudy  of t he  role of the  pineal  gland in env i ronmen ta l  
inf luences on r ep roduc t ion  has  been approached  main ly  
f rom the  s t a n d p o i n t  of l ighting.  Li t t le  is known abou t  the  
gland in re la t ion  to low t empera tu res .  H ibe rna to r s  such 
as hams te r s  are of par t i cu la r  interest .  The reproduc t ive  
organs of these  animals ,  in con t r a s t  to those  of non-  
h ibe rna to r s  such as ratS, 6, are sensi t ive  no t  only to 
env i ronmen ta l  l ight ing bu t  also to cold. Exposu re  of 
male hams te r s  to cold, 5 or 6~ resul ted in regression of 
tes tes  wi th in  8 weeks even though  a long pho tope r iod  
was p rov ided  T, 8. However ,  i t  is no t  known  how the  
effect  of cold is media ted .  The purpose  of th is  s t u d y  was 
to  de t e rmine  w h e t h e r  t he  p inea l  is involved.  

Mater ials  and methods. 102 adul t  male golden ham-  
sters  weighing 80-90 g were purchased  f rom the  Con 
Olson Co., Madison,  Wisconsin.  These animals  were 
caged indiv idua l ly  wi th  a m i n i m u m  a m o u n t  of sh redded  
pape r  to avoid  excessive nes t  building,  and were given 
Pur ina  L a b o r a t o r y  Chow and  wa te r  ad l ib i tum.  The 
animals  were d iv ided  into 6 groups:  1. room t e m p e r a t u r e  
(25~ non-opera ted ,  2. room t empera tu re ,  sham-  
opera ted ,  3. room t e m p e r a t u r e ,  p inea lec tomized ,  4. cold-  
exposed  (5~ non-opera ted ,  5. cold-exposed,  sham-  
opera ted ,  and 6. cold-exposed,  p inea lec tomized .  Pr ior  to 
exper iments ,  all an imals  were kep t  in 14 h l ight :  10 h 
da rkness  cycles a t  room t e m p e r a t u r e  for 2 weeks. 
P inea lec tomies  were pe r fo rmed  under  n e m b u t a l  anes the-  
sia by  the  m e t h o d  of HO~EMAN and  1RXlTER 9. Af te r  the  
operat ion,  the  animals  were given oxy te t racyc l ine  
hydrochlor ide  in dr ink ing  wa te r  and  al lowed to  recover  
for 1 week. Six or 5 animals  f rom each group were killed 
a t  4, 8 and 12 weeks and  the  skull was opened  to ver i fy  
t h a t  p inea l ec tomy  was complete .  The tes tes  were re- 
m o v e d  f rom each an imal  and  weighed and one organ was  
f ixed in 10% neu t ra l  formalin,  e m b e d d e d  in paraff in ,  
sec t ioned a t  4 #m, and s ta ined  by  the  P A S - h e m a t o x y l i n  

technique .  A por t ion  of t he  remain ing  tes t is  was weighed 
using a Met t ler  Analyt ica l  Balance  and dr ied for 14-16 
days  to  a co n s t an t  weigh t  (-4- 2 mg) in an electric oven at  
60 4- 1 ~ for de t e rmina t i on  of wa te r  co n t en t  and dry  
weight  10. A second por t ion  of the  tes t is  was ana lyzed  for 
n i t rogen co n t en t  using the  mic ro -Kje ldah l  m e t h o d  11. 

Resul t  and discussion. In  order  to avoid any  seasonal  
effect  on reproduc t ive  funct ions,  the  s tudy  was conduc ted  
be tween  early May and  ear ly  August ,  a t ime  when  
rep roduc t ive  ac t iv i ty  of h ams t e r s  is max i ma l  in the  
field 12. E x c e p t  in p inea lec tomized  animals  ma in t a ined  at  
room t e m p e r a t u r e  for 12 weeks where  tes tes  weights  
were decreased as compared  wi th  those  of the  2 non-  
p inea lec tomized  groups, no difference in tes tes  weigh t  
was found  be tween  d i f ferent  groups  of animals  kep t  a t  
room t e m p e r a t u r e  (Table). As in a previous  s t u d y  s, 
t es tes  weight  was decreased in cold-exposed an imals  as 
compared  wi th  t h a t  of the  room t e m p e r a t u r e  animals.  
No difference in tes tes  weight ,  expressed  e i ther  as mg 
or rag/100 g body  weight ,  was observed in p inea lec tomized  
and non-p inea lec tomized  cold-exposed animals  a t  the  
3 in terva ls  s tudied.  Histological  observa t ion  revealed 
t h a t  spermatogenes i s  was normal  in all animals  main-  
ta ined  at  room t e m p e r a t u r e  (Figure 1). In  cont ras t ,  sper- 
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Fig. 1. Cross section of testis from a 4-week non-operated room 
control hamster showing a normal spermatogenesis. • 150. 

Fig. 2. Cross section of testis from a 4-week non-operated cold- 
exposed hamster. Note the absence of mature spermatids or sper- 
matozoa in most of the seminiferous tubules. • 150. 
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Effect of pinealectomy on testes of cold-exposed and eontroi hamsters (M ~- S.E.) on a 14-hour photoperiod 

]~XPERIENTIA 29[12 

No. of Testes weight 
Weeks Treatment animals 

mg mg/lO0 g dry weight % N% 

4 

Cold 

8 

Cold 

12 

Room 

Room 

Control 6 
Sham 6 
Pnxb 6 

Control 6 
Sham 6 
Pnx 6 

Control 6 
Sham 6 
Pnx 6 

ControI 6 
Sham 6 
Pnx 6 

Ija3109:k173 
I 3184• 3242:t= 70 3190q- 73 

3116-t- 61 3174-b 84 

�9 2252-t-265 2333i299 
2245~427 2318-4-414 
1944-4-575 2006:k554 

IIi 3166 12  IIi 3779 2 1 3108 • 135 3625 d= 183 
3268 :~ 201 3885 -b 228 

1641 :~ 373 1875 -b 375 
1794 -4- 440 2104 ~ 480 
2098 -4- 424 2486 d= 465 

Control 5 3042 =E 163 

Room Sham 5 t i  3290• Pnx 5 2717 :ff 88 

Control 5 2257 ~ 455 
Cold Sham 5 2483 :~ 255 

Pnx 5 1968 q- 293 

3101~ 72 
2904• 
2657:~ 57 

2330=~435 
2546-t-209 
2227:~376 

ItI 

15.2 ~ 1.4 
13.9 -4- 0.1 
14.0 -b 0.1 

14.0 ~: 0.1 
14.4 -t- 0.2 
14.7 ~ 0.5 

13.8 q- 0.1 
13.9 i 0.1 
14.0 q- 0.1 

14.0 :k 0.1 
14.0 4- 0.4 
14.2 ~ 0.3 

13.9 ~_ 0.1 
14.0 ~ 0.1 
13.9 :~ 0.1 

14.4 q- 0.1 
14.3 -4- 0.1 
14.5 ~= 0.1 

III 

1.50 4- 0.01 
1.52 ~ 0.01 
1.54 • 0.02 

1.56 i 0.01 
1.52 q- 0.02 
1.47 i 0.07 

1.53 • 0.01 
1.53 ~ 0.01 
1,55 • 0.01 

1.60 :~ 0.03 
1.60 i 0.03 
1.61 • 0.04 

1.53 ~- 0.01 
1.54 -4- 0.01 
1.52 ~ 0.02 

1.60 -4- 0.03 
1.63 -4- 0.01 
1.66 ~: 0.01 

a Arrows indicate significant difference between groups (P < 0.05). b Pnx, pinealectomized. 

matogenes is  was affected in all 3 groups of cold-exposed 
animals.  The n u m b e r  of tes tes  af fec ted  to the  to ta l  
n u m b e r  of tes tes  observed for control ,  sham-ope ra t ed  
and  p inea lec tomized  hams te r s  was 1/6, 3/6 and  3/6 re- 
spect ively  a t  4 weeks, 3/6, 2/6 and  2/6 respec t ive ly  a t  
8 weeks, and  1/5, 0/5 and  1/5 respect ive ly  a t  12 weeks. 
The figures reveal  t h a t  a t  4 weeks, 33~o of t he  non-  
p inea lec tomized  animals  and  50% of the  p inea lec tomized  
animals  showed histological  changes.  At  8 weeks, 42~o 
of the  non-p inea lec tomized  and  33% of the  p inealec to-  
mized showed similar  changes.  At  12 weeks, the  percent -  
ages were 10 and 20, respect ively .  I t  is clear t h a t  pineal-  

Fig. 3. Cross section of testis from a 4-week pinealectomized cold- 
exposed hamster. Note the similar appearance of seminiferous tubules 
as compared with Figure 2. • 150. 

ec tomy  did no t  p r e v e n t  inh ib i t ion  of spermatogenes i s  by  
cold since as m a n y  p inea lec tomized  animals  were af fec ted  
as non-p inea lec tomized  animals  a t  4,8 and  12 weeks. In  
t he  af fec ted  testes ,  spermatogenes i s  in mos t  cases 
proceeded up to  young  spe rma t id  s tage or p a c h y t e n e  
s p e r m a t o c y t e  s tage (Figures 2 and 3), a l though  in some 
seminiferous tubules  only  Sertoli  cells and spe rmatogon ia  
were present .  Only minor  changes  in per  cent  d ry  weight ,  
pe rcen t  wa te r  and  pe rcen t  n i t rogen  co n t en t  of t he  
tes tes  had  occurred.  Dry  weight  and n i t rogen  co n t en t  of 
the  tes t is  were s l ight ly  greater ,  and  consequen t ly  wa te r  
con ten t  cor respondingly  lower, in the  4 and 12 week 
cold-exposed hamste rs .  There  were no differences in 
these  values be tween  p inea lec tomized  and  nonpinealec-  
tomized  animals.  

As s t a t ed  earlier,  a decrease in we igh t  of the  tes tes  and  
ar res ted  spermatogenes i s  was observed  in p inea lec tomized  
and  non-p inea lec tomized  cold-exposed hamste r s .  On the  
basis of weigh t  changes  and  histological  observat ions ,  as 
well as wa te r  and  n i t rogen co n t en t  of testes ,  i t  would 
seem t h a t  p inea l ec tomy  does no t  p r e v e n t  cold- induced 
tes t icu lar  changes  or a t rophy .  These resul ts  fu r the r  
suppor t  the  f indings  of REITER 13 who no ted  t h a t  removal  
of the  pineal  did no t  p r e v e n t  u ter ine  regression i n  cold- 
exposed  h ams t e r s  which  were sub jec ted  to  16 h of l ight  
per  day.  I t  is of in te res t  to note  t h a t  in ano the r  studyl~,  
lamella  s t ruc tures  in the  p inea locy tes  appeared  pr ior  to 
gonadal  a t rophy ,  and  were found  on ly  in cold-exposed 
h ams t e r s  w i t h  regressed testes.  These resul ts  suggested 
t h a t  gonadal  a t r o p h y  due to  cold exposure  was med i a t ed  
by  the  pineal.  Our resul ts  do no t  suppor t  th is  suggest ion.  
The effect  of cold on pineal  func t ion  has also been 
s tud ied  in the  r a t  by  ]~/[ILINE et  al. 15-1s. They  repor t  an 
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increase in the  ac t iv i t ies  of some pineal  enzymes  (e.g., 
succinate  dehydrogenase  and  m o n o a m i n e  oxidase) and  
also o the r  p ineal  u l t r a s t ruc tu ra l  changes  (e.g. h y p e r t r o p h y  
and  hyperp las ia  of p ineocytes)  in response  to  cold 

i5 R. MILINE, Int. J. Biometeorol. Suppl. 73, 6 (1969). 
1, R. MILINE, in The Pineal Gland, a Ciba Foundation Symposium 

Eds. G. E. W. WOLGTENHOLME and J. KNIGHT; Churchill Living- 
stone, Edinburg and London (1971), p. 372. 

17 R. MILINE, R. WERNER, M. SdEpovld, V. DEVEGERSKI and J. 
MILINE~ Bull. Ass. Anat. Paris 7d5, 289 (1969). 

is R. MILINE, V. DEVE~ERSKI, N. SIJA~KI and R. KRsTId, Hormones 
1, 321 (1970). 

~9 A. V. BOCCABELLA, E. D. SALGAnO and E. A. ALGER, Endocrinol- 
ogy 77,827 (1962). 

20 M. KORMANO, P. KARHUNEN and K. KARHANPAA, Ann. Med. exp. 
tenn. d6, 474 (1968). 

2t C. Liu and G. A. KINSON, Contraception 7, 153 (1973). 
2"~ R. J. WURTMAN, J. AXELROD and D. E. KELLY, in The Pineal, 

Academic Press, New York and London (1968), p. 98. 
2a Acknowledgment. The authors are grateful to Dr. G. A. KINSON 

for his critical reading of the manuscript. The research was sup- 
ported in part by the research grant No. GM-13358 from the 
U.S. Public Health Service. 

~* Present address: Department of Physiology, Faculty of Medicine, 
University of Ottawa, Ottawa, Ontario K1N 6N5, Canada. 

exposure .  However ,  no a t t e m p t  was  m a d e  in these  
s tudies  to correlate  the  above  changes  wi th  possible  
a l t e ra t ion  in r ep roduc t ive  funct ions .  The ac t iv i ty  of 
monoamine  oxidase  (MAO) is of in teres t ,  since i t  is 
involved in t he  me tabo l i sm of serotonin,  a p ineal  indole 
which  is s t rongly  an t igonado t rop ic  when  admin i s t e red  
to the  male rat l"-~l .  I t  has  been repor ted  t h a t  mos t  of 
t he  sero tonin  p roduced  in t he  p inea l  is me tabo l i zed  by  
N A G  2e. I t  is possible,  therefore ,  t h a t  an  increase in me- 
tabol i sm of serotonin  by  v i r tue  of increased ac t iv i ty  of 
MAO in the  cold-exposed ra ts  m i g h t  account ,  a t  least  in 
par t ,  for t he  failure of cold t e m p e r a t u r e  to affect  the  
tes tes  of these  an imals  5, 6 as r epo r t ed  previous ly  23. 

Rdsumd. La d iminu t ion  du poids  des tes t icules  e t  
l'arr@t de la spermatogen6se  furen t  observ6s chez des 
h ams t e r s  expos6s au froid et  ma in t enus  dans  un cycle 
a l t e rnan t  de 14 h de lumi6re e t  10 h d 'obscur i t6 .  E n  
en l ev an t  la glande pin6ale, ces c h a n g e m e n t s  organiques  
ne se sont  pas produi ts .  
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Sherrington was Right About the Trapezius Muscle Innervation 

In  1898 SHERRINGTON 1 repor ted  t h a t  the  Trapezius  
muscle of the  m o n k e y  received moto r  inne rva t ion  f rom 
the  uppe r  cervical  spinal  nerves  in addi t ion  to mo to r  
innerva t ion  f rom the  X I  cranial  nerve.  This  cervical  
spinal  i nne rva t ion  was conf i rmed by  STRAUS and  HOWELL ~ 
th rough  the  electr ical  s t imula t ion  of the  cut  per iphera l  
cervical  nerve  s t u m p s  which  p roduced  'weak,  t h o u g h  
def ini te  act ion '  in the  Trapezius  muscle.  Then  CORBIN and 
HARRISON a repor ted  t h a t  s t imula t ion  of the  per iphera l  
s t u m p s  of the  upper  5 cervical  nerves  never  p roduced  a 
'visible '  cont rac t ion .  They  concluded t h a t  the  ent i re  
m o t o r  supply  was t h rough  the  X I  cranial  nerve  and the  
sensory  p ropr iocep t ion  was by  way  of the  cervical  nerves.  

None  of t he  above  inves t iga tors  used e lec t romyo-  
graphy,  the  mos t  sensi t ive and pos i t ive  means  of de tec t ing  
the  con t r ac t ion  of a muscle.  Using as an exper imen ta l  
an imal  7 squirrel  monkeys ,  Saimiri sciureus, chosen 
because  t h e y  are pr imates ,  reasonably  inexpensive ,  and  
re la t ively  easy to  handle,  an e lec t romyograph ic  invest iga-  
t ion was u n d e r t a k e n  to  clarify the  m o t o r  inne rva t ion  to 
the  Trapezius.  

Bipolar  f ine-wire e lect rodes  4 were inser ted  into the  
superior,  middle,  and inferior  pos i t ions  of the  Trapezius  
muscles  28 to 56 d a y s  following a surgical  p rocedure  in 
which  the  X I  cranial  nerve  was severed p rox ima l  to its 
con lmunica t ion  wi th  the  second cervival  spinal  nerve.  
Elect r ica l  s t imula t ion  of t he  cervical  spinal  nerves  2, 3, 
and  4 revealed e lec t romyograph ic  evidence of muscle 
con t rac t ion  bu t  no t  a visible gross con t rac t ion  of t he  
Trapezius  muscle.  Subsequen t  h i s tochemica l  procedures5 
for phosphory lase  ac t iv i ty  revealed inne rva t ed  as well as 
dene rva t ed  fibres in the  3 por t ions  of t he  muscle.  

B o t h  the  e lec t romyograph ic  and h is tochemica l  evidence 
allow the  following conclusions to  be d rawn:  1. The 
cervical  spinal  nerves,  2, 3, and  4 do con t r ibu te  a small  
n u m b e r  of m o t o r  f ibres to  the  Trapezius  muscle.  2. Whi le  
t he  ent i re  Trapezius  receives mo to r  i nne rva t ion  f rom the  
cervical  spinal  nerves  2, 3, and  4, t he  super ior  por t ion  

receives a grea ter  p ropor t ion  of th is  cervical  mo to r  
innerva t ion .  

Once again SHERRINGTON has d e m o n s t r a t e d  his 
abi l i ty  to  s t and  the  t e s t  of t ime  and mo d e rn  ins t rumen-  
ta t ion.  His  conclusions wi th  regard  to  t he  Trapezhxs inner-  
va t ion  are sound despi te  the  occasional  repor t s  to  t he  
cont ra ry .  

Zusammen/assung. Beim Eichh6rnchen ,  Saimiri sciureus 
wurde  e l ek t romyograph i sch  gezeigt, dass  die Nerven  in 
der  Region  der  NackenwirbelsS~ule den Trapez iusmuske l  
mi t  innervieren.  Der  obere Antei l  dieser fiber den Trapezius  
ver te i l ten  Bewegungs inne rva t ionen  enth/ i l t  st / irkere Be- 
te i l igung durch  die Nackenbewegungs innerva t ion .  
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