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Responses of mesencephalic trigeminal ceils 
to lowering the jaw (A) and to stretching the 
left masseter muscle (B). In A the record was 
taken from the left paraconnnissural pool 
and in B from the ipsilateral rectum. Upper 
beam: Meehanogram. Lower beam: trige- 
minal unitary discharge. Time: 100 msec. 
Voltage: 100 [xV. 

set t led down to 60-70/sec and ceased as soon as the  
s t re tch  was released (Figure t3). However ,  when  the  jaw 
was lowered the  increase in discharge ra te  of the  uni ts  
dur ing the  initial  por t ion  of the  response did not  occur in 
all the  expe r imen t s  (Figure A). This p robab ly  depended  
upon the  fact  t h a t  the  s t r e tch ing  of the  masse te r  was no t  
so quick and sudden  as when  the  muscle  was isolated 
(Figure B). The un i t a ry  discharge elicited by  the  mas-  
seter ine s t re tch  was blocked dur ing electrically induced  
con t rac t ion  of t h a t  muscle:  th is  showed t h a t  the  record 
was t aken  f rom the  muscle spindle afferents  n.  The uni ts  
influenced by  lowering the  jaw or by  the  masse ter ine  
s t re tch  were unaf fec ted  by  the  s t imula t ion  of o ther  
t r igeminal  receptors  (face, cornea, teeth,  palate).  

The presen t  results  ex t end  and confirm the  ana tomica l  
inves t igat ions  of VEGGETTI and PAL~IER110 who observed 
cromatolys is  of the  t r igeminal  mesencephal ic  nucleus 
cells af ter  cu t t ing  the  ipsi lateral  mand ibu la r  branch,  and 
degenera t ion  of t he  masse ter ine  spindles following the  de- 
s t ruc t ion  of t he  ipsi la teral  poster ior  commissure  in 
Caiman sclerops. Thus,  the  conclusion can be reached t h a t  
also in rept i l ians  the  cells of the  mesencephal ic  t r igeminal  

nucleus represen t  the  f i rs t -order  neurons  of the  a f ferents  
f rom the  masse te r ine  spindles as is t he  case for birds  and 
mammals .  

Riassunto. Mediante  microe le t t rodi  di  t ungs teno  si 6 
reg is t ra ta  l ' a t t iv i t~  un i ta r ia  del nucleo mesencefal ico del 
t r igemino in Caiman sclerops curar izzato.  Le cellule di 
ques to  nucleo, si lenti  in condizioni  di  riposo, vengono 
a t t i va t e  da l l ' abbas samen to  della mand ibo la  e dallo st ira- 
men to  del muscolo masse te re  omolaterale .  Le r isposte  sono 
del t ipo indo t to  da fusi neuromuscolar i .  
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Light Refractive Emergence Rhythm in the Leafcutter Bee, Megachile rotundata (F.) (Hymenoptera: 
Apoidea) 

The emergence  r h y t h n l  of Drosophila pseudoobscura 
Stu r t evan t  is l ight  en t r a ined  when  exposed to 15 min  l ight  
signals of abou t  100 ft-c 1, and a l though weaker  in effect,  
e n t r a i n m e n t  m a y  also be achieved th rough  t e m p e r a t u r e  
change 2. Circadian oscillations m a y  be readi ly  en t ra ined  
in poik i lo therms by  t e m p e r a t u r e  ~ bu t  each of those species 
s tudied  is more  sensi t ive to  e n t r a i n m e n t  by  a LD cycle. 
E x p e r i m e n t s  on the  leafcu t te r  bee, Megachile rotundata 
(Fabr.), suggest  t h a t  the  emergence  r h y t h m  in th is  species 
is unresponsive  to light.  

M. rotundata is a sol i tary  species which  d iapauses  as a 
p repupa  in a dense, t i gh t ly  spun cocoon, enclosed in a cell 
composed  of one or more  layers of leaf cut t ings,  which  in 
tu rn  is secreted in a l igh t - t igh t  cavi ty  or hole. The pre- 
pupae  m a y  be ma in t a ined  in diapause (at app rox ima t e l y  
7 ~ for as long as 2 years  and  diapause can be brokcn  by  

incuba t ing  the  p repupae  a t  t e m p e r a t u r e s  above 17~ 4. 
F i rs t  emergence  will begin abou t  15 days  af ter  a d iapaus-  
ing popula t ion  has been  t rans fe r red  to  32 ~ and emer-  
gence will cont inue  for abou t  10 days  thereaf te r .  As the  
bee chews th rough  the  cell in t he  p h o t o p h a s e  of the  LD 
regime, which usually takes  a m a t t e r  of minutes ,  it  is 
exposed to  l ight  for the  f i rs t  t ime.  
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I n  t he  fol lowing exper iments ,  d i apaus ing  p r e p u p a e  
were p laced  in a c h a m b e r  wh ich  in t u r n  was he ld  in a con- 
s t a n t  32~ cont ro l led  e n v i r o n m e n t  room. T he  t e m p e r a -  
tu re  w i t h i n  t he  c h a m b e r  was con t inuous ly  m o n i t o r e d  a n d  
f l u c t u a t e d  -4- 0.25 ~ T he  t e m p e r a t u r e  pulse was effected 
b y  t r ans fe r r i ng  t he  bees  to  a n  18~ c h a m b e r  for 24 h. 
L i g h t  was p r o v i d e d  b y  wh i t e  l igh t  f luorescent  t ubes  a n d  
emergence  coun t s  were m a d e  hour ly .  An  emergence  
r h y t h m  wh ich  can  be  phase - se t  b y  a t e m p e r a t u r e  pulse, 
b u t  which  is a p p a r e n t l y  re f rac t ive  to l ight,  is he re in  re- 
po r t ed  for th i s  species. 

2400 bee  p r e p u p a e  were p e r m i t t e d  to deve lop  a t  a con- 
s t a n t  t e m p e r a t u r e  of 32~ and  exposed to  a da i ly  
LD 12:12 (150:0  lux) to  d e t e r m i n e  if t he  L D  regime en- 
t r a i ned  t h e  emergence  r h y t h m  of M. rotundata. Shor t ly  
a f te r  t he  f i rs t  emergence  was n o t e d  t he  en t i r e  p o p u l a t i o n  
was sub jec ted  to a 14~ cold pulse for 24 h in order  to  
synchron ize  t he  popu la t ion .  The  cold pulse was  in i t i a t ed  
in t he  midd le  of t h e  L-per iod  so as to  eva lua t e  t he  con- 
f l ic t ing effects of l igh t  and  t e m p e r a t u r e  u p o n  t h e  en t r a in -  
m e n t  of emergence  r h y t h m s .  The  d a t a  recorded  in 
F igure  1, ind ica te  t h a t  t he  bees  emerg ing  p r io r  to  t he  cold 
pulse were no t  synchron ized  b y  t he  LD regime in to  wh ich  
t h e y  emerged.  T h e  single 14~ cold pulse  h o w e v e r  re- 
su i ted  in a n  i m m e d i a t e  s ynch r on i za t i on  of t he  emergence  
r h y t h m .  The  r h y t h m  for t he  8 days  fol lowing t he  cold 
pulse h a d  an  ave rage  per iod ic i ty  of 23.25 h. Fu r the r ,  t he  
emergence  occur red  p r inc ipa l ly  in t he  p h o t o p h a s e  po r t i on  
of t he  pho tope r iod  i m m e d i a t e l y  a f te r  synchron iza t ion ,  b u t  
in t he  4 th  a n d  s u b s e q u e n t  days  t he  emergence  peak  h a d  
m o v e d  to  t h e  left  a n d  occur red  in t he  la te  sco tophase  a n d  
ear ly  p h o t o p h a s e  po r t i ons  of t he  L D  cycle. I t  is t h u s  
a p p a r e n t  t h a t  t he  emergence  r h y t h m  is f r ee - runn ing  in a n  
LD 12 : 12 reg ime for t he  in i t ia l  emergence  is no t  en t r a ined ,  
and  fol lowing cold pulse s ynch r on i za t i on  t h e  da i ly  emer-  
gence peaks  dr i f t  to  t he  lef t  a n d  are no t  rese t  in  the  L D  
regime. 

In  a s e c o n d  e x p e r i m e n t  2400 bee p r e p u p a e  were per-  
m i t t e d  to  deve lop  a t  a c o n s t a n t  32 ~ in L L  (108 lux).  
400 bees  were used as cont ro l s  and  the  r e m a i n i n g  2000 

sub jec t ed  to a single 14 ~ cold pulse for  24 h. The  single 
t e m p e r a t u r e  pulse  aga in  resu l ted  in a synch ron iza t i on  of 
t he  emergence  r h y t h m  and  t he  ave rage  per iod d u r i n g  t he  
8 days  in wh ich  obse rva t i ons  were m a d e  was 22.67 h 
(Figure 2), no t  s ign i f ican t ly  d i f fe ren t  f rom the  average  
per iod ic i ty  u n d e r  LD condi t ions  ( P  ~ 0.05). The  d i s t r ibu-  
t ion  of emergence  on  d a y  8 was spread  over  a 22 h per iod 
ind ica t ing  m a n y  of t he  emerg ing  bees  h a d  no t  been  phase-  
se t  b y  t he  t e m p e r a t u r e  shock a n d  t he  emergence  in t he  
p o p u l a t i o n  was a g a i n  r e v e r t i n g  to a non - synch ron ized  
s ta te .  The  cont ro l s  showed no ev idence  of r h y t h m i c i t y  
u n d e r  L L  regime.  

I n  a t h i r d  e x p e r i m e n t  d i a p a u s i n g  M .  rotundata pre- 
p u p a e  were r e m o v e d  f rom t h e i r  cells a n d  p laced  ill No. 5 
ge la t in  capsules,  sealed a t  one end  w i t h  paraff in .  The  cap-  
sules c o n t a i n i n g  d i apaus ing  p u p a e  were t h e n  p laced  in 
Pe t r i  dishes which  were held  a t  30 ~ u n d e r  red  l ight.  As 
t he  bees  deve loped  150 comple t e ly  p i g m e n t e d  p u p a e  a n d  
100 p r e - e m e r g e n t  adu l t s  were exposed to  a 12 h l igh t  pulse  
of 320 lux. The  p r e - e m e r g e n t  adu l t s  were t h e n  t r ans fe r r ed  
to a n  emergence  a p p a r a t u s  5 f rom which  the  t i m e  and  t h e  
n u m b e r  of emerg ing  bees was recorded.  The  p r e p u p a e  
were r e t u r n e d  to  t h e  i n c u b a t o r  un t i l  t h e  p r e - e m e r g e n t  
a d u l t  s tage was r eached  a n d  t h e n  t r ans fe r r ed  to t he  
a p p a r a t u s  for emergence.  T e m p e r a t u r e  du r ing  t he  en t i r e  
i ncuba t ion ,  l igh t  pulse, and  emergence  per iods  was care- 
ful ly m a i n t a i n e d  a t  30 ~ 

The  f i rs t  l i gh t  pulsed  p r e - e m e r g e n t  adu l t s  emerged  on  
d a y  1, whereas  t h e  f i rs t  l ight  pulsed  p u p a e  did  no t  a p p e a r  
un t i l  d ay  4 (Figure 3). E m e r g e n c e  of l igh t  pulsed  p u p a e  
a n d  p r e - e m e r g e n t  adu l t s  showed  no ev idence  o f  syn-  
ch ron iza t i on  (Figure  3). 

The  m a n n e r  in  which  the  f igure is composed  suggests  a 
' m o v e m e n t '  to  t h e  lef t  of t he  e m e r g e n t  r h y t h m  of those  
insects  g iven  a l igh t  pulse whi le  in  t he  comple te ly  pig- 
m e n t e d  p u p a l  s tage  (BP, F igure  3). The  a r t i f ac t  is due, in  

5 D. G. TWEEDY and W. P. STEPHEN, Ann. ent. Soc. Am., in press. 
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Fig. 1. Effect of a single temperature pulse on the 
emergence rhythm of Megachile rotundata in an LD 12:12 
(150:0 lux)regime. (Period deternfined by the number of 
hours between the mean emergence in each peak.) 

Fig. 2. Effect of LL (108 lux) on the emergence rhythm of 
Megachile rotundata. (Control insects checked every 2 h.) 
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Fig. 3. Effect of a single 12-h light pulse (320 lux) on pigmented 
pupae (BP) and pre-emergent adults (A). Day 0 is the day the single 
12 h light pulse was effected. 

par t ,  to the  d iagram and in pa r t  to  the  shor t  per iod of 
emergence.  Actual ly,  emergence  was cont inuous  f rom 
14.00 day 3 to  11.00 day  6, and  shows no l ight  pulse effect. 

Single t r ans ien t s  are ev iden t  in t he  emergence  imme-  
d ia te ly  following the  t e m p e r a t u r e  pulse which differs sub- 
s tan t ia l ly  f rom the  recur ren t  in tervals  which  follow. Such 
t r ans ien t s  are co mmo n  to  mos t  organisms whose r h y t h m  
is synchronized  by  a t e m p e r a t u r e  shock and was antici-  
pa t ed  in the  bees. 

The emergence  of bees f rom popula t ions  exposed  to  LL, 
LD or DD regimes were no t  synchronized  in the  absence 
of t e m p e r a t u r e  shock ~. 

Zusammenfassung. Erniedr igung  der  T e m p e r a t u r  auf 
14~ er laubt  eine wei tgehende  Synchron i sa t ion  des 
Schli ipfens der  Imagines  der  B la t t schne ide rb iene  Mega- 
chile rotundata. Die Lichtverh~Lltnisse haben  keinen Ein-  
fluss auf den Schl i ipf rhythmus .  
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W'hile dex t r ans  and o ther  large macromolecules  have  
been used extens ive ly  for separa t ion  of blood cells ~ 4, 
l i t t le is known abou t  the  effects of these  large molecules 
on the  metabol ic  ac t iv i ty  of the  separa ted  cells. The large 
macromolecule  dex t r an  would be expec ted  to produce  
changes  in m e d i u m  viscosity,  cell volume,  m e m b r a n e  
hydra t ion  and because of this  to influence metabol ic  
act ivi ty .  The possibi l i ty  t h a t  med ium viscosi ty  5, and cell 
vo lume 6, m a y  al ter  cellular metabol ic  ac t iv i ty  has been 
suggested.  

Materials and methods. Male H o l t z m a n  rats,  42 ~ 2 days  
age, were used in all exper iments .  D e x t r a n  solut ions of 
1, 3, and 5% 39,500 mol. wt. dex t r an  (lot 8687, Pharmac ia ,  
Sweden) was used. 1, 3, and 5% dex t r an  solut ions in 
s t anda rd  Tyrode ' s  med ium were also p repa red  using 
139,000 mol. wt. clinical grade H dex t r an  (lot H 1158, 
P h a r m a c h e m . ,  Pennsylvania)  and 228,000 mol. wt. 
clinical grade H H  dex t r an  (lot H H  82262, Pha rmachem. ) .  
The osmolar i ty  of the  d i f ferent  dex t r an  solut ions was 
ad jus ted  to 310 mOsm/ l  wi th  NaC1 and the  p H  ad jus ted  
to 7.35. De te rmina t ions  of cell counts  and size were made  
on a Coulter Counter  Model B coupled to a Model J 
Coulter char t  recorder.  Al iquots  were placed in a Model 
53 biological oxygen  moni to r  for measu remen t s  of O 2 con- 
sumpt ion  at  37 ~ 

Results. Figure  1 shows the  O 2 consumpt ion  of bone 
mar row cells in the  various media  used in th is  s tudy.  
S t imula t ion  of O 2 consumpt ion  of bone  mar row cells 
occurred only in Tyrode ' s  med ium conta in ing  3% 
139,000 mol. wt.  dex t ran .  Figure  2 shows the  viscosit ies 
of the  di f ferent  pe rcen t  and tool. wt. dex t r ans  employed.  

Typical  size d is t r ibu t ion  graphs  of ra t  bone mar row 
cell popula t ions  regis tered by  the  Coulter counter  p lo t te r  
compromise  3 d is t inc t  groups (Figure 3). Different ia l  
counts  and measu remen t s  showed t h a t  t he  bone mar row 

cell popula t ion  consisted of 3 groups. Group 1, ma tu re  
e ry th rocy tes  and a small n u mb e r  of small  l ymphocy te s ;  
Group 2, nuclea ted  RBC and lymphocy te s ;  and Group 3, 
ma tu re  granulocytes  and a few large b las t  cells forms. 
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Fig. 1. Effect of different media on rat bone marrow oxygen con- 
sumption. Total cell concentration 8 x 10v/5 ml medium. Each histo- 
gram bar represents the mean of 10 experiments. The lines indicate 
mean ~ 2 S.E. 

1 W. A. SKOOG and W. S. BECK, Blood 11, 436 (1956). 
2 j .  W. GOODMAN, Expl. Cell Res. 21, 88 (1960). 
s S. K. HILAL, D. G. MOSSER, M. K. LOKEN and R. W. JmiNSON, 

Ann. N.Y. Acad. Sci. 17d, 661 (1964). 
4 j.  H. MORRISON, Br. J. Haemat. 13, 229 (1967). 
.5 C. J. HEDESKOV and V. ESMAN~, Blood 28, 163 (1966). 
n R. M. GESINSKI, J. H. MORRISON and J. R. TOEPFER, Aust. J. 

biol. Sci. 21, 1319 (1968). 


