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An Excitatory Component of the Jaw Opening Reflex in the Temporal  and Masseter Muscles of Cats 
and Monkeys 

I t  h a s  r ecen t ly  been  r epo r t ed  t h a t  m e c h a n i c a l  s t imu-  
l a t ion  of pe r i odon t a l  recep tors  a n d  electr ical  s t i m u l a t i o n  
of t h e  g ing iva  evokes  a sho r t  l a t ency  e x c i t a t o r y  ref lex  
response  in the  masse t e r  muscles  of m a n  i. However ,  in  a 
s imi la r  s t u d y  i t  was conc luded  t h a t  t he  e x c i t a t o r y  masse-  
te r ic  ref lex evoked  b y  m e c h a n i c a l  s t i m u l a t i o n  of t he  t e e t h  
was no t  t he  resu l t  of p e r i o d o n t a l  r ecep to r  exc i t a t i on  b u t  
was  due  to v i b r a t i o n  induced  a c t i v a t i o n  of muscle  sp indles  
in  t he  j aw  closing muscles  ~. Since t h e r e  h a d  been  no  
p rev ious  r epor t s  of a shor t  l a t ency  e x c i t a t o r y  ref lex 
evoked  in t he  j aw  closing muscles  of m a n  b y  s t i m u l a t i o n  
of r ecep tors  in  t h e  mucosa  of t he  oral  cav i ty ,  t he  usua l  
response  be ing  one of i n h i b i t i o n  of a c t i v i t y  of these  
muscles  8-5, i t  was  i m p o r t a n t  to  d e t e r m i n e  w h e t h e r  a 
s imi la r  e x c i t a t o r y  ref lex could be  o b t a i n e d  in animals .  

Methods. The  e x p e r i m e n t s  were p e r f o r m e d  on 4 a d u l t  
ca t s  a n d  2 adu l t  m o n k e y s  (Macaca mulatta). The  a n i m a l s  
were l igh t ly  anes the t i zed  ; sod ium m e t h o h e x i t a l  (Brevi ta l )  
in  t he  ca t s  and  pheny lcyc l id ine  h y d r o c h l o r i d e  (Sernylan)  
in  t he  monkeys .  B ipo la r  r ecord ing  electrodes  were 
i n se r t ed  in to  t he  an t e r i o r  f ibers  of t he  t e m p o r a l  muscle,  
t h e  an t e r i o r  be l ly  of the  d igas t r ic  muscle ,  and  t he  masse t e r  
muscle ,  us ing  a t e c h n i q u e  descr ibed  b y  SAUERLAND a n d  
MITCHELL ~. The  record ing  e lect rodes  cons is ted  of 2 e n a m e l  
coa ted  s ta inless  s teel  wires, 0.16 m m  in  d iamete r ,  w i t h  
1 m m  of in su la t ion  r e m o v e d  f rom t h e  t ips  and  t he  ba re  
ends  k e p t  a p p r o x i m a t e l y  3 m m  a p a r t  in  the  muscle.  
S t i m u l a t i o n  of i n t r a -o ra l  mucosa l  a f fe ren t s  was  o b t a i n e d  
in t he  m o n k e y s  b y  single e lec t r ica l  pulses de l ivered  t h r o u g h  
b ipo la r  e lec t rodes  p laced  on  t he  gingiva,  a n d  in t h e  ca t  
b y  single shocks  de l ivered  to t he  cu t  c en t r a l  end  of t he  
l ingua l  ne rve  j u s t  before  i t  en te red  t h e  tongue .  T he  ca t s  
were p laced  in a s t e r eo tax ic  a p p a r a t u s  a n d  t he  m o n k e y s  
l ay  in a sup ine  pos i t ion  w i t h  t he  h e a d  s u p p o r t e d  b y  a 
pillow. The  electr ical  a c t i v i t y  of t he  muscles  was recorded  
on  t ape  and  s u b s e q u e n t l y  p layed  b a c k  in to  a n  oscilloscope 
and  p h o t o g r a p h e d .  A more  c o m p l e t e  desc r ip t ion  of t he  
s t i m u l a t i o n  a n d  record ing  s y s t e m  has  been  p re sen t ed  
e lsewhere  L 

Results and discussion. I n  al l  ca ts  s t i m u l a t i o n  of t he  
ips i l a te ra l  or c o n t r a l a t e r a l  l ingua l  ne rve  evoked  t he  j aw  
open ing  ( l inguomand ibu la r )  reflex. Th i s  ref lex has  been  
cha rac t e r i zed  b y  exc i t a t i on  of d igas t r i c  m o t o n e u r o n s  
a c c o m p a n i e d  b y  i n h i b i t i o n  of a c t i v i t y  in  masse te r ic  
m o t o n e u r o n s  7. The  l ingua l  ne rve  s t imu lus  also evoked  an  
e lect r ica l  response  in t h e  ips i l a te ra l  d igas t r ic  musc le  
b e g i n n i n g  a p p r o x i m a t e l y  7 msec a f t e r  t h e  shock a r t i f a c t  
(Figure  1). The  d igas t r ic  a c t i v i t y  was usua l ly  p receded  b y  
a sho r t  l a t ency  response  (5-7 msec) in  t h e  t e m p o r a l  and  
m a s s e t e r  muscles  (Figure 2A). 

I n  some ins tances ,  however ,  t h i s  sho r t  l a t ency  response  
was no t  p resen t .  I n  t he  e x p e r i m e n t  i l l u s t r a t ed  in FigUre 1, 
l ingua l  ne rve  s t i m u l a t i o n  cons i s t en t ly  evoked  d igas t r ic  
muscle  exc i t a t i on  and  j aw opening,  b u t  t h e  on ly  cons i s t en t  
response  in t h e  ips i la te ra l  t e m p o r a l  muscle  appea red  
a f t e r  a l a t ency  of 16-18 msec (Figure 1A). Th i s  resu l t  was 
o b t a i n e d  w i t h  t h e  j aw  a t  rest .  U n d e r  B r e v i t a l  anes thes i a  
t he  j aw  e l eva to r  musc les  d id  no t  h a v e  suff ic ient  t one  to 
ho ld  t h e  j aw  closed. T he  s e p a r a t i o n  b e t w e e n  the  incisa l  
edges of t he  u p p e r  and  lower an t e r i o r  t e e t h  was approx i -  
m a t e l y  18 mm.  The  lower  j aw was t h e n  f u r t he r  opened  
a p p r o x i m a t e l y  5 m m  b y  d o w n w a r d  pressure  on t he  lower 
an t e r i o r  t e e t h  a n d  t he  j aw  he ld  in t h a t  pos i t ion .  The  effect  
of l ingua l  ne rve  s t i m u l a t i o n  w i t h  t he  j aw  in  t he  open  
pos i t ion  is shown  in F igu re  lB .  T he  d igas t r ic  muscle  
response  was s l ight ly  modif ied.  However ,  a m a r k e d  change  
was seen in t he  response  of t he  t e m p o r a l  muscle.  The  sti-  

mulus  now cons i s t en t ly  evoked  a sho r t  l a t ency  (5 msec) 
response  w h i c h  c lear ly  preceded  t h e  d igas t r ic  a c t i v a t i o n  
(Figure  1B). F u r t h e r m o r e ,  t h e  la te  response  seen w i t h  t he  
j a w  a t  res t  (Figure  1A), was  abo l i shed  (Figure 1B). The  
la te  t e m p o r a l  muscle  response  could a l so  be b locked  
w i t h o u t  r educ t i on  of t he  sho r t  l a t ency  response  b y  f ix ing  
t he  lower j aw in t he  m a x i m a l  e l eva ted  pos i t ion  w i t h  t he  
t e e t h  in  occlusion. I n  t h i s  pos i t ion  t he  l ingual  ne rve  
s t imu lus  p roduced  d igas t r ic  muscle  exc i t a t ion  b u t  no j aw  
open ing  m o v e m e n t  was p e r m i t t e d .  
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Fig. 1. The effect of lingual nerve stimulation on the electrical acti- 
vity in the diagastric and temporal muscles of a cat. The upper trace 
in each record is from the diagastric, and the lower from the temporal 
muscle. Each trace is the photographic superimposition of 20 oscillo- 
scope sweeps. In A) the stimuli were delivered with the jaw at rest. In 
B) the lower jaw was depressed by approximately 5 mm and held in 
that position during stimulation. 
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Fig. 2. The effect of a conditioning contralateral lingual nerve stimulus on the activity evoked in the ipsilateral temporal and digastric 
muscles by a test stimulus delivered to the ipsilateral lingual nerve. A) is the response of the right digastric (upper trace) and temporal 
(lower trace) nmscles to right lingual nerve stimulation; B) is the response to left lingual stimulation. In C) the response to right lingual 
nerve stimulation is shown on a delayed sweep when delivered at arrow in B), 43 msec after the conditioning left lingual stimulus. Each 
trace is the photographic superimposition of 20 sweeps. The time base for A) is the same as C) ; and 13) is the same as D). Voltage calibration 
for digastric and temporal muscle records are the same as in Figure 1. D) is the activity recorded in the masseter muscle of a monkey after 
electrical stimulation of the labial gingiva of the eontralateral upper canine. See text for details. 

Figure  2 i l lustrates  the  i ndependance  of the  shor t  
l a t ency  t empora l  muscle  response  on b o t h  digastr ic  
muscle  exc i ta t ion  and  jaw opening.  Figure  2A shows the  
response  of b o t h  the  digastr ic  and t empora l  muscles to  
ipsi la teral  l ingual  nerve  s t imula t ion  and Figure 2B shows 
the  response  of t he  same muscles  to  cont ra la te ra l  l ingual  
s t imula t ion .  W h e n  the  con t ra la te ra l  l ingual shock was 
used as a condi t ioning s t imulus  and  the  ipsi lateral  l ingual 
shock as t he  tes t  s t imulus  the  resul ts  shown in Figure 2C 
were obta ined .  At  a condi t ion ing- tes t  in terva l  of 43 msec 
(test  s t imulus  delivered a t  a r row in Figure  2B) the  digastr ic  
muscle  response and the  j aw opening  reflex were inhibi ted,  
t he  shor t  l a tency  reflex in t he  t empora l  muscle remained  
the  same or was s l ight ly  enhanced,  and  the  late  t empora l  
response  was abol ished (Figure 2C). 

These f indings are r emarkab ly  s imilar  to the  results  of 
TnEXTON 8 who descr ibed shor t  and  long la tency  exc i ta to ry  
ref lex responses  in the  t empora l  muscle  of decerebra te  and  
hypo tha l amic  cats  to electrical  s t imula t ion  of the  ipsi- 
la teral  inf raorbi ta l  nerve. Thex ton  also repor ted  t h a t  the  
shor t  l a tency  t empora l  response  was  enhanced,  and  the  
la ter  response reduced,  when  evoked wi th  the  jaw held 
wide open or f ixed in an isometr ic  posit ion.  

The presence of the  shor t  l a tency  t empora l  muscle re- 
sponse  does no t  appear  to  be d e p e n d e n t  on jaw m o v e m e n t  
or digastr ic  muscle ac t iv i ty  since i t  can be ob ta ined  in the i r  
absence.  However ,  th is  is no t  t he  Case for the  late t empora l  
response.  I t  could be pos tu la t ed  t h a t  the  late response is 
due to  s t re tch  of muscle  spindles  in the  jaw elevator  
muscles  as a consequence of the  jaw opening. Ac t iva t ionof  
these  muscle  spindles results  in exc i ta t ion  of jaw closing 
muscles  9. This  v iew is suppor t ed  by  the  evidence which  
shows t h a t  if jaw opening is p r even t ed  the  second response 
does no t  appear .  

In  F igure  2D the  response  of t he  masse te r  muscle  in 
a m o n k e y  to  electrical  s t imula t ion  of t he  labial  gingiva 
of the  cont ra la te ra l  upper  canine too th  is shown.  A shor t  
l a tency  ref lex could be observed in t he  masse te r  muscle  
when  a wooden  block, 18 m m  thick,  was p laced  be tween  
the  molar  t ee th  on the  r igh t  side. This  j aw  opening 
procedure  elicited a cont inuous  barage of spon taneous  
ac t iv i ty  in t he  masse te r  muscle. The la tency  of the  reflex 
was 9 msec and is s imilar  to the  latencies  of the  response 
observed in the  masse te r  muscles  of m a n  to  pe r iodon ta l  
and gingival  receptor  s t imula t ionK Note  t he  br ief  per iod  
of inh ib i t ion  of the  spontaneous  ac t iv i ty  which  follows 
the  exc i t a to ry  reflex (Figure 2D). This s i lent  per iod was  
also p resen t  in the  h u m a n  subjec t  studies.  In  b o t h  m a n  
and  monkeys  the  exc i t a to ry  reflex could only  be evoked 
when  the  j aw closing muscles were in isometr ic  cont rac t ion .  

To summarize ,  i t  has  been  shown here t h a t  electr ical  
s t imula t ion  of the  l ingual  nerve  in cats,  and  the  gingiva 
in monkeys ,  evokes a shor t  l a tency  exc i t a to ry  r e f l e x  
response  in the  jaw closing muscles.  These f indings,  coupl- 
ed wi th  s imilar  resul ts  in m a n  I, s t rongly  indicate  t h a t  
there  exis ts  a shor t  l a tency  exc i t a to ry  reflex involv ing  
intra-oral ,  non-muscular ,  t r igemina l  af ferents  and  the  j aw 
closing t empora l  and  masse te r  muscles.  A discussion of 
possible cent ra l  p a t h w a y s  subserving  th is  reflex has been  
p resen ted  elsewhere 1. 

s A. J. THEXTON, J. Physiol., Lond. 201, 67P (1969). 
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Rdsumd. Apr6s s t imula t ion  61ectrique de la gencive 
chez le singe et  du neff  l ingual  chez le chat ,  une  r6ponse 
r6flexe de cour te  la tence ~ 6t6 enregistr6e au n iveau  du 
muscle t empora l  e t  du masseter ,  La la tence  de ce t te  
r6ponse est  plus rap ide  que celle de la r6ponse d igas t r ique  
indui te  par  le mSme st imulus.  La r6ponse t empora l e  de 
cour te  la tence peu t  6galement  6tre observ6e en l ' absence  
t a n t  d 'une  r6ponse d igas t r ique  que du r6flexe d ' ouve r tu re  
de la gueule. 
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T h e  Effect  of  Lophozozymus pictor T o x i n  o n  H e L a  

A crude ex t r ac t  of t he  coral  reef crab, Lophozozymus 
pictor, has recent ly  been  repor ted  to  be toxic  to ra t s  and 
mice. Large doses rap id ly  depress  t he  resp i ra t ion  and  blood 
pressure and  dea th  follows wi th in  a few minu tes ;  wi th  
low doses t he  act ion is more  insidious and dea th  only 
occurs af ter  20 or 30 h 1. These f indings suggested t h a t  the  
tox in  m a y  have  a general  cy to tox ic  act ion;  H e L a  cells 
have  been used to  s tudy  th is  possibil i ty.  

The toxic  ex t rac t  was  p repa red  as descr ibed earl ier/ .  
1 ml  of ex t r ac t  con ta ined  300 mouse uni ts  (MU)~. HeLa  
cells (Strain E, C o m m o n w e a l t h  Serum Laborator ies ,  
Australia)  were grown in monolayers  in m e d i u m  199 
(Burroughs Wel lcome & Co.) conta in ing  10% foetal  calf 
serum (DIFCO), penicil l in 100 uni t s /ml  and s t r ep tomyc in  
100 txg/ml in non-corros ive  borosi l icate cul ture tubes  wi th  
non- toxic  silicone rubbe r  s toppers .  The tubes  were 
incuba ted  in a Model T26 Rol le r the rm incuba tor  a t  37~ 
and  ro t a t ed  at  ~/5 g /min  Tryps in  0.25% (Type III ,  Sigma 
Chemical  Co.) was used for t ryps in iza t ion  of the  cells and 
cell counts  were made  wi th  a Neubauer  haemocy tome te r .  

The effect  of the  ex t r ac t  on H e L a  cell a t t a c h m e n t  to  
glass was tes ted .  F resh ly  in t roduced  H e L a  cells will 
normal ly  a t t a c h  themse lves  to  the  inside surface of the  
tube  af ter  abou t  2 h. Al iquots  of app rox ima te ly  1 X 10 ~ 

Table I. Effect of Lophozozymus pictor toxin on HeLa cell attachment 
to glas s 

Toxin HeLa cell attachment to glass 
mouse units/ml after 48 h incubation 

0 (Control) yes 
0.006 yes 
0.06 no 
0.6 no 
6.0 no 

60.0 no 

Table II. Effect of Lophozozymus pictor toxin concentration on the 
time of appearance of cytotoxicity in HeLa cells 

Toxin Time at which cytotoxicity was 
mouse units/ml observed in 50% of HeLa cells 

0 (Control) no toxicity after 4 days 
0.003 no toxicity after 4 days 
0.006 4 days 
0.03 3-5 h 
0.06 11/2-2 b 
0.3 35-60 min 
0.6 25 rain 
3.0 10-15 rain 

Cel l s  

cells in 1 ml  m e d i u m  were d i s t r ibu ted  in cul ture  tubes.  
The ex t rac t  (300 MU/ml)  was added  to the  tubes  to  give 
concen t ra t ions  f rom 0.006 to  60 MU/ml.  Tubes wi th  no 
tox in  added  were used as controls.  All tubes  were incubat -  
ed for 48 h and observed wi th  an inver ted  microscope at  
regular  in te rva ls  for cell a t t a c h m e n t  to  glass. The results  
show t h a t  a t  concen t ra t ions  h igher  t h a n  0.006 MU/ml,  
H e L a  cells failed to  adhere  to  glass (Table I). 

The effect  of the  tox in  on cellular morphology was nex t  
inves t iga ted .  Similar  a l iquots  of H e L a  cells as above were 
f irs t  d i s t r ibu ted  in tubes  and  al lowed to  adhere and  grow 
for 48 h. The med i u m was  then  replaced wi th  1 ml a l iquots  
of med i u m conta in ing  concen t ra t ions  of toxin  ranging f rom 
0.003 to  3.0 MU/ml.  Control  tubes  conta ined  no toxin.  
The tubes  were observed  for cell tox ic i ty  over  a 96 h 
period.  Toxic i ty  was corre la ted  to  the  rounding  of the  
polygonic  cells, the  appearance  of granules and retract i le  
bodies  in the  cy top la sm and cell lysis. 

The cy top la sm of m a n y  of the  cells s ta ined less pro- 
minen t ly  wi th  alcoholic eosin t h a n  the  controls.  The cells 
de tached  f rom the  glass tubes  w i th in  20 h af ter  cy to toxi -  
ci ty was f irs t  noted.  The min imal  concen t ra t ion  required 
to give a toxic effect  was  0.006 MU/ml .  The per iod before 
the  appearance  of cy to tox ic i ty  in 50% of H e L a  cells 
var ied wi th  the  dose of tox in  and ranged f rom 10 rain to 
4 days  (Table II).  These results  are of in teres t  since in the  
whole an imal  the  d e a t h  t imes  also var ied from a few rain 
to 30 h depend ing  on the  dose 1. 

The results  of th is  s t u d y  show t h a t  HeLa  cells provide  
a more  sensi t ive assay for the  tox in  than  the  mouse  
tox ic i ty  test .  This  cell cul ture m e t h o d  is therefore  useful 
in following the  pur i f ica t ion  of t he  toxin.  

Zusammen/assung. Ein  w~isseriger E x t r a k t  einer  beson- 
deren K r a b b e n a r t  (Lophozozymus pictor) erweist  sich als 
toxisch  gegeniiber HeLa-Zel len.  Es  k o m m t  zu U m w a n d -  
lungen der Zellform sowie des Cytoplasmas.  Die Reak t ion  
scheint  leicht  er fassbar  und  ist fiir einen Toxizi t / i t s tes t  
besser  geeignet  als der  bis j e tz t  ve rwende te  M~iusetest. 

C .H.  TAN and Y . F .  TEH 3 

Department o[ Biochemistry and Pharmacology, 
University o[ Singapore, Singapore-3, 12 July 7977. 

1 y.  F. TEH and J. E. GARDINER, Pharmae. Res. Commun. 2, 251 
(1970). 

2 E. F. MCFARREN, in Animal Toxins (Eds. F. E. RUSSELL and P. R. 
SAUNDERS; Pergamon Press, Oxford 1966), p. 85. 

3 We thank Prof. J. E. GARDIN~R for supporting the project and the 
Department of Bacteriology, University of Singapore, for the sup- 
ply of HeLa cells. 


