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oper. Photographs  were t aken  of the  tissue sections for 
compar ison wi th  the  corresponding autoradiographs.  

Sample  autoradiographs  show the  dis t r ibut ion of the  
labelled mater ia l  under  normal  condit ions (Figure 1, a-d)  
and after  acute  comple te  l igat ion of the  anter ior  des- 
cending coronary  a r te ry  (Figure 2, a-d).  In  this, as in 
most  cases, flow beyond the  occlusion does not  fall to 
zero. Wi th in  the  area of reduced flow the  indicator  is 
d is t r ibuted inhomogeneously.  Reduc t ion  of flow is most  
marked  ill the  inner layer  of the  left  ven t r ieu la r  wall. 
This agrees wi th  the  findings of MUIR and DE BRA 4 and 
seems to indicate  a p r imary  nonhomogene i ty  of collateral  
supply.  

occlusion angegeben.  I m  Versorgungsbereich aku t  ver-  
schlossener Coronarar ter ien wird eine inhomogene Re-  
dukt ion  der Durchb lu tung  beobachtet ,  wobei  die Innen-  
schichten regelm/issig st~Lrker als die subepicardialen 
Myocardante i le  betroffen sind. 
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Zusammen/assung. Es wird ein Verfahren zur auto-  
radiographischen Dars te l lung der in t ramyocard ia len  
Durchb lu tungsver te i lung  nach  exper i inentel ler  Coronar- 'T. W. MUIR and D. W. DE BRA, Circulation Res. 27, 65 (1967). 

A Protective Mechanism for the Tongue: Suppression of Genioglossal Activity Induced by Stimula- 
tion of Trigeminal Proprioceptive Afferents 

Bit ing on the  tongue  dur ing mas t ica t ion  is a re la t ive ly  
rare incident  in the  hea l thy  adult .  The  tongue,  par t icu-  
lar ly  its anter ior  portion,  appears  to be well pro tec ted  
by  a ve ry  rel iable mechanism.  One could hypothes ize  
t h a t  the  mas t i ca to ry  a c t i v i t y  itself plays a ma jo r  role in 
the  protec t ion  of the  tongue by  sending to the  brain s tem 
impulses which regulate  the  ac t iv i ty  of cer ta in  por t ions  
of the  tongue.  I t  was the  purpose of this  s tudy  to ver i fy  
this assumption.  The genioglossus muscle offered itself 
as an ideal test  organ since its ac t iva t ion  leads to pro- 
t rusion of the tongue beyond the  occlusal zone of the  
teeth.  Ev idence  will be presented here showing tha t  the  
prot rus ive  act ion of the  tongue is inhibi ted by  proprio- 
cept ive  afferent  act ivi t ies  f rom mas t i ca to ry  muscles. 
Port ions  of this work  were previous]y presented in the  
form of an abs t rac t  1. 

Methods. 18 adul t  cats were used for this s tudy.  Surgery 
( t racheotomy;  nerve  dissections) was carried out  under  
general  anesthesia  produced by  shor t -ac t ing  sodium 
methohexi ta l .  Fol lowing all surgical procedures,  a l ight  
anesthet ic  s ta te  was main ta ined  by i.p. appl icat ion of 
ehloralose. Gal lamine  t r ie th iodide  was injected i.v. as a 
muscle re laxant .  The me thod  of proper  ven t i l a t ion  of 
immobi l ized  preparat ions  was described earlier s. The 
body  t empera tu re  was kep t  cons tant  at  36-37~ wi th  
rad ian t  heat.  Per ipheral  nerves were carefully dissected 
and suspended in a small  pool of minera l  oil. For  recording 
and s t imula t ing  purposes, bipolar  si lver hook electrodes 
were applied to the  p rox imal  por t ion  of the  severed 
nerves. The  following nerves were prepared:  hypoglossal  
branches to the  genioglossus muscle, l ingual  nerve, glosso- 
pharyngeal  nerve  branches to tongue mucosa,  masseter ic  
nerve, and t h e  nerve  to the  anter ior  bel ly of the  digastr icus 
muscle. Reflexes to the  genioglossus were elicited by  
electrical  test  s t imuli  (single pulse: 0.1 msec) to the  ipsi- 
la teral  l ingual  or glossopharyngeal  nerve  at  the  ra te  of 
0.5/sec. Ref lex  depression was induced by  applying 
condi t ioning s t imula t ion  (burst of 3 pulses; 500/sec; 
0.3 msec;  3-5 V) to ei ther  the  masseteric  or the  anter ior  
digastr ic  nerve. The condi t ioning in te rva l  is defined as 
the  t ime  elapsed between the  beginning of the  condi t ioning 
s t imulus and the  beginning of the  tes t  stimulus. The  
reflex potent ia ls  were amplif ied with  a Tek t ron ix  RM 122 
preamplif ier  and displayed on a Tek t ron ix  RM 565 
oscilloscope. Averages  of the  polysynapt ic  reflex dis- 

charges were computed  wi th  the  aid of a 'Computer  of  
Average  Trans ients '  (CAT model  400A) and wri t ten  out  
by  an X - Y  plot ter .  The area under lying the  averaged 
reflex pa t t e rn  served as all index of reflex act ivi ty .  Areal  
measurements  were carried out  wi th  the  aid of a com- 
pensat ing  polar  planimeter .  

Results. The effects of electrical  s t imula t ion  of tr i-  
geminal  propr iocept ive  afferents on reflexes to the  pro-  
t ruder  of the  tongue (genioglossus) are i l lustrated in 
Figure  1. The compute r -de te rmined  'mean  control '  re- 
flexes are shown in the  upper  par t  of the  figure. If con- 
di t ioning s t imula t ion  to the  ipsi laterat  anter ior  digastr ic  
nerve  (A, C) or the  masseteric  nerve  (B) preceded the  
tes t  s t imulus by  the  op t imal  condi t ioning- tes t  in terva l  
(15msec;  compare  Figure  2), the  reflex ac t iv i ty  was 
considerably depressed ( 'condit ioned responses ' ;  lower 
par t  of Figure  1). Similar  bu t  sl ightly weaker  effects were 
obtained when condi t ioning s t imulat ion was applied t o  
the  cont ra la tera l  masseter ic  nerve  or anter ior  digastric 
nerve. Condit ioning s t imula t ion  of the  masseteric  nerve  
also induced depression of reflexes elicited by  glosso- 
pharyngeal  input .  

The relat ionship beLween the condi t ioning-tes t  in te rva l  
and the  degree of reflex depression is demons t ra ted  in 
Figure  2. The  reflexes were elicited by tes t  s t imuli  to the  
l ingual  nerve. Condit ioning s t imula t ion  was applied to 
the  ipsilateraI anter ior  digastric nerve. The t ime  course 
of reflex inhibi t ions shows an init ial  depressive effect a t  
a condi t ioning in te rva l  of 5 msec. Maximal  depression 
was observed at  12-15 msec. The  to ta l  dura t ion  of the  
inhibi tory  phase ranged f rom 400-500 msec. T ime  courses 
wi th  similar  characteris t ics  were obta ined when con- 
di t ioning s t imulat ion was applied to the  masseteric  nerve, 
or when the  genioglossal reflex was elicited by  glosso- 
pharyngeal  input .  

Discussion. The preceding exper imenta l  observat ions  
have  shown tha t  electrical s t imula t ion  of the  masseteric  
or anter ior  digastric nerve  induces depression of reflexes 
to the genioglossus muscle. I t  is our content ion  t h a t  

1 ~2~. K. SAUERLAND and N. MizuNo, Anat. Rec. 763, 322 (1969). 
2 E. K. SAUERLAND, N. MIZU•O a n d  R. M. HARPER, E x p l  Neurol. 

27, 476 (1970). 
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Fig. 1. Effect of electrical stimulation of trigeminal propri- 
oceptive afferents on reflexes to the protruder of the tongue 
(genioglossus). Reflexes were elicited by single test stimuli 
to the lingual nerve (A, B) or the glossopharyngeal nerve 
(C), and recorded from the proximal portion of the severed 
hypoglossal branch to the ipsilateral genioglossus muscle, The 
computer-determined 'mean control' reflexes are shown in 
the upper part of the figure. If conditioning stimulation to 
fpsilateral trigeminal proprioeeptive atferents in the anterior 
digastric nerve (A, C) or the masseteric nerve (B) preceded 
the test stimulus by the optimal conditioning-test interval of 
15 msec, the reflexes were considerably depressed ('condi- 
tioned responses'; lower part of figure). Each tracing was 
computed from 50 individual responses. Time calibration: 
5 msec. 
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Fig. 2. Time course of reflex inhibition showing the effect 
of electrical stimulation of trigeminal proprioceptive 
afferents on reflexes to the genioglossus. Reflexes were 
elicited by single test stimuli to the lingual nerve and 
recorded from the hypoglossal branch to the ipsilateral 
genioglossus. Conditioning stimulation was applied to the 
ipsilateral anterior digastric nerve. Each point on the 
curve was computed from 50 individual responses. The 
smaller inset illustrates the remarkable duration of the 
inhibitory phase (400 msec or longer). 

a f fe ren t  act ivi t ies  in p ropr iocep t ive  fibers are responsible,  
for the  observed  inh ib i to ry  effect. This v iew is suppor t ed  
by  the  fact  t h a t  na tu ra l  s t imula t ion  of p ropr ioceptors  in 
the  masse te r  or anter ior  digastr ic  muscle  p roduced  iden- 
t ical  effects as did electrical  s t imula t ion  of the  nerves  of 
these  muscles 3. The remarkab le  dura t ion  of the  t ime  
course of reflex depress ion suggest  the  i nvo lvemen t  of 
a p re synap t i e  inh ib i to ry  mechanism.  There  is expe r imen ta l  
evidence t h a t  such a mechan i sm exer ts  its influence on 
the  cent ra l  endings  of p r i m a r y  sensory  neurons  in cranial  
n e r v e s .  ~ A U E R L A N D  a n d  THIEL]~ 3 d e m o n s t r a t e d  t h a t  
ac t iva t ion  of t r igeminal  p ropr iocep t ive  afferents  leads to 
p r e synap t i c  depolar iza t ion  of l ingual and  glossopharyn-  
geal nerve  terminals .  

P ropr iocep tors  in the  masse te r  (jaw closer) and anter ior  
d igas t r ic  muscle  (jaw opener) are ac t iva ted  dur ing  mast i -  
cat ion.  Afferen t  act ivi t ies  f rom b o t h  muscles  produce  
one and the  same effect :  a r emarkab le  and long-last ing 
r educ t ion  of t he  reflex ac t iv i ty  to the  p ro t rude r  of t he  
tongue,  i.e. a decrease in p ro t rus ive  tongue  action.  This  
p h e n o m e n o n  cons t i tu tes  a ve ry  effect ive p ro tec t ive  
mechan i sm for the  anter ior  por t ion  of the  tongue  dur ing  
mas t i ca to ry  act iv i ty .  I t  appears  t h a t  th is  p ro tec t ive  
m e c h a n i s m  a l ready  commences  dur ing  the  opening phase  
of the  month~.  

Zusammen/assung. Die Ref lexakt ivi tXt  des P ro t rudo r s  
der  Zunge (M. genioglossus) wurde  durch  die Akt iv ie rung  
propr iozept i scher  a f ferenter  Fase rn  im N. t r igeminus  
bedeu t end  herabgese tz t .  Po lysynap t i s che  Reflexe zum 
M. genioglossus wurden  en tweder  durch  Reizung des 
N. l ingualis oder  des N. g lossopharyngicus  ausgel6st.  
Bedingende  elektr ische Reizung der Nerven  verschiedener  
K a u m u s k e l n  induzier te  eine bis zu 500 msec andaue rnde  
H e m m u n g  dieser Reflexe.  
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Exercise ,  Blood Lactate and Food Intake 

In  m a n  and  o ther  animals  bou t s  of exercise are followed 
by  a per iod  of hypophag ia  which  is succeeded by  the  
res tora t ion  of energy  balance  wi th in  1 to 2 days  ~, 2. Dur ing  
exercize blood concen t ra t ions  of lac ta te  increase f rom a 
normal  of 0.5-1.0 m M  up to 15 m M  3, and  we have  shown 

t h a t  a 30-min i.v. in jec t ion  of L-lactate (1.3-1.5 mmoles/kg)  
into monkeys ,  causing a m a x i m u m  blood lac ta te  concen-  
t r a t i on  of 2.5 mM, decreased the i r  food in take  abou t  40% 
dur ing subsequen t  feeding ~. Since the  lac ta te  levels quickly 
r e tu rned  to normal ,  the  hypophag ia  appears  to be a 


