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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 
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res idual  effect.  The presen t  s tudy  was designed to  tes t  
t he  possible inf luence of exercise and /o r  lac ta te  on the  
me tabo l i sm of the  media l  h y p o t h a l a m u s  as a possible  
exp lana t ion  for the  sus ta ined  depress ion of food intake.  
We  theor ized t h a t  an increase in blood lac ta te  levels 
p roduced  by  severe exercize or in jec t ion  of lac ta te  causes 
the  release of a factor  which  increases t he  glucose me tabo-  
l ism ra te  and  ac t iv i ty  of the  ven t romed ia l  area of t he  
h y p o t h a l a m u s  (VMH) for several  hours.  

The act ion of gold thioglucose (GTG) in p roduc ing  
lesions in t he  V M H  is closely re la ted  to t he  ra te  of glucose 
me tabo l i sm 5, 6. Mice made  diabet ic  wi th  al loxan do no t  
develop V M H  lesions af ter  GTG inject ions unless also 
giyen insulin 7, and  insul in- insensi t ive b u t  hyperg lycemic  
and  hyper insu l inemic  obob Bar  Ha rbo r  mice are m u c h  
less sensi t ive to  the  VMI t  effect  of GTG 5. Consequent ly ,  
to measure  the  ra te  of glucose metabol i sm,  a histological  
de t e rmina t ion  of the  lesioning effect  of GTG on the  VMH 
of mice was made.  

To t es t  the  effect  of exercize on media l  h y p o t h a l a m i c  
metabol i sm,  a l loxan-diabet ic  mice (65 mg/kg  i.v.) were 
run  on a t r eadmi l l  a t  ra tes  of 12 to 16 m / m i n  for 60 rain. 
Group 2 was run 15 min,  in jec ted  i.p. w i th  0.8 mg/g  GTG, 
and  run  ano the r  45 min.  Three groups of mice, 3, 4, and  5, 

were t r a ined  by  running  60 min  for 5 to  7 days.  On the  
last  day  of t r a in ing  Group 3 was in jec ted  wi th  GTG af te r  
15 rain of t he  60-rain exercize per iod;  Groups 4 and  5 were 
in jec ted  2 and  4 h af ter  exercize, respect ively.  All mice  
were shown to have  glucosuria and hyperg lycemia .  The 
bra ins  were r emoved  1 to 3 days  a f t e r  GTG inject ion for 
histological  p repa ra t ion  5. 

As shown in the  Table, exercize increased the  f requency  
of lesions f rom 0 to 60% in un t r a ined  diabet ic  mice. The 

1 j .  A. F. STEVENSON, B. M. Box, V. FILEKI and J. K. BEATON, 
Am. J. Physiol. 27, 118 (1966). 

20. B. EDHOL~I, J. G. FLETCHER, E. M. WIDDOWSON and R. A. 
McCANCE, Br. J. Nutr. 9, 286 (1955). 

8 A. DECosTER, H. DENOLIN, R. MESSIN, S. DEGRE and P. VAN- 
DERMOTEN, Biochemistry o/ Exercize, in Medicine and Sport (Ed. 
J. POORTMANS; S. Karger, NewYork 1969), vol. 3, p. 15. 
C. A. BAILE and W. ZINN, Fedn Proc. 29, 657 (1970). 

5 C. A. BAILE, M. G. HERRERA and J.  MAYER, Am. J. Physiol .  278, 
857 (1970). 

6 H. J. LIKUSKI, A. F. DEBONS and R. J. CEOIJTIER, Am. J. Physiol. 
212, 669 (1967). 

7 A. F. DEBONS, I. KRIMSKY, A. FROI~I and R. J. CEOUTIER, Am. 
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Photomicrographs of the hypothalamus of 
diabetic mice injected i.p. with 0.8 mg/g 
body weight of goldthioglueose. A) Showing 
no lesion, is from a mouse in Group 1. and B) 
showing severe bilateral lesions is from a 
mouse in Group 9. 
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size of the  lesions var ied  f rom small  to  comple te  VMH 
abla t ion.  The low incidence of lesions in Group 3 m a y  be 
re la ted  to an increased ab i l i ty  to  metabol ize  t he  lac ta te  
due to  t ra ining.  In  the  Figure  are pho tomic rog rap h s  of 
t he  V M H  of t he  bra in  of d iabet ic  mice, one exercized and  
the  o the r  no t  exercized.  I t  sbould be no ted  t h a t  none  of 
the  unexerc ized  mice (Group 1) deve loped  VMI-I lesions 
following GTG injection,  while 15 of 24 normal  mice given 
doses of only  0.3 mg/g  body  weight  developed lesions. 

In  a second expe r imen t  un t ra ined  d iabet ic  mice 
(Group 6) were  in jec ted  i.p. w i th  2.5 ~zmoles/g of Na 
lac ta te  (pH = 7.34) and  30 rain la ter  w i th  0.8 mg/g  GTG. 
Groups 7, 8, 9 and 10 were t r a ined  as descr ibed above  and  
on the  day  following the  t r a in ing  per iod were f irs t  in jec ted  
wi th  2.5 amoles /g  of Na  lac ta te  and  t h e n  0.8 mg/g  GTG 
0.5, 2, 4 and  8 h later,  respect ively .  These mice also 
deve loped  lesions in the  VMH, evei1 up to  8 h af ter  l ac ta te  
in jec t ion  (Table). Sodium propionate ,  2.5 ~moles/g (pH = 
7.34), was no t  effect ive in med ia t ing  the  GTG lesions of 
the  VMt-I of d iabet ic  mice. 

The resul ts  of the  above  e x p e r i m e n t  are evidence t h a t  
the  me tabo l i sm of the  V M H  of t he  d iabet ic  mice following 
exercize or in jec t ion  of lac ta te  was changed  in a n lanner  
s imilar  to t h a t  of a d iabet ic  mouse  given insulin. Al though  

The effect of exercize or lactate on the lesioning of the ventromediaI 
hypothalamus by goldthioglucose (GTG) in mice made diabetic 
with alloxan 

we have  no evidence t h a t  the re  is a re la t ionsh ip  to  these  
exper iments ,  i t  is in te res t ing  t h a t  a factor  released by  
muscle  dur ing  exercize has insulin-l ike ac t iv i ty  on glucose 
me tabo l i sm on var ious  t issues including the  bra in  (8, 
9, 10). I t  is especial ly re levan t  t h a t  such a fac tor  has  
been found in the  ur ine of t r a ined  ra ts  up to  12 h af ter  
the  session of exercizeS. I t  m a y  be t h a t  th is  fac tor  or one 
wi th  s imilar  proper t ies  is released by  increased p l a sma  
levels of lac ta te  and has  insulin-l ike ac t iv i ty  on the  VMH 
which  increases t he  metabol ic  and  p r e s u m a b l y  the  f ir ing 
rate .  Since it is a long-act ing  factor,  it  m a y  cause a sus- 
t a ined  hypophag ia  t h ro u g h  the  suppress ion  of the  la tera l  
h y p o t h a l a m i c  area ac t iv i ty  by  the  increased VMH 
act iv i ty .  

The impor t ance  of exercize in t he  t r e a t m e n t  of d iabetes  
has long been s t ressed n.  Our expe r imen t s  suggest  tha t ,  
in addi t ion  to t he  i m p r o v e m e n t  of glucose u t i l iza t ion  
general ly  observed,  exercize m a y  also be beneficial  in 
control l ing the  deve lopmen t  of obes i ty  no t  only by  increas-  
ing energy  expend i tu re  bu t  also by  p reven t ing  excessive 
food in take  12 

Zusammen/assung. E r h 6 h t e  L a c t a t m e n g e n  im P l a sma  
k6nnen  w/ihrend k6rper l icher  Ans t r engung  die F re i se t znng  
eines Stoffes verursachen,  welcher,  ~hnlich wie Insulin,  
im mi t t l e ren  H y p o t h a l a m u s  w i r k t . D i e s e r  Stoff  k6nn te  
auch an der  Ausl6sung der  Hypophag ie ,  welche nach  
k6rper l icher  Ans t r engung  auf t r i t t ,  be te i l ig t  sein. 

C. A. BAILE, W. ZINN 
and  CAROL McLAuGHLIN 

Group n Blood glucose Condi- GTGinjection time Lesions 
(mg/100 ml) �9 tion After After (%) 

exercize lactate'~ 
(min) (mill) 

Department o/ Nutrition, Harvard School o/Public Health, 
Boston (Massachusetts 02775, USA), 3 July 7970. 

1 9 398-4- 91 U c N e 0 
2 5 514:~ 33 U 0 60 
3 11 477~ 37 T a 0 18 
4 5 534~: 98 T 120 60 
5 5 531~ 27 T 240 0 
6 , 5 411-4- 50 U 30 40 
7 5 4874- 55 T 30 40 
8 5 4 3 7 •  55 T 120 40 
9 5 397~= 20 T 240 80 

10 5 558• T 480 40 

Day of injection, b 2.5 [xmoles]g body weight, o Untrained. a Trained. 
e Not exereized or injected with lactate. 
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Physiologic and Pharmacologic Responses of Mammalian Vascular Smooth Muscles Durin~ Electric 
Field Stimulation 

Previous studies I-~ have shown that brief pulses of 
60 Hz alternating current field stimulation (AC) cause 
contraction of various types of isolated smooth muscle. 
A portion of the response in vascular smooth muscle 
appears to be due to the release of endogenous cate- 
cholamines, principally norepinephrine I, 5. We will dem- 
onstrate that essentially steady-state levels of contraction 
can be achieved during continuous AC stimulation, and 
that voltage-response curves can thus be generated. 
These curves are depressed by 'direct' smooth muscle 
relaxants, by an alpha-adrenergic blocking agent, and 

by  ul t ra-viole t  radia t ion,  which  is known  to  reduce 
act ive  tone  6. Ev idence  will be  p resen ted  t h a t  t he  non- 
ca techolamine  med i a t ed  por t ion  of t he  AC response  is due 
to  s t imula t ion  of the  exci table  membrane ,  and  pe rhaps  
to  direct  ac t iva t ion  of the  exc i t a t ion -con t rac t ion  coupl ing 
mechanisms .  

Materials and methods. Spiral  s t r ips  of aor ta  f rom 
rabb i t s  killed by  cervical  concussion were  suspended  
under  a tens ion  of ap p ro x i ma t e l y  3 g in a co n s t an t  t em-  
pe ra tu re  ba th ,  according to es tab l i shed  m e t h o d o l o g y L  
The b a t h i n g  med i u m was Krebs  b ica rbona te  solut ion 


