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Myocardial indicator content 
in vitro in vivo 

Tissue parts Tissue parts 

Superficial Central Superficial Central 

2077 1180 1781 1563 
2551 858 1765 1459 
3347 1812 1842 1524 
2542 913 1714 1474 
3108 1615 1745 1345 
2895 1371 1923 1560 
3090 1529 1783 1480 
2430 1000 1701 1517 
2782 1189 1879 1575 
2301 939 1761 1400 
2476 756 1601 1321 

2691 1197 1772 1474 
4-368 4-327 4-90 4-89 

The single data are expressed as dpm/100 mg wet weight of myo- 
eardium and summarized as the mean -4-S.D. They are based on 
a level of 10,000 dpm/75 ~t of radioactivity in the serum and in the 
incubation fluid respectively 

Fig. 2. Swelling, vacuolization and myocytolysis of myocardial cells 
of the left ventricular wall after 60 rain of in vitro-incubation. The 
heart muscle piece was excized from the heart of a 104-day-old 
healthy female Syrian golden hamster of the London School of 
Hygiene-strain (hematoxylin-eosin), X 400. 

Epicardium 

Endocardium 

Fig. 1. In previous experiments the myocardial piece was sectioned 
in a cube-like (ii.-') central part, 'while now a rectangular eer~tral 
part ([~) was excized. The new slicing patteru corresponds to the 
morphological characteristics of the ventricular wall; which consists 
of 3 different layers: endoeardium with adjacent myocardial area, 
pure myoeardium, and myoeardium with epicardium. 

histological  p h e n o m e n a  are d e m o n s t r a t e d  in Figure 2 and 
are a s sumed  to  or ig inate  in t he  s tands t i l l  of con t rac t ion  
and  c i rcula tory  funct ions.  There  also exis t  2 over lapping  
processes as a func t ion  of t ime,  i.e., the  t issue deter iora-  
t ion and  t h e  indica tor  pene t r a t i on  in to  the  cent ra l  par ts .  
Swollen cells as well as mater ia l  f rom myolyzed  cells 
occluding the  diffusion ways  m a y  h inder  t he  indica tor  
in pene t r a t i ng  the  tissue. In  add i t ion  an emigra t ion  of 
red blood cells f rom the  t issue in to  the  sur rounding  
incuba t ion  m e d i u m  can be observed by  the  naked  eye. 
The  same process  is also bel ieved to  occur for o the r  

substances ,  i.e., hyaluronic  acid and  o ther  macromole-  
cules, which  are known  to exclude inulin f rom a homo-  
genous d i s t r ibu t ion  a. Since those  par t ic les  ma in ly  emerge 
f rom per iphera l  in ters t i t ia l  and vascular  spaces, this  
p h e n o m e n o n  migh t  be a t t r i b u t e d  to the  unequal  indica tor  
d i s t r ibu t ion  in vi tro.  

The f indings descr ibed above d e m o n s t r a t e  t h a t  there  
is no homogenous  extracel lu lar  space t h roughou t  t h e  
vent r icu la r  wall  of the  m a m m a l i a n  hea r t  and  also t h a t  
the  in vi t ro  approach  of extracel lu lar  space measure-  
m e n t s  does no t  reproduce  normal  or o ther  in v ivo con- 
dit ions,  which  are l ikely to be explored.  Therefore  in v i t ro  
results  are h ighly  quest ionable .  

Zusammen/assung. Extraze l lu lXrraumindika torver te i -  
lung ist  in v ivo und in v i t ro  unterschiedl ich ,  t ro tz  ~ihn- 
l icher Tendenz.  Das 3/Iyokard ver / inder t  sich wXhrend 
der in -v i t ro - Inkuba t ion .  Deshalb  erscheint  es unm6glich,  
in v i t ro  normale  beziehungsweise  in vivo her r schende  
Extrazellul/irr~iume zu messen.  

K. LOSSNITZER 

Sektion Cardiologie und A ngiologie des Zenlrums 
/~r Innere Medizin und Kinderheilkunde der U~iversitiit, 
Medizinisch-Naturwissenscha/tliche Hochschule, 
D-79 UIm (Germany), 24 April  1970. 

3 A. G. OGSTON and C. F. PHELPS, Biochem. J. 78, 827 (1960). 

Measurement of Collateral Flow in Experimental  Coronary Occlusion 

The cur ren t ly  avai lable me thods  to  s t u d y  coronary  
collateral  c irculat ion af ter  acute  or chronic occlusion of 
coronary  arteries, which  include backf low measurements ,  
e lec t romagnet ic  f lowmeter  methods ,  clearance studies,  
c inear te r iography  and corrosion cas t  techniques ,  are 
imper fe t l ,  2. A recent ly  descr ibed au torad iographic  tech-  
nique 3 to  assess the  d i s t r ibu t ion  of blood flow wi th in  
organs has therefore  been used to es t imate  regional 

myocard ia l  blood flow af ter  acu te  l igat ion of coronary  
arteries.  

The m e t h o d  is based on the  appl ica t ion  of small  radio-  
ac t iv i ty  labelled particles,  which  do no t  pass  t h rough  
the  sys temic  capillaries. If  a ca l ibra ted  a m o u n t  of the  
par t icu la te  mate r ia l  is in jec ted  in to  the  sys temic  circula- 
tion, its d i s t r ibu t ion  represents  the  regional  d i s t r ibu t ion  
of blood flow, p rov ided  the  indica tor  is comple te ly  mixed  
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in t he  blood leaving the  left ventr ic le  and  comple te ly  
ex t r ac t ed  in one pass t h rough  the  capi l lary bed.  I t s  local 
concen t ra t ion  is an index  of local flow 3. 

E x p e r i m e n t s  were carr ied out  in 12 mongre l  dogs 
anaes the t i zed  wi th  Nembuta l .  A wire cuff was placed 
on the  anter ior  descending  coronary  a r t e ry  and  a poly-  
e thy lene  ca the te r  was inser ted  into the  left  a t r ium.  Fol-  
lowillg recovery  f rom surgery,  the  anter ior  descending  
coronary  a r t e ry  was occluded.  The effect  of the  l igat ion 
was  control led  b y  coronary  angiography.  Af ter  a per iod 
of 30 min  following the  occlusion, 2 mC j la l  labelled 
macroaggrega ted  a lbumin  were in jec ted  into t he  left  
a t r ium.  4-10 min  af ter  the  injection,  the  an imal  was  
sacrificed. The hea r t  was rap id ly  r emoved  and  frozen. 
The frozen organ was slized in to  1 m m  th i ck  sect ions 
employ ing  a h e a v y  sledge micro tome.  Contac t  au toradio-  

g raphs  were p roduced  exposing the  slices to an Agfa 
Gevaer t  Graphic  F i lm O 53. The exposure  t ime  was  
1-6 days.  Af ter  exposure  t he  fi lms were separa ted  f rom 
the  sect ions and  developed in a freshly p repa red  devel-  

Fig. 2, a-d. Autoradiographs showing the intramyocardiaI distribu- 
tion of the labelled material after acute complete occlusion of the 
anterior descending artery, distal from the septal artery. Large 
ischemic zone in the anterior wall of the left ventricle; the reduction 
of indicator uptake is most marked in the subendocardial layers of, 
the left ventricle. 

Fig. 1, a-d. Autoradiographs showing the intramyocardial distribu- 
tion of the labelled indicator under normal conditions. 

1 C. M. BLOOR and A. A. LIEBOW, Am. J. Cardiol. 15, 238 (1965). 
2 D. E. GREGG and L. C. FISHER, in Handbook o[ Physiology (Ameri- 

can Physiological Society, Washington DC 1963), vol. 2, p. 1517. 
8 H. FLOHR and A. HoPPE, Pfltigers Arch. Ges. Physiol. 37_0, 16 

(1969). 
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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. 

H. FLOHR, R. FELIX, 
N. HAHN and J. p.  PICHOTKA 

Physiologisches Institut, Radiologisches Institut und 
Chirurgische Klinik der Universitiit, 
D-53 Bonn (Germany), 72 May 7970. 

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). 


