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The improvement of wound healing by vi tamin C is of 
Special interest because collagen formation in wounds in 
man is reported to begin only 5 or 6 days after the inci- 
sionx* Thus collagen formation either starts earlier in 
dogs or vi tamin C also acts o n  other cell functions in- 
volved in wound healing. The vi tamin C was useful in 
animals tha t  presumably had normal tissue levels, inas- 
much as dogs fed an adequate diet normally synthesize 
all their needed vi tamin C ~. Possible influence of the 
Calcium in the preparation used cannot be excluded. 

l~ibrinogen's effectiveness may have been due to the 
fibrin matrix expediting fibroplastic proliferation. Alc6- 
hops dramatic improvement suggests tha t  its use in an 
incision would not  only improve antisepsis, but  would 
also improve the healing rate. 

,Z.usammenfassunz. Eine neue Methode wurde ent- 
WlCke • lt, um die Wundheilung (Zugfestigkeit) nach Ver- 
abreichung yon Medikamenten objektiv beurteilen zu 

k6nnen. Als Kri terium wird die Kraft  bestimmt, die not- 
wendig ist, um eine Wunde nach Entfernung der N~hte 
wieder aufzureissen. 
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Effects of E t o n i t a z e n e  u p o n  R e s p i r a t o r y  N e u r o n s  

d Administration of etonitazene 1,~ - a benzimidazole 
erlvative, 1-(fl-diethyl'aminoethyl)-2-(p-ethoxy benzyl- 

5"aitrobenzimidazole) _ in suitable doses produces muscu- 
~ :  paralysis in a wide variety of  species, where the paraly- 
is Is of central origin since the st imulation of a motor 

nerve produces contraction of the innervated muscle (S). In  
tP~e~minary experiments (unpublished), it  was determined 

the administrat ion o f  successively higher doses of 
etonitazene to the squirrel monkey produced respiratory 
aP~alysis before: the locomotor musculature was visibly 
~ected. In  contrast in the dog, locomotor collapse ap- 

Peared before respiratory paralysis. These observations ~ Uggested that  the structures involved in the central con- 
rol of the respiratory musculature, i.e. the respiratory 

centers, are highly sensitive to the effects of etonitazene 
th.e monkey, and more resistant in the dog. The purpose 

-m!s study was to verify these preliminary findings with 
o~°.re systematic research and to determine the sensitivity 

respiratory and expiratory neurons of the 2 species to 
etoaitazene. 

2/Iethods. Adult animals of either sex were used in these 
experiments. Squirrel monkeys (36) weighing 550-950 g 
were anesthetized with sodium pentobarbital  (30 mg/kg), 
urethane (1.5 g/kg), or urethane-chtoralose (800 and 35 
mg/kg, respectively) administered i.p. Dogs (10) weighing 
9.2-15 kg were anesthetized with sodium pentobarbitat  
(25-30 mg/kg) i.v. A tracheotomy was performed and a 
jugular vein was cannulated. The animal was then placed 
in a stereotaxic ins t rument  and the brain stem respiratory 
centers were approached, perpendicularly in the squirrel 
monkeys and obliquely backward a t  an angle of 55 ° with 
the horizontal in dogs, :with a microelectrode through a 
small hole drilled in the top of the skull. The microelec- 
trodes consisted of tungsten rods (1:i m m  in diameter), 
tapered in a reducing bath to measure less than 5 p a t  the 
tip and subsequently coated with insulating material. The 
respiratory movements were recorded as either rate of 
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t~ig. 1. Squirrel monkey. Continuous uninterrupted recording of respiration as temperature changes iu the trachea (top tracing of 
each pair), with upward direction indicating inspiration, and the activity of an inspiratory unit (bottom). The oscillation in the top 

tracing indicates the time of i.v. injection of 3/zg/kg of etonitazene. 
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air flow through a flowmeter connected in series with the 
tracheal cannula, or as temperature changes recorded by 
a thermistor placed in the lumen of the trachea. The po- 
tentials were AC amplified and displayed on the screen 
of an oscilloscope simultaneously with the respiratory 
movements, and photographs were taken on moving film. 
At the end of the experiment the animals were sacrificed 
and the heads perfused with saline solution followed by 
10% formalin. Frozen sections 50 # thick were cut and 
stained with thionine. Every  section was optically pro- 
jected and the plane of section identified. 

Results. All the units recorded in these experiments 
were found within the limits of the medulla oblongata. A 
typical experiment ran as follows. After a respiratory 
neuron was found, some time was allowed to elapse until 
the recording had stabilized. Then, as the act ivi ty dis- 
played on the oscilloscope was being photographed, saline 
was administered i.v. to assure that  injection would not 
disturb the recording of the respiratory unit. Soon after- 
ward, a dose of etonitazene was given i.v. W'henever 
doses of 3 #g/kg in the monkey and 15-20 #g/kg in the 
dog, or higher, were used, respiratory paralysis occurred 
within 10-20 respiratory cycles after the injection. Doses 
of etonitazene lower than those indicated above produced 
either no effect on respiration or small changes in depth 

and frequency lasting only a few seconds to 1 min. In 
several experiments in which respiration was recorded 
spirometrically, the administration of etonitazene pro- 
duced respiratory paralysis~ in mid-position, never in 
either inspiration or expiration. 

In seven monkeys, a respiratory paralyzing dose of 
etonitazene (3 #g/kg) was administered i.v. while the ac- 
t iv i ty  of an inspiratory neuron was being continuously' 
recorded. Inspiratory neurons were defined as units 
whose bursts of firing coincided with the inspiratory phase 
of the respiratory cycle, as recorded by the methods de- 
scribed above. In every case the inspiratory neuron under 
observation reacted to the drug by gradually decreasing 
the duration of its burst  of Iiring and the number of 
spikes/burst until, within 10-20 respiratory cycles, the 
neuron stopped firing completely (Figure 1). In a fe~V 
experiments, galtamine triethiodide was administered be- 
fore etonitazene, and the respiratory movements stopped 
but the unit under s tudy continued firing in bursts. The 
immediate administration of etonitazene produced the 
same results as without previous injection of gallamine 
triethiodide, 

The effects of 20/~g/kg etonitazene on the act ivi ty  of 5 
inspiratory neurons in 5 dogs, were in all aspects similar 
to those obtained for the squirrel monkey. The effects of 
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Fig. 2. Squirrel monkey. Continuous uninterrupted recording of respiration as rate of air flow (top tracing of each pair), and the 
activity of an expiratory unit (bottom). Drug line represents time and duration of i.v. injection of 3/~g/kg of etonitazene. 



15. 1. 1967 Spedalia 59 

~ P.aralyzing dose of e ton i tazene  on the  ac t iv i ty  of an 
xp~ratory neuron in 8 squirre l  monkeys  were also evalu-  
±t ed. Exp i ra to ry  neurons  were  def ined as uni ts  whose 
ursts of fir ing coincided wi th  the exp i ra to ry  phase of the  

respiratory cycle. The  results  were ident ica l  in eve ry  
case. The dura t ion  of t he  burs ts  and the  n u m b e r  of 
pikes/burst increased gradual ly ,  s t a r t ing  a lmos t  imme-  
ately af ter  the inject ion.  Af te r  10-20 resp i ra tory  move-  

ments, respi ra tory  paralysis  occurred and the  uni t  fired 
Continuously a t  a v e r y  h igh  rate .  This  h igh  ra te  of fir ing 
Was mainta ined for 1-2 rain and then  the  f requency de- 
creased gradual ly  unti l ,  eventua l ly ,  all  a c t i v i t y  disap-  
peared (Figure 2). In  a few exper iments  ga l lamine  tr i-  
ethiodide was in}eeted be/ore  e toni tazene.  In  eve ry  case 
the results were the  same, i.e. t he  ga l lamine  t r ie th iodide  
did not  modify  the  effects of e toni tazene.  

In 2 dogs, a para lyz ing  dose of e toni tazene  (20 mg/kg) 
~'as injected while  t he  ac t i v i t y  of an  exp i r a to ry  neuron  
Was being recorded.  The  results were s imi lar  to those de- 
Scribed for the  monkey.  A n u m b e r  of respiratorTf uni ts  
displayed discharge pa t t e rns  t h a t  did no t  fall  wi th in  the  

efinitions of insp i ra tory  or  exp i r a to ry  neurons  used in 
this study. These units  reac ted  to the admin i s t r a t ion  of 
.etonitazene in an unpred ic tab le  m a n n e r  by  e i ther  increas- 
mg or decreasing the i r  ra tes  of firing. 

Discussion. The  resul ts  indicate  tha t ,  in bo th  dog and 
sqairrel monkey ,  e ton i tazene  has  a clear, def in i t ive  effect 
Upon respi ra tory  neurons  whose burs ts  of fir ing coincide 
With e i ther  the  insp i ra tory  or  t h e  exp i ra to ry  phase  of the  
reapiratory cycle. E ton i t azene  has, on  the  o the r  hand,  an  
Unpredictable effect upon neurons t h a t  fire synchronous ly  
With respirat ion,  bu t  whose burs ts  of f i r ing do go t  coincide 
With ei ther  phase  of  the  cycle. The  la t te r  neurons  are no t  
recording ar t i fac ts  because,  fol lowing the  in jec t ion  of 
gal]amine t r ie th iodide  or  curare  and suff icient  locomotor  
and respira tory paralysis ,  the  uni t s  cont inued  thei r  f ir ing 
in bursts. I n  t e rms  of the i r  response to  t he  admin i s t r a t ion  
of etonitazene,  resp i ra tory  neurons  could therefore  be di- 

V ided into 2 groups.  W h e t h e r  such d i c o t o m y  exists also ~ m a  funct ional  po in t  of v iew remains  to be de te rmined .  
. ~ is mteres t ing  to note  tha t ,  among  the  a typ ica l  neurons  
lt~vestigated, no obvious local izat ion wi th in  any  par t  of 
ae medulla  ob longa ta  was observed,  i.e. t h e y  were inter-  

mingled wi th  the  typ ica l  resp i ra tory  neurons.  
The results also indicate  t h a t  e ton i tazene  has  an  exci ta-  

tory effect upon neurons f i r ing dur ing the  exp i ra to ry  
Phase of the  resp i ra tory  cycle, and an inh ib i to ry  effect  
Upon neurons f i r ing dur ing  the  insp i ra to ry  phase of t he  
CYcle. I t  could n o t  be de termined ,  however ,  whe the r  

e toni tazene  acts d i rec t ly  upon the  resp i ra to ry  neurons  or  
whe the r  these  effects are secondary.  I t  is in te res t ing  to 
note  t h a t  a l though  e ton i tazene  has  a clear  exc i t a to ry  ef- 
fect  upon the  exp i r a to ry  componen t  of t he  resp i ra to ry  
centers  (or a t  least  some of i t s  ind iv idua l  cel lular  compo-  
nents),  the  resp i ra tory  ar res t  p roduced  by  the  d rug  is n o t  
a t  expi ra t ion  b u t  a t  mid-posi t ion.  W e  found no qua l i ta -  
t ive  difference be tween  the  2 species s tudied in regard  to 
the  response of ind iv idual  resp i ra tory  neurons to the  ad-  
min i s t r a t ion  of e toni tazene .  Thus,  t he  ques t ion  of dif- 
ferent ia l  sens i t iv i ty  of  t he  2 an imal  species to  e ton i t azene  
remains  unanswered.  

The  ac t ion  of e toni tazene  upon resp i ra tory  neurons  
bears  some similar i t ies  to  t h a t  described 'for sod ium 
pen tobarb i t a t  by  ROBSON et  al. 3. These  inves t iga tors  
found t h a t  both  insp i ra tory  and exp i ra to ry  neurons  re- 
sponded to the  admin i s t r a t ion  of sodium pen toba rb i t a l  
by  e i ther  f ir ing cont inuous ly  o r  by  t o t a l  silence. However ,  
we consis tent ly  found t h a t  insp i ra tory  neurons s topped  
fir ing and t h a t  exp i ra to ry  neurons fired cont inuous ly  in 
response to  t he  admin i s t r a t ion  of e toni tazene .  Therefore ,  
a d i f ferent  mechan i sm of ac t ion  m u s t  be  pos tu la ted .  
Ten ta t ive ly ,  however ,  our  results  do no t  seem to be in 
d i sagreement  wi th  the  concept  t h a t  r esp i ra to ry  peri-  
odic i ty  depends  on the  re la t ive  ac t i v i t y  of the  2 m u t u a l l y  
inh ib i to ry  ne tworks  4, a no t ion  suppor ted  b y  the  resul ts  
of lZOBSOI~ e t  al. s,s. 

Resurnen. E n  este es tudio  se ana l izan  los efectos de la 
adminis t rac i6n  de e ton i tazene  sobre la  ac t iv idad  de las 
neuronas  respira tor ias  en el perro y el mono.  Las neuronas  
inspira tor ias  responden con cese to ta l  de su ac t iv idad  y 
las neuronas  expi ra tor ias  responden  con una  descarga de 
ac t iv idad  con t inua  has t a  la muer te  del  animal ,  
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Tissue Toxicity of Radiologic Contrast Media 
Evaluated with Tetrahymena pyrijormis 

The use of cer ta in  pro tozoans  in toxicologic  tes ts  has 
~een developed to  an ao•reciable ex t en t  only  in recent  
years (H'dTNER1). Recent ' ly  the  ci l ia ted pro tozoan ,  Tetra- 
n, Yrnena pyri/ormis, has been uti l ized for t he  eva lua t ion  of 
~l)e tissue tox ic i ty  of radmlogm cont ras t  media  (MARK et  

Parallel to the damaging  effects of the  same media  in the  
VascUlar endo the l ium of super ior  animals .  ' " L 

~'ollowm th  and ex erlmentatmn FE ~J " g e deve lopmen t  p " ( - 
~ R  et al. 8 and BONATI e t  al. 4) of a new cont ras t  med ium 
ur Use in u rography  (Iodamide),  charac ter ized  by  a v e r y  

h igh  t issue tolerance,  we found i t  in te res t ing  to inves t i -  
ga te  t he  effect  of th is  m e d i u m  on  T. pyri[ormis as com- 
pared to the  o ther  media  a l ready  s tudied  in this  respect.  

Method. We used 7". pyriformis va t .  i t y p e  I I  6 culti-  
v a t e d  in a med ium conta in ing  1% proteose  pep tone  
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