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No changes  in the  levels of non-es ter i f ied  f a t t y  acids 
and  aminoacid  n i t rogen  levels in blood serum were found. 
All C H E  reac t iva tors  increase the  secret ion of cort ico- 
s terone.  This effect  reaches s ta t is t ica l  significance wi th  
m e t h o x i m  and  obidoxim.  

After  ep inephrec tomy,  C H E  reac t iva tors  no longer 
evoked an increase in glycogen concen t ra t ion  in hea r t  
muscle,  bu t  r a the r  a t r end  to  decrease was seen, b u t  
th is  change was no t  s ignif icant  (Table). 

Glycogen concentration in heart muscle from normal and epine- 
phrectomized rats 2 h after administration of drugs (20 mg/kg s.c.) 

Normal rats Epinephrectomized rats 

Treatment n rag/100 g su n rag/100 g s; 

Saline 43 279.9 13.1 4 235.2 36.4 
Trimedoxim 11 334.0 29.8 5 201.4 38.2 
Methoxim 21 354.7 ~ 15.8 4 157.4 23.9 
Obidoxim 14 419.9 ~ 23.47 5 166.2 18.2 

~Statistically significant difference from control values (saline); 
p < o.01. 

Discussion. Our previous  paper  (BENEgOV-~ and  Hvlz-  
DOgOV~ 1) d e m o n s t r a t e d  clearly t h a t  C H E  reac t iva tors  
can induce an increase in glycogen concen t ra t ion  in liver, 
skeletal  and  hea r t  muscle,  and an increase in blood 
glucose level in rats.  The first  series of expe r imen t s  con- 
f i rmed again the  rise of glycogen in muscle.  I f  a rise in 
l iver and muscle glycogen appears  s imul taneous ly  wi th  
the  rise of g lycaemia  in h u n g ry  animals,  the  mos t  prob-  
able exp lana t ion  is glnconeogenesis.  The ac t iva t ion  of 
adrenal  cor tex  and increased release of cor t icosterone 
observed suppor t  th is  hypothes is .  The lack of muscle 
glycogen rise in ep inephrec tomized  animals  m a y  repre-  
sent  fur ther  evidence for th is  conclusion. F u r t h e r  f indings 
- unchanged  levels of non-es ter i f ied  f a t t y  acids and of 
amino acid n i t rogen  - need no t  be in cont radic t ion ,  since 
the  t u rnove r  of amino acids released f rom pro te ins  and 
f a t t y  acids f rom fats  m a y  be a t  such a speed t h a t  no 
change in these  metabol i tes  levels is detectable .  

The es t imat ion  of ca techolamines  in adrenals,  reveal ing 
a fall in concen t ra t ion  af ter  t he  admin i s t r a t ion  of CHE 
reac t iva tors  indicates  also sl ight  ac t iva t ion  of t he  adrenal  
medulla.  The lack of any  change  in t he  ac t iv i ty  of liver 
t r yp tophane -py r ro l a se  and vary ing  effects  of C H E  reac- 
t iva to rs  on the  release of adrena l  ca teeholamines  (de- 
crease of noradrena l ine  af ter  m e t h o x i m  and toxogonin,  
decrease of adrenal ine  af ter  t r imedoxim)  is s t i l ld i f f icul t  
to explain. 
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Summary. Electr ical  s t imula t ion  in la teral  sites of the  upper  cervical  spinal  cord evoked vasodi la ta t ion  after  adrenergic  
blockade.  S y m p a t h e t i c  fibres media t ing  sus ta ined  vasodi la ta t ion  were shown to be separa te  f rom adrenergic  sympa-  
the t i c  fibres since the  adrenergic  vasocons t r ic to r  response in t he  paw evoked by  vasomoto r  s t imula t ion  ill t he  medulla  
was no t  reversed to vasod i la ta t ion  af ter  bre ty l ium.  

A vasodi la tor  inne rva t ion  which  can be ac t iva ted  b y  
s y m p a t h e t i c  s t imula t ion  following adrenergic  b lockade 
exists  in the  cu taneous  vascula ture  of the  canine paw a and 
ear* and  in t he  h ind  l imb 5. The vasodi la ta t ion  b rough t  
abou t  by  s t imula t ion  of these  s y m p a t h e t i c  f ibers is in 
p a r t  med ia t ed  by  acetylchol ine  since the  initial  rap id ly  
developing c o m p o n e n t  of the  response is b locked by  
a t rop ine  5. The m a jo r i t y  of t he  response,  however ,  which  
is of long dura t ion  is no t  a t t r ibu tab le  to cholinergic 
media t ion  or to release of o the r  known  t r a n s m i t t e r s  a, 5 
and  has  been t e rmed  sus ta ined  vasod i la ta t ion  5. Because 
it is of impor t ance  to know whe the r  cent ra l  r ep resen ta t ion  
of th is  unique vasodi la tor  sys t em exists,  s t imula t ion  of 
the  la teral  aspec t  of the  upper  cervical  spinal  cord was 
explored as a means  of ac t iva t ing  sus ta ined  vasodi la ta -  
t ion. E x p e r i m e n t s  uti l izing medul la ry  vasomoto r  center  
s t imula t ion  were also conduc ted  to t r y  to separa te  phys -  
iologically the  adrenergic  and  sus ta ined vasodi la tor  inner-  
various. 

Materials and methods. E x p e r i m e n t s  were carried ou t  
in 19 mongre l  dogs anes the t ized  wi th  30 mg/kg  of sodium 
pen toba rb i t a l  and  art i f icial ly ven t i l a t ed  af ter  admin is t ra -  
t ion of 0.25 mg/kg  of d e c a m e t h o n i u m  bromide.  Supple- 
m e n t s  of the  anes the t ic  and  neuromuscula r  blocker  were 
given when  necessary.  W i t h  the  an imal  in the  prone  posi- 
t ion and its head  placed in a holder,  the  medul la  and up- 

p e rmo s t  por t ion  of t he  cervical spinal  cord were exposed 
t h ro u g h  an incision over  the  c is terna  magna .  A bipolar  
concent r ic  e lectrode was used to s t imula te  e i ther  the  
medul la  (floor of the  4 th  ventricle) or the  la tera l  spinaI 
cord. Various sites 1-6 m m  below the  floor of the  4th 
ventr ic le  and  on the  la teral  aspec t  of the  spinal cord jus t  
caudal  to the  medul la  1-2 m m  b e n e a t h  the  surface were 
s t imula ted .  The procedure  of h i n d p a w  perfus ion which 
has  been repor ted  previouslya  entai led p u m p i n g  blood 
f rom the  femoral  a r t e ry  to  the  cranial  t ibial  a r t e ry  of the  
left h ind  p a w  wi th  a S igmamotor  pump.  The extra-  
corporeal  t ub ing  encompassed  75 ml and  included a 53 ml 
coil which  de layed  the  passage into t he  paw" of catechol-  
amines  released f rom the  adrenal  medul la  dur ing central  
el ici tat ion of vasodi la tor  responses.  The animal  was 
p r imed  i.v. w i th  75 ml  of 5% d e x t r a n  to replace the  blood 
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t a k e n  up by  the  ex t racorporea l  tubing.  In  order  to 
vascular ly  isolate the  paw dur ing cent ra l  s t imulat ion,  
a l igature placed a round  the  aor ta  exposed t h rough  a re- 
t roper i tonea l  incision was t igh tened  prior  to s t imulat ion.  
This  p r even t ed  passage of any  vasocons t r ic to r  subs tances  
in the  sys temic  c i rculat ion f rom reaching the  paw via 
collateral  arteries.  Sys temic  blood pressure  and  paw per-  
fusion pressure  were moni to red  f rom s ide-arms in the  
perfus ion tub ing  p rox imal  and distal  to the  pump,  re- 
spect ively.  Pressures  were measured  wi th  S t a t h a m  t rans-  
ducers  coup led  to a Beckman  dynagraph .  F low was ini- 
t ia l ly  ad jus ted  to set  perfus ion pressure  a t  app rox ima t e l y  
the  level of sys temic  blood pressure and  was ma in t a ined  
cons t an t  t h r o u g h o u t  the  exper iments .  The lef t  l umb a r  
s y m p a t h e t i c  t r u n k  was exposed th rough  a re t roper i tonea l  
incision so t h a t  it  could also be s t imula ted .  P a r a m e t e r s  
of s t imula t ion  were 10 V, 0.5-1 msec and 7-20 Hz for the  
s y m p a t h e t i c  t runk ,  5-10 V, 0.5 msec and  120 Hz for t he  
spinal  cord and  20 V, 0.5 msec and 240 Hz for the  medulla .  
Vasodi la tor  responses  were expressed as a pe rcen tage  of 
the  control  perfus ion pressure  (PP) which was considered 
as 100%. The paired t - tes t  was employed  to de te rmine  
s ta t i s t ica l  differences.  

Results. Prior  to s t imula t ing  the  left  lateral  spinal  cord, 
b re ty l ium,  10 15 mg/kg  and a t ropine  sulfate, 0.25 mg/kg  
were admin is te red  to abolish adrenergic  and cholinergic 
responses  to  s y m p a t h e t i c  nerve  s t imulat ion.  The left 
l umbar  s y m p a t h e t i c  nerve  was s t imula ted  at  20 Hz  for 
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Fig. 1. Vasodilator responses evoked by sympathetic stimulation, 
LCS, histamine, and bradykinin before and after combined intra- 
arterial infusions of antihistamines, ehlorpheniramine and tripelen- 
namine (3-5.5 mg of each) in 9 experiments. Control responses are 
depicted as the entire bar and responses after antihistamines as 
striped portion of bar. Number of experiments are within paren- 
theses. CPS -- Hz. *p~< 0.05; **p < 0.01; ***p < 0.001. 
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Fig. 2. Experiment depicting systemic blood pressure (BP) and paw 
perfusion pressure (PP) during sympathetic stinlulation, LCS, and 
intraarterial administration of histamine and bradykinin before and 
after tripelennamine and chlorpheniramine (3 nag of each). Paw 
blood flow was 17.5 ml/min. A 1 min time calibration is indicated. 

60 sec in terva ls  and these  s t imula t ions  cont inued  unt i l  a 
cons is ten t  sus ta ined  vasodi la tor  response in the  per fused  
left paw was obta ined.  Subsequent ly ,  responses to  la teral  
cervical  spinal  cord s t imula t ion  (LCS) for 30 sec a t  5 and  
10 V, s y m p a t h e t i c  s t imula t ion  for 2 and 15 sec a t  20 Hz, 
h i s t amine  d iphospha te  and b radyk in in  admin is te red  i.a. 
were elicited (Figure 1). Bradyk in in  was employed  as an 
in ternal  vasodi la tor  control .  An expe r imen t  of th is  series 
is dep ic ted  in Figure 2. Responses  to LCS were large in 
magni tude ,  ranging f rom 22 to 38% decreases in perfusion 
pressure,  and  of ten  pers is ted  for several  min af ter  te rmi-  
na t ion  of the  s t imula t ion  (Figure 2). The susta ined vaso- 
di la tor  responses  evoked by  LCS app rox ima ted  those  to 
s y m p a t h e t i c  nerve  s t imula t ion  (Figures 1 and 2) and  were 
e l iminated  b y  lumbar  s y m p a t h e t i c  denervat ion.  Increases  
in sys temic  blood pressure  accompanied  the  vasodi la ta t ion  
in the  paw evoked  by  LCS. The vasodi la tor  response was 
also followed by  delayed vasocons t r ic t ion  in the  paw in 
mos t  cases. Because b re ty l ium blocks adrenergic  pos tgan-  
glionic nerves,  b u t  no t  the  adrena l  medulla,  the  pressor  
and vasocons t r i c to r  responses  are p resumed  to be due to 
cent ra l ly  s t imula ted  release of adrenal  ca techolamines  
or o ther  vasocons t r i c to r  substances .  The volume of the  
perfus ion tub ing  delays the  del ivery  of circulat ing vaso- 
cons t r ic tor  subs tances  to  the  perfused paw by  3-5 min,  
thus  allowing for observa t ion  of the  vasodi la tor  response  
to  LCS. Af te r  the  in t raar te r ia I  admin i s t r a t ion  of t he  ant i-  
h is tamines ,  ch lo rphen i ramine  (3 5.5 mg) and t r ipelen-  
amine  (3-5.5 mg), vasodi la tor  responses  to h i s tamine  were 
blocked or grea t ly  reduced  and those  to LCS also reduced 
(Figure 1). The decrease in the  response to LCS varied,  
since in some exper imen t s  there  was l i t t le or no blockade 
(Figure 2). W h e n  all expe r imen t s  were considered,  how- 
ever, there  was a s ta t i s t ica l ly  s ignif icant  decrease in the  
response a t  10 V (p < 0.05). Responses  to s y m p a t h e t i c  
s t imula t ion  and  b radyk in in  were no t  s ignif icant ly affected.  

Medullary stimulation. These exper iments  were under-  
t aken  to d e m o n s t r a t e  t h a t  sus ta ined  vasodi la ta t ion  is 
med ia ted  by  s y m p a t h e t i c  nerve  fibres separa te  f rom the  
s y m p a t h e t i c  adrenergic  innervat ion .  S t imula t ion  of pres-  
sor sites in the  medul la  and the  lumbar  s y m p a t h e t i c  
t r u n k  p roduced  vasocons t r ic to r  responses in t he  paw 
(Figure 3). The f requency  of l umbar  nerve  s t imula t ion  
was ad jus t ed  in each expe r imen t  so t h a t  the  vasoconstr ic-  
t ion evoked in the  paw was comparab le  in magn i tude  to  
t h a t  caused by  medul la ry  s t imulat ion.  Following bre ty l -  
ium the  usual  marked  degree vasodi la ta t ion  in t he  paw 
was ob ta ined  dur ing s y m p a t h e t i c  s t imulat ion,  bu t  the  
vasocons t r i c to r  response elicited by  medul la ry  s t imula-  
t ion was blocked,  and l i t t le  or no vasodi la ta t ion  occurred 
(Figure 3). 

Discussion. Previous  inves t iga t ions  of the  sus ta ined  
s y m p a t h e t i c  vasodi la tor  sys tem have  been l imited to its 
per iphera l  ac t iva t ion ,  i.e. by  di rect  s t imula t ion  of the  
s y m p a t h e t i c  innerva t ion  of the  paw3,4, ~ ear ~ or h ind  
limbS, L A brief  repor t  of non-chol inergic  vasodi la ta t ion  
in the  dog h ind  l imb evoked by  s t imula t ion  of centers  in 
the  h y p o t h a l a m u s  8 has also been presented.  The resul ts  
of the  cu r ren t  s tudy  d e m o n s t r a t e  conclusively t h a t  a 
cent ra l  r ep resen ta t ion  of the  sus ta ined vasodi la tor  sys- 
t em exists.  Electr ical  s t imula t ion  of the  lateral  spinal  
cord af ter  adrenergic  b lockade elicits vasod i la ta t ion  in 
the  cu taneous  vascula ture  of the  paw which resembles  
closely the  vasodi la tor  response  p roduced  by  lumbar  
s y m p a t h e t i c  s t imulat ion.  The vasodi la ta t ion  is non-  
cholinergical ly med ia t ed  and is long in durat ion.  Localiza- 

6 ]E. ]<RAFT and B. G. ZIM~ERMAN, Br. J. Pharmac. 53, 51 (1975). 
A. A. POLLARD and L. BECK, J. Pharmae. exp. Ther. 779, 132 (1971). 

s C. BELL, W. J. LANG and C. TSlL~MA~IS, Brain Res. 56, 392 (1973). 
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t ion of the  centers  in the  bra in  or spinal  cord f rom which 
this  non-chol inergic  innerva t ion  of the  cu taneous  vessels 
is der ived was no t  sought  in the  p resen t  s tudy.  

I n a s m u c h  as the  n e u r o t r a n s m i t t e r  media t ing  sus ta ined 
vasod i la ta t ion  has no t  been  de l inea ted  it r emained  to be 
de te rmined  whe the r  the  adrenergic  nerves even af ter  
adrenergic  neuronal  b lockade m a y  have  med ia ted  the  
vasodi la tor  effect. Resul ts  have  been p resen ted  indica t ing  
t h a t  release of 'pseudo t r a n s m i t t e r '  in the  form of the  
blocking agen t  i tself did no t  med ia te  this  responseL In  
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l~'ig. 3. Vasoconstrictor responses evoked by sympathetic stinmlatior~ 
(7-20 Hz) and medullary stimulation (240 Hz) before bretylium 
10 mg/kg and vasodilator responses evoked after bretylium. Vaso- 
constrictor responses are indicated by increases in PP, in mm Hg 
and vasodilator responses as % decrease in vascular resistance. 
Values are mean of 10 experiments. 

the  p resen t  work  it is s t rongly  suggested t h a t  s y m p a t h e t i c  
vasodi la tor  fibres separa te  f rom the  adrenergic  nerves  
media te  sus ta ined  vasodi la ta t ion .  Medul lary  vasomoto r  
center  s t imula t ion  and  s y m p a t h e t i c  nerve  s t imula t ion  
evoked comparab le  vasocons t r ic to r  responses  in the  paw 
pr ior  to adrenergic  blockade,  p r e sumab ly  by  ac t iva t ion  
of a similar adrenergic  nerve  discharge.  However ,  af ter  
adrenergic  blockade medul la ry  s t imula t ion  did no t  cause 
vasodi la ta t ion ,  whereas  s t imula t ion  of the  sympa the t i c  
t r u n k  did, S t imula t ion  of these sites in the  medulla  
caused selective adrenergic  s t imula t ion  which was shown 
to be separa te  f rom the  sus ta ined vasodi la tor  innervat ion,  

In  previous s tudies  it was r epor ted  t h a t  an t ih i s tamines  
were par t ia l ly  effective in blocking sus ta ined vasodi la ta-  
t ion, whereas  in o ther  repor t s  no effect  of an t ih i s tamines  
was ob ta ined  a-~. Certain an t ih i s t amines  such as t r ipelen-  
amine  po ten t i a t e  adrenergic  responses".  If  an adrenergic  
con t r ibu t ion  to s y m p a t h e t i c  s t imula t ion  remains  af ter  
adrenergic neuronal  blockade,  the  ant ihis tanaine m a y  
par t ia l ly  antagonize  sus ta ined vasod i la ta t ion  b y  poten-  
t ia t ing  th is  residual  adrenergic  c o m p o n e n t  r a the r  t han  by  
a specific an t ih i s tamin ic  effectK I t  is conceivable t h a t  
th is  act ion of the  an t ih i s t amine  combina t ion  util ized in 
the  present  s t u d y  accounts  for the  decrease in vasodi la ta-  
t ion induced by  LCS. We canno t  rule out  the  possibility,  
however,  t h a t  h i s t amine  release evoked by  LCS m a y  
par t ia l ly  con t r ibu te  to the  vasodi la tor  response and t h a t  
the  an t ih i s tamines  m a y  be act ing specifically. The fact  
t h a t  a comparab le  vasodi la tor  response elicited by  sym- 
pa the t i c  s t imula t ion  was no t  an tagonized  by  the  ant i -  
h i s t amine  would suggest  i nvo lvemen t  of h i s tamine  at  
least  in some of the  exper iments  involving LCS. 

'~ L. ISAAC and A. GOTH, J. Pharmac. exp. Ther. 156, 463 (1967). 
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[stitu/o di Patologia generale dell' UniversitY, Via _Porcell 4, 1-09700 Cagliari (Italy), 26 Apr i l  7976. 

Summary.  Acute tox ic i ty  induced by  DMN was par t ia l ly  p reven ted  by  previously  adminis te r ing  me thy I  mercuric 
chloride (MMC), a chemical  inh ib i to r  of the  drug  metabol iz ing  enzyme sys tem (DMES). We have  s tudied  the  early 
changes  occurr ing dur ing the  course of DMN-intoxica t ion ,  n ame l y  disaggregat ion of polysomal  profiles and necrosis, 
eva lua ted  morphological ly  and by  the  release of S-GPT. 

Mercury  is an i m p o r t a n t  env i ronmen ta l  pol lu tant ,  
largely used in i ndus t ry  and  agriculture,  and is very  well 
known for its toxic  effects on the  per iphera l  and cent ra l  
nervous  sys tem 2. LUCIER et  al. ~ and  ALVARES et al. 4 
showed t h a t  low doses of mercu ry  admin is te red  to  ra ts  
inhib i ted  the  ac t iv i ty  of the  hepa t ic  drug metabol iz ing  
enzyme sys t em (DMES). Mercury  does in fact  reach high 
concen t ra t ion  in the  microsomal  f rac t ion of the  hepato-  
cy te  ~. 

Pa thophys io logica l  a l te ra t ions  of t he  D M E S  m a y  al ter  
the  course of t ox i c i ty  induced  by  those  drugs which act  
a f ter  the i r  b iochemical  t r an s fo rma t ion  occurr ing in the  
DMES.  CARLSON 6 has in fact  found  a p ro tec t ion  by  
me thy l  me rcu ry  aga ins t  CC14-poisoning. This ha loa lkane  
is a ve ry  wel l -known h e p a t o t o x i n  which  exer ts  i ts  poi- 
soning effects  t h rough  a metabol i te ,  the  free radical  �9 CC1 a 
formed in t he  DMES7, s. 

D ime thy ln i t ro samine  (DMN), as CC14, is also me tab -  
olized wi th in  the  D M E S  into der iva t ives  which induce 
acute  hepa t ic  damage  and carcinogenic effects as well ~ 

The course of DMN tox ic i ty  is d e p e n d e n t  on the  ra te  of 
its metabol i sm.  The inhibi t ion of the  DMES,  ob ta ined  by  
feeding the  ra t s  wi th  a p ro te in- f ree  diet, decreases DMN- 

1 This work was supported by 'Consiglio Nazionale delIe Ricerche', 
Roma, Italy. 
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