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Electr ica l  T r a n s c u t a n e o u s  N e r v e  S t i m u l a t i o n  for Rel ief  of I tch 

Transcu taneous  nerve  s t imula t ion  (TNS) can relieve 
pain (SHEALY and MAURER1). I t c h  and pa in  are b o t h  
neuroana tomica l ly  and  neurophysiological ly  closely relat-  
ed sensory modali t ies .  The the rapeu t i c  effect  of TNS on 
i tch  was therefore  t e s t ed  on 17 pa t i en t s  w i th  var ious  
disorders  and wi th  i tch  as a main  compla in t .  S t imula t ion  
was given for 1 or 2 min  via  e lectrodes placed on normal  
skin in the  mid thorac ic  region of the  back.  A pulse 
genera tor  del ivered pulses of 0.2 msec dura t ion  a t  a 
f requency  of 60 Hz. The in t ens i ty  of s t imula t ion  was 
slowly increased usual ly up to a level jus t  below the  pain  
threshold .  

In  all the  pa t i en t s  except  th ree  the  i tch  d i sappeared  
dur ing s t imulat ion.  This effect  con t inued  af ter  t he  cessa- 
t ion  of s t imulat ion.  Thus  the  previous  somet imes  long- 
s t and ing  i tch  was absen t  for various per iods  of t ime  
ranging f rom a few hours  to  1 week. 

I t  was no tab le  t h a t  i tching was abol ished all over  the  
body,  a l though  the  electrodes were regular ly  placed 
only on the  back  of the  pa t i en t .  This  effect  diverges  f rom 
our exper ience  of TNS for control  of pa in  where pa in  
relief was ob ta ined  only when  painful  areas or nerves  
supply ing  these  areas were s t imula ted .  The general ized 

abol i t ion of i tch  migh t  imply  t h a t  the  benefical  effect  is 
no t  achieved solely by  mechan i sms  working on segmenta l  
cord levels as was originally proposed  in the  case of pa in  
control  (MgLzACK and WALL2). I t  seems more  l ikely t h a t  
the  suppress ing mechan i sm on i tch  works a t  supraspina l  
levels, i.e. the  bra in  stem, t h a l amu s  or associated l imbie 
s t ructures .  Some pa t i en t s  ob ta ined  relief f rom i tch  by  
subl iminal  s t imulat ion.  This  suggests  t h a t  t he  mechan i sm 
of act ion m a y  occur w i t h o u t  t he  parkicipat ion of sys tems  
involved in conscious sensory percept ion .  

Regardless  of the  possible mechan i sms  at  work  it is a 
fact  t h a t  14 out  of 17 pa t i en t s  s t a t ed  t h a t  t h e y  received 
ind ispu tab le  and considerable  al leviat ion of i tch  by  TNS.  
This  is of obvious  clinical impor tance  and there  are cer- 
t a in ly  also neurophysio logica l  impl icat ions .  

Rdsumd. La s t imula t ion  61ectrique t r anscu tan6e  a 6t6 
employ6e pour  des pa t i en t s  a t t e in t s  de prurigo. Dana 17 
cas de personnes  trait6es,  14 on t  6~6 d61ivr6es de leur real 
p e n d a n t  des p6riodes qui var igrent  de quelques  heures  
une semaine.  La base neurophysio logique  de cet  effet  
n ' e s t  pas  en t ig rement  6tablie. 
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R e l a t i o n s h i p s  b e t w e e n  Age  of S u b m i s s i o n  to E n v i r o n m e n t a l  S t r e s s ,  and M o n o a m i n e  O x i d a s e  
Act iv i ty  in Rats  

Chronic exposure  of newborn-aggrega ted  ra ts  to 
audi tory ,  visual, and  mot ion  s t imula t ion  ( 'environ- 
men ta l  stress ')1 and of adul t - isolated,  nonf igh t ing  rats3, 
affects  monoamine  oxidase (MAO) ac t iv i ty  in several  
organs. Moreover,  i t  induces  a fas te r  d e v e l o p m e n t  of 
receptor  sens i t iv i ty  to  5 - h y d r o x y t r y p t a m i n e  in gastr ic  
smoo th  muscle of newborn  ra ts  ~. According to the  concep t  
of age-re la ted a l te ra t ions  in the  physiological  control  
mechan i sms  of mammals ,  a d i f ferent  respons iveness  of 
MAO to stressors,  migh t  be expec ted  in young  and  old rats.  
The purpose  of the  p resen t  s t u d y  was, therefore,  to evaluate  
if MAO ac t iv i ty  of young-adu l t  and  old ra ts  respond  
di f ferent ly  to  a prolonged stress s t imulat ion.  Bra in  and  
liver MAO were assayed,  as being easily affected by  
stressors  1, ~. 

Materials and methods. Male, Char les-River  ra t s  were 
used;  young-adul t s  were 7 weeks of age, old ra ts  ranged  
f rom 12 to 18 m o n t h s  of age. The stress used in th is  
s t u d y  was ob ta ined  t h ro u g h  combina t ion  of f lashing 
lights,  aud i to ry  s t imula t ion  and cage oscillations, in a 

t G. 1V[AURA, A. VACCARI, A. GEIvIIGNANI and F. CUGURRA, Envir. 
Physiol. Biochem. 4, 64 (1974). 
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Table I. Effects of 1 week-exposure to envirollmental stress, on monoamine oxidase ~ activity of brain and liver in young rats 

Organ Controls Stressed Recovery after 7 days 

Brain 1046 • 31.9 (16) 861:t: 24.6 (8) 1001 ~ 58.6 (7) 
--> P ~ 0.005 b n.s. 

Liver 754___ 20.6 (16) 644 :~ 20.0 (8) 781 -c 24.9 (7) 
~> P < 0.005 n.s. 

Enzyme activity is expressed as ~g 4-hydroxyquinoline/g protein/30 mill • S.E. No. of determinations is given in brackets, b The 
levels of significance were assessed by the COC~RAN and Cox t-test. 
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r andomized  schedule, and was similar  to a me t h o d  
proposed  to  render  ra t s  hyper t ens ive  4-6. 

All opera t ions  were carried out  as descr ibed elsewhere 1. 
All groups were dai ly subjec ted  to 4 h of stress, 4 days  per  

, week, wi th  an in terval  of 3 days  unt i l  the  nex t  4 days  of 
stress. The stress was appl ied for 1 or 2 weeks on single 
ra t s ;  when  not  sub jec ted  to stressors,  the  animals  were 
housed  in Single cages, 360 • 210 ram. A t  t he  end of the  
1st or 2nd week of t r e a tmen t ,  half  of each group (the 
only  except ion  being the  2 week s t ressed young  rats), 
were allowed to  recover  for 7 days  f rom the  stress regime, 
and  were t h e n  killed for the  de te rmina t ions .  The o ther  
half  were sacrificed be tween  24 and  72 h af ter  the  last  
stress session. The homogena t ion  of t issues was made  as 
previous ly  descr ibed 7. Monoamine  oxidase ac t iv i ty  was 
es t imated  f luor imetr ical ly  by the  m e t h o d  of I{RAJL s, 
s l ight ly modif ied  by  CENTURY and RuPP 9. The subs t ra te  
was kynuramine ,  conver ted  by  MAO to the  f luorescent  
4-hydroxyquinol ine ,  in s t rong base;  the  p la teau  of the  
enzyme reac t ion  was reached  wi th in  30 min.  MAO 
specific ac t iv i ty  was expressed as p.g of 4 -hydroxyquino-  
line formed/g  prote in/30 min, as the  mean  :k s t an d a rd  
error. The pro te in  con ten t  of the  homogena tes  was 
de te rmined  by  the  micro KJELDAHL method .  The 
differences be tween  exper imenta l  groups were eva lua ted  
by  the  COCHRAN and  Cox  t- test  10. K y n u r a m i n e  d ihydro-  
b romide  (Sigma Chem. Co.), and  4-hydroxyquinol ine  
t r i hyd ra t e  (Koch-Ligh t  Labs) were used. 

Results  and discussion. Table I shows t h a t  submiss ion 
of young  adul t  ra t s  to 1 week of s tress reduced MAO 
ac t iv i ty  in bra in  and  liver homogena tes :  the  var ia t ions  
were of 17.8% and 14.7% respect ively.  

Two weeks of s tress (Table II) p rovoked  a decrease of 
MAO ac t iv i ty  Jn b o t h  organs, by  quan t i t a t i ve ly  similar 
effects (21.7% and 16.4% reduct ions  in bra in  and l iver 
t lomogenates) .  U n f o r t u n a t e l y  we did not  examine  the  
recovery  af ter  7 days  in this  group. 

Table II, Effects of 2 week-exposure to environmental Stress, on 
monoamine oxidase ~ activity of brain and liver in young rats 

Organ Controls Stressed 

Brain 1096 -t- 43.9 (8) 858 =t= 28.5 (8) 
---> p < 0.005 b 

Liver 803 ~= 23.3 (8) 671 =L 18.2 (8) 
-~ P < 0.005 

~, b See legend to Table I. 

Submiss ion  of old ra t s  to stress (Table III)  decreased 
MAO act iv i ty  in bra in  (16.5%) and  l iver (16.6%) tissues. 
MAO of bo th  organs, in s t ressed young  and old rats,  
r e tu rned  to normal  ac t iv i ty  wi th in  the  7th day  af ter  the  
last s tress session (Tables I and III) .  

F r o m  the  p resen t  results,  it  appears  t h a t  there  was no 
ap p a ren t  difference in the  response of t issue MAO of 
young and old ra t s  to  a pro longed audi tory ,  visual  and  
mot ion  s t imulat ion.  In  b o t h  cases, exposure  to  the  stress 
p rovoked  a par t ia l  inhibi t ion of bra in  and liver MAO: 
thus ,  the  s t ress -provoked reduc t ion  of MAO is once more  
suppor ted  1. 

The comple te  recovery  of MAO ac t iv i ty  seen in bo th  
young and  old ra ts  suppor t s  previous  f indings showing 
tha t ,  also af ter  a more  prolonged 4 mo n t h -ex p o s u re  to  the  
stress f rom b i r th  to  adul t  age, MAO ac t iv i ty  was nor- 
malized 10 days  af ter  the  last  s tress 1. We p u t  forward the  
hypo thes i s  t h a t  env i ronmenta l  stress migh t  slow MAO 
turnover .  If  th is  is true,  and in analogy wi th  the  half- 
t imes  of MAO recovery evalua ted  af ter  chenlical  inhibi t ion 
wi th  irreversible inhibi tors  n-la ,  a still depressed ac t iv i ty  
of brain  would be expected .  Brain MAO, indeed,  have  a 
full r ecovery- t ime  longer t h a n  10 days,  af ter  inhibi t ion 
wi th  irreversible inhibi tors .  We might ,  therefore,  consider 
the  s t ress- induced inhib i t ion  of MAO ra the r  s imilar  to  the  
chemical  inhibi t ion ob ta ined  in vivo by  p re t r ea t ing  animals  
w i th  reversible inhibi tors  (short - las t ing effect  on MAO 
recovery),  t h a n  wi th  irreversible inhibi tors  12. I t  mus t  be 
underl ined,  however ,  t h a t  it  is difficult  to  known  to w h a t  
ex t en t  neurogenic,  s t ress- induced- ,  and chemical ly-  
p rovoked  inhib i t ion  of MAO are similar  i~, 15. 
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Table III. Effects of 2 week-submission to environmental stress, on monoaminc oxidase ~ activity of brain and liver in old rats 

Organ Controls Stressed Recovery after 7 days 

Brain 1039 • 25.1 (8) 868 • 14.2 (8) 1065 i 27.3 (8) 
___> p < 0.001 b n.s. 

Liver 645 • 20.8 (8} 538 -- 13.0 (8) 643 • 13.3 (8) 
---> P < 0.005 n.s. 

~,b See legend to Table I. 
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Riassunto. L'espos iz ione  di g iovani  r a t t i  e di r a t t i  
anz ian i  ad  n n o  s t ress  cronico <( a m b i e n t a l e  >> (s t imolazione 
ot t ica ,  acus t i ca  e meccanica)  h a  p r o v o c a t o  u n a  d iminu-  
zione de l l ' a t t i v i t~  m o n o a m i n o  ossidasica (MAO) cerebra le  
ed epat ica .  L'attivitS~ MAO si ~ r i n o r m a l i z z a t a  en t ro  

7 giorni  d a l l ' u l t i m a  s t imolazione,  s is  nei  r a t t i  g iovan i  che 
nei  vecchi .  Viene  per ta l l tO sugger i ta  l ' a s senza  di diffe- 
renze  legate  al l 'etS,  he l l s  sensibi l i t~  delle MAO a ques to  
t ipo  di stress. 
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The Hyperglycemic Effect of Adrenaline Infused After Exhausting, Prolonged 
Physical Exercise in Dogs 

D u r i n g  p ro longed  exercise, a decrease  ill t h e  muscle  
g lycogen c o n t e n t  a n d  b lood  glucose c o n c e n t r a t i o n  h a v e  
been  found  in dogs. B o t h  t he  changes  were cons idered  as a 
m a i n  fac to r  l i m i t i n g  phys ica l  work ing  capac i ty  ~. On  the  
o the r  hand ,  a decrease  in t h e  p l a s m a  ad rena l ine  concen t ra -  
t i o n  a t  t he  end  of p ro longed  exercise was d e s c r i b e d 2  I t  
has  n o t  b e e n  e s t ab l i shed  ye t  w h e t h e r  t he  exercise- 
i nduced  fall  in  b lood  glucose is caused b y  a lower b lood  
ad rena l ine  concen t r a t i on ,  an  i n h i b i t i o n  of t he  l iver  
r espons iveness  to  glycogen01ytic  factors,  or e x h a u s t i o n  
of t he  h v e r  glycogen.  I n  t he  p re sen t  work,  t he  effects of 
ad rena l ine  g iven  u n d e r  con t ro l  condi t ions ,  and  a f te r  
e x h a u s t i n g  exercise were c o m p a r e d  in dogs. 

Materials and methods. E x p e r i m e n t s  were pe r fo rmed  on 
7 male ,  mongre l  dogs weigh ing  16-19 kg, m a i n t a i n e d  on a 
s t a n d a r d ,  m ixed  diet .  Before  e x p e r i m e n t s  t he  dogs were 
d e p r i v e d  of food for 18-20 h, b u t  h a d  free access to  water .  
2 m a i n  series of e x p e r i m e n t s  were carr ied ou t  on each  dog : 
1. i.v. in fus ion  of ad rena l ine  (adrenal ine ,  B D H )  a t  t he  r a t e  
of 2 ~zg/kg/min g iven  d u r i n g  15 m i n  a t  rest .  2. i.v. infus ion  
of ad rena l ine  g iven  a t  t he  same  ra t e  a n d  t i m e  b u t  20 m i n  
a f te r  t r e a d m i l l  exercise pe r fo rmed  un t i l  t o t a l  exhaus t ion .  
The  m e a n  t i m e  of t h e  r u n  was 165 =~ /SE /22  rain.  

Venous  b lood  samples  for  glucose d e t e r m i n a t i o n s  ~ were 
t a k e n  a t  5 ra in  in t e rva l s  for  20 m i n  of p re - in fus ion  rest ,  
d u r i n g  t he  in fus ion  and  t h e n  for 25 m i n  a f t e r  i ts  t e r m i n a -  
t ion.  Blood l a c t a t e  (LA)4, p l a s m a  free f a t t y  acid ( F F A ) 5  
and  ad rena l ine  (A) concen t r a t i ons6  were m e a s u r e d  before 
ad rena l ine  infusion,  i m m e d i a t e l y  a f te r  t he  infus ion  a n d  
15 m i n  later .  D u r i n g  exercise b lood  glucose, L A  and  
p l a s m a  F F A  c o n c e n t r a t i o n s  were d e t e r m i n e d  eve ry  
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Adrenaline-induced changes in blood glucose concentration (Means • 
SE). a) A infusion without previous exercise; b) A intusion after 
exercise; e) controls without A infusion. 

30 rain  of t he  run.  Before  exercise, a f te r  i ts  t e r m i n a t i o n ,  
and  25 ra in  fol lowing A infus ion  glycogen c o n t e n t  in  t he  
muscle  samples  t a k e n  f rom m. quadr iceps  femoris  was  
m e a s u r e d  7. In  addi t ion ,  in  con t ro l  e x p e r i m e n t s  pe r fo rmed  
on the  same  dogs changes  ill b lood  glucose, p l a s m a  F F A  
a n d  the  muscle  g lycogen c o n t e n t  were followed du r ing  
65 m i n  a f t e r  t e r m i n a t i o n  of exercise w i t h o u t  A infusion.  

Results. D u r i n g  exercise b lood  glucose level  decreased 
b y  20.3 •  mg/100  ml  (p < 0.001). The  hype r -  
g lycemic  effect  of A infused u n d e r  con t ro l  r e s t ing  condi-  
t ions  was m a r k e d l y  h igher  t h a n  t h a t  a f te r  t he  e x h a u s t i n g  
exercise (Figure).  The  m a x i m a l  increase  of b lood glucose 
in r e s t ing  dogs was  75.6 • 13.8 rag/100 ml,  whi le  a f t e r  
exercise i t  a m o u n t e d  on ly  to 30.7 • 5.2 rag/100 ml.  I n  
mos t  cases t he  p e a k  va lues  of b lood glucose concen t r a t i ons  
were a t t a i n e d  in 5 m i n  a f te r  t he  end  of infus ion  in t h e  
1st series, a n d  a t  t he  end  of in fus ion  in t he  2nd series. The  
differences  be tween  ad rena l ine - induced  increases  in 
b lood glucose c o n c e n t r a t i o n  in t he  1st and  2nd series were 
s t a t i s t i ca l ly  s ign i f ican t  f rom the  10 th  ra in  of infus ion  to 
t he  15 th  ra in  a f te r  i ts  t e r m i n a t i o n  (p < 0.001). W i t h o u t  A 
infusion,  b lood glucose concen t r a t i on  slowly increased 
du r ing  65 m i n  of t he  psot -exerc ise  per iod  (lower p a r t  of t he  
Figure) .  

The  muscle  g lycogen c o n t e n t  decreased  du r ing  exercise 
f rom 1.012 • 0.033 to  0.168 -4- 0.061 g/100 g of t he  t i ssue  
(p < 0.001) a n d  was m a i n t a i n e d  a t  t he  low level  a t  65 m i n  
of t h e  pos t -exerc ise  per iod  b o t h  w i t h  a n d  w i t h o u t  A 
infusion.  Adrena l ine  infused in r e s t i ng  dogs (series 1) 
caused  h igher  increases  in  t he  p l a s m a  F F A  (from 
466 • 15.9 to 707 • 42.2 ~Eq/1) t h a n  a f te r  exercise 
(series 2) w h e n  i t  rose f rom 781 ~= 60.0 to  911.6 • 78.1 
~Eq/1, b u t  t he  difference be tween  t he  two series was  no t  
s t a t i s t i ca l ly  s igni f icant  (p > 0.05). The  exercise b y  itself  
caused  a m a r k e d  increase  in the  p l a s m a  F F A  level  f rom 
499.0 • 15.0 to 816.0 4- 35.0 ~Eq/1 (p < 0.001). W i t h o u t  
A infusion,  t he  p l a s m a  F F A  was m a i n t a i n e d  a t  t he  post -  
exercise level  du r ing  65 m i n  of t he  r ecovery  period.  

The  infus ion  of A induced  s imi la r  increase  of b lood  LA in 
b o t h  series of e x p e r i m e n t s  (by 0.9 4- 0.26 m2~I/1 in  t he  
1st a n d  b y  0.9 • 0.43 mM/1 in t he  2nd series). A t  t he  end  
of exercise, b lood L A  reached  t h e  level  of 2.61 4- 0.22 
mM/1, which  was b y  0.68 • 0.20 mM/1 h igher  t h a n  t h a t  
before  t h e  exercise. 
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