
15.11. 1970 Specialia 1229 

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

exercize lactate'~ 
(min) (mill) 
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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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11 2E. P. JosLIN, H. F. ROOT, P. WHITE, A. MARKLE and C. C. BAILEY, 

The Treatment o] Diabetes Mellitus (Lea and Febiger, Philadelphia 
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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 
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wh ich  c o n t a i n e d  1 0 - S g / m l  d i sod ium e t h y l e n e d i a m i n e  
t e t r a a c e t a t e  (versene) a n d  was  gassed w i t h  95% O 3 -  
5% COs, and  m a i n t a i n e d  a t  3 7 • 1 7 6  R a b b i t s  pre-  
t r e a t ed  w i t h  reserp ine  (Serpasil ,  CIBA),  2.5 m g / k g  were 
dosed i.v. a n d  used a f t e r  4 or 24 h. Dog femora l  a r t e r i a l  
s t r ips  for b lood super fus ion  e x p e r i m e n t s  8 were t a k e n  
f rom p e n t o b a r b i t a l - a n e s t h e t i z e d  an i m a l s  and  were pre-  
p a r e d  as above .  All  sp i ra l  musc le  s t r ips  were cu t  to  i cm 
lengths ,  a n d  were  suspended  in t he  b a t h  b e t w e e n  2 
p l a t i n u m  wire  e lec t rodes  for AC s t imu la t ion .  F ie ld  
s t r e n g t h  was r egu la ted  b y  a rheos ta t ,  a n d  was  m o n i t o r e d  
w i t h  a vo l tme te r .  For  superfus ion,  dog femora l  a r t e r i a l  
s t r ips  a r r a n g e d  as a b o v e  were b a t h e d  in  c o n t i n u o u s l y  
f lowing b lood  c h a n n e l e d  f rom a ca ro t id  a r t e r y  of t he  
donor  dog;  a pulsa t i le  p u m p  r e t u r n e d  t h e  b lood  to  t h e  
a n i m a l  v ia  a j ugu la r  vein.  Drugs  were in jec ted  in to  a 
f emora l  vein.  
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Pig. i. Effect of prolonged 60 Hz AC field stimulation on rabbit 
aortic strips from a normal and from a reserpine pretreated rabbit 
(inset). Ti, time between beginning of stimulus and onset of con- 
traction; Teq, time to equilibrium after beginning of stimulus; 
Tr 1/2, half time for relaxation after cessation of stimulus. Isometric 
recording. 
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Fig. 2. Effect of NaNO~, 2 x 10 -4 g/ml (upper panel) and of phenoxy- 
benzamine, 10 -5 g/ml ('Dibenzyline' lower panel) on voltage response 
curves. Bars represent standard errors of the mean of three suc- 
cessive controls. 

Results  c~nd discussion. R a b b i t  aor t ic  s t r ips  e x h i b i t e d  
s m o o t h  ton ic  c o n t r a c t i o n s  of 0.25-2 g w h e n  s t i m u l a t e d  
c o n t i n u o u s l y  w i t h  a m o d e r a t e  AC vo l tage  (Figure 1). 
P ro longed  s t i m u l a t i o n  was accompan ied  b y  g r adua l  loss 
of tone,  whereas  cessa t ion  of AC resu l ted  in a more  r ap id  
r e l a x a t i o n  w i t h  a ha l f - t ime  of a p p r o x i m a t e l y  1-2 min.  
Responses  could be  r ep roduced  w i t h  m i n i m a l  i n t e rva l s  
of 1 h b e t w e e n  s t imula t ions .  A l m o s t  all  t h e  s t r ips  t a k e n  
a f t e r  24 h f rom r e se rp ine -p r e t r ea t ed  r a b b i t s  (92% of a 
30 s t r ip  sample)  e x h i b i t e d  m u l t i p h a s i c  con t r ac t i ons  (inset, 
F igure  1). 

Vo l t age - response  curves  and  single responses  were  
depressed b y  ~-adrenergic  b lockade  w i t h  p h e n o x y b e n z -  
a m i n e  (10 -~ g/ml),  b y  'd i rec t '  s m o o t h  muscle  r e l ax ing  
agen t s  such  as N a N O  2 (2 x 10 -4 g/ml)  (Figure 2) or h y d r a -  
laz ine  (10 ~ g/ml),  a n d  b y  UV- rad i a t i on .  F u r t h e r m o r e ,  
N a N O  2 a n d  U V - r a d i a t i o n  reduced  t he  AC tone  in t i s sues  
p r e t r e a t e d  for 20 ra in  w i t h  p h e n o x y b e n z a m i n e  (10 -s g/ml).  
S t r ips  f rom r a b b i t s  reserp in ized  4 h before  t h e  e x p e r i m e n t  
gave  AC responses  r educed  ill m a g n i t u d e  to  those  seen 
in n o r m a l  s t r ips  b u t  were no t  f u r t h e r  r educed  b y  p h e n o x y -  
benzamine .  I t  appea red  t h a t  a po r t i on  of t he  AC response  
in n o r m a l  t issues was due  to  t h e  release of endogenous  
ca techo lamines ,  p r e s u m a b l y  n o r e p i n e p h r i n e  ; based  on  t h e  
p h e n o x y b e n z a m i n e  r e d u c t i o n  of AC tone,  th i s  po r t i on  is 
e s t i m a t e d  a t  20-40%. 

Str ips  t h a t  were m a x i m a l l y  c o n t r a c t e d  b y  AC were 
c o n t r a c t e d  f u r t h e r  b y  h igh  doses of ep inephr ine  ( 10 -~ g/ml),  
and  t h e  converse  was also t rue .  Th i s  ind ica tes  t h a t  t he  
2 agen t s  work,  a t  leas t  in  pa r t ,  a t  d i f fe ren t  sites, AC 
ac t ing  d i s ta l  to  t he  a-receptor .  I n  a s imi la r  way,  t i ssues  
depolar ized  w i t h  K~SO4-Krebs so lu t ion  2-9 were con-  
t r a c t e d  f u r t h e r  w i t h  AC, a n d  t h e  converse  was t rue .  I t  
appears ,  t hen ,  t h a t  t h e  AC response  is due  in p a r t  to  
ac t iv i ty �9  b e y o n d  t h e  exc i t ab le  m e m b r a n e ,  p e r h a p s  a t  t h e  
e x c i t a t i o n - c o n t r a c t i o n  coupl ing  step.  Ef fo r t s  to  b lock  t h e  
l a t t e r  w i t h  t e t r a c a i n e  were unsuccessful ,  since t he  a g e n t  
caused c o n t r a c t u r e  a t  doses (10-3M) k n o w n  to  b lock  
ca lc ium m o v e m e n t  10. 

The  tone  induced  b y  AC can  be  m a i n t a i n e d  ill a con- 
t i nuous ly  f lowing med ium.  Dog femora l  a r t e r i a l  s t r ips  
e x h i b i t e d  t he  same  responses  as those  of t he  r a b b i t  aor ta .  
The  fo rmer  w h e n  c o n t r a c t e d  u n d e r  c o n t i n u o u s  AC s t imu-  
l a t ion  showed a r educ t i on  of tone  w h e n  superfused  con- 
t i n u o u s l y  w i t h  t h e  b lood of a donor  dog in jec ted  in t r a -  
venous ly  w i t h  a k n o w n  vasodi la to r ,  even  a f te r  p r e t r ea t -  
m e n t  of t h e  s t r ips  w i t h  p h e n o x y b e n z a m i n e .  

I t  appea r s  f rom th i s  s t u d y  t h a t  t he  con t rac t i l e  ac t ion  
of AC is v ia  t he  exc i t ab le  m e m b r a n e ,  a n d  p e r h a p s  a t  
some s tep  beyond .  The  a n t a g o n i s m  of AC- induced  t one  
b y  'd i rec t '  s m o o t h  muscle  r e l a x a n t s  m a y  be  i n t e r p r e t e d  
as a n  i nd i ca t i on  t h a t  these  agen ts  (and UV- rad i a t i on )  
ac t  a t  t he  same  sites. These  conclus ions  are in  a g r e e m e n t  
w i t h  t he  work  of o the r  i nves t iga to r s  m10 who  used non-  
vascu la r  s m o o t h  muscle.  AC s t i m u l a t i o n  of vascu la r  

1 R. F. FURCHGOT% Pharrn. Rev. 7, 183 (1955). 
2 N. SPERELAKIS, Am. J. Physiol. 202, 731 (1962). 
a G. A. BENTLEY, Br. J. Pharmac. Chemothcr. 27, 64 (1966). 
a A. CSAPO, Nature 173, 1019 (1954). 
5 C. M. YATES and C. N. GILLIS, 3- Pharm. exp. Ther. 140, 52 (1963). 
6 S. J. EHRREICH and R. F. FORC~mOTT, Nature 218, 682 (1968). 
7 e .  F. FURCHGOTT and S. BHADRAKOM, J.  Pharm.  exp. Ther.  708, 

129 (1953). 
8 j .  R. VANE, Br. J. Pharlnac. Chemother. 23, 360 (1964). 
9 D. H. L. EvANs, H. O. SCHILD and S. THESLEFF, J.  Physiol. 143, 

474 (1958). 
10 M. R. FEINSTEI~, M. PAI~RE and M. LEE, Trans. N.Y. Acad. Sci. 

30, 1073 (1968). 
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s m o o t h  musc le  p rov ides  a u n i q u e  m e t h o d  for  d e t e r m i n i n g  
t he  ac t ion  of suspec ted  v a s o d i l a t i n g  agents .  T he  m e t h o d  
ha s  p a r t i c u l a r  m e r i t  for e v a l u a t i n g  agen t s  w i t h  l imi ted  
aqueous  solubi l i ty .  

Rdsumd. Des sect ions  de muscle  lisse d ' a o r t e  de l ap in  
ou  d ' a r t+ re  f6morale  de ch ien  r 6 p o n d e n t  ~ une  s t i m u l a t i o n  
de  c h a m p  (AC) p a r  une  c o n t r a c t i o n  due  en  p a r t i e  ~ la  
l i b6 ra t ion  de ca t6cholamines ,  c o n t r a c t i o n  p o u v a n t  6tre  
relgch6e Sous l 'e f fe t  de d ivers  m 6 d i c a m e n t s .  D ' a u t r e  par t ,  
I 'AC man i f e s t e  une  ac t ion  au n i v e a u  de la  m e m b r a n e  
exc i t ab le  e t  au-de l~  de ce t t e  m e m b r a n e .  I1 en a peu t -6 t r e  
auss i  sur  le couplage  exc i t a t i on -con t r ac t i on .  L 'AC offre 

une  m ~ t h o d e  u n i q u e  p o u r  l ' 6 tude  des agen t s  suscept ib les  
d ' a v o i r  une  ac t ion  vaso-d i la ta t r i ce .  

ST. j .  EHRREICH 11 a n d  ELIZABETH L. CLOPPER 

Research and Development Division, 
Smith Kline 60 French Laboratories, 
Philadelphia (Pennsylvania 19101, USA), 8 May 7970. 

x~ Present address: Geigy Chemical Corporation, Cardiovascular 
Pharmacology Section, Ardsley (NewYork 10502, USA). 

A n  A s s a y  P r o c e d u r e  for  M e s c a l i n e  and i ts  D e t e r m i n a t i o n  in Rat  Bra in ,  Liver and P l a s m a  

T r i m e t h o x y p h e n y l e t h y l a m i n e  or mesca l ine  is a k n o w n  
ha l luc inogen ic  c o m p o u n d  in m a n  1 a n d  p roduces  ab-  
n o r m a l  b e h a v i o r  in  an i m a l s  2. R e c e n t l y  t he  b e h a v i o r a l  
effects  of mesca l ine  were  c o m p a r e d  w i t h  those  o b t a i n e d  
a f t e r  t h e  a d m i n i s t r a t i o n  of s imi la r  m e t h o x y l a t e d  pheny l -  
e t h y l a m i n e s  3, 4. Since t he  c o n c e n t r a t i o n s  of m o s t  of these  
c o m p o u n d s  in t he  CNS are u n k n o w n  these  s t ruc tu re -  
a c t i v i t y  r e l a t ionsh ips  h a d  to  be  based  on  q u a n t i t i e s  
in jec ted .  I n  order  to  measu re  t h e  c o n c e n t r a t i o n s  of 
mesca l ine  in t he  CNS a f t e r  i n j ec t ion  of t he  c o m p o u n d ,  
a r ap id  assay  p rocedure  was deve loped  and  t he  b ra in ,  
l iver,  a n d  p l a s m a  levels  of t h i s  c o m p o u n d  were  de te r -  
m i n e d  as a f unc t i on  of t i m e  a n d  dose in ma le  Sprague-  
D a w l e y  r a t s  weighing  a p p r o x i m a t e l y  200 g. 

The  as say  p rocedu re  is ba sed  on  t he  e x t r a c t i o n  of 
mesca l ine  f rom biological  t i ssues  a n d  f luids and  on  i ts  
r e ac t i on  w i t h  d a n s y l  chloride.  T he  t i ssue  ( a p p r o x i m a t e l y  
1-2 g) was  homogen i zed  in 3 vo l um es  of 1 N  HC1. To t he  
h o m o g e n a t e  or p l a s m a  (1.0 ml  of p l a s m a  a n d  3 ml  of 
1 N  HC1), 1.5 ml  of 5 N  N a O H  a n d  30 ml  of to luene  were 
added .  Af te r  s h a k i n g  and  cen t r i f uga t i on  for  1 0 m i n ,  
25 ml  of to luene  were  r e m o v e d  a n d  s h a k e n  w i t h  1.5 m l  
of 0 . 5 M  boric  acid for 10 rain.  Af te r  c e n t r i f u g a t i o n  for 
10 min ,  1 ml  of t he  bor ic  acid was c o m b i n e d  w i t h  1 ml  
of 0 . 1 M  b o r a x  so lu t ion  a n d  0.02 ml  of d a n s y l  ch lor ide  
(10 m g / m l  of ace tone)  'and h e a t e d  in a boi l ing  w a t e r  b a t h  
for  15 min .  Af te r  cool ing t he  samples  were s h a k e n  w i t h  
1.5 ml  of ch lo ro fo rm f o r  10 rain,  a n d  t he  organic  phase  
was  r ead  in a n  A m i n c o - B o w m a n  S p e c t r o f l u o r o p h o t o m e t e r  
a t  4 9 0 n m  (ac t iva t ion  3 3 8 n m ) .  Tissue  samples  f rom 
u n t r e a t e d  an ima l s  w i t h  and  w i t h o u t  t he  add i t i on  of a 
k n o w n  a m o u n t  of mesca l ine  se rved  as i n t e r n a l  s t a n d a r d s  
or  b lanks ,  respect ively .  

The  s ens i t i v i t y  of the  p rocedure  is a p p r o x i m a t e l y  
0.5 ag /g  or ml  of sample  a n d  t he  r ecove ry  is b e t w e e n  

65 and  80%.  F luorescence  of e x t r a c t s  o b t a i n e d  f rom 
u n t r e a t e d  a n i m a l s  was  on ly  s l igh t ly  h ighe r  t h a n  t h a t  of 
'wa te r '  b lanks .  Ver i f i ca t ion  of t he  speci f ic i ty  of t he  
metlaod was o b t a i n e d  b y  t h i n  l ayer  c h r o m a t o g r a p h y  5 
a n d  b y  t he  BRODIE d i s t r ibu t ion% 

Af te r  i.p. i n j ec t ion  of mesca l ine  (Table  I), t h e  c o m p o u n d  
appea red  r ap id ly  in p l a s m a  a n d  l iver  a n d  mos t  of i t  
d i s appea red  w i t h i n  2 h. Mescal ine en t e red  t h e  b ra in  
slowly, shouted p e a k  levels a t  30 min,  and  could st i l l  be  
de t ec t ed  a f te r  210 min.  The  ra t io  of t h e  c o n c e n t r a t i o n s  
in  b r a i n  and  p l a s m a  a t  p e a k  levels was a p p r o x i m a t e l y  0.6. 
A n  increase  in t h e  dose in j ec t ed  (Tab te  I I )  p roduced  
h igher  p l a s m a  a n d  t i ssue  levels w i t h  t h e  excep t ion  of 
b r a i n  in  which  s a t u r a t i o n  was r eached  a t  a dose of 
40 mg/kg .  I n  s epa ra t e  e x p e r i m e n t s  i t  was  s h o w n  t h a t  
b r a i n  levels of mesca l ine  did  no t  exceed 2.7 mg /g  60 ra in  
a f t e r  in j ec t ion  of 80 mg/kg.  These  resu l t s  m i g h t  i nd i ca t e  
t h a t  mesca l ine  does no t  cross t h e  b l o o d - b r a i n - b a r r i e r  
easi ly  and  is s tored  in t h e  CNS a t  specific si tes w i t h  a 
l imi ted  capac i ty .  

Our  d a t a  agree  w i t h  those  of DENBER a n d  TELLER 7 
who  found  cor t ica l  p e a k  levels  of a p p r o x i m a t e l y  1 vtg/g 
40 m i n  a f te r  t he  in jec t ion  of 10-18 m g / k g  in to  female  
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TabIe I. Concentrations of mescaline in rat brain liver, and plasma as a function of time 

Min after injectioI1 

5 15 30 60 120 210 

~xg/g or ml 
Brain n.d. 2.1 4- 0.4 3.2 i 0.7 1.5 • 0.9 1.25 4- 0.5 1.4 -4- 0.8 

Liver 35.5 :~ 6.8 31.3 4- 5.9 22.1 4- 2.1 6.8 4- 2.2 3.0 4- 0.3 - 

Plasma 3.5 =~ 0.3 3.1 -l= 0.8 4.9 4- 2.0 1.9 -t= 1.0 n.d. - 

Each value is the mean 4- the standard deviation from at least 3 animals. Rats received 40 mg/kg of mescaline • hemisulfate i.p.n.d., not 
detectable. 


