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Table II. Units of cholinesterase activity found in normal adult females and in those suffering from neoplastic diseases 

Plasma Whole blood Blood cells 

Normal ~ Cancer ~ Normal ~) Cancer ~ Normal ~ Cancer 

Average UCh activity 94 68 139 105 200 161 
Standard deviation 4- 10.5 4- 5.4 4- 8.7 :L 10.3 4- 13.1 :L 13,3 
Standard error i 2.3 =t=1.3 ~ 4-1.9 ~ 2,5 b 4- 2.9 4- 3.3 ~ 
Number of cases 20 16 20 I6 20 16 

P < 0 . 0 0 1 .  bp<:0 .001 .  ~ P < 0 . 0 0 1 .  

the  supra rena l  func t ion  and  our  p re sen t  inves t iga t ion ,  
because up  to  t he  p re sen t  there  is no proof  of d iminu t ion  
of t he  cor t i cosupra rena l  func t ion  in neoplas t ic  diseases.  
On the  con t ra ry ,  in ce r ta in  t y p e s  of t umours ,  the  supra-  
renal  func t ion  is increased  ~ and,  according  to  o the r  
au thors ,  cor t isol  me tabo l i sm  is also c h a n g e d L  In  a n y  
case, i t  is fair ly p robab le  t h a t  the  m e c h a n i s m  t h a t  pro-  
duces  t he  fall in chol ines terase  ac t iv i ty  in cancer  is n o t  in 
a n y  w a y  re la ted  to  t he  supra rena l  ho rmones  ; i t  is possible  
t h a t  o the r  factors  as ye t  u n k n o w n  p lay  a p a r t  in this.  
There  is also a difference in the  d iminu t ion  of cholin-  
es terase  ac t iv i ty  caused by  the  suppress ion  of adrena l  
hormones ,  and  the  d iminu t ion  found  in neoplas t ic  dis- 
senses. In  t he  first  case, the  g rea tes t  d iminu t ion  is found  
in t he  f rac t ion  co r respond ing  to  the  blood cells, t he  
va r ia t ion  in p l a sma  being m u c h  less. The d iminu t ion  of 
chol ines terase  ac t iv i ty  in neoplas t ic  diseases  is more  
homogenous ,  because bo th  the  p lasma  and  cell f ract ions  
are  in tense ly  d iminished .  

Rdsumd. On a 6tudi6 l ' ac t iv i t6  chol ines t6ras ique dans  
le p lasma,  le sang to t a l  e t  les cellutes sanguines  chez 23 

adul tes  de sexe mascul in  et  chez 20 adul tes  de sexe f6- 
min in  a p p a r e m m e n t  sains, e t  dans  les m6mes fract ions,  
chez 22 h o m m e s  adu l tes  e t  chez 16 femmes  adul tes ,  
malades  du cancer.  On a cons ta t6  une  d iminu t ion  tr~s 
marqu6e  de l ' ac t iv i t6  chot ines t6ras ique dans  le p lasma,  le 
sang to ta l  e t  les cellules sanguines  ehez t o u s l e s  malades .  
La  dif ference a fit6 h a u t e m e n t  s ignif icat ive (_P < 0,001). 
Cet te  d~ te rmina t ion  p e u t  avoi r  une va teur  p r6sompt ive  
dans  le d iagnost ic  du cancer .  

J.  R. VACCAREZZA a n d  J. A. WILLSON 

Laboratorio de Investigaci6nes Fisiopatoldgicas, 
Parand 987, Buenos Aires (Argentina), and Laboratorio 
Central del Hospital Mu~iz,  January 73, 1965. 
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R e g i o n a l  c h a n g e s  o f  t h e  C h o l i n e r g i c  S y s t e m  i n  
t h e  G u i n e a - P i g ' s  B r a i n  a f t e r  P h y s o s t i g m i n e  

I t  is well k n o w n  t h a t  chol ines terase  inh ib i to r s  (ChEI) 
desynchron ize  the  EEGI,~;  however ,  t he  ac t i va t i on  is 
l imi ted  to  t he  cor t ical  areas  ~,4. Moreover,  the  ChEI  cause 
dissocia t ion be tween  behav iou r  ~ and  ACh c o n t e n t  of t h e  
bra in :  t he  signs of e x c i t a t o r y  s t a t e  are associa ted  w i t h  
increased ACh levels which  are, ins tead,  charac te r i s t ic  of 
reduced  nervous  act ivi tyS,  ' .  

To ob ta in  fu r the r  i n fo rma t ion  on the  cen t ra l  effects  of 
physos t igmine ,  we s tud ied  the  changes  the  drug  p roduced  
in the  cholinergic s y s t e ms  in the  d i f fe rent  areas  of t he  
guinea-pig ' s  brain.  

Methods. P h y s o s t i g m i n e  su lpha te  was g iven i.p. to  
guinea-pigs of b o t h  sexes  weighing 250-350 g. The  an imals  
were decap i t a t ed  20 rain, 1 h, and  3 h a f te r  0.2-1 mg/kg  
and,  as soon as convuls ions  deve loped  (20-30 min),  a f t e r  
5 mg]kg.  Di f fe ren t  areas  of t he  bra in  (see Tables) were  
quickly  r e m o v e d  and  s u b m i t t e d  to  t he  ex t r ac t i on  pro-  
cedure  s and  t h e  ACh c o n t e n t  was  b io-assayed  on the  
eserinized frog 's  rectus  muscle .  

Other  an imals  were  t r e a t ed  for a week wi th  physo-  
s t igmine  100 y/kg i.p. 24 h af ter  t he  7th in jec t ion  t h e  
an imals  were killed to  de te rmine  (a) t he  ACh con t en t ;  

(b) chol inoacetytase  ac t iv i ty  (ChA), according  to  the  
m e t h o d  of BULL et  al, 9 a t  37°C; (c) to ta l  chol ines terase  
ac t iv i ty  (ChE), accord ing  to  AM.~ON'S m e t h o d  1°, as de-  
sc r ibed  by AUGUSTINSSON 11 a t  37°C. 

Results. Normal values of total ACh, ChE, ChA are 
r e p o r t e d  in Table  I. W e  also ca lcula ted  (a) t h e  m i n i m u m  
theore t i ca l  t ime  requ i red  to  syn thes ize  (ST) and  hydrol i se  
(HT) t h e  t o t a l  a m o u n t  of t r a n s m i t t e r  p resen t  in a g iven  
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a r e a  a n d  (b) t h e  r a t i o  C h E / C h A .  T h e s e  v a l u e s  m a y  g i v e  
s o m e  i n f o r m a t i o n  o n  t h e  r e g i o n a l  A C h  m e t a b o l i s m .  

I n  T a b l e  I I ,  t o t a l  A C h  a m o u n t s  a f t e r  a s i n g l e  i n j e c t i o n  
of  t h e  d r u g  a re  g i v e n .  P h y s o s t i g m i n e  s i g n i f i c a n t l y  in-  
c r e a s e s  t h e  A C h  l eve l s  in  e v e r y  a r e a ,  t h e  r a t e  a n d  t h e  e x -  
t e n t  of  t h e  e f f e c t  b e i n g  d o s e - d e p e n d e n t .  20 m i n  a f t e r  
5 m g / k g  t h e  A C h  c o n t e n t  is n e a r l y  d o u b l e d  a n d  a n  e x c i t a -  
t o r y  s t a t e  a p p e a r s ,  f o l l o w e d  b y  c o n v u l s i o n s  a n d  d e a t h .  
N o  c h a n g e  i n  t o t a l  A C h  t a k e s  p l a c e  i n  s e v e n - d a y - t r e a t e d  
a n i m a l s  k i l l e d  24 h a f t e r  t h e  l a s t  i n j e c t i o n  ( v a l u e s  n o t  
g i v e n ) .  O n  t h e  c o n t r a r y ,  s o m e  c h a n g e s  a r e  o b s e r v e d  in  
t h e  C h E  a n d  C h A  a c t i v i t i e s .  C h E  a c t i v i t y  ( e x p r e s s e d  in  
m g  A C h  s p l i t / g  f r e s h  t i s s u e / h  4- S .D. )  is s i g n i f i c a n t l y  
r e d u c e d  in  t h e  o l f a c t o r y  l o b e s  (23 .89 4- 3 .41;  21 e x p e r i -  
m e n t s ;  0.01 > P > 0 .001) ,  in  t h e  c e r e b e l l a r  v e r m i s  
(110.55 4- 12 .61 ;  21 e x p e r i m e n t s ;  0 .05 > P > 0.02) ,  i n  
t h e  t h a l a m u s  (56.90 4- 6 .80 ;  19 e x p e r i m e n t s ;  P < 0 .001) ,  
i n  t h e  c a u d a t e  n u c l e u s  (148.5 ± 19 .9 ;  19 e x p e r i m e n t s ;  
P < 0 .001) .  T h e  e n z y m a t i c  a c t i v i t y  is n o t  s t a t i s t i c a l l y  
d i f f e r e n t  f r o m  t h e  c o n t r o l  v a l u e s  in  t h e  c e r e b r a l  c o r t e x  
(35.26 4- 3 .28;  21 e x p e r i m e n t s ;  P < 0.05).  

C h A  a c t i v i t y  ( e x p r e s s e d  in  m g  A C h  s y n . / g  f r e s h  t i s -  
s u e / h  J :  S .D. )  is  s i g n i f i c a n t l y  h i g h e r  o n l y  in  t h e  p a r i e t a l  

c o r t e x  (1.335 4- 0 .346 ;  P < 0.001) a n d  in  t h e  c e r e b e l l a r  
v e r m i s  (0 .148 4- 0 .030 ;  P < 0.001).  E v e n  in  t h e  o t h e r  
a r e a s ,  h o w e v e r ,  t h e r e  is a n  i n c r e a s e  in  C h A ,  a l t h o u g h  n o t  
s t a t i s t i c a l l y  s i g n i f i c a n t :  in  t h e  o l f a c t o r y  l obes  t h e  e n -  
z y m a t i c  a c t i v i t y  r e a c h e s  t h e  v a l u e  0 .880 :L 0 .208,  in  t h e  
t h a l a m u s  1.321 4- 0 .414,  a n d  in  t h e  c a u d a t e  n u c l e u s  
5 .700 4- 1 .327 ( a v e r a g e  of  8 e x p e r i m e n t s ) .  

D i s c u s s i o n .  U n l i k e  s c o p o l a m i n e ,  w h i c h  d e c r e a s e s  A C h  
o n l y  in  t h e  t e l e n c e p h a l i c  a r e a s  12, p h y s o s t i g m i n e  i n c r e a s e s  
A C h  m o r e  d i f f u s e l y .  T h e  i n c r e a s e ,  h o w e v e r ,  is  g r e a t e r  in  
t h e  t e l e n c e p h a l o n  t h a n  in  t h e  c e r e b e l l a r  v e r m i s  a n d  
t h a l a m u s .  T h i s  f a c t  m a y  d e p e n d  o n  t h e  d i f f e r e n t  A C h  
m e t a b o l i s m  a n d  d i spos i t i onXL T h e  S T  a n d  C h E / C h A  
r a t i o  (see T a b l e  I) a r e  h i g h e r  in  t h e  c e r e b e l l a r  v e r m i s  a n d  
t h a l a m u s ,  s u g g e s t i n g  a l ower  A C h  m e t a b o l i c  r a t e .  

12 L. B/gANI, C. BIANCIU, and P. MEGAZZINI, Exper. 20, 677 (1964). 
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Proceedings of the 5th International Neurochemistry Symposium, 
Austria 10-15 June  (1962) (Pergamon Press, Oxford 1964), p. 347. 

Table I. Normal values of total ACh, ChE and ChA in different areas of the guinea-pig's brain. In brackets the number  of experiments 

Area Total ACh ChA activity ChE activity Minimum Minimum ChE/ChA 
7/g  ACh synthesis ACh hydrolysis synthesis hydrolysis ratio 

mg/g fresh tissue/h mg/g fresh tissue/h tinle (ST) sec time (HT) sec 

Olfactory lobes 2.090 ~- 0.550 0.721 :J: 0.187 27.06 4- 2.82 10 4/10 27.8/100 37.5 
(40) (22) (29) 

Parietal cortex 2.670 J- 0.560 0.924 4- 0.166 35.26 4- 3.28 10 4/10 27.2/100 38.1 
(40) (21) (29) 

Cerebellar vermis 0.539 4- 0.142 0.106 -4- 0.024 120.4 4- 15.70 18 3/10 1.6/100 1135 
(36) (21) (281 

Thalamus  5.32 4- 0.97 1.231 4- 0.211 63.89 4- 7.24 15 5/10 29.9/100 51.9 
(41) (19) (35) 

Caudate nucleus 4.820 4- 0.97 5.168 4- 0.854 172.30 4- 19.29 3 3/10 10.0/100 33.3 
(40) (21) (32) 

Table II. Effect of physostiganine (single injection) on the total ACh of the guinea-pig's brain. In brackets the number  of experiments 

Area 200 y/kg 1 mg/kg 5 mg/kg 

20 min 1 h 3 h 20 rain 1 h 3 h 20-30 min 

Olfactorylobes 2.710 -4- 0.520 ~ 2.510 -t- 0.450~ 2.840 + 0.83 c 4.610 ± 1.210 a 2.550 -4- 0.440 a 2.580 4- 0.440 b 4.060 4- 0.900 d 
(9) (16) (10) (12) (19) (10) (12) 

Parietalcortex 3.600 ± 0.630 a 3.020 4- 0.440 * 3.530 4. 0.53 a 5.010 -4- 1.100a 3.040 4- 0.640 b 3.310 4- 0.510 ¢ 5.170 4- 0.920 a 
(ll)  (16) (10) (14) (19) (10) (12) 

Cerebellar vermis 0.635 :t_ 0.226 0.562 4- 0.123 0.699 4. 0.13 c 0.972 4. 0.244 a 0.616 4- 0.087~ 0.699 4- 0.115 c 0.905 4- 0.261 a 
(11) (16) (11) (11) (18) (8) (12) 

Thalamus 6.330 4- 0.860 a 5.660 4- 0.510 5.750 ± 0.66 6.650 4- 1.170 a 6.120 4- 1.200 c 5.870 4- 0.920 8.130 ~ 1.060 a 
(12) (16) (11) (14) (19) (12) (12) 

Caudate nucleus 6.960 -I- 1.230 a 6.130 4- 1.290 a 6.230 4- 1.22 a 8.960 i 1.750a 6.970 4- 1.410 a 5.330 4- 0.930 10.520 :j: 2.890 a 
(12) (16) (11) (13) (19) (10) (12) 

These values differ significantly from the controls at a level of 0.05 > P > 0.02. b These values differ significantly from the controls at 
a level of 0.02 > P > 0.01. c These values differ significantly from the controls at a level of 0.01 > P > 0.001. a These values differ sig- 
nificantly from the controls at a level of P ~ 0.001. 
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Fol lowing physost igmine subacute  t rea tment ,  to ta l  
ACh is the  same as in the controls, bu t  ChE ac t i v i t y  is 
decreased and ChA increased a lmost  everywhere .  

The  ChE  reduct ion is obviously  due to the  pecul iar  
pharmacologica l  effects of the drug 14. The  ChA increase 
suggests, instead, t h a t  the  subacute  t r e a t m e n t  m a y  
s t imula te  the  eholinergic neuronal  pool. Probably ,  t he  
ACh increase in some synapt ic  areas  ac t iva tes  non-  
cholinergic chains which, in turn,  s t imula te  the  cholinergic 
neurons.  Our hypothesis  agrees wi th  the  wel l -known de- 
synchronizing effect of the drug 1. 

The conclusions d rawn from our  exper iments  are there-  
fore as follows: (1) The  drug increases to ta l  ACh, mos t ly  
in those areas where the  neuro t r ansmi t t e r  metabol ic  ra te  
is high. (2) Sub-acute  t r e a t m e n t  increases ChA ac t iv i ty ,  
probably  th rough  indirect  ac t iva t ion  of the  cholinergic 
neuronal  pool. 

Riassunto. L'eser ina  0.2-5 mg/kg  a u m e n t a  la ACh 
tota le  del eervello di c a r l a  sop ra t tu t to  nel telencefalo.  
Dopo t r a t t a m e n t o  sub-acuto,  l ' a t t i v i t~  col inoacet i lasica 
aumenta ,  forse per s t imolazione  med ia t a  dei neuroni  
colinergici.  

PAOLA MEGAZZINI, GIUSEPPINA BERNARDI, 
a n d  PAOLA L.  BALLOTTI 

Istituto di Farmacologia e CIinica Tossicologica della 
Universit~ di Firenze (Italy), January 25, 1965. 
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Salivary Secretion of the Major Sublingual  
Gland of Rats 

Isoprenal ine,  g iven repea ted ly  to  rats,  causes a marked  
en la rgement  of the  submaxi l l a ry  and paro t id  glands ~, 
while the  weight  increase of the  subl ingual  gland is s l ight  
or  absent-%3. IsoprenMine evokes  a marked  flow of sa l iva  
f rom the  submaxi l l a ry  gland of r a t sL  In  the  p resen t  in- 
ves t iga t ion ,  the  secretory responses of the  r a t  subl ingual  
g land to isoprenaline,  as well  as to  some o ther  sialagogue 
drugs,  are studied.  A cont inuous  flow ot sa l iva  f rom the  
subl ingual  gland was observed a t  the beginning of all ex-  
per iments .  This  cont inuous  secret ion was fur ther  s tudied.  

Twen ty - fou r  male ra ts  (Sprague-Dawley)  weighing 
255-385 g were used. The  rats  were anaes the t ized  wi th  
chloralose (100 mg/kg) in t r avenous ly  af ter  e ther  induc-  
tion. The  subl ingual  ducts,  la tera l  to the  submaxi l l a ry  
ducts,  were exposed in the  neck and cannula ted  using fine 
glass cannulae.  The cannulae  gave  abou t  100 drops out  of 
1 ml of disti l led water .  Secret ion appear ing at  the  t ip of 
the cannula  was noted and registered on a smoked drum. 
The secretory responses to different  doses of isoprenaline 
( isopropylnoradrenal ine)  sulphate  and of the  hydro-  
chlorides of adrenal ine  and methachol ine  g iven  int ra-  
venous ly  were es t imated.  To increase the  sens i t iv i ty  to 
secretory drugs, the subl ingual  g land was pa ra sympa-  
the t ica l ly  dene rva ted  in 7 ra ts  by  section of the  chorda-  
l inguM ne rve  3 weeks in advance .  Fo r  the  s tudy  of t he  
cont inuous  secretion,  a t rop ine  sulphate  and d ihydro-  
e rgo tamine  me thansu tphona te  were g iven in t r avenous ly ;  
in 5 ra ts  t he  subl ingual  glands  were sympa the t i ca l ly  
dene rva ted  by  bi la tera l  excision of the  superior  cervical  
ganglion abou t  2 weeks in advance .  

A slow cont inuous  flow of s t icky sal iva  f rom the  sub- 
l ingual  gland was observed.  This  flow of sa l iva  was found 
to go on tor hours a t  a cons tan t  rate,  The  ra te  varied,  
however ,  f rom one an imal  to ano the r ;  i t  was ca lcula ted  
to correspond to abou t  3 #l /h  (range 1-5 #1). This  flow of 
saliva was produced by  subl ingual  glands weighing 
47 ~ 2.1 mg (n = 10). The  cont inuous  secret ion was 
not  a l tered by  pregangl ionic  pa r a sympa the t i c  or post-  
ganglionic sympa the t i c  denerva t ion  in combina t ion  wi th  
remova l  of the adrenals  ; and nei ther  a t ropine  1 mg /kg  nor  
d ihydroergo tamine  0.5 mg/kg  abolished or changed the  
secretion. 

The  secretory responses of the  subl ingual  g land to 
sialagogue drugs were a lways small,  usual ly  much  less 
t han  1 drop  of saliva,  and diff icult  to eva lua te  also be- 
cause of the  cont inuous  secretion. 

The  ra t ' s  subl ingual  gland was found to be ve ry  insensi- 
t ive  to  isoprenaline.  E v e n  af ter  100/ tg  isoprenatine/kg,  no 
s ignif icant  increase of the  ra te  of the cont inuous  secret ion 
was noticed.  Similar ly  the  sens i t iv i ty  to  adrenal ine  was 
v e r y  low;  a secre tory  response to adrenal ine  was no t  
regular ly  observed,  even  af ter  20/ ,g /kg .  Methaeholine,  on 
tile o the r  hand,  evoked  smal l  bu t  obvious  secre tory  
responses. The  threshold  dose of  methachol ine  was found 
to be abou t  0.5 ~,g/kg. Tile secretory responses were aug-  
men ted  wi th  increasing doses;  10 ¢g methacho t ine /kg  was 
found to give abou t  1/3 drop of saliva. The  sens i t iv i ty  of 
the  subl ingual  gland to these secre tory  drugs was in- 
creased af ter  pa r a sympa the t i c  denerva t ion .  Isoprenal ine  
100 /~g/kg was found to elicit a small  secretory response 
f rom the  denerva ted  subl ingual  gland while a higher  dose, 
1 mg/kg,  evoked  a long-last ing flow of sal iva up to about  
1 drop in 1/2-11/2 h. The  dene rva ted  gland was stil l  ve ry  
insensi t ive to adrenaline,  but  20/~g adrenMine/kg usual ly  
caused a small  secretory response. The  threshold  dose of 
methachol ine  was marked ly  lowered, to abou t  0.05/~g/kg, 
af ter  denerva t ion  and the secretory response to 10 #g 
me thacho l ine /kg  was increased by  about  50%. 

The  subl ingual  gland of rats  has thus  been found to 
secrete spontaneously ,  like the  subl ingual  gland of cats  6 
and the  submaxi l l a ry  gland of  rabbi ts  ~. W h e n  compar ing  
the  ra te  of this  spontaneous  secret ion of  these three  
sa l ivary  glands,  considering the  differences in gland 
weight ,  i t  m a y  be noted  t h a t  the  flow ra te  is h ighest  in 
cats  and lowest  in rabbi ts .  

The  subl ingual  gland of ra ts  is v e r y  insensi t ive  to bo th  
adrena l ine  and isoprenaline.  A secretory response to  these 
ca techolamines  is usual ly  seen af ter  pa ra sympa the t i c  de- 
nerva t ion .  Ac t iva t ion  of  the  adrenergic  receptors,  bo th  
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