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Fig. 2. Links oben: Papierchromatogramm von 0,01 ml Peptid- 
L6sung. Entwiekhmgssystem Butanol-Essigsiiure-Wasser. Rechts 
oben: Papierehromatogramm des partiellen H ydrolysats des Peptids; 
Entwicklungssystem dasselbe. Unten: Elektropherograinm der 
Peptid-L6sung; 0,02 ml, 300 V, Essigsanrepuffer yon pH 1,7. 

Bemerkung: Alle Photos prom. Biologe Crha. 

Aze tonpr~z ip i ta t l6sung  ausgepr / ig ter  als nach  der  Ver- 
ab re ichung  von S p e r m a e x t r a k t i n j e k t i o n e n .  l~bersichtl ich 
s ind die makroskop i schen  und mikroskopischen  Ver/~nde- 
rungen  der  Ovar ien  in der  Figur  1 darges te l l t ,  l n a k t i v a t i o n  
des S p e r m a e x t r a k t e s  wXhrend 1 h durch  90-95°C beein-  
f lusst  die biologische Wi rksamke i t  nur  geringfiigig. 

Obwohl  zwischen der  Gruppe,  die mi t  F S H  behande l t  
wurde,  und der  Gruppe ,  welche mi t  S p e r m a e x t r a k t  oder  
Azetonpr / iz ip i ta t l6sung  b e h a n d e l t  wurde ,  h is to logisch 
einige Differenzen b e m e r k b a r  sind,  l inden  wir in be iden  
Reihen  S t imula t ion  des Fol l ike lwachs tums,  Beschleuni-  
gung des O v a r i e n w a c h s t u m s  und  der  V e r m e h r u n g  der  
Granulosazel len,  also jene Ersche inungen ,  die fiir die 
Wirkung  w m  F S H  typ i sch  sind.  Ausser  diesen biologischen 
Wi rkungen  k o n n t en  wir auch eine ziemtich s ta rke  Neben-  
n i e r enhype r t roph ie  beobach t en  und in einigen FV211en eine 
Verkle inerung der  Hypophyse ,  Ob diese Ver / inderungen  
spezifisch sind,  miissen j e t z t  wei tere  Versuche  abkl~iren. 

Obwohl  der  in S p e r m a e x t r a k t e n  anwesende  Stoff  bio- 
logisch d e m  F S H  nahe  s teh t ,  ist er mi t  d iesem H o r m o n  
nicht  ident isch.  Die pap ie re l ek t rophore t i schen  und  papier -  
c h r o m a t o g r a p h i s c h e n  S tud ien  zeigten, dass  es sich um ein 
Pep t id  handel t .  I)as Pep t i d  ha t  ungef~thr 13 Aminosi ture-  
reste,  enth/ i l t  e inen Zucker  (posit ive Mol isch-Reakt ion) ;  
seine biologische Akt iv i t / i t  betr / igt  ungef/ ihr  35 Einhe i ten /g .  
Ch ro ma t o g rap h i s ch  und  e lek t rophore t i sch  verhie l t  sich 
der  Stoff  e inhei t l ich (Figur 2). Unse ren  SchS~tzungen nach  
en tha l t en  100 ml E b e r s p e r m a  ungef/ ihr  0 ,04-0,05% dieses 
Stoffes. 

In den Vorde rg rund  t r e t en  nun  einige F ragen :  (1) ob 
die beschr iebene  Wi rkung  d i rekt  oder  ind i rek t  ist, (2) wel- 
chen Ursp rungs  dieser  Stoff  im Sp e rma  ist. E ine  Bean t -  
w o r t u n g  dieser  F ragen  k6nnen  nur  wei tere  Versuche  er- 
geben.  Wir  hoffen aber,  dass  der  Befund  eines biologisch 
wi rksamen  Pep t ids  im Spe rma  einige Befunde  andere r  
Forscher  n/iher kl/iren kann ;  in e rs te r  Linie die Angaben  
von STRATMAN und  SELF 8, I)OKUNIN 9 und  PITKJANEN 1°, 
sowie auch  die Angaben  yon  LAMOND und  CLARINGBOLD U 

Summary .  The  act ion of spe rm ex t r ac t s  and  ace tone  
prec ip i ta te  of these  ex t r ac t s  upon  the  g rowth  of ova ry  and  
u te rus  was inves t iga ted  on infant i le  mice and  rats .  I t  was 
found t h a t  in jec t ions  of t he  a b o v e - m e n t i o n e d  agents  in- 
creased the  u ter ine  and  ovar i an  weights  and  caused  
microscopic changes  s imilar  to those  caused by  F S H .  The 
act ive  principle present  in the  spe rm m u s t  be a pept id .  

J .  CnVR,~ 

Biologisches Insti tut  der l'eteriniirrnedizinischen Fakultiit 
Brno (~SSR) ,  23. Februar 1961. 

8 |*'. W. STRATMAN und H. L. SELF, J. Animal Sci. 19, 1081 (1960). 
9 A. V. I)OKUNIN, BjuI1. exp. Med. Biol. 8, 106 (1957). 

x0 I. G. PrrKJANEN, ~urnal obgd. biol. °1, °8 (1960). 
n D. R. LAMOND und P. J. CnARINGBOLD, J. l:ndocrin. 16,298 (1958). 

N i t r o s a m i n e s  and Other Carc inogens  as Agents  of 
Prote in  Denaturat ion  ~2 

The  hypo thes i s  t h a t  a re la t ionship  exis ts  be tween  
carcinogenesis  and pro te in  d e n a t u r a t i o n  was set  fo r th  as 
ear ly  as 1938 by  RONDONI (reviewed in 3). Dur ing  de- 
n a t u r a t i o n  a p ro te in  molecule  passes  f rom a specific con- 
f igura t ion  to  a less order ly  s t ruc ture ,  while  s imilar ly in 
carcinogenesis  there  is an increasing anaplas ia  in the  
tissue. AMBROSE 4 has  po in ted  out  a more  direct  connec t ion  
be tween  ded i f fe ren t ia t ion  of t issue morpho logy  at  the  

microscopic level and  submicroscopic  a l t e ra t ions  a t  the  
macromolecu la r  level. Similar  concep t s  have  been  reached  

1 This work was supported by USPHS Grant CY-4939 at the 
University of Florida, and by USPHS Grant C-5431 and a Grant- 
in-aid from tile Greater New Orleans Cancer Association and the 
Cancer Society of Greater Baton P, ouge, at Tulane University. 
Presented at the Fifty-second Annual Meeting of the American 
Association for Cancer Research, Atlantic City, N.J., April, 1961 
(Abstr., Proc. Amer. Assoc. Cancer Research 3, 206 (1961)). 

3 p. RONDONI, Adv. Cancer Res. 3, 171 (1955). 
4 E. J. AMBROSE, Brit. J. Cancer ~', 259 (1954). 
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b y  o t h e r  a u t h o r s S - L  T h e  p r e s e n t  r e p o r t  gives t h e  f i r s t  
d i r ec t  d e m o n s t r a t i o n  t h a t  ca rc inogens  are  a g e n t s  of 
p r o t e i n  d e n a t u r a t i o n .  

Us ing  t u r b i d i t y  increase  of p r o t e i n  so lu t ions  to  m eas u re  
d e n a t u r a t i o n ,  t h e  resu l t s  g iven  in  t h e  T a b l e  i nd i ca t e  t h a t  
t h e  k n o w n  wa te r - so lub le  ca rc inogens  t e s t e d  here  are  
p o t e n t  p r o t e i n  d e n a t u r a n t s .  D i e t h y l n i t r o s a m i n e ,  e t h y l  
c a r b a m a t e  a n d  d i m e t h y l n i t r o s a m i n e  were also found  to  
p r ec ip i t a t e  b o v i n e  s e rum a l b u m i n  in t h e  s ame  re l a t ive  
o rde r  of a c t i v i t y  as found  w i t h  o v a l b u m i n .  Fol lowing  t h e  
m e t h o d  g iven  in  t h e  T a b l e  i t  was  f o u n d  t h a t  b o v i n e  a n d  
h u m a n  s e r u m  a l b u m i n ,  a n d  m e r c a p t a l b u m i n  are  more  
r e s i s t a n t  t h a n  o v a l b u m i n  to  t h i s  t y p e  of d e n a t u r a t i o n  
p r o d u c e d  b y  d i m e t h y l n i t r o s a m i n e .  

Th i s  d e n a t u r a t i o n ,  m e a s u r e d  b y  t u r b i d i m e t r y ,  differs  
f rom t h a t  o b t a i n e d  w i t h  u r ea  w h i c h  causes  t h e  dis- 
a p p e a r a n c e  of t h e  n a t i v e  t h r e e - d i m e n s i o n a l  s t r u c t u r e  of 
p r o t e i n s  b y  u n f o l d i n g  t h e  p o l y p e p t i d e  cha ins .  P r o t e i n  
d e n a t u r a t i o n  b y  u r e a  is n o t  a c c o m p a n i e d  b y  t u r b i d i t y  
increase ,  b u t  coincides  w i t h  a n  increase  of op t i ca l  r o t a t i o n  
of t he  so lu t ion .  Fo r  t u r b i d i t y  increase  to  t a k e  p lace  mole-  
cu la r  agg rega t i on  m u s t  occur  i n v o l v i n g  i n t e r m o l e c u l a r  
bonds .  T h e  F igu re  s u m m a r i z e s  a series of e x p e r i m e n t s  
w h i c h  s t r o n g l y  sugges t  t h a t  t h e  f o r m a t i o n  of d isul f ide  
br idges ,  b y  -SH groups  m a d e  ava i l ab l e  as a r e su l t  of u n -  
fo ld ing of t h e  p r o t e i n  s t r u c t u r e  b y  agen t s  l i s ted  in t h e  
Table ,  is a t y p e  of i n t e r m o l e c u l a r  b o n d  i n v o l v e d  he re  x~. 
Mercur ic  ch lor ide  wh ich  is k n o w n  to  fo rm - S - H g - S -  
br idges ,  a n d  t h e  ox id iz ing  agen ts ,  h y d r o g e n  pe rox ide  a n d  
p o t a s s i u m  ioda te ,  w h i c h  would  f avo r  t he  f o r m a t i o n  of di-  
sul f ide  br idges ,  were all f ound  to  e n h a n c e  t h e  p r e c i p i t a t i o n  
of o v a l b u m i n  b y  d i m e t h y l n i t r o s a m i n e .  N o n e  of these  
a g e n t s  a lone,  however ,  i n i t i a t e  t h e  p r e c i p i t a t i o n  of ok, albu- 
min. Iodoace t i c  acid i nh ib i t s  t he  p r e c i p i t a t i o n  of o v a l b u -  
r a in  b y  r e a c t i n g  w i t h  - S H  groups  a n d  t h u s b l o c k i n g  t h e  
f o r m a t i o n  of d isul f ide  br idges .  Cyste ine ,  w h i c h  spl i t s  di-  
sul f ide  b o n d s  b y  v i r t u e  of i t s  r educ ing  abi l i ty ,  c o m p l e t e l y  
i n h i b i t s  t h e  p r e c i p i t a t i o n  of o v a l b u m i n  b y  d i m e t h y l -  
n i t r o s a m i n e .  Moreover ,  i t  was  f o u n d  t h a t  w h e n  1 x 10 -2 M 
cys te ine  is a d d e d  a t  40 m i n  i t  c o m p l e t e l y  reverses  t he  pre-  
c i p i t a t i o n  of o v a l b u m i n  b y  d i m e t h y l n i t r o s a m i n e ,  t a n n i c  
ac id  or  phenol .  S imi la r  o b s e r v a t i o n s  were  m a d e  w i t h  
g l u t a t h i o n e .  Th i s  agent ,  a l t h o u g h  as ac t ive  as cys te ine  t o  
i n h i b i t  p rec ip i t a t ion ,  is less ac t ive  in  r eve r s ing  t h i s  phe -  
n o m e n o n .  Th i s  m a y  be  r e l a t ed  to  lesser p e r m e a b i l i t y  of t he  
mo lecu l a r  aggrega te s  to  g l u t a t h i o n e  t h a n  to  cys te ine  
because  of t h e  g r e a t e r  mo lecu la r  size of t h e  former .  

A l t h o u g h  u r e a  does n o t  cause  p r e c i p i t a t i o n  of o v a l b u -  
m i n  (Table) ,  i t  is c apab l e  of b o t h  e n h a n c i n g  a n d  i n h i b i t i n g  
t h e  p r e c i p i t a t i o n  caused  b y  1.5 M d i m e t h y l n i t r o s a m i n e .  
C o n c e n t r a t i o n s  be low 3.3 M u r e a  cause  e n h a n c e m e n t ,  
whi le  c o n c e n t r a t i o n s  a b o v e  5 M cause  inh ib i t i on .  Since 
t h e  e x t e n t  of u r e a - i n d u c e d  u n f o l d i n g  of t he  p o l y p e p t i d e  
cha ins  in  p ro t e in s  d e p e n d s  on  c o n c e n t r a t i o n ,  t h e  a m b i -  
v a l e n t  effect  of u r ea  n o t e d  in t he  t u r b i d i t y  s tud ies  m a y  be  
e x p l a i n e d  b y  t h e  f ac t  t h a t  d isulf ide  b r idges  are  p r o b a b l y  
n o t  t h e  on ly  i n t e r m o l e e u l a r  b o n d s  m a i n t a i n i n g  t h e  mole-  
cu la r  aggrega tes .  I t  is poss ible  t h a t  i n t e r m o l e c u l a r  
h y d r o g e n  b o n d i n g  b e t w e e n  o t h e r  g roups  a r o u n d  t h e  
m o l e c u l a r  s i te  of t he  - S H  groups  m a y  be  invo lved ,  re- 
in forc ing  t h e  disulf ide  l inkages  formed.  T he  fac t  t h a t  u r e a  
exe r t s  i t s  effect  on  p ro t e in s  b y  b r e a k i n g  h y d r o g e n  b o n d s  
sugges ts  t h a t  t he  ca rc inogens  t e s t e d  (Table) i n t e r a c t  b y  
m e a n s  of these  s ame  va l ence  forces. P r e l i m i n a r y  s tud ies  
h a v e  s h o w n  t h a t  d i m e t h y l n i t r o s a m i n e  a n d  d i oxane  are  
i ndeed  capab l e  of fo rming  s t r o n g  h y d r o g e n  bonds .  W a t e r  
so lu t ions  of t he se  agen t s  d i sp lay  a cons i de r ab l y  g r e a t e r  
v i scos i ty  (1 x 10 -2 Vmax = 1.36 for d i m e t h y l n i t r o s a m i n e  
plus  w a t e r  a n d  1.78 for  d ioxane  plus  wa te r )  t h a n  d i m e t h y l -  

The relative ability of these compounds to cause protein denaturation 
was measured photometrically at 520 mix by comparing the molar 
concentrations necessary to produce a 50% decrease in the % trans- 
mission at 40 min of a 1% ovalbumin solution at pH 5. Each value in 
the Table represents the average of four experiments. The carcino- 
genic activities (' + '  active; ' - - '  inactive) of most compounds were 
taken from HARTWELL'S tables s. The carcinogenicity of dimethyl- 
nitrosamine shown by MAGEE and BARNES 9, and the relatively 
greater activity of diethylnitrosamine reported by SCHMP, HL and 
PREUSSMANN 10 have been confirmed in our laboratory =. Dimethyl- 
hydrazine proved to be inactive as a carcinogen S. HOHL has shown 
that at identical concentrations the carcinogen, ethyl carbamate, and 
dioxane produce similar chromosomal abnormalities in plant roots n.  

Compound Molarity necessary to bring Carcino- 
about 50 % decrease in % genicity 
transmission of 1% ovalbumin 

Tannic acid 0.001 
Phenol 0,077 
Diethylnitrosamine 0.440 
Thioacetanfide 0.730 
Ethylearbamate 0.830 
Diethylacetamide 0.850 
Diethylformamide 0.920 
Thiourea 0.930 
Dimethylnitrosamine 1.550 
Dioxane 1.800 

Dimethylacetamide 
Acetone 
Dimethylformamide 
Ethanol 
Acetamide 
Urea 
Dimethylhydrazine 
Dimethylamine 
Diethylamine 

2.330 
2.430 
2.800 
3.330 
4.800 
No precipitation up to 5 M 
No precipitation up to 6 M 
No precipitation up to 0,25 M 
No precipitation up to 6 M 

+ 
+ 
+ 
+ 
+ 
Untested 
Untested 
+ 
+ 
? ; produces 
chromosomal 
abnormalities 
Untested 
- to the skin 
Untested 
+ ?  
Untested 

U n t e s t e d  
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lxlO-~M HOC[ 2 

l×lO-'tH Iodoacefie 
acid 

,I .t • lxlO-2M Cysteine 
1000 ~ 10 2~1 30 40 

Time(min) - 

Effect of sulfhydryl reagents on the precipitation by 1.5 M dimethyl- 
nitrosamine of a 1% ovalbumin solution, as measured by turbidi- 

metry at 520 my.. 

5 N. P. Buv-Hoi, Aeta Union Int. contre Cancer 7, 68 (1950). 
6 j .  C. ARcos and M. ARCOS, Bull. Soe. Chim. Beiges 65, 5 (1956). 

R. MASON, Brit. J. Cancer 12, 469 (1958). 
s j .  L. HARTWELL, Survey o] Compounds which Have Been Tested/or 

Carcinogenic Activity (U.S. Government Printing Office, Wash- 
ington (D.C.) 1951). 

9 p. N. MAGEE and J. M. BARNES, Brit. J. Cancer 10, 114 (1956). 
111 D. SCHMAHL and R. PRXUSSMANN, Naturwiss. 47, 89 (1960). 
Ii K. HOHL, Expcr. 3, 109 (1947). 
z2 Dimethylnitrosamine and diethylnitrosamine themselves do not 

form covalent bonds involving sulfhydryl groups of proteins as 
shown by iodosobenzoic acid titration of cysteine, glutathione, 
ovalbumin and soluble rat liver proteins before and after incubation 
with these carcinogens. 
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n i t r o samine ,  d ioxane  or w a t e r  a l o n e  (1 x 10 -2 v = 0.82, 
1.13, a n d  0.86 respec t ive ly) .  On  t h e  o t h e r  h a n d ,  no  such  
increase  is obse rved  in  m i x t u r e s  of d i m e t h y l n i t r o s a m i n e  
a n d  benzene ,  or  d i m e t h y l n i t r o s a m i n e  a n d  d i oxane  because  
of t h e  absence  of a h y d r o g e n  donor .  

D i m e t h y l h y d r a z i n e  (1 x 10 -z v = 0.69), w h i c h  is a re- 
duced  d e r i v a t i v e  oi d i m e t h y l n i t r o s a m i n e ,  also fo rms  
h y d r o g e n  b o n d s  as i n d i c a t e d  b y  a cons ide rab le  inc rease  
of v i scos i ty  of w a t e r  so lu t ions  (1 x 10 -z Vmax = 5.90), b u t  
does  n o t  b r i n g  a b o u t  p r e c i p i t a t i o n  of o v a l b u m i n  (Table) .  
Th i s  c o m p o u n d ,  however ,  is a s t r o n g  r educ ing  agen t ,  a n d  
t h u s  i t  was  n o t  u n e x p e c t e d  w h e n  i t  was  found  t h a t  0.1 M 
d i m e t h y l h y d r a z i n e  b o t h  i nh ib i t s  a n d  reverses  t h e  pre-  
c i p i t a t i o n  of o v a l b u m i n  b y  1.5 M d i m e t h y l n i t r o s a m i n e .  

A full  a c c o u n t  of these  a n d  r e l a t ed  i n v e s t i g a t i o n s  will be  
g iven  elsewhere.  

Rdsumd. Les a u t e u r s  m o r t / r e n t  que  les composds  canc6-  
rog6nes  hydroso lub les ,  l ' ac ide  t a n n i q u e ,  le ph6nol ,  la di-  
6 thyl -  e t  d i m 6 t h y l n i t r o s a m i n e ,  la  t h i o a c 6 t a m i d e ,  le c u r b s -  

m a t e  d ' 6 t h y l  et  la th iour6e  son t  des agen t s  p u i s s a n t s  de 
d 4 n a t u r a t i o n  de prot6 ines .  L a  p r6c ip i t a t i on  p r o d u i t e  p a r  
ces a g e n t s  p e u t  6tre  inhib6e,  invers6e  ou acc rue  p a r  d ivers  
r6act i fs  de g roupes  su l fhydry les .  Ces r e c o u p e m e n t s ,  a ins i  
que  d ' a u t r e s  exp6r iences  sur  l ' e f fe t  de l 'u r6e  sur  la pr6- 
c i p i t a t i o n  p a r  la d i m 6 t h y l n i t r o s a m i n e ,  i n d i q u e n t  que  le 
m 6 c a n i s m e  de  la  f o r m a t i o n  des  aggr6ga t s  mol6cula i res  
cons is te  d a n s  l ' 6 t a b l i s s e m e n t  de p o n t s  - S - S -  in t e rmol6-  
culaires ,  p r o b a b l e m e n t  renforc6s  p a r  des  l ia isons  in te r -  
mol6cula i res  d ' h y d r o g 6 n e .  

MARY F. ARGUS, CHARLOTTE J.  LEUTZE, 
a n d  JUDITH F. KANE 

Research Laboratory, U.S. Public Health Service Hospital/ 
Departments of Medicine and Biochemistry, Tulane Uni- 
versity, New Orleans (Louisiana), and Cancer Research Lab- 
oratory, University o] Florida, Gainesville (Florida), Apr i l  
1 I, 1951. 

Pathogenesis of the U r e m i c  S y n d r o m e 1 .  

P h a r m a c o l o g i c a l  S t u d i e s  o n  A c e t o i n  a n d  2 , 3 -  
B u t y l e n e  G l y c o l  s 

Most  of t h e  u remic  m a n i f e s t a t i o n s  a re  as ye t  unex -  
p la ined .  N u m e r o u s  a t t e m p t s  to  re la te  t h e  s y m p t o m s  of 
t he  u remic  s y n d r o m e  to  a c c u m u l a t i o n  of a s ingle  tox ic  
s u b s t a n c e  h a v e  fa i led  to  receive  cl inical  or  e x p e r i m e n t a l  
s u b s t a n t i a t i o n .  The  m e c h a n i s m s  of K u s s m a u l ' s  r e sp i ra t ion ,  
of h y p e r k a l i e m i c  ca rd iac  a r r e s t  a n d  of h y p o k a l i e m i c  
i n t e s t i n a l  a n d  m u s c u l a r  pares is  show t h a t  t h e  p a t h o g e n e s i s  
of t h e  u remic  s y n d r o m e  is v e r y  compl i ca t ed .  T he  u remic  
d i s t u r b a n c e s  of consc iousness  are  of p a r t i c u l a r  in t e res t .  
T h e y  c a n n o t  be  d i f f e r en t i a t ed  f rom t he  h e p a t i c  coma.  I n  
m o s t  cases w i t h  u remic  d i s t u r b a n c e s  of consciousness ,  
r e s idua l -n i t rogen  in s e r u m  is increased .  E l e c t r o l y t e  im-  
ba lance ,  w a t e r  i n tox ica t ion ,  a m m o n i a ,  u r e a  a n d  p h e n o l  
c o m p o u n d s  are n o t  co r re l a t ed  to  t h e  d i s t u r b a n c e s  of con-  
sciousness  in  u r e m i a  3-5. 

I n  t he  b lood  of p a t i e n t s  w i t h  u r e m i a  or  h e p a t i c  coma,  
p y r u v i c  acid is ra ised  6,7. I n  m a m m a l s  p y r u v i c  acid is de-  
c a r b o x y l a t e d  to  ac t ive  a c e t a l d e h y d e  8.9. A c t i v e  ace ta l -  
d e h y d e  is m a i n l y  c o n v e r t e d  to  a ce t y l - coenzym e  A or  m a y  
r e a c t  w i t h  a c e t a l d e h y d e  to  give acetoinS,L Ace to in  m a y  
be  r educed  to  2, 3 -bu ty l ene  glycol.  T h e  increase  in  b lood  
p y r u v i c  ac id  c o n c e n t r a t i o n  a b o v e  t h e  n o r m a l  r a n g e  in  
p a t i e n t s  w i t h  u r e m i a  a n d  h e p a t i c  c o m a  is p r o b a b l y  due  to  
r educed  f o r m a t i o n  of a ce t y l - coenzym e  A. I t  m i g h t  be  ex- 
pec t ed  t h a t ,  as a c o m p e n s a t o r y  m e c h a n i s m ,  f o r m a t i o n  of 
ace to in  a n d  2 , 3 - b u t y l e n e  glycol  is e n h a n c e d  (F igure  1). 
Glycols  p roduce  narcosis ,  i n f l a m m a t i o n ,  hemolys i s  a n d  
i m p a i r e d  pe rmeab i l i t y .  Th i s  p a p e r  p r e sen t s  o b s e r v a t i o n s  
on  t h e  p h a r m a c o l o g y  of ace to in  a n d  2, 3 -bu ty l ene  glycol.  

Methods. Narco t i c  effects  on  mice  a f t e r  i n t r a p e r i t o n e a l  
i n j ec t i on  of ace to in  or  2, 3 -bu ty lene  glycol.  P o t e n t i a t i o n  
of narcos i s  b y  ace to in  or 2, 3 - b u t y l e n e  glycol  on  mice. 
B lood  p ressu re :  c a n u l a t i o n  of a l t ~ r i a  ca ro t i s  of wh i t e  r a t s ;  
k y m o g r a p h i c  r e g i s t r a t i o n ;  i n t r a v e n o u s  i n j ec t i on  of 
ace/Gin or  2, 3-bu ty lene  glycol.  R a t e  of r e sp i r a t i on  of an-  
e s the t i zed  w h i t e  r a t s ;  i n t r a v e n o u s  in j ec t ion  of ace to in  or  
2 , 3 - b u t y l e n e  glycol.  Ef fec t s  of 2 , 3 - bu t y l ene  glycol on  
cap i l l a ry  vessels  of t h e  f rog 's  web.  

Results. I n  mice  ace to in  a n d  2, 3 -bu ty lene  glycol p roduce  
a na r co t i c  effect.  Before  narcosis ,  m u s c u l a r  t w i t c h i n g  m a y  
be  obse rved .  Ace/Gin is a b o u t  four  t imes  more  ac t ive  in 

p r o d u c i n g  narcos is  t h a n  2, 3 - b u t y l e n e  glycol.  Af t e r  r ap id  
i n t r a v e n o u s  in j ec t ion  of ace to in  or  2, 3 -bu ty lene  glycol  in  
ra ts ,  b lood pressure  (Figure  2), pulse r a t e  (F igure  3) a n d  
r a t e  of r e s p i r a t i o n  decrease  (Bezo ld - Ja r i s ch  reflex). 2, 3- 
b u t y l e n e  glycol d i l a t a t e s  t he  cap i l l a ry  vessels  of t he  f rog 's  
web.  

Discussion. I n  p a t i e n t s  w i t h  u r e m i a  or  h e p a t i c  coma,  
b lood  p y r u v i c  ac id  is e l eva ted .  I n  m e n  p y r u v i c  ac id  is 
c o n v e r t e d  to a c e t y l - c o e n z y m e  A, or  to  ace to in  a n d  2, 3- 
b u t y l e n e  glycol. I n  p a t i e n t s  w i t h  r ena l  a n d  h e p a t i c  
disease,  t h e  conve r s ion  of p y r u v i c  acid to  a c e t y l - c o e n z y m e  
A m i g h t  be  m a r k e d l y  r educed  a n d  t he  f o r m a t i o n  of ace to in  
f rom p y r u v i c  acid increased .  I n c r e a s e d  ace to in  a n d  2, 3- 
b u t y l e n e  g lyco l in  b lood  could  be  d e m o n s t r a t e d  in p a t i e n t s  
w i t h  r ena l  or  h e p a t i c  d isease  10,tt. 
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Fig. 1. Metabolism of pyruvic acid in men and mammals. 
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