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n u n g  der  2, 4 - D i n i t r o p h e n y l h y d r a z o n e  ver l ief  en twede r  in  
der  Mischnng  n - B u t y l a l k o h o l - X t h y l a l k o h o l - W a s s e r  (4:1 : 5) 
bei  au f s t e igendem E n t w i c k e l n  oder  in  der  Mischung  
n -P ropy la lkoho l -Benzo l -5  N A m m o n i a k  (5 : 2 : 2), wo zwei- 
ma l  aufs te igend  en twicke l t  wurde.  Aus d e m  C h r o m a t o -  
g r a m m  w u r d e n  die 2 , 4 - D i n i t r o p h e n y l h y d r a z o n e  der  
Ke tos~uren  m i t  1 N N a O H  (2 m a l  30 m m i t  je 5 ml) 
e x t r a h i e r t ;  das  D i n i t r o p h e n y l h y d r a z o n  des Glyceral -  
d e h y d s  wurde  m i t  96% igem A t h a n o l  (10 ml /24  h) eluiert .  
Die p h o t o m e t r i s c h e  B e s t i m m u n g  der  K o n z e n t r a t i o n  der  
K e t o s g u r e n d i n i t r o p h e n y l h y d r a z o n e  wurde  bei  520 i lm 
und  die jenige  des G l y c e r a l d e h y d - d i n i t r o p h e n y l h y d r a z o n s  
bei  380 n m  m i t  d e m  S p e k t r o p h o t o m e t e r  'Speko l  ZV'  
(C. Zeiss, Jena ,  D D R )  durchgef i ih r t .  Wei l  O x a l a z e t a t  
w ~ h r e n d  der  ~ b e r f i i h r u n g  in das  e n t s p r e c h e n d e  2,4-Di- 
n i t r o p h e n y l h y d r a z o n  gr6ss ten te i l s  zum  P y r u v a t  zerse tz t  
wird,  e n t s p r e c h e n  die W e r t e  ftir den  P y r u v a t g e h a l t  d e m  
G e s a m t g e h a l t  des P y r u v a t s  u n d  Oxa lace ta t s .  I n  der  Ta-  
belle werden  die K o n z e n t r a t i o n e n  (~xg/1 g Trockengewich t )  
der  f re ien sowie der  in  B i s u l f i t - A d d u k t e n  g e b u n d e n e n  
C a r b o n y l v e r b i n d u n g e n  (Glycera ldehyd,  e - K e t o g l u t a r a t ,  
P y r u v a t  z u s a m m e n  m i t  Oxa lace ta t )  in den  O r ganen  der  
Kon t ro l l -  sowie Versuchske iml inge  angegeben .  Alle W e r t e  
s ind Ergebn i s se  yon  2 B e s t i m m u n g e n .  

Der  Ante i l  de r  als  B i s u l f i t - A d d u k t e  a m v e s e n d e n  Carbo-  
n y l v e r b i n d u n g e n  im p r o z e n t u a l e n  G e s a m t g e h a l t  der  ent -  
s p r e c h e n d e n  C a r b o n y l v e r b i n d u n g  ~nde r t e  sich n a c h  m e h r  
als 24s t t indiger  E i n w i r k u n g  des SO~ n u r  sehr  wenig.  
H6he re  K o n z e n t r a t i o n  des Glyce ra ldehyd-Bi su l f i t s  in  den  
W u r z e l n  als in  den  Achsen  f i ih r t  zur  st~Lrkeren S t 6 rung  
des Sacchar ids tof fwechse l s  in  dell W u r z e l n  1~. Die sehr  
hohe  re l a t ive  K o n z e n t r a t i o n  des ~ -Ke tog lu t a r a t -B i su l f i t s  
in den  Achsen  d e u t e t  auf  eine b e d e u t e n d e  S t 6 r u n g  des Ci- 
t ra t -Cyclus .  

Die E n t s t e h u n g  der  B i s u l f i t - A d d u k t e  aus  Ca rbony lve r -  
b i n d u n g e n  u n d  die E n t n a h m e  dieser  we i t e ren  me tabo l i -  
s chen  U m w a n d l u n g e n  k 6 n n e n  die E i n w i r k u n g  des SO~ 
auf  den  Sacchar ids to f fwechse l  sowie auf  den j en igen  der  
o rgan i schen  S~turen we i tgehend  erklXren. Der  Mange l  an  
fre ien KetosS, u r en  k a n n  auch  den  G e h a l t  einige r Amino-  
s~uren  wesen t l i ch  verXndern  ~, weil  n u t  eine v e r m i n d e r t e  
K o n z e n t r a t i o n  der  K e t o s ~ u r e n  den  T r a n s a m i n i e r u n g s -  
r e a k t i o n e n  zur  Ver f t igung  s teh t .  Die S t e u e r u n g  der  T r a n s -  
amin ie rungsvorggmge d u r c h  SO2 h a b e n  wi r  bere i t s  abge-  
kl~irt u n d  fiber unsere  Ergebn i s se  wi rd  in e iner  nachfol -  
genden  Mi t t e i l ung  b e r i c h t e t  ~a. 

Summary .  The  i n t o x i c a t i o n  of 15-day-old green  pea  
seedl ings w i t h  1~o gaseous SO~ causes  a n  i m p o r t a n t  con- 
c e n t r a f i o n  fall of some free ke toac ids  (pyruvic ,  oxalacet ic ,  
e -ke toglu ta r ic )  and  of g lyce ra ldehyde  in t he  roots  a n d  
shoots .  This  fall  is a consequence  of t he  r eac t ion  of these  
c a r b o n y l  c o m p o u n d s  w i th  SO 2 in t he  p l a n t  t i s sue  u n d e r  
t he  f o r m a t i o n  of b i su lph i t e  a d d u c t s  (~-hydroxysul fon ic  
acids),  wh ich  h a v e  been  chemica l ly  p r o v e d  a n d  quan t i -  
t a t i v e l y  e s t ima ted .  
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Physicochemical Automaticity at a Mercury-Electrolyte Interface: Associated Electrical Potential 
and Impedance Changes 

There  is a growing  i n t e r e s t  in  e x p e r i m e n t a l l y  obse rvab le  
per iodic  m e m b r a n e  processes,  especial ly  in  t he  c o n t e x t  of 
t he  or igins  of r h y t h m i c  p h e n o m e n a  e x h i b i t e d  b y  l iv ing  
o rgan i sms  1. TEORt~LL'S 2 classical  s tud ies  on  electro-  
osmot ic  flow clear ly  d e m o n s t r a t e d  per iodic  osci l la t ions  of 
p o t e n t i a l  a n d  v o l u m e  flow across coarse  m e m b r a n e s .  
E lec t r ica l  p o t e n t i a l  osci l la t ions m a y  also be  obse rved  in 
a n  u l t r a - t h i n  po ly-e lec t ro ly te  double  m e m b r a n e  s y s t e m  
u n d e r  cond i t ions  of c o n s t a n t  c u r r e n t  in j ec t ion  3. These  are  
b u t  two examples  of phys icochemica I  a u t o m a t i c i t y ,  of 
wh ich  t h e  pass ive  i ron wire  model  as a ne rve  ana logue  is 
p e r h a p s  t he  m o s t  wide ly  known*.  W e  r e p o r t  here  on 
m e a s u r e m e n t s  m a d e  on a n  ear l ier  s y s t e m  e x h i b i t i n g  
r h y t h m i c  b e h a v i o u r  s, s. 

I n  1873, LIPPMANN 5 r epo r t ed  t h a t  w h e n  a d rop  of mer-  
cu ry  is p laced  in d i lu te  acid c o n t a i n i n g  p o t a s s i u m  di- 
c h r o m a t e  a n d  an  i ron wire  is d ipped  in to  the  l iquid  in 
closd p r o x i m i t y  to t he  drop,  regu la r  a n d  rap id  osci l la t ions 
of t he  d rop  occur  wh ich  m a y  las t  for hours.  Th i s  experi-  
men t ,  of ten  referenced as OSTWALD'S v ar t i f ic ia l  hear t ,  was 
m o s t  p r o b a b l y  f i rs t  deve loped  in K t ihne ' s  l a b o r a t o r y  S, L 
W e  h a v e  r ep roduced  t he  e x p e r i m e n t a l  cond i t ions  as de- 
scr ibed b y  LIPPMANN and  m o n i t o r e d  3 aspec ts  of t he  
e lec t rochemica l  a c t i v i t y  d i sp layed  d u r i n g  t h i s  p h e n o m e -  
non.  F i rs t ly ,  s ta in less  s teel  e lec t rodes  were  place d in  t he  
f luid s u r r o u n d i n g  t h e  d rop  and  t he  p o t e n t i a l  v a r i a t i o n s  
were m e a s u r e d  b y  a c o n v e n t i o n a l  E C G  ampl i fy ing  sys tem.  

Secondly,  t h e  m e r c u r y  d rop  was p laced  u p o n  a s ta inless  
s teel  c o n t a c t  s i t u a t e d  a t  t he  b o t t o m  of t he  recessed cen t re  
of t he  dish and  t he  vo l t age  be tween  t he  d rop  a n d  t he  i ron 
needle  d ipp ing  in to  t he  so lu t ion  recorded.  Final ly ,  be tween  
these  same  l a t t e r  two  t e rmina l s ,  e lectr ical  i m p e d a n c e  was 
also recorded.  All  e lec t ronic  un i t s  were d c coupled  a n d  of 
s t a n d a r d  des ign s. The  3 even t s  were d i sp layed  on  a h igh  
speed u l t r av io l e t  recorder  9. I n  our  expe r imen t s ,  a 6 m m  
m e r c u r y  d rop  was i m m e r s e d  in 10 ml  of a 10% ni t r ic  acid 
so lu t ion  c o n t a i n i n g  a p p r o x i m a t e l y  40 m g  of p o t a s s i u m  
d i c h r o m a t e  (_~ 0.4%).  A n  i ron needle  was secured  on  a n  
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a d j u s t a b l e  m o u n t  to  fac i l i ta te  accu ra t e  p l a c e m e n t  of the  
p o i n t  of t he  needle  in  re la t ion  to t he  drop.  

F igure  1 shows t yp i ca l  v a r i a t i o n s  in  s u r r o u n d i n g  f lu id  
p o t e n t i a l  ( t race a), d rop-need le  i m p e d a n c e  ( t race b), an d  
drop-need le  p o t e n t i a l  ( t race c), respect ively ,  as t he  con- 
t o u r  of t h e  drop  oscil lated.  W e  h a v e  been  u n a b l e  to  t r ace  
a n y  pub l i shed  e lec t rograms  of th i s  p h e n o m e n o n ,  which  is 
a lmos t  inconce ivab le  cons ider ing  t h a t  t he  c e n t e n a r y  of 
LlPPMAS/N'S p a p e r  is app roach ing .  L e a v i n g  aside t h e  
obv ious  analogies  w i t h  e lec t rophysio logica l  signals,  t he re  
are ce r t a in  in t e re s t ing  fea tu res  a p p a r e n t  in  F igure  1. T h e  
i m p e d a n c e  record  c lear ly  shows t h a t  t he  needle  a n d  d rop  
do no t  a c tua l l y  come in to  d i rec t  con tac t ,  in  c o n t r a d i c t i o n  
to LIPPMAN'S asse r t ion  ~, swinging  f rom a m i n i m u m  of 
a b o u t  615 ohms  to a m a x i m u m  of 795 ohms,  t he  n o t c h  in 
t he  descend ing  l i m b  be ing  a t  a p p r o x i m a t e l y  700 o h m s ;  
w h e n  t he  needle  was b r o u g h t  in to  c o n t a c t  osci l la t ions  
s topped  a n d  t he  i m p e d a n c e  d ropped  to v i r t ua l l y  zero. The  
i m p e d a n c e  t r ace  shows a r ap id  increase  which  cor responds  
to phys ica l  c o n t r a c t i o n  of t h e  d rop le t  and  a long decay ing  
phase  (decrease in impedance)  co r re spond ing  to  t h e  ex- 
p a n s i o n  (and f la t t en ing)  of t he  drop  a n d  showing  t h e  
n o t c h  which,  in  tu rn ,  coincides  ill t ime  w i t h  a smal l  wave  in 
t race  a) and  w i th  t he  r e a p p e a r a n c e  of t h e  vo l tage  (re- 
polar iza t ion)  b e t w e e n  d rop  and  needle  in  t r ace  c). Ana lys i s  
of the  even t s  in  F igure  lc  reveals  b o t h  a b i s t ab l e  n a t u r e  
which  is sugges t ive  of t he  we l l -known (electrocapi l lary)  
d e p e n d a n c e  of m e r c u r y  surface  t ens ion  on e lect rode 
p o t e n t i a l  a n d  polar iz ing  c u r r e n t  dens i ty  ~0, a n d  also hys-  
teresis,  on  which  so m a n y  osci l la tory  p h e n o m e n a  depend  3. 
T h e  need le  becomes  pos i t ive  b y  some 0.7 to  0.8 vo l t s  to  t h e  
in te r io r  of t he  m e r c u r y  d u r i n g  t he  second ha l f  of t h e  
expans ion  period,  and  t he  needle  p o i n t  becomes  black,  
p r o b a b l y  t h r o u g h  f o r m a t i o n  of F%C. I n  addi t ion ,  t h e  
v o l u m e - c o n d u c t o r  p o t e n t i a l  ( t race a) appea r s  to  be  t h e  
usual  d i f f e ren t i a t ion  of t he  s ignal  de r ived  f rom a n  oscil lat-  
ing dipole ( t race a) a n d  t race  c)). 

A r u d i m e n t a r y  e x p l a n a t i o n  of th i s  p h e n o m e n o n  is as 
follows. The  p o t a s s i u m  d i c h r o m a t e  decreases  m e r c u r y  
surface  t ens ion  due to repuls ive  forces in  t he  doub le - layer  
a t  t he  mercu ry -e l ec t ro ly t e  in te r face  n (Figure 2a). As the  
i ron needle  is a d v a n c e d  t o w a r d s  t he  drop,  e lec t rode  cur-  
r e n t  increases  due  to  decreas ing  in te re lec t rode  i m p e d a n c e  
(Figure lb)  un t i l  a cr i t ica l  c u r r e n t  is r eached  a n d  t he  i ron 

pass iva tes ,  caus ing  t h e  m e r c u r y  p o t e n t i a l  to fall  an d  t h e  
d rop  to  c o n t r a c t  ( increased surface  tension) ,  t h u s  expel l ing  
the  d i c h r o m a t e  f i lm (Figure 2b).  The  p o t a s s i u m  sal t  t h e n  
diffuses b a c k  to t h e  surface  of the  drop  a n d  increases  the  
m e r c u r y  po ten t i a l ,  r e su l t ing  in a change  of shape.  T h e  
i ron depass iva tes  a t  a second in te re lec t rode  c u r r e n t  d en s i t y  
(hysteresis)  a n d  t h e  cycle is t h e n  r epea t ed  once t h e  cr i t ica l  
p a s s i v a t i o n  c u r r e n t  is aga in  exceeded.  

Th i s  p h e n o m e n o n  exh ib i t s  t r a n s i t i o n  k ine t ics  a t  one 
in te r face  ( ac t iva t ion  a n d  p a s s i v a t i o n  of iron) which  
induces  a m e c h a n i c a l  change  a t  a p r o x i m a l  b o u n d a r y  
(mercury) ,  t h e  even t s  be ing  m e d i a t e d  b y  v a r i a t i o n s  in  
e lec t ro ly te  c u r r e n t  an d  e lec t rode  surface po ten t ia l s .  F r o m  
an  in t e rd i sc ip l ina ry  v iewpoin t ,  therefore ,  whi le  agree ing  
w i t h  COLE 12 on  t h e  complexi t ies  of a p p a r e n t l y  s t r a igh t -  

aiOmV[ �9 L __A L__ 

ohms 

b) 
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Fig. 1. Simultaneous recordings from an oscil lating mercury drop. 
E-xperimental conditions as described in the text, temperature 24~ 
Trace a) electrogram from bathing fluid; b} impedance between 
drop and proximal iron needie; e) drop-needle potential (period of 
45 msec corresponding to an oscillation frequency of 22 Hz). Doubling 
of dichromate concentration or acid strength, or reduction of fluid 
temperature to 4~ had no measurable effect on the repetition 
frequency. 

Fig. 2. These plates were obtained through a metallurgical micro- 
scope ( • 40) viewing the drop in a watchglass from below, a) Dichro- 
mate in excess of 40 mg was added until a marked flattening of the 
drop contour was observed, b) On advancement of the needle towards 
the drop, contraction occurred, expelling the dichromate film and 
resulting ill a marked curvature of the mercury-electrolyte boundary 
(increased surface tension). Similar conditions in the routine experi- 
mental arrangement, as described in the text, resulted in regular 
oscillations of the drop following the initial contraction. 

10 K.J. VETTER, EleetrochemicalKinetics. Theoreticaland Experimental 
Aspects (Academic Press, New York 1967). 

11 D. C. GRAHAME, Chem. IRev. 41,441 (1947). 
12 K. S. COLE, Membranes, Ions and Impulses (University of Cali- 

fornia Press, Berkely and Los Angeles 1968), p. 222. 
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fo rward  pa s s iv i t y  p h e n o m e n a ,  i t  seems reasonab le  to  
asser t  t h a t  mode ls  of mot ion ,  r h y t h m  and  electr ical  dis- 
cha rge  based  on phys iochemica l  act ion,  wh ich  h a v e  been  
of ten  used in t he  ve rba l l y  t r a n s m i t t e d  cu l tu re  of phys io-  
logy, deserve  a wider  aud ience  a n d  a more  careful  ana lys i s  
t h a n  t h e y  h a v e  ye t  received.  

k u n g e n  des E l e k t r o p o t e n t i a l s  u n d  des W i d e r s t a n d s  wur-  
den  gemessen  u n d  z u s a m l n e n  m i t  den  m e c h a n i s c h e n  
S c h w a n k u n g e n  p h o t o g r a p h i e r t .  

T. POWELL, M. E. VALENTINUZZ1, H. ]E. HOFF a n d  
L. A. GEDDES 

Zusammen/assung. D u r c h  E in f f ih rung  e iner  S t a h l n a d e l  
werden  a n d a u e r n d e  e lek t r i sche  u n d  m e c h a n i s c h e  Schwan-  
k u n g e n  erzeugt  u n d  zwar  bei  wechse lnder  Oberf l~chen-  
o x y d a t i o n  u n d  R e d u k t i o n  eines Quecks i lbe r t r6pfchens ,  
das  in  v e r d i i n n t e r  Siiure m i t  KxCrxO 7 liegt. Die Schwan-  

Department o/Physics Applied to Medicine, 
The Middlesex Hospital Medical School, 
London W1P 6DB (England): and Department o[ 
Physiology, Baylor College o/ Medicine, 
Houston (Texas 77025, USA), 
28 February ?972. 

Phenobarbital  Liver Microsornal Induction in MHV-3 Viral Hepatitis of the Mouse 

Mouse hepa t i t i s  b y  MHV-3  Craig v i rus  is cha rac t e r i zed  
b y  p a r e n c h y m a l  d a m a g e  evo lv ing  r ap id ly  t o w a r d s  a 
d i fused necrosis  a b o u t  48 h f rom v i rus  i nocu la t i on  1. 
P rev ious  works  f rom th i s  l a b o r a t o r y  h a v e  shown t h a t  t he  
ear l ies t  l iver  cell lesions invo lve  lysosome m e m b r a n e s ,  
whi le  d a m a g e  of m i t o c h o n d r i a  and  of p l a s m a  m e m b r a n e s  
appea r s  l a t e r  "-4. P r o t e i n  a n d  R N A  syn thes i s  do no t  seem 
to  be  s u b s t a n t i a l l y  a l t e red  even  a t  a n  a d v a n c e d  s tage of 
the  infectionS, 6. The  poss ib i l i ty  of e n h a n c i n g  e n z y m e  
syn thes i s  a f te r  p h e n o b a r b i t a l  t r e a t m e n t  of mice in t he  

NADPH Oxidase** 

8~176 / k  
~176176 / \ 

/ \ 

Aniline hydroxylase** 

l~176 
7 
8r Glucose/6-phosp hatase*** 

0 L J " - ~ ' ~ P  B . . . . .  
0 1 2 3 4 5 6 7day~ 

Fig. 1. Microsomal enzymes from mouse liver during and after 
phenobarbital treatment. Mean values of 2 concordant experiments. 
* m[~moles per mg of mierosomal protein. ** activities expressed as 
mt~moles of snbstrate metabolized or product formed per rag of 
nlierosonlal protein/h. * ** [tmoles of Piliberated per mg of microsomal 
protein/h. E, Phenobarbital (PB) 40 mg/kg i.p. twice a day. 

p resence  of a progressed  l iver  d a m a g e  seemed to be of 
p a r t i c u l a r  i n t e r e s t  and  has  been  actually t h e  ob jec t  of th i s  
research.  

Materials and methods. Mate a lb ino  Swiss mice  weighing  
20-25 g were used. T r e a t e d  an ima l s  were g iven  40 m g / k g  
i.p. twice  a day  of p h e n o b a r b i t a l  (PB) in 0.9% NaC1, 
whi le  cont ro l s  rece ived  an  e q u i v a l e n t  v o l u m e  of 0.9% 
NaC1. 

In  t he  f i rs t  series of e x p e r i m e n t s  t he  course of P B  
i n d u c t i o n  in n o r m a l  mice was examined .  Groups  of 6-7  
mice fed ad  l i b i t u m  were ki l led b y  d e c a p i t a t i o n  1, 2 or 3 
days  aKer  P B  t r e a t m e n t  and  1, 2, 3 or 4 days  a f t e r  
cessa t ion  of t r e a t m e n t ,  as r epo r t ed  in F igure  1. 

In  a second series of e x p e r i m e n t s  i nduc t i on  b y  P B  of 
l iver  mic rosoma l  enzymes  was s tud ied  in t he  course of 
hepa t i t i s .  An ima l s  were g iven  i.p. 0.1 ml  suspens ion  of 
in fec ted  mouse  l iver  c o n t a i n i n g  a b o u t  10,000 LD50 of t he  
Craig s t r a in  of MHV-3  virus.  Groups  of 6-7  mice were 
sacr i f i ced  a t  0, 24 and  48 h of P B  t r e a t m e n t ,  and  a t  0, 24 
and  48 h of in fec t ion  w i t h  all  t h e  re la t ive  possible  com- 
b ina t ions .  Blood was collected in hepar in ized  t ubes  a n d  
p l a s m a  g lu tamic -oxa lace t i c  t r a n s a m i n a s e  (GOT) was 
d e t e r m i n e d  accord ing  to TONHAZY et  al. v 

Pools  of l ivers  f rom the  va r ious  g roups  of an ima l s  were 
weighed,  chi l led on ice and  homogen ized  w i th  4 vo lumes  
of cold 1.15% KC1. The  h o m o g e n a t e  was cen t r i fuged  a t  
10,000 g for 20 rain  and  t h e n  t he  s u p e r n a t a n t  f rac t ion  was 
aga in  cen t r i fuged  a t  105,000 g for 1 h in a Spinco Ul t r a -  
cent r i fuge .  The  mic rosome  pe l le t  was  f ina l ly  suspended  in 
1.15% KC1 so t h a t  1.0 ml  c o n t a i n e d  t he  mic rosomes  f rom 
1.0 g of wet  liver.  

P r o t e i n  c o n t e n t  was  d e t e r m i n e d  accord ing  to Lowry  
et  al. s. The  m e a n  p ro t e in  c o n t e n t  of mic rosomes  was found  
to  be  26.5 m g  ~: 4.2 (S.D.) per  g r a m  of wet  liver.  No 
s u b s t a n t i a l  d i f ference as regards  t he  p ro t e in  mic rosomal  
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