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ra ts  t h a t  were anes the t ized  wi th  e ther  and  the  hear t s  
were isolated and  perfused  via the  coronary  circulat ion 
wi th  Krebs -Hense le i t  B ica rbona te  buffer  6, gassed wi th  
oxygen  a t  37~ in e i ther  t he  presence  or no t  of 10 5 M 
DNP.  The  per fusa te  flows by  g rav i ty  f rom a reservoir  
70 cm above the  hear t .  Af te r  10 rain the  hea r t s  were 
frozen in l iquid n i t rogen and the  con ten t  of phospho-  
rylase a and to ta l  (a + b) was de te rmined ,  as above.  The 
de t e rmina t i on  of the  con ten t  of lactic acid in hear t s  7 was 
car ry ing  out  in normal  and DNP-po i soned  ra ts  t h a t  were 
anes the t i zed  w i t h  e ther  and the  hear t s  rap id ly  removed,  
weighed and ground in 3% perchlor ic  acid solut ion in the  
p ropor t ion  of 6 ml/g of muscie.  Al iquots  of 0.2 ml  of the  
acid s u p e r n a t a n t  were d i lu ted  to 3 ml  wi th  solut ion 
conta in ing  (final volume):  0.2 M glycine buffer  p H  10.0, 
0.2 M semi-carbazide  0.0025 M NAD and 50 ~zg of lactic 
dehydrogenase  crystal l ized f rom beef hea r t  s, a f ter  1/2 h of 
incuba t ion  at  30~ the  opt ical  dens i ty  was de t e rmined  
at  340 n m  in Beckm an  DB spec t ropho tomete r .  

Table I I  shows t h a t  perfused hear t s  of animals  poisoned 
by  D N P  also show an increase of the  con t en t  of phospho-  
rylase a f rom phosphory lase  b; a t  the  same t ime  the  
con t en t  of lact ic  acid is increased abou t  4 t imes,  showing 
t g a t  t he  D N P  per  se is responsib le  by  t h a t  increased ra te  
of t he  glycogenolysis.  The con t en t  of phosphory lase  in 
expe r imen t s  shown in Table  I I  is h igher  when  compared  
wi th  t h a t  of Table  I;  th is  is p robab ly  due to the  pre- 
t r e a t m e n t  of the  ex t r ac t  wi th  Nor i t  A which,  by  the  
adsorp t ion  of nucleotides,  gives less imprecise  es t ima t ion  
of the  f rac t ion in the  form of phosphory lase  a, according 
tO CORNBLATI-I et al. 0. In  our case the  increase of the  
con t en t  of phosphory lase  a m a n t a i n e d  the  same propor-  
t ion  in b o t h  normal  and reserpinized animals.  These 
resul ts  suggest  t h a t  the  push  mechan i sm for accelera t ing 
glycogenolysis  9, t h a t  seems to  be control led by  the  
con t en t  of phosphory lase  a, could explain  the  role of the  

Table II. Content of phosphorylase a and total and of lactic acid in 
perfused hearts with 10-5M DNP 

Determination Normal DNP-poisoned 
perfused hearts perlused hearts 

Phosphorylase a (10 rats) 18.0 • 4.5 ~ 72.0 • 11.5 
Total phosphorylase (+ AMP) 
(10 rats) 168.0 =h 21.0 192.3 =L 25.0 
Ratio Phosphorylase a[ 
Total phosphorylase• 100 10.7 • 1.8 37.5 • 7.4 
Lactic acid (6 rats) 1.4 -h 0.2 6.0 ~ 0.4 

S.E.M. The activity of phosphorylase is expressed in units/g of 
heart and the lactic acid in Exmol/g of heart. 

D N P  as glycogenolyt ic  agent .  On the  o ther  hand,  one can 
consider  t h a t  D N P  is an ATPas ic  agent ,  and the  co n t en t  
of A T P  of the  cell is low in poisoned animals ,  and  the  
pulI m e c h a n i s m  could be also involved,  once phospho-  
fructokinase,  the  enzyme  responsible  for th is  mechanism,  
is h ighly  sensi t ive to  low concen t ra t ion  of the  ATP.  The 
act ion of D N P  can be compared  wi th  t h a t  of glucagon 
and the  anoxia  in cardiac muscle% Thus  glucagon was 
found to s t imula te  glycogenolysis  and  lac ta te  product ion ,  
and to increase the  phosphory lase  a up to 50%, and  DNP,  
like anoxia,  produces  a still  fas ter  ra te  of glycogenolysis  
bu t  a smaller  increase in phosphory lase  a ac t iv i ty  up to  
abou t  30%. By the  o ther  hand,  w i th  glucagon ne i ther  the  
ra te  of glycogenolysis  nor  t he  phosphory lase  a basal  
level shows  any  i m p o r t a n t  increase in skeletal  muscle.  
Our f indings s t rongly  suggest  t h a t  the  in ject ion of D N P  
s imula tes  the  anoxia,  as concerns  i ts  effect  on the  glyco- 
genolysis in t he  skeletal  and  cardiac muscle.  

Rdsumd. L'e f fe t  du D N P  dans  la glycog6nolyse du 
cceur du ra t  a 6t6 4tudi6 en m e s u r a n t  le t a u x  de phospho-  
rilase a, phosphor i lase  to ta le  e~ phosphor i lase  b-quinase. 
On a ob tenu  des r6sul tats  semblables  ~ ceux qui out  6t6 
observ6s p e n d a n t  l 'anoxie.  L 'occur rence  possible  de deux  
m6chanismes  d'acc616ration de ta glycog6nolyse (<~push~> 
et  <,pull>>), dans  les an imaux  emploisonds par  le DNP,  est  
discut6e. 
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Alterations in Lipid Metabol ism Following Trauma in Rabbits 

During  the  recen t  years  severM a t t e m p t s  have  been 
m a d e  to  inves t iga te  the  endocr ine  and  metabol ic  re- 
sponse  to injury,  largely in reference to  p ro te in  and  
ca rbohydra t e  me tabo l i sm 1-8. However ,  changes  in lipid 
metabo l i sm following t r a u m a  have  no t  been ex tens ive ly  
s tudied.  WALDSTROM 4 observed raised p lasma  concen-  
t r a t ions  of unes ter i f ied  f a t t y  acids following surgical  
operat ions .  Similar ly  p lasma  free f a t t y  acid levels are also 
known  to be increased in such cases 5. �9 

The p resen t  s t u d y  has been  u n d e r t a k e n  to e lucidate  the  
changes  in the  l ipid me tabo l i sm following exper imen ta l ly  
p roduced  f rac ture  of femur  in rabbi t s .  - 

10 hea l thy  rabb i t s  of e i ther  sex weighing a round  1.5 kg 
were selected and  a closed f rac ture  of shaf t  of the  r igh t  
femur  was p roduced  in all of them.  24 h pr ior  to  f rac tur -  
ing, blood samples  were collected t h ro u g h  the  ear ve in  
which  served as the  control .  I n  the  f rac tu red  an imals  

I j .  M. HOWARD, Ann. Surg. 141, 321 (1955). 
2 j-. M. KINNEY, Dr. J. Surg. 5,1, 435 (1962). 
8 H. T. RANDAL, J. Am. med. Ass. 202, 117 (1967). 
4 L. B. WALDGTROM~ Acta chir. scand. Supp. 238 (1959). 
5 S. P. ALLISON, K. PROWSE and M. J. CHAMBERLAIN, Lancet. l, 478 

(1967). 
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blood was col lected in same w ay  a t  i n t e rva l s  of 4 h and  
1, 2, 3, 4, 5, 6, 7, 8 and  9 days.  F r o m  these  samples  t o t a l  
i ipids, p l a s m a  free f a t t y  acids, s e rum phospho l ip ids  a n d  
se rum choles tero l  were e s t ima ted .  

To ta l  se rum Iipids, free f a t t y  acids and  phospho l ip ids  
were es t imated ,  a d o p t i n g  t h e  t echn iques  of CI~ARm~OL a n d  
CHARONNOT 6, DOLE 7 and  YOUNGSBURG and  YOUNGS- 
BU~G s respect ively .  

I n  n o r m a l  animals ,  p r io r  f r ac tu r ing  t he  ave rage  s e rum 
t o t a l  l ip ids  level  was  142.5 mg/100 ml.  Af te r  f r ac tu re  a 
s ign i f ican t  increase  in t he  t o t a l  l ip ids  was obse rved  w h i c h  
reached  its m a x i m u m  of 967.5 mg/100 ml  on  4 th  d a y  
( P  < 0.05). Subsequen t ly ,  i t  g radua l ly  decreased n p t o  
9 th  pos t  f r ac tu re  day.  However ,  i ts  m e a n  va lue  r e m a i n e d  
s ign i f ican t ly  h igher  t h a n  t h e  p re f r ac tu re  va lue  (Figure,  
Table).  

The  m e a n  p re f r ac tu re  s e rum free f a t t y  acid level  was  
found  to be  0.385 meq/1. 4 h fol lowing f rac tu re  i t  sigrAfi- 
c a n t l y  increased to 0.518 meq/1 and  r eached  t he  m a x i m u m  
of 2.521 meq/1 on the  6 th  day  ( P  < 0.05). I t  was 
a c c o m p a n i e d  b y  a g radua l  fall  du r ing  t he  successive days.  
A l t h o u g h  t he  level r e m a i n e d  s ign i f i can t ly  e l eva ted  in 
compar i son  to the  p re f r ac tu re  level  ( P  < 0.05) (Figure,  
Table) .  

T h e  ave rage  p re f r ac tu re  se rum phospho l ip ids  level was  
20.133 mg/100 ml.  Fo l lowing  f r ac tu re  no  s ign i f ican t  
increase  in t he  levels was obse rved  ( P  > 0.1) (Table).  

Average  p re f r ac tu re  s e rum choles tero l  level  was found  
to be 39.32 mg/100  ml.  Af te r  f r ac tu re  i t  increased  and  t he  
e l eva ted  t r e n d  was m a i n t a i n e d  in t he  s u b s e q u e n t  days  
to r each  i ts  m a x i m u m  of 263.02 mg/100 ml  on t he  5 th  
day  ( P  < 0.05). Th i s  was  fol lowed b y  a g radua l  decline.  
However ,  t he  average  va lues  r e m a i n e d  s ign i f ican t ly  
h igher  t h a n  t he  p re f r ac tu re  level  ( P  < 0.05) (Figure,  
Table) .  

I n  response  to t he  t r a u m a  caused  b y  f r ac tu re  of t he  
femur,  t he  r a b b i t s  showed  s ign i f i can t ly  e l eva t ed  levels of 
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serum to ta l  lipids, free f a t t y  acids and cholesterol.  
Changes  in the  se rum phosphol ip ids  levels were no t  
s ignif icant  af ter  fracture.  M a x i m u m  increase in to ta l  
l ipids and serum cholesterol  levels was observed 5 days  
af ter  fracture.  Whereas  t he  peak  increase in serum free 
f a t t y  acids was not iced  6 days  following fracture.  In  our 
earl ier  s tudies  also, we have  observed  s imilar  changes  in 
l ipid me tabo l i sm in response  to stress p roduced  by electric 
shock in r abb i t s  ~. 

JOHNSON and SV~NBO~ ~~ have  shown e levated  levels 
of cholesterol  following i sehemia  of l imb.  In  v i t ro  s tudies  
of DEMATTIES n d e m o n s t r a t e d  ten-fo ld  increase in the  
incorpora t ion  of (2-C ~a) ace ta te  in to  cholesterol  of l iver 
slices 24 h af ter  t r auma ,  and suggested an increase in the  
ra te  of b r eakdown  and synthes is  of cholesterol  following 
phys ica l  injury.  The e levated ]evels of free f a t t y  acids and 
o ther  l ipid fract ions observed by  us and o ther  workers  
following t r a u m a  could p robab ly  be due to  accelerated 
mobi l iza t ion of fa t  f rom adipose tissues. Fol lowing t r a u m a  
or stress, the  blood levels of Adrenal ine  and ACTI-I are 
e levated  which  m a y  be responsible  for mobil iz ing the  
l ipids a t  a h~gher rate.  SurgicaI opera t ions  are also 
accompanied  by increased levels of tree f a t t y  acids and  
t r iglycer ides  *,s. Inc reased  mobi l iza t ion of fa t  following 
t r a u m a  or stress is needed to mee t  the  increased require-  
men t s  of energy v2. The ins ignif icant  changes  in serum 
phosphol ip ids  levels not iced  in the  p resen t  s tudy  m a y  be 

due to the  non - invo lvemen t  of phosphol ip ids  in the  fa t  
t r a n s p o r t  be tween  its depots  and  o ther  tissues. 

Zusammen~assung.  Nach  Knochenve r l e t zung  beina 
K a n i n c h e n  k o m m t  es im Blur zu einer  dras t i schen  Er-  
h6hung  der  gesamten  Lipide,  freien Fetts~turen und  des 
Cholesterols,  w/ ihrend die Vergnderungen  des Serum- 
Phosphol ip ids  nur  geringfiigig ist. Die E r h 6 h u n g  b le ib t  
bis zum 9. Tag nach  er fo lg tem Knochenbruch .  
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Fomoca ine  (Panacaine  | as a basic e ther  represents  a 
new t ype  of chemical  s t ruc ture  wi th  a local anaes the t ic  
ac t iv i ty  x : 

= = / - - \  
? = ~ - - O - - C H e - - ?  ~--CH2--CH~ CH2--N 0 

The pharmacologica l  proper t ies  of th is  subs tance  have  
been  r e p o r t e d 2  as well  as its appl ica t ion  in pha rmaco-  
t h e r a p y  ~. Recen t ly  t he  metabo t i t e s  of fomocaine  detec~ced 
in the  ur ine of ra ts  and guinea-pigs have  been descr ibed ~, 
and  be t t e r  the rapeu t i ca l  p roper t ies  of the  ortho isomer of 
fomocaine  were found5  

Monooxygenase  sys t em of smoo th  endoplasmic  ret icu- 
lum (SER) conta ined  in microsomes  p repared  f rom liver 
of var ious  an imal  species has been known and  c o m m o n l y  
accep ted  as a m o s t  i m p o r t a n t  enzyme sys tem specifical ly 
involved in me tabo l i sm and b io t r ans fo rma t ion  react ions  
of drugs 6. In  th is  paper  we repor t  on expe r imen t s  con- 
cerned wi th  the  b io t r ans fo rma t ion  react ions  of fomocaine 
and its isomer in the  microsomes  of r abb i t  liver. 

Experimental .  The microsomal  f rac t ion of the  homo-  
genate  f rom the  l iver of r abb i t s  (naMe, chinchil la,  3-4 kg, 
Velaz n.p.) was p repa red  according to  R~MM~R et al. 7. 
The incuba t ion  mix tu re  conta ined  0.8 ml  of 0.5 M Tris  
p h o s p h a t e  buffer  p H  8.5, n ico t ineamideadeninedinuc leo-  

t i d ep h o s p h a t e  (30 ~moles), adenos ine t r iphospha te  (10 
~moles), g lucoso-6-phosphate  Na  salt  (100 ~moles), 
g lucoso-6-phosphate  dehydrogenase  (E.C. 1. t. 1.49. - 0.5 2 
IU) and the  subs t ra te  under  s tudy  (4-100 ~moles). The 
reac t ion  was s t a r t ed  by  add i t ion  of 2.0 ml  of microsomal  
suspension.  The to ta l  vo lume of the  sample  was 7.5 ml. 
The exper imen ta l  b lank  conta ined  0.8 ml  of 0.5 M Tris  
p h o s p h a t e  buffer  p H  8.5, 4.5 ml  water ,  subs t ra te  and 
2.0 ml of microsomes.  The mix tu re  was incuba ted  ill 
Dubnof f  incuba tor  a t  37~ for 10-60 min  in open flasks 
and then  0.5 ml  ZnSO~ (20%) and 0.5 ml  t3a(OH)2 
(saturated) were added.  Tile p rec ip i ta ted  pro te ins  w e r e  
separa ted  by  cent r i fugat ion  (Janetzki  T 23, 5000 rpm,  
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Relation between the rate of phenol formation and the concentration of o- and p-fomocaine, respectively 

Silbstrate concentration [C, mM] 0.667 1.330 3.330 6.670 13.330 

Reaction velocity (v, nmoles C6HsOH • nmoles -1 cytochrome P,450 X min 1) ortho - -  0.006 0.011 0.015 0.023 

para 0.012 0.025 0.035 0.041 - -  


