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The Effect of Anox ia  and of Musc le  Act ivi ty  on the Lymphat i c  and Venous  Transpor t  of Lactate 
Dehydrogenase  

The concent ra t ion  of the  cy toplasmic  enzyme lac ta te  
dehydrogenase (LDH) in blood p lasma is increased by  
muscle ac t iv i ty  and anoxia  1-a. The controvers ia l  ques t ion 
whether  or not  ex t ravascu la r  prote in  molecules are absorb- 
ed a n d  carried into the  circulat ion exclusivel ly  by  the  
lymphat ics  wi thou t  the  par t ic ipa t ion  of the  blood capil- 
laries 4 m a y  be resolved by  the  s tudy  of the  lympha t i c  and 
venous t ranspor t  of L D H .  The enzyme accumula t ing  in 
the t issue fluids in consequence of cellular ac t iv i ty  or 
damage  could serve as an autologous prote in  tracer.  

Mater ia l  a~d methods. In  11 dogs under  pentobarb i tone-  
sodium anaesthesia,  the  thoracic  duct  w&s cannula ted  on 
the  neck and t i le col lateral  branches and secondary 
lympha t ics  communica t ing  wi th  the  veins, were l igated. 
A cannula  was in t roduced  in a crural  l ympha t i c  accom- 
panying  the  saphenous vein.  The  blood flow to the  hind 
l imb was in te r rup ted  for 3~/2 h wi th  a tourniquet .  Ar ter ia l  
and femoral  blood samples and leg l y m p h  were collected 
before the  occlusion of ti le circulation, immed ia t a l l y  
af ter  the  release of the  tou rn ique t  and 3 h later.  

In  another  group of 13 dogs wi th  thoracic  duct  fistula, 
the  th igh  muscles were s t imula ted  wi th  a square wave  
impulse generator  (frequency 8 imp/sec).  In  these animals  
a femoral  l y m p h  vessel was cannula ted  dis ta l ly  f rom the  
inguinal  l y m p h  node. Arter ia l  and femoral  venous blood 
samples as well  as femoral  l y m p h  were collected before 
the  s t imulat ion,  af ter  30 and 60 min  of muscle ac t iv i ty  
and f inal ly  i and 3 h after  the  end of the  second period of 
muscle s t imulat ion.  

L D H  ac t iv i ty  in p lasma and l y m p h  samples was 
de termined  according to the me thod  of WROBLEVSKY and 
LADuE 5. 
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Results.  Muscle anoxia  produced,  1 andS3 h after  
t ou rn ique t  release, a 2-to 3-fold increase of the  L D H -  
ac t iv i ty  in leg l y m p h  (p <0.05) .  The serum LDH- leve l  
increased immedia ta l ly  after  tourn ique t  release (Figure 1) 
and a signif icant  difference could be detected be tween 
act ivi t ies  in femoral  venous and ar ter ial  blood (p < 0.05), 

In  the  second group of animMs, a l ready 30 min  of 
muscular  exercise produced a signif icant  rise of lympha t i c  
L D H .  The increase cont inued dur ing the  second s t imu-  
lat ion and the  postexercise observat ion periods, culmi- 
na t ing  in a 5-fold increase (p < 0.01). A signif icant  change 
in serum ac t iv i ty  (p <0.01)  was first  noted af ter  60 min  
of muscle ac t iv i ty  and 3 h later  the  serum enzyme level  
was. more than  doubled, No signif icant  difference could 
be de tec ted  be tween  ar ter ial  and femoral  venous blood 
LDH-ac t iv i t i e s  (Figure 2). 

Discussion.  The increase of serum L D H - a c t i v i t y  after  
muscle ac t iv i ty  and anoxia  in the  animals  wi th  thoracic  
duc t  fistula, i.e. where the  connect ion be tween the  
lympha t i c  and venous sys tem was interrupted,  can be 
in terpre ted  as a proof for the  direct  access of the  prote in  
molecules into the blood capillaries. This  assumpt ion  is 
supported by  the  s ignif icant ly  higher  than  ar ter ial  enzyme 
ac t iv i ty  in the  venous blood f lowing f rom the  anoxic 
ex t remi ty .  The  lack of ar ter iovenous difference dur ing 
electr ical  s t imula t ion  m a y  be possibly explained by  the  
great  increase of blood flow in the  act ive  muscles. 
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Fig. 2. LDH activities in serum and lymph before, during and after 
muscle stimulation. 
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Fig. 1. LDH activities in serum and lymph before and after 31/2 h oc- 
clusion of the blood flow to both hind extremities. 
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Zusammen/assung. Nach  3~/~sttindiger Muskelisch/~mie 
wurde  bei H u n d e n  mi t  Ductus  thorac icus-Fis te l  eine 
s ignif ikante  Zunahme  der  Milchs~iuredehydrogenase-Akti-  
v i t~ t  im Blu t se rum nnd  in der  L y m p h e  der anoxischen  
E x t r e m i t ~ t  bet  gleichzeit iger s ignif ikanter  ars  
Akt iv i tg t sd i f fe renz  beobach te t .  Auch Muskelarbei t  ver-  
u r s a c h t e  eine E r h 6 h u n g  der  E n z y n l a k t i v i t ~ t  im Serum 
und  in der  L y m p h e .  Durch  Un te rb rechen  der Ve rb indung  
zwischen Venen  und L y m p h s y s t e m  konn te  das di rekte  

E indr ingen  des E n z y m p r o t e i n s  in die Blu tkapi l la ren  
bewiesen werden.  
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E t h a n o l  I n h i b i t i o n  of  S e r u m  S t i m u l a t e d  L i p o l y s i s  in I s o l a t e d  F a t  C e l l s  of  the  Rat  

The effects  of e thanol  on l ipid me tabo l i sm in liver and 
adipose t issue in vivo,  have  been inves t iga ted  by  a 
n u m b e r  of workers  ~-4. However ,  there  is l i t t le  in fo rmat ion  
avai lable  on the  acute  effects  of e thanol  on isolated 
adipose t issue in vitro.  BlZZI and  CARLSO~ 5 showed t h a t  
when  pieces of ep id idymal  adipose tissue, ob ta ined  f rom 
fed rats,  were incuba ted  wi th  increasing concen t ra t ions  of 
e thanol  (2-20 mg/ml),  there  was a s ignif icant  increase in 
basal  glycerol release, b u t  no effect  on noradrena l ine  
s t imula ted  release of glycerol. W h e n  ep id idymal  adipose 
t issue f rom fas ted ra ts  was used, the re  was no change in 
the  basal  release of glycerol w i th  increase in e thanol  
concent ra t ion .  SCI-IIEG 6 has shown t h a t  e thanol  d imin-  
i s h e d  glyceride-glycerol  format ion ,  f rom glucose, in isol- 
a ted  l ipocytes,  and  suggested t h a t  e thanol  may,  itself, 
be  ut i l ized as a subs t r a t e  for f a t t y  acid synthes is .  

Recen t  s tudies  have  d e m o n s t r a t e d  the  capac i ty  of 
fas ted  ra t  serum to mobil ize in t racel lular  t r iglycer ide 
f rom free fat  cells of the  rat ,  in v i t ro  7-n. The a im of th is  
s t u d y  was to inves t iga te  the  effects  of increasing concen-  
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Regression line for ethanol inhibition of glycerol release from isolated 
fat cells obtained from fasted rats. Release (nanomoles of glycerol/ 
mg lipid/90 min) on the vertical axis was plotted against ethanol mo- 
larity on the horizontM axis ~, = 5, r = 0.966, P < 0.001. 

t r a t ions  of e thanol  on se rum s t imu la t ed  l ipolysis in 
isolated fa t  cells ob ta ined  f rom fas ted  ra ts .  

Materials and methods. Blood, for serum, and  epid idy-  
mal  adipose tissue, were ob ta ined  f rom overn igh t  fas ted 
male  albino Wis t a r  rats,  and  a suspens ion  of isolated r a t  
fa t  ceils p repa red  by  a modi f ied  RODBELL 12 scheme 
previous ly  descr ibedL F a t  cells were  d ispensed  in to  
po lypropy lene  incuba t ion  vials con ta in ing  Krebs -R inge r  
b i ca rbona te  buffer  (with 3.5 g/100 ml h u m a n  a lbumen  
and  45 mg/100 ml glucose), e thanol  a t  concen t ra t ions  
ranged  be tween  10 -7 M and  1.0 M, and 1.10 ml  of fas ted  
ra t  serum. (It was shown previous ly  7-t~ t h a t  when  se rum 
doses ranged in a r i t hme t i c  progress ion f rom 0.10 ml  
1.50 ml  were employed  in s t imula t ing  lipolysis,  the  
max ima l ly  effect ive dose was 1.10 ml. F u r t h e r  increases 
in se rum dose d id  no t  resul t  in co r respond ing  increases  in 
response.)  The effect  of e thano l  on fa t  cells in the  absence 
of serum, was also inves t iga ted .  I n c u b a t i o n  vials were 
gassed wi th  75% ni t rogen,  20% oxygen  and 5% ca rbon  
dioxide,  capped  and  incuba ted  for 90 min  in a shak ing  
wa te r  b a t h  a t  37~ 

Glycerol release was employed  as an index of lipolysis. 
Glycerol was  e s t ima ted  b y  a modif ied  WIELAND 13 tech-  
nique descr ibed previous ly  ~, and  re la ted  to t he  weigh t  of 
adipose cell l ipid present .  Lipid  co n t en t  of an a l iquot  of 
isolated fa t  cells was e s t ima ted  by  a modif ied  FOLC~t ~* 
t echn ique  previous ly  descr ibed ~, ~a. 
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Effects of ethanol on basal lipolysis in isolated fat cells 

Ethanol molarity -- 1.0 

Glycerol Release s 2.8 b 4- 0.5 2.0 4- 0.4 

10-1 10-a 10-5 10-7 

2.3 4- 0.2 2.3 4- 0.3 2.2 ,1 0.7 2.0 i 0.5 

�9 Release expressed in nanomoles of glycerol/rag lipid/90 min; bMean of 3 observations -4- S.E.M. 


