
E F F E C T  OF H Y P O T H E R M I A  ON M E T A B O L I S M  

L I V E R  D U R I N G  P R E S E R V A T I O N  

E .  A. K v i t s i n s k a y a ,  D.  B .  K r i v u l i s ,  
a n d  Y u .  A. S o r o k i n  

IN T H E  

UDC 615.361.36.014.41 

The effect  of hypo the rmia  to di f ferent  depths (18-20~ and 4 - 6 ~  ca rbohydra te  m e t a b o l i s m  
and the degree  of solubi l izat ion of the enzymes  in the l iver  (lactate and g lu tamate  dehydroge-  
nases ,  u rocaninase ,  deoxyr ibonuclease ,  g lucose -6 -phospha tase )  during p r e s e r v a t i o n  of the un- 
pe r fused  o rgan  was studied in 20 expe r imen t s  on dogs. The e f fec t iveness  of p r e s e r v a t i o n  was 
a s s e s s e d  during subsequent  n o r m o t h e r m i c  per fus ion  for  2 h. After  p r e s e r v a t i o n  of the l iver  
at  18-20~ m a r k e d  solubi l izat ion of the above-ment ioned  enzymes  was observed ,  indicating a 
d i s turbance  of the integr i ty  of the cel l  m e m b r a n e s  during p re se rva t i on .  After  p r e s e r v a t i o n  of 
the l iver  a t  4-6~ modera t e  ut i l izat ion of the glycogen r e s e r v e s  in the l ive r  and of suga r  in the 
per fus ion  fluid was observed ,  suggest ing uniform dep re s s ion  of me tabo l i sm in the l ive r  and 
p redominance  of normal  t i s sue  r e s p i r a t i o n  over  g lyco lys i s  on r e s to ra t i on  of the c i rcu la t ion  in 
the organ.  KEY WORDS: hypothermia ;  r a t  l iver;  g lycolys is ;  resp i ra t ion ;  blood flow. 

Lengthening the per iod  of maintenance  of the function of i so la ted  organs ,  o r  the i r  p r e se rva t i on ,  is an i m -  
por tan t  p rob l em in t ransplantology.  Hypo the rmia  is mos t  f requent ly  used as a method of p r e s e r v a t i o n  of o r -  
gans  [2, 9, 13]. However ,  deep hypo the rmia  leads to a def ic iency of energy  which is n e c e s s a r y  fo r  balancing 
diffusion p r o c e s s e s  in the  t i s sues .  The intensi ty of these  p r o c e s s e s  is reduced by a l e s s e r  deg ree  than the in- 
tens i ty  of me tabo l i sm  [7], thus leading to edema  and death of the cei ls .  

The bes t  hypo thermic  r e g i m e s  fo r  the kidneys a r e  now known [7], but the dependence of the deg ree  of 
anoxic damage  to the l iver  and of d e p r e s s i o n  of m e t a b o l i s m  in that organ on different  t e m p e r a t u r e  r e g i m e s  has  
rece ived  compara t i ve l y  li t t le study. 

The object  of this invest igat ion was to study changes in ca rbohydra te  me tabo l i sm  and pe rmeab i l i t y  of the 
cel l  m e m b r a n e s  in the l iver  during p r e s e r v a t i o n  of the organ  at dif ferent  t e m p e r a t u r e s .  

E X P E R I M E N T A L  M E T H O D  

Expe r imen t s  we re  c a r r i e d  out on 20 mongre l  dogs. After  r e m o v a l  of the l i ve r  f r o m  the donor,  its t i s sue  
was washed to r e m o v e  blood ce l l s  and fil led with pe r fus ion  fluid, the composi t ion  of which was worked out in 
the wr i t e r s ,  l abora to ry .  The l i v e r w a s  thenkep t  for  3 h in a r e f r i g e r a t o r ,  fi l led with the s ame  per fus ion  fluid. 
This per iod  of 3 h is in p r ac t i ce  the t ime  requ i red  to p r e p a r e  a rec ip ien t  fo r  the opera t ion  of l ive r  t r a n s -  
plantation.  

In the expe r imen t s  of group 1 (107 dogs) the l iver  was p r e s e r v e d  at  18-20~ in those of group 2 (10 dogs) 
at  4-6~ After  3 h the l iver  was connected to an a r t i f i c ia l  c i rcu la t ion  appara tus  and subjected to n o r m o t h e r m i c  
pe r fus ion  [3] fo r  2 h in o rde r  to ve r i fy  the maintenance  of its function a f t e r  p r e se rva t i on .  The per iod  of s tab i l i -  
zat ion of the blood flow and t e m p e r a t u r e  in the l iver  l a the  two groups  of expe r imen t s  was 45-60 min and the 
t e m p e r a t u r e  of the pe r fus ion  fluid was kept constant  at 37~ In the course  of pe r fus ion  the volume veloci ty  of 
the blood flow was 0.7 m l / g / m i n ;  the p r e s s u r e  in the por ta l  vein  100-120 r a i n w a t e r , t h e  pH 7.34-7.48, the h e m a -  
toc r i t  index 16-17%, and the 02 d i f ference  in blood enter ing and leaving the l ive r  20/30% H20. 

After  laparo tomy,  before  r e m o v a l  of the l iver  f r o m  the donor animal ,  and again during maintenance of an 
a r t i f i c ia l  c i rcu la t ion  in the l iver ,  a f t e r  the end of each hour  of perfus ion,  marg ina l  b iopsy of the l iver  was c a r -  
r ied out and samples  of per fus ion  fluid were  tes ted .  The glycogen content in the l iver  t i s sue  was de te rmined  
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TABLE 1. Dynamics of Indices of Carbohydrate  Metabolism in Per fus ion  on Fluid and 
L ive r  T i ssue  a f te r  P r e s e r v a t i o n  at  Different  Tempera tu re s  (M • m) 

Temp. ol 
9roup of presex- 
axpts, ration 

1 18--20~162 

2 4--6~ 

Stages of 
experiments 

Outing stabilization 
of bIood flow 

kt end of perfusion 
Du~'ng stabilization 
of blood flow 

At end of perfusion 

Indices of carbohydrate metabolism in perfusion fluid 
lactate/py- 

sugar lactic acid pyruvic acid mvate ratio 

154,6+29,3 * 200-'- 13,4 I17~-3,3 * 

150,2+28,6 212-+-12,9 * 153-+-2,3. 
90,8+5,18 * 116-+-14,4 * 173_.+3,05 * 

I07,4--6,14 127.8+'24,5 * 192,5-----10,4" 

Liver 
glycogen 

{ 
. 174~87, . . . . .  79--+4,6 

147---26'. 88~5--- 12,3 
87,2 .+- 11,8 ~ 79,3--- 1 1,4 

79,8~6,3 80--- 17,6 

* Here  and in Table 2 P < 0.05 compared  with corresponding control .  

[5]. The activity of the following enzymes  was studied in l iver  homogenate p repa red  under s tandard conditions 
in 0.25 M sucrose :  lactate  dehydrogenase  (LD) [2], glutamate dehydrogenase (GD) [12], urocaninase  [1], deoxy- 
r ibonuclease  (DNase) [4], and g lucose-6-phosphafase  (G6P) [14]. The activity of these same enzymes  and the 
concentra t ions  of sugar  [6], lactic acid [8], and pyruvic  acid [10] were  studied in samples  of per fus ion  fluid. 
To de te rmine  unprecipi ta ted enzyme activity some of the homogenate was centr i fuged at 105,000g. The unpre-  
cipi tated activity was exp re s sed  as a percentage  of the total activity of the corresponding enzymes.  The initial 
level  of unprecipi ta ted act ivi ty fo r  urocaninase,  GD, and DNase was 17.7 • 2.9, 4.3 �9 0.60, and 19.5 �9 1.7% r e -  
spect ively.  

Because  of the cons iderable  di f ference between the initial  s ta t i s t ics  fo r  carbohydra te  metabol i sm and 
the var iab i l i ty  of enzyme act iv i ty  in the total  homogenate and perfus ion  fluid, and also to exclude the fac tor  of 
va r ia t ion  within groups ,  va lues  were  calculated as pe rcen tages  of the initial  data in each exper iment .  Subse- 
quent s ta t i s t ica l  analys is  of the r e su l t s  was c a r r i e d  out in re la t ion  to percentage  deviations f rom the initial 
r e su l t s .  

E X P E R I M E N T A L  R E S U L T S  

As will be c l ea r  f r om Tables  1 and 2, in the exper iments  of groups 1 and 2 the glycogen level fe l l  toward 
the  per iod  of stabil izat ion.  Glycogen metabol i sm in the two groups of exper iments  c lear ly  followed different  
pathways. Glycogenolysis  a f t e r  p re se rva t ion  at  18-20~ was accompanied by an increase  in the lact ic  acid and 
sugar  concentra t ions  in the per fus ion  fluid (Table 1). However,  under  these c i rcumstances  the l iver  G6P ac- 
tivity remained  unchanged (Table 2). The resu l t s  suggest  the exis tence of two pathways fo r  glycogen b r eak -  
down. The inc rease  in the sugar  c o n c e n t r a t i o n  without activation of G6P indicates a hydrolyt ic  pathway of cata- 
bol ism,  whereas  the sharp  r i s e  in the lactic acid c o n c e n t r a t i o n  and the l ac t a t e /py ruva te  ra t io  point to the pres- 
ence of a phosphorolyt ic  pathway. Dispropor t ionate  depress ion  of different  s tages of carbohydra te  metabol ism 
a f t e r  p r e se rva t i on  at 18-20~ was manifes ted as exhaust ion of the glycogen r e s e r v e s  and fa i lure  to utilize the 
exces s  of sugar  of the per fus ion  fluid for  the energy  requ i rement s  of the l iver  toward the t ime of s tabil izat ion 
of the blood flow in the organ.  However,  at tention is drawn to maintenance of an unchanged glycogen content in 
the l ive r  t i s sue  and the constant sugar  concentra t ion in t h e p e r f u s i o n  fluid toward the end of normothermic  pe r -  
fusion, compared  with the i r  levels  during the per iod  of s tabil izat ion of the ar t i f ic ia l  blood flow. The increase  
in the pyruvic  acid content against  the background of low LD activity does not rule  out the format ion  of energy 
r e s e r v e s  through act ivat ion of g luconeogenesis .  

After  p r e se rva t i on  of the l iver  at 4-6~ by cont ras t  with the exper iments  of group 1, the sugar  concen-  
t ra t ion  in the perfus ion fluid remained  prac t ica l ly  unchanged and substantial  inactivation of G6P was observed  
(Tables 1 and 2). This may indicate that the l iver  p r e s e r v e d  its ability to utilize the sugar  of the perfusion 
fluid when the blood flow was r e s to r ed .  Toward the end of normothe rmic  perfus ion  a sharp dec rease  was found 
in the l a c t a t e / p y r u v a t e  ra t io  although the initial level  of LD activity was maintained in the t i ssue.  It can tenta-  
t ively be suggested that under these  conditions normal  t i ssue  resp i ra t ion  in the l iver  predominated  over  
g lycolys is .  

Invest igat ion of enzyme activity in the per fus ion  fluid showed an increase  in both groups of exper iments  
toward the per iod of s tabi l izat ion of theblood flow in the l iver.  However,  as is c l ea r  f rom Table 1, p r e s e r v a -  
t ion at 18-200C led to g r e a t e r  escape  of enzymes  into the per fus ion  fluid. The sharp  r i s e  in the act ivi ty of the 
mi tochondr ia l  enzymes  will  be noted: GD, urocaninase,  and lysosomal  DNase. Toward the  end of no rmothe rmic  
per fus ion  marked  inactivation of GD and DNase with a s imultaneous increase  in the i r  unprecipi tated activity 
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were observed at this period in the liver tissue. The permeability of the cell membranes in the liver tissue 
was perhaps increased considerably after preservation at 18-20~ leading to increased solubilization of the 
mitochondrial and lysosomal enzymes. 

An increase in the permeability of the plasma membrane and a progressive reaction of the mitochondrial 
and lysosomal structures,  manifested as substantial solubilization of enzymes, is a poor prognostic sign. Dis- 
proportionate depression of the activity of the various enzymes of carbohydrate metabolism after preservation 
of the liver at 18-20~ leads to imbalance of energy-forming reactions and aggravates the injury to the cell 
membranes. 

After preservation of the liver at 4-6~ the increase inpermeability of the ceil membrane and the labili- 
zation of the mitochondrial and lysosomal structures during the period of normothermic perfusion were less 
marked than in the experiments of group 1. 

The results suggest that of the two temperature regimes compared, hypothermia to 4-6~ is better for 
short- term preservation of the liver. 

9o 
10. 
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