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Changes in the total t issue lipid content of the tumor  in rats  with Svee 's  e ry thromyelos i s  c o r -  
relate  with the increase  in its size. Phospholipids are the main lipid component. The content 
of phospholipids and total cholesterol  in the tumor  lipids reached a maximum 10 days after  
transplantation.  In the l iver  lipids of animals with tumors ,  a decrease  in the phospholipid 
fract ion and total cholesterol  is observed.  

Insufficient attention has been paid to the study of lipid metabol ism in malignant blood diseases.  In 
the access ib le  l i t e ra tu re  no data could be found on simultaneous investigation of the lipid composit ion of the 
blood, tumor,  and organs with leukemic infil tration throughout the course  of growth of  an experimental  
malignant tumor.  

In the investigation descr ibed below the lipid composit ion of the tumor  and l iver  was studied in rats  
with a form of experimental  leukemia:  Svec 's  e ry th romyelos i s  [6]. 

EXPERIMENTAL METHOD 

On the ninth day after transplantation, an intraperi toneal  l eukosarcoma was removed f rom the donor 
animals,  and the tumor  t issue was minced and a suspension of tumor  cells injected subcutaneously into 90 
noninbred rats  (12 x 106 cells  pe r  animal). Ten animals were used as controls.  Before sacr i f ice  the ani- 
mals were deprived of food for 14-16 h. The mean diameter  of the tumor  was measured  in experimental  
ra ts  1, 2, 5, 8, 10, 12, 13, 14, 15, and 16 days after  transplantation, after  which the animals were killed 
under e ther  anesthesia,  the tumor  and l iver  were removed and weighed, impress ions  were made, and the 
mater ia l  was left on solid CO 2 until analysis.  Lipid metabolism was studied relat ive to three indices: the 
content of total lipids, total cholesterol ,  and phospholipids. A cooled homogenate was p repared  from the 
tumor  and l iver  t i ssues  of 5-9 animals in 20 t imes  the volume of a methanol -d ie thy l  ether  mixture (3:1). 
Extract ion continued for 1.5 h on a water  bath at 60 ~ in the presence  of t r aces  of toeopheryl  acetate. The 
t issue was then separated f rom the lipid ext rac t  by centrifugation and filtration, and the lipid extract  was 
washed with water  to remove nonlipid impuri t ies,  and dried with anhydrous sodium sulfate. The solvents 
were evaporated in vaeuo and the lipids weighed and dissolved in hexane. Total cholesterol  was determined 
by the L iebe rmann-Burcha rd  method. The phospholipid content, calculated as lecithin, was found by mult i-  
plying the value obtained during determination of lipid phosphorous [2] by a coefficient of 25. Total lipids, 
phospholipids, and total choles terol  were determined in dried l iver  t issue f rom the animals. A sample of 
minced l iver  t issue was f r o z e n  in liquid nitrogen and dried lyophilieally for  7 h. The subsequent analysis  
Look place in the usual manner.  The value plotted at each experimental  point is the mean of the values 
determined for  nine ( ls t-12th days) o r  five (13th-16th days) animals. The resul ts  of measurement  of the 
mean d iameter  of the tumor  were analyzed by stat is t ical  methods. 

Depar tment  of Kinetics of Chemical and Biological P roces se s ,  Institute of Chemical Physics ,  Aca-  
demy of Sciences of the USSR, Moscow. (Presented by Academician N. M. t~manu~l.) Translated f rom 
Byulteten'  Eksper imenta l 'no i  Biologii i Meditsiny, Vol. 70, No. 10, pp. 85-88, October, 1970. Original 
a~ ie l e  submitted March 4, 1970. 

�9 1971 Consultants Bureau, a division of Plenum Publishing Corporation, 227 g/est 17th Street, New York, 
N. Y. 10011. All rights reserved. This article cannot be reproduced for any purpose whatsoever without 
permission of the publisher. A copy of this article is available from the publisher for $15.00. 

1187 



f ~ # 8 I# 12 I~ 16 

30 

20 

r_ 900 1LJ mm ~ f 
~5 

9o 

Fig. 1. Kinetic curve  of i nc rease  in mean 
d i a m e t e r  of t umor  (1) and change in total  
lipid content of whole tumor  (2) and pe r  
g r a m  of t umor  t i s sue  (3). A b s c i s s a : t i m e  
(in days) ; left) ordinate : total  l ipids (in 
mg), right) lipid content, in m g / g  t issue.  
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Fig. 3. Changes in content of phospholipids 
(i) and total cholesterol (2) in liver lipids 
(phospholipid and cholesterol fractions in 
liver lipids of healthy animals taken as I00). 
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Fig. 2. Changes in pe rcen tage  content 
of phospholipids (1) and total  cho les -  
t e ro l  (2) in tumor  lipids. 

R E S U L T S  

In the initial  s tage of the d iease  the t u m o r  is so 
smal l  in d i ame te r  that  it cannot be measu red  accura te ly  
(Fig. 1). On the fifth day a f te r  t ransplanta t ion,  i ts  mean 
d i a m e t e r  was 7 m m  and the mean weight of the t u m o r  
0.68 g. Subsequently the t umor  inc reased  rapidly  in size,  
so that  13 days a f te r  t ransplanta t ion  its d i ame te r  was 40 
m m  and its  weight 20.3 g, 20% of the an ima l ' s  body 
weight. The t e rmina l  s tage of the d i sease ,  followed by 
m a s s  death of  the animals ,  then followed. The nec ros i s  
c h a r a c t e r i s t i c  of this stage of the d i sease  led to a de-  
c r e a s e  in s ize  of the tumor .  

As the tumor  inc reased  in size,  the t umor  lipid 
content also rose  (Fig. 1). The lipid content p e r  g r a m  
tumor  t i s sue  showed more  complex  changes.  The t i s sue  
t ransplan ted  was taken f rom donor animals  on the ninth 
day, when its lipid content was 9 m g / g  t issue.  The f i r s t  
exper imenta l  point, cor responding to the fifth day, shows 
that  the lipid content p e r  g r a m  tumor  t i s sue  had in-  
c r e a s e d  to 34.2 rag. The hypothet ical  course  of curve  
3 (Fig. 1) f r o m  the t ime  of t ransplanta t ion  to the fifth 
day is indicated by a b roken  line, and the posi t ion of the 

m a x i m u m  is indicated conventionally,  all that  is ce r ta in  being that it was reached  at the beginning of growth 
of the tumor .  La te r ,  f r o m  the fifth to the 10th day, a d e c r e a s e  in the lipid f rac t ion  in the t u m o r  m a s s  down 
to 10 m g / g  t i s sues  was observed.  A smal l  i nc rease  in the re la t ive  content of l ipids was obse rved  f rom the 
12th to the 16th day in the t e rmina l  s tage of the d isease .  Compar i son  of the kinetic curves  of the i nc rea se  
in t umor  d i a m e t e r  with the change in re la t ive  lipid content shows that the dec r ea se  in l ipids took place  at 
a t ime  of mos t  rapid growth of the graft .  This  phenomenon pe rhaps  re f lec t s  inadequacy of l ipogenesis  in 
the rapidly  growing t umor  t i s sue  [3]. 

changes  in the re la t ive  percentage  of phospholipids and total  choles te ro l  (s t ructural  lipids) showed 
cons iderable  f luctuations (Fig. 2). F r o m  the fifth to the 10th day, when the tumor  was growing very  rapidly, 
the phospholipid content  rose  f r o m  15 to 78%, i .e. ,  by more  than five t imes .  La te r  a sha rp  fall  to 42% was 
observed,  and the next  m ax i m um  (65%) was  reached in the t e rmina l  phase of the d i sease .  The mean phos -  
pholipid content fluctuated around 50%, i .e. ,  these compounds a re  dominant  components  of the tumor  l ipids.  
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The total phospholipid and total cho les te ro l  contents in the t i s sues  of the tumor  as  a whole inc reased  in the 
same way as  the total  lipid content.  

In the absence  of informat ion  concerning the lipid composi t ion of the tumor  f r o m  the t ime  of t r a n s -  
plantat ion until the fifth day, only an indi rec t  conclusion can be drawn regarding  the c h a r a c t e r  of its changes 
in this per iod.  As was mentioned above, the t u m o r  t i s sue  was t ransp lan ted  at the ninth day of its exis tence,  
at which t i m e  its  lipid composi t ion  is known. Since the phospholipid content  and total  cho les te ro l  content on 
the fifth day were  I e w e r  than at t ransplanta t ion ,  but the re la t ive  content of l ipids at this  t ime  showed an i n -  
c r e a s e ,  it can be pos tu la ted  that  this i nc rea se  was due to an i nc rea se  in the content e [ t r i g l y c e r i d e s  utilized 
by the t u m o r  to cove r  its ene rgy  r equ i r emen t s  in the e a r l y  s tage of i ts  development.  

Invest igat ion of the l i ve r  l ipids showed a significant d is turbance  of lipid me tabo l i sm under  the influ- 
ence of growth of the mal ignant  tumor .  On the eighth d a y  a f t e r  t ransplanta t ion  of the tumor ,  i m p r e s s i o n s  
of the l i ve r  showed i m m a t u r e  hematopoie t ie  cel ls ,  and f r o m  this t ime  the organ began to i nc r ea se  in weight. 
However,  changes in the lipid composi t ion  of the l ive r  t i s sue  cannot be at tr ibuted en t i re ly  to leukemic  infi l-  
t ra t ion,  s ince the total  content of l ipids in it  exceeded the or iginal  no rma l  value throughout the cou r se  of the 
d isease .  So f a r  as the content of phospholipids and total  cho les te ro l  in the l i ve r  l ipids is  concerned,  the 
f rac t ion  of these  compDnents fell apprec iab ly  during the 24 h a f te r  t ransplanta t ion  (Fig. 3), and at the end 
of the expe r imen t  i t  was  60% of the no rma l  value. The c h a r a c t e r  of the kinetic cu rves  of the change in con-  
tent  of total  l ipids,  phospholipids,  and total  choles te ro l  in dry  l i ve r  t i s sue  was s i m i l a r  to the c h a r a c t e r  of 
the curve  obtained for  f resh  t issue.  No inc rease  in the wa te r  content of the l i ve r  t i s sue  was obse rved  during 
expe r imen ta l  l eukemogenes i s ,  and the d ry  weight of the organ f r o m  the t ime of t ransplanta t ion  up to death 
of the an imals  f luctuated only slightly,  namely  25.24 �9 1.39% of i ts  mois t  weight. 

The mos t  impor tan t  of the exper imenta l  data obtained are  those indicating the i nc rea se  in content of 
s t ruc tu ra l  l ipids in the t umor  t i s sue  against  the background of the i r  dec r ea se  in the l ive r  t issue.  One 
poss ib l e  explanation of this  fact  is that  the t umor  mobi l izes  components  essen t i a l  for  i ts  me tabo l i sm  f r o m  
the organs  of  the animals .  S imi la r  r e su l t s  a r e  desc r ibed  in [4, 5], where  it i s  demons t r a t ed  that  the de -  
ve lopment  of t r ansp lan ted  mouse  g l iomas ,  in whose t i s sues  the p r inc ipa l  lipid components  were  t r i g l y -  
ce r ides ,  is accompanied  by a d e c r e a s e  in the t r ig lyee r ide  content in the l i ve r  of the animal  with the tumor .  
The t u m o r ' s  need for  a definite c lass  of l ipids may be specif ic  and due to its or igin  f rom a p a r t i c u l a r  type 
of t i ssue .  The l e u k o s a r c o m a  which develops in t ransplan ted  e r y t h r o m y e l o s i s  behaves  as a local  focus of 
l eukemia  and cons i s t s  of undifferent ia ted hematepoie t ic  cel ls .  Shevchenko and Morozova  [1] have sho~ra 
that  the content  of s t ruc tu ra l  l ipids in leukemic  leukocytes  is lower  than in normal ,  ma tu re  leukoeytes .  
This is p e r h a p s  explained by the inc reased  need of this t u m o r  during a per iod of rapid growth for  s t r u c -  
tu ra l  l ipids,  which are  essen t i a l  components  of the cell  m e m b r a n e s  of dividing leukemic  cells .  

Another  poss ib le  in t e rp re ta t ion  of the fac t s  desc r ibed  above is the hypothesis  that the t umor  exe r t s  
some  humora l  influence on the h o s t ' s  metabol i sm,  modifying it and adapting it to the needs of the growing 
mal ignant  t i ssue.  

The au tho r ' s  are  gra teful  to Elena Ippolitovna Belich and Galina Yur ' evna  P iskunova  for  the i r  help 
with the work. 
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