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The re la t ive  content of fl globulins in the thoracic  duct lymph of August ra t s  is h igher  while 
that of  albumin is lower  than in the blood se rum.  During dra inage of lymph f r o m  the body, 
p rea lbumins  and ~ globulins d i sappear  f rom the lymph sooner  than other  prote ins .  The ant i -  
genic spe c t rum  of blood s e r u m  is r i c h e r  than that of lymph. 

In the study of the me tabo l i sm and c i rcula t ion of s e r u m  prote ins  in the body, compar i son  of the p r o -  
teins of the blood and lymph is important .  In i ts  content of sa l ts  and o ther  low-molecu la r -we igh t  compounds,  
lymph differs  v e r y  l i t t le  f rom blood p l a s m a  [3], bu t i t s  spec t rum and re la t ive  content of pro te ins  show 
seve ra l  fea tures  which distinguish it f r om blood s e r u m  [4]. During the invest igat ion of such complex  mul -  
t icomponent  s y s t e m s  of pro te ins  as blood s e r u m  and  lymph,  the method of immunochemica l  analys is  is 
pa r t i cu l a r ly  useful,  for  i t  combines the high sensi t iv i ty  of immunological  p rocedures  with p r e p a r a t i v e  b io-  
chemical  f ract ionat ion of the components.  

In the invest igat ion descr ibed  below, pro te ins  of thoracic  duct lymph and blood s e r u m  of animals  were  
compared  by immunochemica l  and enzyme-e l ec t rophore t i c  methods. 

EXPERIMENTAL METHOD 

August rats weighing 180-200 g were used. The thoracic duct was drained by Bollman's method [5], 
and the animals were anesthetized with chloral hydrate (0.3 g/kg body weight). After the operation the ani- 
mals were fixed in frames [6] and lymph was collected in separate flasks. Portions of lymph were collected 
during the first 3 h (A), from 3 to 6 h (B), from 6 to 18 h (C), and from 18 to 24 h (D) after drainage. The 
number of lymphocytes in the samples was counted (in a Goryaev's chamber), and after sedimentation of the 
cells (15 rain, 150 g) the protein content in the supernatant was estimated [7]. The supernatant was sub- 
jected to electrophoresis in 1% agar (Difco) gel in a voltage gradient of 9 V/cm, separation being carried 
out along the shorter parameter on plates measuring 13 • 18 em. The electrolyte used during fractionation 
was medinal-HCl buffer, pH 8.2, #0.05. After electrophoresis the plates were stained for proteins, glyco- 
proteins, and lipoproteins [8], after which densitometry was carried out on a Zeiss (Jena) Eri-10 extinctio- 
meter. To detect fractions of certain enzymes (esterases and alkaline phosphatases), the lymph was sub- 
jected to enzyme-electrophoresis in 1.5% agar gel, under conditions described previously [2]. The substrate 
in this case was fi-naphthyl acetate or fi-naphthyl phosphate, respectively. The electrophoretic mobility of 
the individual fractions of proteins and enzymes was determined relative to that of human serum albumin 
(Cyclo Chemical Corporation). 

The conditions of electrophoretic fractionation of the lymph proteins in the immunoelectrophoretic 
experiments were the same as those described above. By special staining of the plates after immunoelec- 
trophoresis, precipitation lines formed by glycoproteins, lipoproteins, haptoglobin, ceruloplasmin, and 
esterases were discovered. The plates were developed by rabbit antisera against rat blood and lymph 
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Fig. 1. Immunoe lec t rophores i s  of r a t  lymph prote ins .  Lymph 
f r o m  sample  D, with pro te in  content 8 m g / m l  (1), and same  
sample  a f t e r  a threefold  i nc rea se  in i ts  pro te in  content (2) used  
as antigen. Rabbit  an t i s e rum against  r a t  lymph pro te ins  used  as 
developer .  
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Fig. 2. Immunoe lec t rophores i s  of e s t e r a s e s  
of  thoracic  duct lymph and blood s e r u m  of 
r a t s :  1} an t i s e rum against  lymph prote ins ;  
2) an t i s e rum against  blood s e r u m  pro te ins .  

pro te ins .  To obtain the an t i se ra ,  the rabbi ts  were  i m -  
munized by schemes  published previous ly ,  with ra t  lymph 
and s e r u m  pro te ins  [1]. To detect  d i f fe rences  in the 
antigen spec t rum of the lymph and blood s e rum,  c r o s s -  
exhausted an t i s e r a  were  used. Exhaustion was c a r r i e d  
out by the repea ted  addition of lyophil ieally dr ied p r e p -  
a ra t ions  of the cor responding  pro te ins  to the an t i se ra ,  
under  the control  of r e su l t s  of the r ing-prec ip i ta t ion ,  
agar-dif fus ion,  and immunoe lec t rophores i s  tes ts .  

R E S U L T S  

During e l ec t rophores i s  the lymph pro te ins ,  like 
r a t  s e r u m  prote ins ,  were  sepa ra ted  into 6 f rac t ions  of 
different  e lec t rophore t ic  mobili ty,  consis t ing of p r ea lbu -  
min, albumin, and ~1, ~2, fl, and ~/ globulins. Except  for  
the albumin fract ion,  the e lec t rophore t ic  mobil i ty of all 
lymph pro te in  f rac t ions  was the s ame  as the mobil i ty of 
the cor responding  ra t  blood s e r u m  f rac t ions  (Table 1). 
The lymph albumins moved more  rapidly than ra t  blood 
s e r u m  albumins,  and the i r  e lec t rophore t ic  mobil i ty was 

approx imate ly  the s ame  as that  of human s e r u m  albumin. Lipoprote ins  in the lymph were  r ep resen ted  by 
four, and in the blood s e r u m  by three  f ract ions ,  the fourth f rac t ion  appear ing  only inconstantly a f t e r  e l ec -  
t r o p h o r e s i s  of blood se rum.  The e lec t rophore t ic  mobil i ty of lymph and s e r u m  l ipoprote ins  differed slightly. 
Unlike those of the blood se rum,  the glycoprote ins  of lymph consis ted  of only one fract ion,  d i scovered  in 
all  lymph s amp le s .  Compared  with se rum,  the lymph contained more  a and fl globulins and slightly 
l ess  albumin (Table D. In the course  of r emova l  of the lymph by drainage,  the content both of cel ls  and of 
total  pro te in  in the lymph decreased .  The concentrat ion of lymphocytes  fell sharp ly  during the f i r s t  6 h 
a f te r  drainage,  and l a t e r  fell more  slowly. Meanwhile the total  pro te in  content in the lymph fell  pa r t i cu l a r ly  
sharp ly  in the f i r s t  and las t  s tages  of lymph drainage,  whereas  lymph samples  B and C showed no s ignif i -  
cant d i f ference in the i r  pro te in  level .  In the las t  stage of dra inage of lymph (sample D) the pro te in  concen-  
t ra t ion  in the lymph fell more  rapdfly than the number  of cel ls ,  so that at this t ime  the cell  count was r e -  
duced by half  and the pro te in  concentra t ion by two-thi rds .  These d i f ferences  may be at t r ibutable  e i ther  to 
d i f ferences  in the c h a r a c t e r  of lymph drainage f rom different  organs  and also to d i f ferences  in the degree  
of par t ic ipa t ion  of the abdominal  organs  of an imals  in pro te in  b iosynthes is  and in fo rmat ion  of cel ls  in r a t  
lymph and se rum.  

Compar i son  of the pro te in  prof i le  for  the lymph col lected at dif ferent  t imes  showed that the concen t ra -  
tion of a globulins of p rea lbumins  fell more  rapidly than the r e s t  in the lymph. For  instance a globulins 
could not be detected in lymph of the second sample  (sample  B), o r  p rea lbumins  in the th i rd  and fourth 
samples  of lymph. As a resu l t  of this,  there  was a re la t ive  i nc rea se  in the pe rcen tage  of albumin and /3 
globulins in the pro te in  prof i les .  The dec r ea se  in the content of p rea lbumins  and a globulins in the lymph 
was not due to the dec r ea se  in total  lymph pro te ins  taking place during dra inage of lymph. �9 Even in the 
concent ra ted  lymph samples  col lected in the l as t  per iods  of drainage,  p rea lbumins  and some components  of 

globulins could not in genera l  be  detected immunochemica l ly  or  they showed up only as weak, b lu r r ed  
prec ip i ta t ion  a rcs ,  whereas  the other  antigens (albumin, fl globulin, t r ans fe r r in )  showed up quite c l ea r ly  in 
these  same  t e s t s  (Fig. 1}. 
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Fig. 3. Immunoelec t rophores is  of proteins f rom thoracic  duct lymph 
and blood se rum of rats.  Lymph proteins (1) and blood se rum p r o -  
teins (2) used as antigens. The following were used as ant iserum: 
rabbit  ant iserum against proteins of rat  thoracic  duct lymph, ei ther  
unexhausted (la, b) or exhausted by blood se rum proteins (10 ; rabbit 
ant iserum against rat  blood serum proteins,  ei ther  unexhausted (2a, 
b) or exhausted (2c) with thoracic  duct lymph proteins.  

During enzyme-e lec t rophores i s ,  one fract ion of alkaline phosphatase migrat ing with the mobility of 
serum fl globulins and two fractions of nonspecific esterases, located in the zone of serum prealbumins 
and a 1 globulins, were discovered in the lymph. Immuno-enzyme-electrophoresis revealed up to 4 com- 
ponents among these esterases (Fig. 2). In corresponding experiments, two isoenzymes of alkaline phos- 
phatase (zone of ~2 and fi globulins) and five fractions with esterase activity, the anodie components of 
which, just as the lymph, were located in the zone of prealbumins and ~ globulins, were detected in the rat 
blood serum. The content of one of the serum esterases in the lymph was very low, so that this antigen 
could not be detected by immunoeleetrophoresis of antilymph serum, and the antiserum distinguished it in 
the lymph only as a very weak precipitation arc. "Fast' esterases of lymph and serum (A and B) were not 
distinguished immunologieally, but during electrophorcsis of the lymph these enzymes migrated more rap- 
idly than when the rat blood serum was tested. 

During immunoelec t rophores is  (Fig. 3), the homologous se rum distinguished up to 20 precipi ta t ion 
a rcs  in lymph, 19 of them also detectable by ant iserum, whereas one of the lymph fl globulins could be 
detected only by means of the antilymph serum. In immunoelec t rophores is  of lymph and blood serum,  an 
equal number  of antigens (three components) was found in the zone of (~2 globulins, but the corresponding 
se ra  evidently detected different antigens there.  Cross-exhaus ted  ant i sera  against ra t  lymph and se rum 
distinguished one antigen (,,its own") in the corresponding fluids, migrat ing with the mobility of c~ 2 globulins. 
Antiserum, exhausted with lymph, detected a fur ther  two weak precipitat ion lines in the zone of ~2 globulin, 
formed by se rum lipoproteins and staining with Sudan black. The presence  of these "individual" antigens 
in the blood se rum of animals may be connected with the a r r iva l  of cer tain se rum proteins direct ly  f rom 
their  place of synthesis into the blood s t ream.  Compar ison of the resul ts  of e lec t rophores is  and immuno-  
e lec t rophores i s  of the lymph and blood se rum proteins showed that albumin and prealbumins of lymph 
migra te  during e lec t rophores is  la ter  than those of blood serum.  The precipi tat ion lines of these antigens 
in lymph prepara t ion  lie much c lose r  to the anode than in prepara t ions  of blood se rum (Fig. 3). Albumin, 
of course,  readily f roms complexes with various compounds and par t ic ipates  in their  t ranspor t ,  so that 
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differences in the rate of migration of this protein in lymph and serum may be connected with differences in 
the degree of its "loading" with transportable compounds. 
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