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ment,  as long as t he  l ipid undergoes  the  inclusion reac-  
tion wi th  a -cye lodext r in .  The  inclusion complexes  can  
be fo rmed  on t h e  pape r  a f te r  d e v e l o p m e n t  of the  lipid 
ch ro m a t o g ram by  sp ray ing  i t  wi th  x-cyclodextr in .  W h e n  
reacted wi th  the  lipid, ~-cyc lodext r in  is iner t  to  iodine 
vapors, while  in free form i t  yields a purpl ish  color 
ins tan taneous ly  w i t h  iodine.  Accord ing ly  the  lipids are 
detected as whi te  spots  on a purp le  background ,  Sa tura-  
ted di- and  t r ig lycer ides  do no t  reac t  w i th  cyc lohexa-  
amylose and  canno t  be loca ted  by  this  s imple  device.  

Analysis 1 

Acids 
% 

Analysis 2 

Methyl esters 
% 

Analysis 3 

Monoacid tri- 
glycerides % 

Stearic 
Oleic 
Linoleic 
Linolenic 

30.7 (29"3/ 
23.2 (24"0) 
46.5 (46.8) 

9.3 (10.0) 
27.5 (26-2) 
33-4 (31-5) 
29.8 (32.3) 

20.3 (t9.2) 
46.5 (47.0) 
35.4 (33.9) 

These m e thods  are  appl icab le  to the  q u a n t i t a t i v e  de- 
t e rmina t ion  of lipids. Mix tures  of f a t t y  acids of the  C~s 
series, of the i r  m e t h y l  esters,  or  of t he  u n s a t u r a t e d  
mono-acid t r ig lycer ides  h a v e  been ana lyzed  by  paper  
ch romatography .  Some  rcsul ts  are  g iven  in the  fol lowing 
compi la t ion ,  where  the  theore t i ca l  va lues  are  l is ted in 
parentheses.  

The p rocedures  were  essent ia l ly  the  same  as previ-  
ously repor ted .  Si l iconized pape r  (Dow Corning 200 
fluid on YVhatman No. 1 paper)  was used in ascending  
ch romatograph ic  t echn ique .  T h e  c h r o m a t o g r a m s  of the  
fat ty acids or  esters  were  deve loped  for 1 6 - 2 0 h  a t  
30 ° ~ 1 ° C wi th  a m i x t u r e  of aqueous  88% formic  and 
85% acet ic  acids (1 : 1 by  volume)  while the  t r ig lycer ides  
were s epa ra t ed  a t  24° ~: I ° C  wi th  a ch loroform-  
methanol  so lven t  m i x t u r e  (3:1 by  volume).  A densi to-  
meter was used for measu r ing  the  opt ical  densi t ies  of 
brown spots  in b lue  l ight  (fil ter 445 m/~) and for mea-  
suring the  t ransmiss ion  of wh i t e  spots  on purple  back-  
ground in green l ight  (fil ter 525 m#).  Model  mix tu res  of 
known compos i t ion  were  c h r o m a t o g r a p h e d  wi th  an  un- 
known on the  same  sheet ,  and  the  areas  of the  opt ica l  
absorpt ion curves  were compared .  Af t e r  one  or  two  ad-  
jus tments  of  t h e  c o m p o n e n t  ra t ios  in t h e  mode l  blends, 
linear i n t e rpo l a t i on  is permiss ib le  for ca lcu la t ing  the  
composi t ion of t h e  unknown.  

The d i rec t  d e t e r m i n a t i o n  of oleic and s tear ie  acids or 
their esters, which  so far  is possible only  by  pape r  
chromatography ,  will o f ten  be advan tageous .  Higher  
unsa tura ted  acids are  c o m m o n l y  de te rmined  by  alkal ine 
isomerization, N o t w i t h s t a n d i n g  mer i t s  of this  l a t t e r  
method, t he  smal le r  a m o u n t s  requ i red  for paper  chro- 
matography  will  m a k e  this  t echn ique  v e r y  useful in 
many cases. To  our  knowledge ,  no m e t h o d  for the  paper  
chromatographic  separa t ion  and  assay of t r ig lycer idcs  
has been r epo r t ed  previous ly .  

A more  de ta i led  r epor t  will appea r  in the  near  future.  

JOANNE L. GELLERMAN and  HERMANN SCHLENK 

Hormel  Ins t i tu te ,  Un ivers i t y  o/ Minneso ta ,  A u s t i n ,  
Minn. ,  M a y  2d, 1956. 

Z u s a m m e n / a s s u n g  

Ein quMi ta t ives  Ver fahren  zur  pap i e r ch roma tog ra -  
phischen T r e n n u n g  yon  Fetts~iuren und  D e r i v a t e n  liess 

sich zur  quan t i t a t iv . en  B e s t i m m u n g  ausbauen .  Die  
Methode  h a t  eine Feh le rg renze  yon  e t w a  q- 5% und  ist  
unabh~ngig  yon  den funk t ione l l en  G r u p p e n  der  Mole- 
kfile. Sie ist  ffir ges~ittigte Di-  und  Tr ig lyce r ide  n i ch t  
d i rek t  anwendbar .  

T h e  I n f l u e n c e  o f  A l b u m i n  o n  t h e  
E l e c t r o p h o r e t i c  M o b i l i t y  of  S e r u m  L i p i d s *  

MAURER 1 repor ted  in 1953 t h a t  the  add i t i on  of s e r u m  
or a lbumin  to  t he  buffer  p r o f o u n d l y  a l t e red  t h e  d i s t r ibu-  
t ion of phosphol ip ids  in pape r  e l ec t rophe rog rams  of r a t  
and rabb i t  sera doub ly  label led wi th  S as and  p a z  VVhile he  
found a lmos t  all of t h e  phosphol ip ids  assoc ia ted  wi th  t he  
se rum gIobulins before  add i t ion  of t h e  " c a r r i e r  p r o t e i n " ,  
a lbumin  appeared  to  fo rm a c o m p l e x  wi th .  the  phos-  
pholipids which  mig ra t ed  wi th  the  e lec t rophore t i c  mo-  
bi l i ty  of an a lbumin.  

MAURER'S expe r imen t s  imply  t h a t  t he  mo lecu l a r  
s t ruc ture  of the  l ipopro te in  complexes ,  which h a v e  been  
shown to con ta in  mos t  of the  s e rum phosphol ip ids  and  
cholesterol  ~ mus t  be based on only  v e r y  weak  a 'ssociations 
be tween  the  p ro te in  and l ipid moiet ies ,  s ince a l b u m i n  
appeared  to displace the  p ro te in  c o m p o n e n t  by  a s imple  
mass ac t ion  effect.  Such a dependence  of l i pop ro t e in s t ruc -  
tu re  upon the  p ro te in  compos i t ion  of the  m e d i u m  would  
inva l ida te  m u c h  of t he  w o r k  of GOFMA~ and  PA~E on t h e  
de t e rmina t i on  of l ipopro te in  subf rac t ions  since these  ul t ra-  
cent r i fuga l  analyses  were car r ied  ou t  in p ro t e in -poor  solu- 
tions. Whi le  l ipoprote ins  h a v e  long been considered labi le  
s t ruc tu res  and h a v e  been shown to  e x c h a n g e  c o m p o n e n t  
lipids even  in  vitro 8 there  is some ev idence  which  a rgues  
agains t  MAURER'S v iews:  I t  would  be v e r y  d i f f icu l t  to  
expla in  the  differences in so lub i l i ty  and e l ec t rophore t i c  
mob i l i t y  be tween  ~- and 3-1ipoproteins w i t h i n  t h e  
f r amework  of MAURER'S pos tu la te .  Moreover ,  RUHEN- 
STROTH-BAUER 4 has d e m o n s t r a t e d  r ecen t ly  t h a t  t h e  
prote in  m o i e t y  of h u m a n  se rum l ipopro te ins  is specif ic  
and canno t  be replaced by  e i the r  a l bumin  or  7-globul in .  
In  order  to resolve this c o n t r o v e r s y  we h a v e  r e inves t ig -  
a ted  the  effect  of added  a l b u m i n  on the  e l e c t r o p h o r e t i c  
mobi l i ty  of se rum phosphol ip id  and  cho les te ro l  in hu -  
man,  hypercho les te ro lemic  rabbi t ,  and  hype rcho l e s t e ro t -  
emic ra t  sera. The  effect  upon  phospho l ip id  m o b i l i t y  
a lone was de t e rmined  in n o r m a l  r a t  and  r a b b i t  sera,  
where  low choles terol  levels  m a d e  analys is  for th is  com-  
pound  impract ica l .  

In  all expe r imen t s  the  sera were  label led b io logica l ly  
by  admin i s t e r ing  rad iophosphorus**  to the  donor  48 h 
before bleeding.  H y p e r c h o l e s t e r o l e m i a  was induced  in 
rabbi ts  by  feeding a d ie t  enr iched  wi th  1% choles te ro l  
and 5% corn oil for 14 weeks, and in ra t s  by  the  i n t r a -  

* Supported in part by a grant (H-2013) from the National Heart 
Institute, U.S. Public Health Service. 
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v e n o u s  i n j ec t i on  of 1 0 0 m g " T r i t o n W R - 1 3 3 9 " * * * .  E lec t ro -  
phores i s  was  car r ied  ou t  in  b a r b i t a l  bu f f e r  of p H  8-8 a n d  
ionic  s t r e n g t h  0.1 b y  t h e  " S t a r c h  B l o c k "  or  " P a p e r  
S a n d w i c h "  t e c h n i q u e s  of KVNKEL a n d  SEATER 5. T h e  
s e p a r a t i o n  of t h e  c¢-lipoproteins was  b e t t e r  b y  t h e  
" S t a r c h  B l o c k "  t e c h n i q u e  s ince  l i p o p r o t e i n s  a p p e a r  to  
be  adso rbed  less on  s t a r c h  t h a n  o n  p a p e r .  "With r a t  sera ,  
especial ly,  good s e p a r a t i o n s  cou ld  n o t  be  o b t a i n e d  b y  
p a p e r  e lee t rophores i s .  1 or  2 c m  3 of s e r u m  were  used  for  
each  e x p e r i m e n t .  H u m a n  s e r u m  a l b u m i n ,  w h e n  em-  
p loyed ,  was  a d d e d  to  t h e  b a r b i t a l  b u f f e r  to  a c o n c e n t r a -  
t ion  of 2-50 g % .  W h e n  a l b u m i n  was  p r e s e n t  in  t h e  b u f f e r  
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W e  were  ab le  to  d e m o n s t r a t e  b o t h  a- a n d  f l- l ipoprotein 
peaks ,  b u t  cou ld  n o t  d e t e c t  a n y  a l b u m i n - i n d u c e d  shift 
of e i t h e r  l ip id  p h o s p h o r u s  or  cho le s t e ro l  f r o m  the  r-glo- 
b u l i n  to  t h e  a l b u m i n  reg ion  of t h e  e l ee t rophe rog rams .  

Seve ra l  poss ib le  e x p l a n a t i o n s  of t h e s e  d i f fe rences  can 
b e  p o s t u l a t e d .  I n  o u r  work  m u c h  l a r g e r  v o l u m e s  of 
s e r u m  were  e m p l o y e d ,  a n d  t h i s  t e n d s  to  m i n i m i z e  ad- 
s o r p t i o n  effects  s. L i p o p r o t e i n  d e n a t u r a t i o n  appears  
l ike ly  in MAURER'S e x p e r i m e n t s ,  j u d g i n g  f r o m  the 
la rge  a m o u n t s  of l ip id  p h o s p h o r u s  r e m a i n i n g  n e a r  the 
or ig in  a n d  f r o m  d i f fuse  d i s t r i b u t i o n  of t h e  phosphol ip ids  
m i g r a t i n g  in  t h e  a b s e n c e  of a d d e d  a l b u m i n ,  W e  es tabl ish-  
ed t h a t  a l b u m i n  is c a p a b l e  of b i n d i n g  l ip ids  b y  adding 
t h e  l ip ids  f rom d e p r o t e i n i z e d  h u m a n  l i p o p r o t e i n s  to  ra t  
s e rum.  A d d i n g  a l b u m i n  to  t h e  bu f f e r  d o u b l e d  t h e  a m o u n t  
of e x t r a n e o u s  l ip ids  w h i c h  m i g r a t e d  in e lec t rophores is  
w i t h  t h e  r a t  p ro t e in s .  ARMSTRONG 9 ha s  n o t e d  t h a t  part ial  
d e n a t u r a t i o n  m a y  inc rease  t h e  e l e c t r o p h o r e t i c  mobi l i ty  
of h u m a n  l i p o p r o t e i n s  c o n s i d e r a b l y ,  w h i c h  m a y  explain 
t h e  a b n o r m a l l y  h i g h  e l e c t r o p h o r e t i c  m o b i l i t y  of "lipo- 
p r o t e i n s "  o b s e r v e d  b y  MAURER 10 a f t e r  t h e  a d d i t i o n  of 
h u m a n  ~- a n d  r - g l o b u l i n .  D e n a t u r a t i o n  also a p p e a r s  in- 
d i c a t e d  b y  t h e  f ac t  t h a t  MAURER was  u n a b l e  to  demon- 
s t r a t e  two  l i p o p r o t e i n  p e a k s  in r a b b i t  sera .  T h e  data 
of LEWIS t l  show t h a t  a t  l e a s t  a t h i r d  of t h e  t o t a l  lip- 
ids is c a r r i ed  as a f l - l ipopro te in  in  t h i s  species.  W e  be- 
l ieve  t h a t  u n d e r  t h e  c o n d i t i o n s  e m p l o y e d  b y  MAURER 
a n  a l m o s t  c o m p l e t e  d e n a t u r a t i o n  of t i p o p r o t e i n s  occurred,  
a n d  t h a t  t h e  conc lus ions  d r a w n  b y  MAURER r e g a r d i n g  the 
n a t u r e  of p r o t e i n - l i p i d  b i n d i n g  in  s e r u m  l i p o p r o t e i n s  are 
t h e r e f o r e  n o t  su f f i c i en t ly  s u b s t a n t i a t e d .  

V~ r. FLORSHEIM,  B ,  DIMICK,  and 
M. E.  MORTON 
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t h e  pos i t i on  of t h e  a l b u m i n s  in t i le  e x p e r i m e n t a l  s e r u m  
was m a r k e d  b y  a d d i n g  t r a c e r  a m o u n t s  of I~aLlabe l l ed  
h u m a n  s e r u m  a lbumin% w h i c h  was  s h o w n  to  be  a sa t i s -  
f a c t o r y  m a r k e r  for  t h e  a n i m a l  a l b u m i n s  also. E l ec t ro -  
p h o r e t i c  s e p a r a t i o n  was  ca r r i ed  o u t  for  24-38  h a t  r o o m  
t e m p e r a t u r e  w i t h  a p o t e n t i a l  of 300 V a n d  a c u r r e n t  of 
10 mA.  T h e  e l e c t r o p h e r o g r a m s  were  c u t  i n t o  1 cm seg- 
m e n t s  a n d  p r o t e i n  was  m e a s u r e d  in sa l ine  e l ua t e s  b y  t h e  
B i u r e t  r e a c t i o n .  Cho les t e ro l  was  d e t e r m i n e d  b y  t h e  
m e t h o d s  of ZLATKIS 7 on  a l i q u o t s  of a B l o o r  e x t r a c t .  
Albumin-1131 was  a s s a y e d  w i t h  a s c i n t i l l a t i o n  c o u n t e r  
us ing  a t h a l l i u m - a c t i v a t e d  s o d i u m  iod ide  c rys t a l ,  a n d  
r a d i o p h o s p h o r u s  was  d e t e r m i n e d  b y  Ge ige r  c o u n t i n g  of 
a p ro t e in - f r ee  l ip id  e x t r a c t .  

F igu re s  1 to  3 show t h e  r e su l t s  of t y p i c a l  e x p e r i m e n t s .  
O u r  r e su l t s  d i f fer  f r o m  MAURER'S on  t w o  c ruc i a l  p o i n t s  : 

*** Rohm & Haas Co., Philadelphia, Pennsylvania, U.S.A. 
5 H. G. KUNKEL and R. J. SLATER, Proc. Soc. cxper. Biol. Med. 

80, 42 (1952). 
6 R. C. GILMORE, M. C. ROBBINS, and A. F, R~ID, Nucleonics 1 °, 

65 (1954). 
A. ZLATmS, B. ZAK, and A. J. BOYLE, J. Lab. clin. Med. 41, 486 

(1953). 

"Radioisotope Service, Veterans Administration Hospital, 
Long Beach, California, and Department o/Physiological 
Chemistry, University o/Cali/ornia Medical School, Los 
Angeles 2d, Cali/ornia, June d, 7956. 

Zusammen/assung 

I m  G e g e n s a t z  zu MAURERS A n g a b e n  k o n n t e  keine 
XVirkung des  d e m  P u f f e r  z u g e g e b e n e n  S e r u m - A l b u m i n s  
au f  die e l e k t r o p h o r e t i s c h e  W a n d e r u n g  y o n  Serumphos-  
p h o l i p i d e n  a n d  Cho le s t e r in  im m e n s c h l i c h e n  a n d  tied- 
s c h e n  S e r u m  fes tges t e l l t  we rden .  MAURERS Befunde 
s c h e i n e n  au f  e iner  d u r c h  A d s o r p t i o n s e f f e k t e  bewirk ten  
V e r / i n d e r u n g  de r  L i p o p r o t e i n e  zu b e r u h e n .  

8 A. r~IARIANL R, C. Ist ,  sup. Sanith 15, 337 (1952). 
9 S. H. ARMSTRONG Jr., M. J, E. BUDK&, and K. C. MORRISON, 
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171~ 391 (1952). 

H y p e r t e n s i o n  e x p 6 r i m e n t a l e  e t  p r o t 6 i n e s  s 6 r i q u e s  
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e t  GRASSET 1, P A G E  et  CORCORAN 2, RAASCHOU 3, LOYKE ¢) 
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