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Hepatic Participation m Lipid Metabolism 
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p I~EVIOUS STUDIES have been demonstra ted tha t  the 
liver is the major  organ involved in l ipid metab- 
olism. Although studies (1) have indicated that  

the cellular composition of liver is approx imate ly  61 
parenchymal  cells, which are polygonal cells a r ranged  
in the fo rm of plates, and 33% li t toral  or endothelial 
ceils, the par t ic ipat ion  of specific hepatic cells in lipid 
metabolism has not been delineated. The endothelial 
cells which line the surface of liver sinusoids in their  
funct ional ly active state are classified as Kupffe r  cells. 
Because of their  phagocytic act ivi ty the Kupffe r  cells 
have been classified by Aschoff as an integral  pa r t  of 
the reticuloendothelial  systenl (R ES ) .  

Among the numerous functions that  have been as- 
cribed to the R E S  is its p r i m a r y  involvement in the 
normal removal  of ingested fa t  (2) and cholesterol 
(3) f rom plasma. Since surgical removal of the, R E S  
as a means of producing a deficiency syndrome is im- 
possible because of its highly diffuse location, the 
technique of RE blockade was established. This tech- 
nique, based upon the physical loading of cells with 
particlllate Inaterial, has been demonstra ted to pro- 
dace a t empora ry  depression in RE function, followed 
hy normal  or hyperac t iv i ty  (4). This questions the 
validity of previous studies t~hat have employed R E  
bh)ckade as an approach to the s tndy of the partici-  
l)atiOll of the RES in lipid metabolism. 

[n an a t t empt  to ascertain the par t ic ipat ion of the 
RES in the removal of ehylomicra, an initial s tudy 
was conducted on the effect of a l imentary  l ipemia on 
the phagocytic act ivi ty of the R E S  to denote a possi- 
hle competit ive effect of chylomicra on the phagoey- 
tosis of other colloids. 

With  the improvement  of a technique to isolate 
highly purified Kupffer  and parenchymal  cells, a 
utore direct method was employed to evaluate the 
relative role of Kupffer  and parenchymal  cells in 
lipid metabolism. The lipid composition of Kupffer  
and parenchymal  cells was determined in ra ts  fol- 
lowing the intravenous injection of a physiological 
tr iglyceride and a cholesterol emulsion. 

Experimental Procedures 
Phagocytic funct ion was measured in 19 heal thy 

male, mongrel  dogs by means of the colloidal carbon 
technique (5).  Nine dogs in a post-absorptive state 
served as controls. Marked a l imentary  l ipemia was 
induced in seven other dogs by the oral  in tubat ion of 
liqucfied lard in the amount  of 4.5 g . /Kg,  of body 
weigtlt. The optical density of plasma was determined 
prior  to, and at f requent  intervals  following the ad- 
ministrat ion of fat. When the lipenfia was judged to 
be severe, the dogs were rap id ly  anesthetized with 
pentobarbi ta l  sodium, a control blood sample was ob- 
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tained, and colloidal carbon 4 was adminis tered intra-  
venously in the amount  of 200 mg. /Kg ,  of body 
weight. Venous blood samples were obtained at vari-  
ous intervals,  following injection of colloidal carbon, 
and the carbon content of blood was measured (5). 
The half-tinle ( t / 2 )  5 of the injected material ,  all in- 
dex of over-all phagocytic  function, was determined.  

The organ distr ibution of radioactive colloidal gold 
(Aurcoloid-Abbott)  was determined in 10 normal  do~';s 
and 15 dogs manifes t ing  marked  a l imentary  liI)emia 
due either to the ingestion of olive oil or lard  in the 
amount  of 4.5 g . /Kg.  The l ipemia reached its maxi- 
mum value 2.6 hrs. a f te r  lard and 4.6 hrs. a f t e r  olive 
oil, and the plasma neutra l  fa t  concentrat ion increased 
two to four-fold at  the time of injection of the test 
colloid. The in t ravascular  half- t ime and the organ 
uptake of Au 198 was determined by the previously 
described techniques (7). 

Male rats  previously maintained on Pur ina  chow 
and in a post-absorptive state were employed for  
studies on the cellular distribl,ltioll of injected lipid. 
A cholesterol emulsion was employed, util izing soya 
lecithin as a stabilizing agent. The mean cholesterol 
and phospholipid concentration of the clnulsion was 
1.50% and 0.6%, respectively. The t r iglyecride ennll- 
sion was p repared  as an anhy(lrous base (8) employ- 
ing glycerol, corn oil, and alt,~ohol-solublc soybean 
phosl)hatide. The 1 lal h/dotrioleill (Ra(llein-Abbott) 
was addcd to the corn oil. Apllrollr iate amounts  of 
the honmgellized base were dihlte(l with 5% glucose 
pr ior  to injection. The rats  were kille(1 15 rain. a f te r  
the injcetion of the t r iglyceridc ennflsion. The injec- 
tion of earbonyl  iron particles (An ta ra  Chemicals, 
New York) in the amount  of 0.12 g./100 g. of body 
weight was made 5 min. before the anilnals were killed. 
The rats  which received the ('holesterol emulsion were 
injected with the 3-micron iron pa r tMes  at  either 
15, 30, or 60 rain. a f te r  the injeclion of the cholesterol 
emulsion and were killed 5 nlin. later. 

1Aw'r Kupffer  and parenchynlal  cells were isolated 
according to the I)reviously described proc, ellurcs (6). 
The cell suspensions wcre initially extractcd with alco- 
hol and ethyl ether and re-extracted with chloroform- 
methanol. The chloroform-methanol  extracts  of l iver 
and plaslna were purified according to the Folch Pro- 
eedure (9). 1Apid phosphorous was determined (10), 
and tlhosI)holipid concentrat ion was obtained by  mld- 
tiI)lying the lipid phosphorous value by a fac tor  of 
25. Total and free cholesterol concentrations of the 
extract  were determined by the Spevry-Webb pro- 
cedure (11). 

Data  

The colloidal carbon disappearance rate was studied 
in nine normal  and seven lipemic dogs. The normal  
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164 THE JOURNAL OF THE AMERICAN 0IL CI-IEMISTS' SOCIETY VoL. 37 

intravaseular half-t ime of colloidal carbon was  12.2 
rain. in contrast to 9.5 min. in the l ipemic group. The 
mean 25?0 increase observed in the lard-fed animals  
appears to be caused by post-prandial  changes in 
liver blood flow as three additional dogs fed K a m  dog 
food in the amount  of 4.5 g . /Kg,  showed a mean 
half-time of 9.2 min. even though no l ipemia was 
manifested. These data indicate that it is h ighly  un- 
l ikely that colloidal carbon and ehylomicra are han- 
dled by the same removal mechanism. 

The intravaseular half-l ife and organ distribution 
of colloidal gold in normal and lipemie dogs are pre- 
sented in Table I. Removal  rate of colloidal gold was 

T A B L E  i 

Colloidal Gold D i s t r i b u t i o n  a in Norraal and  L i p e m i c  D o g s  

G roup Nu raber 
anillla]s 

Normal .............. 10 
Lipeniic, I 

olive oil fed.... [ 7 
Lipetllie, 

bird-fed .......... L 8 

t / 2  

S econds  

1 2 3 •  

9 9 . 4 •  

I 86 .8 •  

L i v e 2 _  L u n g  

9 0 . 5 •  I 0 . 3 8 •  

S p l e e n  

1 . 3 4 •  

1 . 3 8 •  

1 . 0 2 •  

a Vahtes atro expressed  as l )ereontage  of the in jec ted  dose per  total  
ol'~'all + stan(htrd eFrol'. 

significantly increased i n  the lard fed ( . 0 2 < P < . 0 5 )  
and in the olive oil groups (1 )<0 .001) .  Since colloidal 
gold rmnoval is del)endent on liver blood flow, these 
changes appear ill part  to result  from enhanced liver 
blood flow. Thus a l ipemie state did not depress RE 
phagocytic  f lmction,  and a slight enhancement  in 
phagocytosis  may well  have occurred. 

The mean hepatic distribution of an l ~a~ triolein 
ennllsion 15 ntin. after its intravenous administration 
in rats indicated that approxiluately 49% of the in- 
jected dose was lo(,alized in liver. The cellular dis- 
tr ibution was 47% iu parenchymal cells and 2?0 in 
the isolated Kupffer (++ells. 

T A B L E  I I  
I I e p a t i c  ]~'ate of I n t r a v e n o u s l y  I n j e c t e d  I TM Trio le in  a 

C ,  I N u m b e r  ] 
ell r~ts 

Knpff  ........... ~ ....................... ~ - "  
l ? a r e n e h y m a l  .............................. I 7 L 

% % Total  
In;}eeted Iiver 
tr iole in u p t a k e  

1 .7 •  4 . 8 •  
47 .2 •  9 5 . 1 •  

a M e a n  va lue  • s t a n d a r d  error.  

The plasma lipid alterations after administration 
of the cholesterol-phospholipid emulsion are presented 
in Table II[ .  The anmunt of cholesterol injected wa~s 
sufficient to produce a mean 10-fold elevation in the 
plasma free cholesterol level at the 15-minute period. 
No change was  observed in the ester cholesterol frac- 
tion. A mean 72% increase occurred in the phospho- 
lipid fraction. A n  approximation of the intravaseular 
half- l i fe  indicated a value of 35 rain. for phospholipid 

T A B L E  II][ 

P l a s m a  L ip id  Leve l s  a F o l l o w i n g  I n t r a v e n o u s  Cholesterol  A d m i n i s t r a t i o n  

Tinle,  T r e a t m e n t  
m i n .  

0 
15 Cholesterol-  

phospho l ip id  
e m u l s i o n  

30 Cholesterol-  
phospho l ip id  
e m u l s i o n  

60 Cholesterol-  
p h o s p h o l i p i d  
e m u l s i o n  

N u m b e r  
rats  _ 

6 

6 

6 

6 

Mean I 
body  ]?hospho- 

w e i g h t  l ip id  
(g.) . . . .  F r  

333 i . 1 5 •  

327 1 .98•  

325 t . 7 1 •  

371 [ . 5 8 •  

Cholesterol  

F r e e  E s t e r  

0 . 1 5 •  0 . 3 1 •  

1 .50 •  0 . 2 8 •  

0 . 9 4 •  0 . 4 5 •  

0 . 7 0 •  0 . 3 2 •  

a P l a s m a  l ipid va lues  are e x p r e s s e d  as rag,/ce. ~ s t a n d a r d  error .  

and 50 rain. for free cholesterol. The disappearance 
rate of the phospholipid component  of the emulsion 
was similar to that reported employing paa labelled 
homologous plasma phospholipid (12) .  

The cellular distribution of free and ester choles- 
terol is presented in Table IV. The injection of cho- 
lesterol resulted in an initial and sustained elevation 
in the p.arenehymal cell free cholesterol. The Kupffer 
eell cholesterol eoutent remained unchanged unti l  60 
rain. after the administration of cholesterol, at which 
time a 105% elevation was observed. 

Table  I V  

I-Iep~,tic Cholesterol  Leve l s  a Fol lowing I n t r a v e n o u s  Cholesterol  l<~mulsion 

F r e e  eholesterol  [ Es ter  cholesterol  

I ~ e t i c u l ~  ! Paren~ Time,  N u m b e r  Ret iculo-  P a r e n -  min.  T r e a t m e n t  an ima l s  endo- 
thel ial  c b y m a l  endo- thel ial  chymal 

0 9 .1~1 .2  7 .4 •  4 . ] •  2 . 4=0 .5  
15 Cholesterol-  

phospho l ip id  
emul s ion  ] 1 . 7 ~ 1 . 9  t 3 , 3 •  1 .9 •  1.2+---0,3 

30 Cholesterol-  
phospho l ip id  
emul s ion  12 .4~1 .6  1 4 . 9 •  4 .4 •  2 . 4 •  

60 Cholesterol-  
phospho l ip id  
emul s ion  18 .7•  14 .7 •  3 .8 •  1 . 5~0 .5  

a V a l u e s  are  e x p r e s s e d  as rag. of l ipid per  g.  of  dry  def:l t ted tissue, 
• s t a n d a r d  error.  

Discussion 

A primary role of the R E S  in l ipid metat)clism has 
been one of the numerous  metabolic functions that 
have been ascribed to RE cells. So nmch ilnl)ortanee 
has been attached to the R E S  in previous studies that 
it was considered an intermediary apparatus in cho- 
lesterol metabolism (13) .  The diffuse loeati(m and 
funct ional  complexity  of  the R E S  as well as the 
inability to produce a significant functional  depres- 
sion by the technique of RE blockade have handi- 
capped studies of RE physiology.  

Biozzi  et at. (5) have demonstrated that the rate 
of clearance of intravenously injected colloidal or 
particulate material  is inversely proportional  to the 
initial mass of the injected material. From this obser- 
ration,  if  colloidal carbon and gold were handled 
in a manner  similar to ehylomicra, one would antiei- 
pate that during al imentary l ipemia a decrease would  
occur in the removal rate of the test colloid. The 
results of  our studies indicate that al imentary lipemia, 
induced in dogs by feeding either saturated or unsatu-  
rated fats, does not modi fy  the disappearance rate of 
colloidal carbon or gold. Thus it appears that there 
is a different removal  mechanism for ehylomicron and 
for eolloidal carbon and gold which are known to 
localize exclusively in the Kupffer cell. This finding 
as well  as observations on the hepatic distribution 
of triglyeeride indicates that both parenchymal  and 
Kupffer cells partieipate in the removal of ehylo- 
micra although the major site of removal is the 
parenehymal  cell. These findings are in agreement 
with the observations of Woerner (14) ,  Murray and 
Freeman (15) ,  Waddel l  st  at. (16) ,  and Morris and 
Freneh (17) .  

The present findings support the eoncept of Wad-  
dell et al. (16) that free permeation of fat into the 
hepatic parenchymal  cell is the main method of pas- 
sage of fat  into the liver from the blood stream. This 
permeation could well  occur through the pores which 
Fawcet t  has denmnstrated to exist between the sinus- 
oidal walls  (18) .  
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The cellular distr ibution of a free cholesterol emul- 
sion indicates an initial up take  by the parenchymal  
cell and later  by the Kupffer  cell. Our  studies agree 
with those of Bailey et al. (19) that  the uptake  of 
cholesterol as well as of various lipids is a general  
cellular phenomenon and tha t  it is not an exclusive 
funct ion of the R E S  (2, 3). 

The late rise in Kupffer  cell free cholesterol is sug- 
gestive of a role of these cells in cholesterol excretion. 
Al though little direct evidence is available, the con- 
eept of Kupffer  cell par t ic ipat ion in the metabolism 
or bi l iary excretion of cholesterol has been suggested 
by Stambul  (20). I f  the excretory funct ion of Kupf -  
fer  cells in cholesterol metabolism is correct, then the 
elevated lipid levels in Kupffer  cells in the various 
lipid storage diseases, as well as atherosc]erosis may  
reflect more a fa i lure  in metabolism or excretion of 
cholesterol than  of enhanced phagoeytosis. Studies 
ou the quant i ta t ion of hepatic cell function in choles- 
terol metabolism are in progress. 

Summary and Conclusions 
Dur ing  a l imentary  lipemia induced in dogs by the 

feeding of sa tura ted  or unsa tura ted  fats  no s ign i fcan t  
al terat ion occurred in phagocytic funct ion as indi- 
cated by colloidal carbon removal  and colloidal gold 
tissue distr ibution studies. The cellular distributiou 
of in t ravenously  administered t r iglyeeride indicated 
that  most of the injected t r iglyeeride was found iH 
the isolated hepatic parenehymal  cell. The distribu- 
tion of an in t ravenously  administered free cholesterol 
emulsi(m illdicated iBitial localization in the paren- 
ehymal cell and a later  elevation ill the Kupffe r  cell. 
These findillgs suggest that  both hepatic parenehymal  
and Kupffer  cells par t ic ipate  in the removal of chylo- 

micra ;  the paren ehymal  cell has the greatest  role. 
The late elevation in cholesterol content  of the K u p f -  
fer cell is indicative of a metabolic or excre tory  ~'unc- 
tion of these cells iu cholesterol metabolism. 
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Determination of Water-Dispersible Protein ,n Soybean Oil 

Meals and Flours 

TWILA M. PAULSEN, K. E. HOLT, and R. E. ANDERSON, Archer-Daniels-Midland C-mpany, 
Minneapolis, Minnesota 

I 
NVESTIGATION of tile water-soluble or dispersible-pro- 
tein portion of soya products  began in the ADM 
laboratories in the early 1930's. The original stud- 

ies were .conducted in an effort to find a labora tory  
method that  would measure the comparat ive  fertiliza- 
tion value of various types of soybean oil meals for  
use in the tobacco industry.  In  these experiments  an 
adapta t ion  of the A.O.A.C. Nitrogen Act iv i ty  method 
(1) was used. This consisted of taking 0.7 g. of soya 
product,  blending with 10 or 15 ml. of water,  and 
allowing to stand 2 hrs. The blend was then filtered 
through a filter paper,  the residue was washed, and 
a protein analysis was made on the residue. Although 
this method lacked in accuracy and precision and was 
highly empirical, it did show that  there was a definite 
correlation between the water-soluble f ract ion of the 

z Technical Paper  178, Archer-Daniels-Midland Company. 

soya proteill a~ld the alnou~lt of heat treatnlellt  givell 
t0 the meals (lurillg proeessillg. J. W. I I a y w a r d  (2, "3) 
subsequelltly noted a eorrelali<m betweell heat t reat-  
mellt alld the Imtritiollal value of soybean oil meals. 
Therefore  ttlis method was established as a processing 
eolltrol tool ill the ADM lallorat</ries an(l was used 
successfully for many  years. 

Contblued research work <m soya flours alld meals 
showed a definite correlathm between tile water  solu- 
bility or dispersibil i ty of these products  alld their  use 
ill other industrial applications. As a result, terms 
sueh a s "  Water-Soluble P ro t e in , "  "Pro te in -So lub i l i ty  
h l d e x , "  and "Water -Dispers ib le  P r o t e i n "  began to 
appear  in many  customer and product  speeifieations. 
It  was soon found however that  the original methods 
used for  determining protein solubility or dispersibil- 
i ty did not have the necessary accuracy or preeisiou 


