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Summary. The uptake of plasma lipids into tissue was 
studied in normal, starved, and alloxan-diabetic rats be- 
fore and after t reatment  with insulin, using fat emulsion 
and rat chylomicrons labelled with radioactive triglyce- 
ride fat ty  acids. -- Fifteen minutes after intravenous in- 
jection of fat emulsion 97% of the label was recovered 
in lipid extracts of 8 different tissues ; 67 % was recovered 
after injection of ehylomicrons. Most of the lipid-extrac- 
table radioactivi ty was found in plasma, liver, and 
adipose tissue, the last containing about 20% of the in- 
jected dose. In  diabetic rats the lipid uptake of the liver 
decreased by 20 • 29%. This defect was not readily 
reversed by insulin. The uptake increased by 126 4- 96% 
in the heart but  returned to normal after t reatment  
with insulin. In  adipose tissue of diabetic rats the lipid 
uptake decreased by 80 • 10% or more. I t  was signi- 
ficantly stimulated 30 minutes after injecting 1 unit of 
insulin. The lipid uptake also decreased in adipose tissue 
of starved rats. In  these animals it was not stimulated 
by insulin; however, it was stimulated with the admini- 
stra]bion of glucose. -- The decrease of lipid uptake by 
adipose tissue was paralleled by a delayed elimination 
of lipid from blood plasma and vice versa. The experi- 
ments suggest that  the defect of triglyceride metabolism 
in adipose tissue plays a major role in hyperlipaemia 
associated with decompensated diabetes mellitus. 

Effet de l'insuline sur l'entr~e des triglycdrides du plas- 
ma, marqugs par saC, dans divers tissus du rat in vivo. 

Rgsumd. La captation tissulaire des lipides plasma- 
tiques a gt~ 6tudide chez des rats normaux, ~ jeun et chez 
des rats rendus diab6tiques par l 'alloxane, avant  et aprgs 
t rai tement  par l'insuline, au moyen d'une 6mulsion de 
graisse ou de chylomicrons de rat marquds par des acides 
gras radioactifs. -- Quinze minutes apr@s l ' injection 
intraveineuse de l'dmulsion de graisse, 97% de la radio- 
activit6 out ~t~ retrouv@s dans des extraits lipidiques de 
huit tissus diffdrents, tandis que 67% ont 6t6 retrouvds 
aprgs l ' injection de chylomicrons. La plupart  de la radio- 
activit6 lipo-soluble se t rouvai t  dans le plasma, le foie et 
dans le tissu adipeux qui eontenait environ 20~ de la 
dose injectde. -- Chez les rats diabdtigues, la eaptation 
des lipides par le foie @tait diminuge de 20 4- 29%. Cette 
diminution n 'a  pas dt6 normalisde rapidement par l'insu- 
line. La captation augmentait  de 126 -~ 96% dans le 
eoeur, mais dtait ramende ~. la normale par le trai tement 

l'insuline. Dans le tissu adipeux des rats diab@tiques, 
la captation de lipides diminuait d 'au moins 80 ~ 10%. 

* In  part  presented at the Fifth Congress of the Inter- 
national Diabetes Federation, Toronto 1964. 

Celle-ci 6tait augmentge significativement 30 minutes 
apr@s l ' injection d'une unit@ d'insuline. La eaptation 
lipidique diminuait aussi dans le tissu adipeux des rats 
jeun. Chez ees animaux, elle n '6tait  pas augment6e par 
l'insuline, mais bien par l ' admin ls t ra t ion  de glucose. -- 
La diminution de la eaptation des lipides par le tissu 
adipeux 6tait aeeompagn6e par une 61imination retard6e 
des lipides du plasma sanguin et vice versa. Les investi- 
gations sugg~rent que le d@faut m6tabolique des triglye6- 
rides dans le tissu adipeux joue un r61e majeur dans 
l 'hyperlip6mie assoei6e au diabgte dgeompens6. 

Wirkung yon Insulin auf die Aufnahme radioaktiv 
markierter JPlasmatriglyceride durch Rattengewebe in vivo. 

Zusammenfassung. In Untersuehungen mit  Fett-  
emulsionen und Chylomikronen, bei denen Fetts/iuren 
der Triglyeeride radioaktiv markiert  waren, wurde die 
Aufnahme yon Plasma-Triglyceriden in Gewebe bei nor- 
malen, hungernden und Mloxan-diabetischen l~atten vor 
und nach Insulininjektion gemessen. -- 15 Minuten naeh 
intraven6ser Injektion der Fettemulsion wurden 970/0 
der l~adioaktivit/it in Lipidextrakten acht verschiedener 
Organe wiedergefunden, w/~hrend in gleiehartigen u 
suehen mit  Chylomikronen nur 67o/0 wiedergefunden 
wurden. Der t tauptantei l  der lipidlSsliehen l~adioaktivi- 
ta t  land sieh in Blutplasma, Leber und Fettgewebe;  letz- 
teres enthielt etwa 20% der injizierten Radioaktivitgt .  -- 
Bei diabetischen Ratten war der Gehalt radioaktiver Lipide 
in der Leber um 20 • 29% verringert. Diese Vermin- 
derung der Lipidaufnahme wurde dureh kurzdauernde 
Insulinbehandlung nieht normalisiert. Die Lipidaufnah- 
me des tterzens war um i26 j_ 96~o gesteigert und kehrte 
nach Insulinbehandlung zur Norm zuriick. Die A ufnahme 
yon Plasmalipiden in das Fettgewebe diabetiseher I{atten 
war um 80 • 10% oder mehr vermindert  und wurde 
durch Injektion yon 1 Einheit  kristallinem Insulin inner- 
halb 30 Minuten signifikant gesteigert. Auch bei hungern- 
den l~atten war die Lipidaufnahme des Fettgewebes sig- 
nifikant herabgesetzt. Bei diesen Tieren konnte sic nicht 
durch Injektion yon Insulin, jedoch dureh parenterale 
Zufuhr yon Glucose signifikant stimuliert werden. -- Die 
Verminderung der Lipidaufnahme des Fettgewebes ging 
mit einer verzSgerten Elimination der markierten Tri- 
glyceride aus dem Blur einher und vice versa. Die Ver- 
suehe lassen vermuten, dal3 St6rungen des Triglyeerid- 
stoffwechsels im Fettgewebe eine entseheidende l~olle in 
der Pathogenese der Hyperlip/imie des dekompensierten 
Diabetes mellitus spielen. 

Key-words : diabetic hyperlipemia, chylomicrons, serum 
triglycerides, insulin, adipose tissue, metabolic effects 
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Introduction 

t Iyperl ipaemia associated with deeompensated dia- 
betes mellitus is characterized by  an increase in tri- 
glyCerides (TG) 1 and can be corrected by  exogenous 
insulin [6]. I t  is generally accepted tha t  lack of insulin 
induces mobilization of fat  from adipose tissue stores. 
The fa t ty  acids m a y  be resynthetized to TG by  the 
liver and released into the blood in increased amounts 
[9, 37], thus resulting in elevated plasma lipid levels. 
Such a correlation between endogenous TG synthesis 
and plasma TG concentration was suggested by  ex- 
periments of RSAVEN et al. [23]. However, it was not 
confirmed by  other investigators [29]. In  addition, 
studies on normal human subjects demonstrated tha t  
an increased flow of dietary fat  into the blood per se 
did not result in permanent  elevation of blood lipids 
[7]. I t  may  be suggested, therefore, tha t  plasma TG 
levels are mainly determined by  peripheral TG up- 
take. Defects in peripheral TG metabolism have been 
discussed as pathogenetical factors in idiopathic hyper- 
lipaemia [11]. They seem to play a role also in diabetic 
hyperlipaemia. In  pancreateetomized dogs [35, 17], 
as well as deeompensated diabetic human subjects [14], 
the hag-life of injected TG-emulsions in the blood was 
consistently prolonged. I t  returned to normal after 
the administration of insulin, suggesting tha t  diabetic 
hyperlipaemia may  in par t  be due to a reversible im- 
pairment  of peripheral TG uptake. 

Direct evidence for such a mechanism has not been 
published, and the role of the various tissues - if any - is 
unknown. Therefore, the uptake of plasma TG by  
peripheral tissues has been studied in normal, alloxan- 
diabetic, and starved rats before and after the ad- 
ministration of insulin, employing radioactive-la- 
belled fat  emulsion and rat  chylomierons. 

Materials and methods 

Sixty-eight male albino rats were taken from a 
Sprague Dawley strain (Bundesanstalt fiir Versuchs- 
tierzucht, Hannover,  Germany). The body weight was 
95--130 g except in rats used for the starvation stu- 
dies, where body weight was 170--185 g. The animals 
had free access to tap water and food (Altromin " R "  
from Altrogge, Lage/Lippe, Germany). Fasting ani- 
mals were allowed tap water only. Diabetes mellitus 
was produced by  intravenous injection of 80 mg of 
alloxan (solution of 2 g per 100 ml of water) per kg 
body weight. Eighty percent of the Mloxan-treated 
rats developed diabetes within 3 - -5  days, as indicated 
by  a rise in blood glucose to over 300 mg per 100 ml, 
elevation of plasma EFA from a normal level of 234 mg 
per 100 ml to 367 mg per 100 ml, and acetonuria. The 
aninlals were used for the metabolic studies no earlier 

1 Abbreviations: triglyeeride(s) = TG; esterified fatty 
acids = EFA; lipid-extractable radioactivity = LER. 

than  2 days and no later than  5 days after developing 
diabetic symptoms. 

Radioactive tracers: 1. Fa t  emulsion contained 
10Yo of cottonseed oil, 5% of sorbitol, and 1.5~o of 
purified soybean phosphatides in distilled water (13. 
13aA~:~, Melsungen, Germany). Triglyeerides had been 
labelled by  adding glyeerol-tri (1J4C-pMmitate) be- 
fore being emulsified. The size of the lipid particles 
was 0.2--0.4 ~, the radioactivity was 7.68 • 105 counts 
per minute per m]. 

2. Labelled ehylomicrons were obtained from a 
ra t  weighing 180 g. The thoracic duet was drained 
with a double-well ca the ter  [12]. The tube tha t  con- 
tained chyle was rinsed with normal saline rather than 
heparin solution. 8--20 hours after the operation the 
rat  was fed A]tromin " R "  enriched with glycerol-tri- 
(9-10-SH-stearate) and unlabelled TG in order to in- 
crease the TG content of the ehyle. Chyle was collected 
at  O~ fibrin was removed mechanically. The chyle 
was concentrated by  centrifugation at  20000 • g for 
1 hour and the top layer resuspended. Additional 
purification was avoided. The chylomicron suspen- 
sion used for the metabolic studies contained 29.1 mg 
of EFA per ml with a radioactivity of 3.43 • 104 counts 
per minute per ml. Lipids were extracted from the 
chyle as described below, and separated by  thin layer 
chromatography [34] on glass plates prepared with 
silica gel I-IF 254 (MErcK, Darmstadt ,  Germany) and 
activated for 1 hour a t  120~ Chromatography was 
carried out with petrolether : diethylether:acetic acid 
(90:10:1, volume). About 92% of the total  radioac- 
t ivi ty  was recovered in the TG fraction, about  3 % in 
free fa t ty  acids; the remaining compounds were not 
identified. 

Insulin was injected intramuscularly, the prepa- 
rations used being crystalline porcine insulin (27.5 u 
per mg, Farbwerke Hoechst, Hoeehst, Germany, Lot  
No. OP 190260), and "Depot-Insulin" obtained from 
the same manufacturer.  

Studies on tissue uptake:  Radioactive-labelled fat  
emulsion or chylomicrons was injected into a tail 
vein at a dose equivalent to 100 mg EFA per kg body 
weight. The rats were kept  in small cages to eliminate 
metabolic variability due to uncontrolled activity. 
They were decapitated 15 minutes after injection of 
the tracer. Blood was collected in heparinized tubes 
and plasma was obtained after spontaneous sedimen- 
tat ion of the red blood cells. The organs were dissected 
immediately and rinsed in ice-cold normal saline. 
Four parts  of water were added to 1 par t  of tissue and 
the mixture homogenized with a blender (Ultraturrax, 
Jahnke & Kunkel, Stauffen, Germany). One volume 
of plasma or tissue homogenate was extracted for 
lipid with 25 volumes of acetone:ethanol ( l : l )  for 1 
hour at room temparature.  More than 96% of the lipid- 
soluble radioactive material was extracted by  this 
procedure. The filtered extracts were transferred to 
counting vials. Organic solvents were removed in a 
stream of nitrogen. Radioactivity of the lipid extracts 
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( l ip id-ex t rac tab le  r ad ioac t i v i t y  (LER))  was measured  
in a L iqu id-Sc in t i l l a t ion-Sys tem (Tricarb,  Model 314 
EX,  P a c k a r d  I n s t r u m e n t s  Co., La  Grange,  Il l inois,  
USA. Scin t i l la tor :  0.5~o PPO (2,5-Diphenyloxazol) ,  
0 .03% P O P O P  (1,4 bis 2 (4-methyl -5-phenyloxazoly l -  
benzol)), 2 M e thano l  in toluol).  Quenching effects 
were correc ted  b y  means  of an  in te rna l  s t andard .  
R a d i o a c t i v i t y  was ca lcu la ted  per  g wet  t issue and  ex- 
pressed in ~o of the  dose t h a t  had  been in jec ted  per  
g body  weight  (percent  r ad ioac t iv i ty ) ,  l~ad ioac t iv i ty  
of adipose t issue was also re la ted  to  the  N-con ten t  of 
the  t issue. Blood sugar  was de te rmined  wi th  an Auto-  
ana lyzer  (Technicon, F r ank fu r t ,  Germany)  [13] on 
mixed  ar te r ia l  and  venous  blood from the  taft. Ester i -  
fled f a t t y  acids  (EFA)  were de t e rmined  according to  
ROSENTttAL et al. [28] and  expressed in mg, based  on 
an  average molecular  we igh t  of the  f a t t y  acids of 277. 
The N-con ten t  of adipose t issue was de te rmined  with  
Nessler 's  reagent  [38] af ter  ex t rac t ion  of l ipid.  Sta t i -  
s t ical  calculat ions  were based  on S tuden t ' s  t - tes t .  
Values are expressed as mean  ~: SE  unless otherwise 
s ta ted .  

Results 

Normal  rats: The concent ra t ion  of L E R  in the  
t issue of no rma l  ra ts  15 minu tes  af ter  in t ravenous  
in jec t ion  of fa t  emuls ion or chylomicrons is summa-  
r ized in Fig.  1. The a m o u n t  of L E R  in the  whole organs 
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Rad ioac t ive  l ip id  of fa t  emuls ion was e l imina ted  
from the blood p la sma  a t  a grea ter  r~te t h a n  l ip id  f rom 
chylomicrons.  The label  was prefe ren t ia l ly  s to red  in 

Fig. 1. Lipid-extractable radioactivity in tissue of normal rats, 15 minutes after 
intravenous injection of labelled fat emulsion or ehylomicrons expressed in % 
of the dose injected per g body weight (percent radioactivity) 

fat emulsion ~ ehylomicrons 
(n = 4) (n = 4) 

was ca lcula ted  from the  organ weight.  The mean  va- 
lues are compared  in Table  1 wi th  d a t a  publ i shed  b y  
o ther  authors .  

Table 1. Lipid-extractable radioactivity in organs of normal 
rats 15 minutes after intravenous injection of radioactive- 
labelled fat emulsion or chylomicrons, expressed in % of the 

dose injected. Mean of 4 experiments 

Organ % of body 
weight 

blood 2.9 ~ 
plasma 
liver 5.5 
adipose 8.0 
tissue 
hear t  0.~5 

]Zadioactivity in % of injected dose 

Fat emulsion 

3.9 

58.8 
22.2 

17.1 
Chylomicrons 

38-- 402 24.5-- 35.53 

19.2 
18.6 

9--14.7 26.8--31.1 
18--21.6 13.3--14 

0.76 0.74 0.3 --  0.36 
spleen 0.28 2.0 0.6 0.54-- 0.8 
lung 0.64 0.33 0.6 0.48-- 0.5 
kidney 0.91 0.25 0.46 0.22-- 0.86 
muscle 45.0 9.0 9.9 ]14.8 --16.8 

1 Organ weights according to HAGEMA~ [15], adi- 
pose tissue calculated according to R~ED et M. [24]. 

2 Data  calculated from BRAGDO~ and GoRDo~ [4]; 
rats  fed carbohydrate-r ich diet, killed 10 minutes after 
injection of chylomierons; n = 2. 

Data  of ELovso~ e~ al. [10]; rats  fasted and refed 
with carbohydrate-r ich diet, killed 20 minutes after in- 
jection of chylomicrons; n = 2. 

spleen and  liver, which are  r ich in re t icu loendothe l ia l  
cells. I n  all o ther  t issues the  a m o u n t  of L E R  was found 

to be s imilar  af ter  in jec t ion  for bo th  fa t  
emulsion or ehylomicrons.  The  L E R  was al- 
mos t  ident ica l  in samples  ob ta ined  from ei ther  
the  ep id idyma l  fa t  p a d  or subcutaneous  
tissue. Per i - renal  t issue f requen t ly  conta ined  
more r a d i o a c t i v i t y ;  however,  the  difference 
was no t  significant.  The d a t a  on adipose 
t issue refer to  the  ep id idyma l  fa t  pad .  

Diabetic rats: The d a t a  on d iabet ic  ra t s  
before and  af te r  admin i s t r a t i on  of insul in  
are summar ized  in  Fig.  2, 3, and  4. 

I n  ra t s  in jee ted  with  fa t  emuls ion (Figure  2) 
the  L E R  of b lood p la sma  was near  normal .  
R a d i o a c t i v i t y  was increased in the  hea r t  
( 0 . 3 < p < 0 . 4 )  b u t  decreased in the  l iver  
(p<0 .02) .  A signif icant  decrease of L E R  was 
also no ted  in  adipose  t issue (p<0 .001) .  As a 
consequence of fa t  mobi l iza t ion  the  number  

,I ~L of cells per  g wet  t issue was grea ter  in dia-  
2/usc/e bet ic  an imals  t han  in no rma l  ones. This 

was reflected b y  the  N-con ten t  of adipose 
t issue,  which was 14.8 • 2.64 in d iabet ic  a n d  
2.2 :L 0.59 mg N per  g wet  issue in no rma l  
ra ts  (mean ~: SD). Consequently,  the  com- 
par i son  of adipose t issue f rom normal  and  
d iabet ic  ra t s  was based  on the  N-con ten t  
of the  t issue.  A single dose of 1 u of cry-  

s tal l ine porcine insulin, in jec ted  30 minu tes  before 
admin i s t r a t ion  of the  t racer ,  b rough t  abou t  a twofold  
increase of r a d ioa c t i v i t y  in  adipose  t issue and  a 25 ~ 
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increase in the heart. These effects were insignificant. 
t~adioactivity in the liver and plasma was unchanged. 
Treating diabetic rats with insulin for a period of 3 
days (cf. legend to Fig. 2) resulted in a significant in- 

200 

/00 

B/oo#,o/as/za Adz'pose/issue Z/vet 

crease in radioactivity in adipose tissue (p<0.00l ) .  
The concentration of label returned to normal in heart  
(p<0.001),  and was decreased both in the plasma 
(0 .1<p<0 .2 )  and in the liver (p<0.02) (p of differences 

//e~rl 

between untreated and insulin t reated dia- 
betic rats). 

In  experiments with labelled chylomicrons 
similar effects of diabetes and insulin were 
observed in the heart  and liver (data not 
shown). The effects on L E R  of plasma and 
adipose tissue were more pronounced than 
in experiments with TG emulsion (Fig. 3). 
Plasma radioactivity was significantly increa- 
sed in diabetic rats (p<0.05). I t  returned to 
normal 30 minutes after injection of 1 u of 
crystalline insulin, the difference between the 
rats t reated with insulin and those not treated 
being significant (p<0.02).  Radioactivity was 

Fig. 2. Lipid-extractable radioactivity (percent radioactivity, eL legend to Fig. 1) in 
blood plasma, adipose tissue, liver, and heart, 15 minutes after intravenous injection 
of labelled fat emulsion into nornml and diabetic rats before and after treatment with 
insulin, expressed in % of normM 

normal rats ~ untreated alloxan-diabetic rats (blood 
(n = 9) ~ glucose 480 • 12 mg per 100 ml; 

n = 9) 

alloxan-diabetie rats (blood glucose 427 4- r mg per 100 ml) treated with 
i u of crystalline insulin 30 minutes before injection of the tracer (blood 
glucose at time of sacrifice 224 ~_ 42 mg per 100 ml; n = 5) 

alloxan-diabetie rats (blood glucose 489 4. 16 mg per 100 nil) treated for 
3 days with 2 u of Depot-Insulin per diem and an additional dose of f u 
of crystalline insulin 30 minutes before injection of the tracer (blood 
glucose at time of sacrifice 148 =t_ 29 mg per 100 ml; n = 6) 

3OO 

.~00 

B/ood 21~'sma Ad/,oose /issue 
Fig. 3. Lipid-extractable radioactivity (percent radioactivity, eL legend to 
Fig. 1) in blood plasma and adipose tissue 15 minutes after intravenous in- 
jection of labelled ohylomierons into normal and Mloxan-diabetie rats be- 
fore and after treatment with insulin, expressed in % of normM 

~ normal rats ~ untreated alloxan-diabetie 
(n = 4) rats (blood glucose 839 4. 

21 mg per 100 ml; n = 6) 
alloxan-diabetie rats (blood glucose 416 4. 50 mg per 100 ml) 
treated with 1 u of crystalline insulin 30 minutes before in- 
jection of the tracer (blood glucose at time of sacrifice 218 4. 
28 mg per 100 ml; n = 6). 

markedly diminished in adipose tissue of dia- 
betic rats (p<0.001). I t  was significantly in- 
creased after the administration of 1 u of 
crystalline insulin (p<0.01).  

The total  LEI~ in the blood plasma and 
adipose tissue was estimated, based on a blood 
plasma volume of 2.9 m] per 100 g body 
weight and an amount  of adipose tissue of 
17.8 mg total  N per 100 g body weight 
(Fig. 4). In  normal rats 35.7% of the injected 
radioactivity was recovered , each of the two 
organs containing about  equal amounts of 

label. The total  radioactivity in plasma and adipose 
tissue of diabetic animals was of similar magnitude; 

Fig. 4. Lipid-extractable radioactivity in total 
blood plasma and total adipose tissue 15 minn- 
tes after injection of radioactive-labelled 
ehylomicrons into normal and alloxan-diabetie 
rats before and after treatment with insulin 
expressed in % of the dose injected (same 
rats as described in Fig. 3) 

~ adipose tissue 

l__.a 

N blood plasma 

however, 95% was circulating and only 5% was stored 
in adipose tissue. After injection of insulin there was 
an apparent  tendency towards normal. 

Starved rats: After deprivation of food for 76 hours 
the uptake of labelled plasma lipid into adipose tissue 
was markedly decreased (p<0.01) compared with 
normal rats and based on the N-content (Fig. 5). 
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Thirty minutes after the administration of 1 g of glu- 
cose per kg body weight a twofold increment of adi- 
pose tissue radioactivity was found (p<0.02).  Exoge- 
nous insulin without glucose did not increase L E g  of 
adipose tissue of starved rats. 

~/00 
N 

4d/pose tissue 

Fig.  5. Lipid-extrac table  rad ioac t iv i ty  (percent  radioact iv i ty ,  ef. legend to 
Fig .  1) in adipose t issue 15 minu tes  a f te r  in t ravenous  injection of  f a t  emul- 
s ion into normal  and  fas ted  ra t s  before and  a f te r  t r e a t m e n t  wi th  insulin or  
glucose, expressed in % of  normal  

normal  ra t s  (n = 7) 

ra t s  fas ted  for 76 hours  (n = 6) 

ra t s  fas ted  for 76 hours  in jected wi th  1 g per  kg  body weight  
o f  glucose 30 minu tes  before inject ion of  the  t racer  (n = 6) 

ra t s  fas ted  for 76 hours  in jected wi th  1 u of  crystall ine insulin 
30 minu te s  before inject ion of  the  t racer  (n = 4) 

Discussion 

General aspects: Measurements of the uptake of 
plasma TG by rat  tissue were performed employing 
fat emulsion and chylomicrons injected intravenously. 
Both tracers were labelled in the saturated fa t ty  acids 
of the glycerol esters. Therefore measurements of L E g  
in blood plasma and tissue provide a simplified aspect 
of TG metabolism, without considering the pathways 
of g]yceride-glyeerol, the hydrolysis and resynthesis of 
fa t ty  acid esters (which may  re-circulate once they 

have entered tissue cells) and the degradation of fa t ty  
acids to lipid-insoluble products. However, the dis- 
tribution of labelled lipid between blood plasma and 
tissue at the end of the experiment can be measured. 
With this in mind, demonstration of L E R  in tissues 
will be referred to as uptake of plasma TG. 

Chylomicron TG were apparently metabolized 
more rapidly into lipid-insoluble products than TG of 
the fat  emulsion. The reason for this is not quite dear.  
I t  may  be related to the preferential uptake of emul- 
sified TG by  retieuloendothelial cells [36], or it may  
be due to the presence in chylomicrons, of labelled 
lipids other than TG, such as free fa t ty  acids or phos- 
pholipids. However, in the preparation used these 
compounds contained less than 10~o of the total  ra- 
dioactivity. Since fa t ty  acids from fat emulsion were 
degraded more slowly, this preparation was given 
preference in the study of TG uptake by tissues. Addi- 
tional experiments with labelled chylomicrons were 
included, since fat emulsion may  be considered an 
unphysiologic tracer. In  addition, the prolonged half- 
life of chylomicron TG in blood, reported by  others [1] 
and confirmed in this study, allowed more accurate 
measurements of their elimination from the blood 
stream. However, the results obtained with either fat  
emulsion or chylomicrons were basically identical. 

Insul in effects on TG metabolism: As a consequence 
of the increased pool of circulating lipoproteins a de- 
creased uptake of intravenously injected tracer TG 
may  be expected in the hyperlipaemic stage. The 
plasma levels of TG were not measured in these ex- 
periments, however, since plasma EFA of diabetic rats 
were found to be increased only by  133 mg per 100 ml 
the difference of the plasma TG pool was partially 
compensated by injection of the tracer, which elevated 
plasma TG levels by more than 300 mg per 100 ml. 

Plasma TG were taken up by  many  rat  tissues but  
adipose tissue, heart, and liver were quantitat ively of 
greatest interest. The comparative studies in normal 
and diabetic rats suggest that  hyperlipaemia associated 
with decompensated diabetes mellitus may  mainly be 
due to a defect in TG uptake by  adipose tissue, whereas 
liver and heart play a minor role only. 

Searching for a defect i n  peripheral TG uptake, 
decreased L E R  was found in the liver of diabetic rats 
(Fig. 2). This may  result from re-circulation or limited 
uptake of lipids as suggested by  experiments with 
perfused livers, which showed tha t  the absolute amount  
of TG taken up by the organ increased, whereas the 
TG clearance diminished with increasing TG concen- 
trat ion in the perfusate [21]. The defect of TG uptake 
by diabetic livers was not restored by  exogenous in- 
sulin. I t  is unlikely, therefore, to be due directly to 
insulin deficiency and seems to be a consequence rather 
than the basis of diabetic hyperlipaemia. 

The concentration of L E R  was increased in hearts 
of diabetic animals and returned to normal after ad- 
ministration of insulin (Fig. 2). This finding, which is 
consistent with the demonstration of increased TG 
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concentration in hearts of diabetic rats [8], does not 
explain the delayed metabolism of plasma TG in 
diabetic hyperlipaemia. 

About 1/~ of the injected labelled lipid was recover- 
ed in adipose tissue of normal rats  (Table 1). This 
organ seems to be of major  importance in peripheral 
TG metabolism, since it is able to store TG propor- 
tionally to the intravascular TG concentration, as 
shown with isolated perfused tissue [21]. Consequently 
an 80- -90% decrease of TG uptake in diabetic ani- 
mals (Fig. 2 and 3) may  be expected to result in a 
delayed elimination of TG from blood plasma. This 
was confirmed in experiments with chylomicrons: the 
lipid tha t  had not been taken up by  the adipose tissue 
of diabetic rats was found in their plasma. In  addition, 
insulin immediately stimulated TG uptake by adipose 
tissue and simultaneously normalized the elimination 
of tracer from the blood stream (Fig. 3 and 4). ~ This 
effect of insulin is consistent with experiments of 
SCHWAl~TZ and ]3OTTERMANN [32], who employed adi- 
pose tissue slices and reported an increased disappear- 
ance of EFA from the incubation medium after the 
addition of insulin. 

Since hyperlipaemia of decompensated diabetes 
mellitus is due to an increment in secondary (endoge- 
nous) as well as pr imary (ehylomicron) lipoproteins, 
it may  be questioned whether experiments with exo- 
genous plasma TG (fat emulsion) or pr imary lipopro- 
teins (chylomicrons) can elucidate its pathogenesis. 
However, it has been recently shown tha t  fat  emulsion 
injected intravenously may  be handled like lipopro- 
teins, since the lipid particles aggregate ~-and fl-lipo- 
proteins [18, 30, 2]; chylomicrons once injected into 
the blood stream, acquired properties of secondary 
particles [3]; and finally, adipose tissue stored TG 
without regard to the TG carrier [19, 20]. Therefore, 
it is reasonable to suggest that  the uptake of TG derived 
from both pr imary and secondary lipoproteins by  adi- 
pose tissue is insulin-dependent. TG uptake by  adi- 
pose tissue seems to represent an important  factor in 
the regulation of the plasma TG level. The reversible 
defect of this metabolic process observed in decom- 
pensated diabetes mellitus may  provide the major 
basis of diabetic hyperlipaemia. 

Mechanism of the insulin effect: The mechanism of 
TG uptake by  adipose tissue is not yet  fully under- 
stood. I t  has been postulated tha t  TG are hydrolyzed 
before fa t ty  acids are taken up by  the cells. Conse- 
quently the rate of plasma "TG"  uptake would depend 
on the lipoprotein-lipase act ivi ty [25]. Since the ac- 
t ivi ty  of the enzyme may  be regulated by  insulin [17, 
31, 5] this hypothesis would provide an explanation 
for the increment in TG uptake effected by  insulin. 

2 Elimination of tracer from blood plasma was more 
pronounced than was expected from the increment in TG 
uptake by adipose tissue. This suggested that, to some 
extent, lipid uptake by tissue other than adipose tissue, 
such as working skeletal muscle, which was not studied, 
might also have been affected by insulin. 

However, as reviewed by  SHAPIRO [33] and recently 
discussed with respect to diabetic hyperlipaemia [16], 
the role of the lipoprotein-lipase in plasma TG meta- 
bolism is questionable. For the time being it seems 
likely tha t  TG molecules are taken up by adipose 
tissue without hydrolysis. Once they have entered the 
cell, glycerol esters may  be hydro]yzed and fa t ty  acids 
re-esterified before they are finally deposited [26, 33]. 
Since the latter process depends on carbohydrate meta- 
bolism [22], insulin may  enhance TG uptake by stimu- 
lating glucose metabolism, thus providing energy for 
the activation of fa t ty  acids as well as ~-glycerophos- 
phate  as accepter of fa t ty  acid CoA compounds. This 
view would also be consistent with the finding tha t  
decreased TG uptake in starved rats, reported by  
other investigators [4] and confirmed in this study, 
was not stimulated by  exogenous insulin, but  by in- 
jection of glucose. 
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