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Serum Lipids and Their Fractionation in Alloxan Diabetes in the Rabbit." 
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In 1945 Kendall et a l . ( l )  showed that a 
transient hyperlipaemia and hypercholesterol- 
aemia may or may not occur during the early 
stages of uncontrolled alloxan diabetes in the 
rabbit. Duff and Wilson ( 2  ) subsequently 
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1. Kriidall, F. E., 31ryer. IT., Lewis, L., and 
Victor, .T., PROC. Soc. EXP. BIOL. ASD MED., 1945, 
v60, 190. 

conlfirmed these findings, making a mare care- 
ful study of the serum cholesterol over a 
longer period of time. So far as we are aware, 
however, there has been no detailed study of 
the other serum lipids in alloxan dialbetic rab- 
bits. The @ids of the serum are character- 
ized by two important features: in the first 
place the different lipid components are known 
to show an interrelationship which is more 
constantly maintained and, therefore, of more 

2. Duff, G. L., and Wilson, D. C., unpublished 
observations. 
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significance, than the concentration of any 
single component(3) ; secondly, but of no less 
importance, there is a close association be- 
tween the serum lipids and the serum pro- 
teins, and some sort of lipuprotein complex 
has been suggested to explain the lack of 
turbidity of normal serum(4). In  any de- 
tailed analysis of the serulm lipids, therefore, 
it is necessary not only to determine the 
absolute levels of the various lipid constitu- 
ents, but also to examine the relationship of 
these constituents to the serum proteins. 
-%bsolute lipid levels can be determined with 
a reasonable degee of accuracy, but the study 
of the relationship of the lipids to the serum 
proteins is fraught with difficulty. The re- 
cent publication of Forbes et al. ( S ) ,  however, 
offered a reproducible method which was con- 
sidered likely to reflect the state of binding 
of the lipids in one or more of the serum lipo- 
proteins. The normal range of the serum 
lipids was first studied in order to establish a 
base line with which the values obtained from 
the dialbetic sera might be compared. This 
was of particular importance in regard to the 
values obtained by the method of Forbes, 
since serum total cholesterol is the only lipid 
constituent that has been studied by this 
method. 

Experimental procedure. Young adult male 
albino rabbits were used. As a preliminary 
step forty-two normal animals were studied 
by the methods described below. For the ex- 
periment proper a number of these rabbits 
were made diabetic by the intravenous ad- 
ministration of Alloxan (Eastman Kodak) 
in 5% aqueous solution. A single dose of 
201) mg per kg of body weight was used. 
All the animals received the same diet-an 
unlimited amount of Purina Laboratory Chow 
and water. Fourteen rabbits became diabetic 

3. Pctcrs, J. P., and Van Slyke, n. D., Quantita- 
tive Clinical Chemistry, Interpretatwns, Vol I, 
The Williams and Wilkins Cq., 2nd edition, 1946, 
p. 472. 

4. Chargaff, E., in Snson, M. L., and Eilsall, 
J. T., Aclvawes in Protein Chemistry, Academic 
Press, Inc., 1944, vl, 16. 

5. Forbes, J. C., Dillard, G. H. L., Porter, W. B., 
and Petterson, o., P R O C .  SOC. EXP. BIOL. AND MED., 

and maintained a blood sugar of about 300 
mg % or more; two rabbits showed only a 
transitory hyperglycemia and were termed 
“alloxan recovered”. Serum lipid determina- 
tions on these sixteen anismals were made one 
or two weeks after the injection of alloxan 
and subsequently a t  intervals of about two 
weeks. 

Blood was drawn in the non-fasting state 
from the central artery of the ear and the 
serum separated. The presence or absence of 
visible lipaemia was noted. Half of the serum 
was used immediately for the determination of 
the lipid constituents. Total fatty acids were 
determined by the method of Stoddard and 
Drury as modified by Man and Gildea(6) ; 
lipid phosphorus by the method of Young- 
burg as modified by Hawk, Oser and Summer- 
son(7); free and total cholesterol by the  
method of Schoenhei,mer and Sperry as modi- 
fied by Sperry( 8) .  Neutral fat was calculated 
as described by Peters and Man(9). The 
other half of the serum was rapidly frozen 
and then dried in vacuo and extracted over- 
night with chloroform in the cold according 
to the method of Forbes(5). Thle chloro- 
form was then evaporated in vacuo at a 
temperature below 40°C and determinations 
of total fatty acids, lipid phosphorus and 
free and total cholesterol were made on the 
residue as above. “he values obtained in 
this latter way will be referred to as the 
“readily extractable lipid fractions”, repre- 
senting, according to Forbes ( 5 ) ,  the lipin 
fractions either not bound or only loosely 
bound to protein. Blood sugar content was 
determined by a modification of Folin’s micro 
method (10) at the time of each lipid analysis. 

Results. Table I summarizes athe results of 
this study. From a consideration.of the 

6. Man, E. B., and Gildca, E. F., J. BWZ. Chem., 

7. Hawk, P .  E., Oser, 13. I,., and Summerson, 
TV. H., Practical Physiological Chemistqi, The 
P,lskiston Co., 12th edition, 1947. 

8. Spcrry, W. M., Am. J .  Clin. Path., v8: Techn. 

9. Pcters, J. I)., and Man, E. B., J. Clin .  Incest.,. 

10. S o l e s  on Operatiolz of Evel$n Photoelectric- 

1932-33, ~ 9 9 ,  43. 

Nuppl., 1938, v2, 91. 

1943, T-22, 707. 

C o l w i m r t e r .  Rubicon Ca.. Philadelohia. Pa. 1948, v68, 240. A ,  
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TABLE 11. 
S o r m d  Binge of Serum Lipids a8 Deterinind on 41 Norm1 Itabbits. 

f i t t y  acids of Lipid Cholesterol (mg % ) 
neutral fat phosphorus r------ n 

Mean S.Dev.\ Mean 8.Dcv. M a n  8.Dev. Mean S.Dev. 

( meq. 1 (ma%) Total Free 
,--- I 

Absolute lipid levels 7.3 3.1 4.4 1.7 46 17.5 19 9.5 
“Readily extractable” lipid levels 6.2 2.7 0.3 0.01 21 12.2 8 6.8 

absolute lipid levels alone the diabetic ani- 
‘mals were found to f’a1.l into three groups and 
for each group the values for one representa- 
tive animal are given. The determinations in 
one of the “alloxan recovered” asmals are 
also shown. I t  will be seen that in the first 
group, consisting of five animals, there was 
no conspicuous change in serum lipids; the 
second group, which consisted of seven mi- 
mals, showed a brief and temporary rise in 
serum lipids with a return to normal within 
three to six weeks; the third group, com- 
posed oif two animals, showed an elevation in 
serum llipids that persisted with fluctuations 
for an hdefinite length of time. The two 
“alloxan recovered” animals behaved like 
the diabetic rabbits of the first group in that 
they showed no lipaemia. I t  was noted that 
the diabetic animals of group I as well as the 
“alloxan recovered” animals all gained weight 
after the administration of alloxan while the 
diabetic rabbits of group I1 and I11 showed 
a definite loss of weight after the inception 
of the diabetic state. The rabbits continued 
to eat well after becoming diatbetic and, in- 
deed, the diabetic animals of group I11 ate 
ravenously. The diabetic rabbits of group 
I11 showed a greater elevation of blood sugar 
than did those of the other two groups. 

Closer study of the absolute lipid llevels 
revealed that when any one of the lipid con- 
stituents was elevated, all the others were 
also elevated, though not to the same degree, 
and there usually was a visible lipaemia. 
Relative to normal proportions the fatty acids 
of neutral fat were most elevated, and the 
lipid phosphorus least increased; in pro- 
portion to the other two lipid constituents, 
the increase in total cholesterol was inter- 
medsate in posistion. The elsevation of total 
cholesterol was due much more to an increase 

in free cholesterol than to an increase in 
ester cholesterol and there was a corres- 
pondingly marked change in the ratio between 
the two. This change in ratio occurred even 
when there was no rise in the total cholesterol 
or in the other lipid constituents. 

When the “readily extractable” lipid frac- 
tions were compared with those obtai*ned by 
the ordinary methods, several interesting 
p in t s  became evident. Table I1 shows this 
comparison in the normal rabbit. It will be 
seen that in the normal animals the most 
striking feature was that only a very small 
portion of the lipid phosphorus was “readily 
extractzble”. In  addition, the values for total 
and 4ree cholesterol were usually not more 
than half df those bbtained by routine 
methods, but varied somewhat from animal 
to animal. The greater part, if not all, of 
the fatty acids of the neutral fat were “readi- 
ly extractable”. In  the di’abetic rabbits when 
there was a lipaemia, there were definite alter- 
ations in this normal ratio between the abso- 
lute values and the values for the “readily ex- 
tractable” lipid fractions. These changes 
(Table I, Rabbits A61 and ,459) were as fol- 
lows: when the lipid phosphorus was markedly 
elevated, there was a marked increase in the 
“readily extractable” fraction of this lipid con- 
stituent; the proportion of “readily extracta- 
‘ble” total and free cholesterol was also in- 
creased when the serum cholesterol was ele- 
vated. The proportion of “readily extractable” 
neutral fat did not change. When there was no 
lipaemia (Table I, Rabbits A66 and A4) no 
definite alterations in the “readily extractable” 
lipid fractions were noted. 

Discussion. From our results it is clear 
‘that alloxan diabetes in the rabbit may or 
may not be accompanied by an elevation in 
serum lipids. IVlmwver an elemtion oc- 
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curred, it was usually transitory, disappear- 
ing within six weeks after the inception of 
the diabetic state, although in a few cases it 
persisted with fluctuatilcms for an indefinite 
p e r i d  of time. In  such hyperlipaemia, 
whether transitory or not, all of the lipid 
constituents of the serum were increased, the 
neutral fat showing the greatest increment, a 
finding which also occurs in the diabetic 
hyperlipaemia of man ( 1 1 ) and of depancre- 
atized dogs fed raw pancreas before and after 
insulin deprivation ( 12). In the diabetic 
rabbits in which the serum lipids were ele- 
vated, there was always a cancomitant loss 
of body weight and, with the subsidence of 
the lipaemia, a gain in weight was noted. 
I n  contrast, those animals, in which there was 
no lipaemia, always showed a gain in weight. 
All of the rabbits continued to eat well after 
becoming diabetic. In addition, in the animals 
in which the elevation of serum lipids was 
most marked the degree of hyperglycaemia 
was greatest, although ‘there was little dif- 
ference in blood sugar level between the dia- 
betic animals that showed only a moderate 
hyperlipaemia and those that showed none 
at all. From a consideration of these find- 
ings it appears that the elevation of serum 
lipids was due to a mobilization of fat from 
the body depots to meet the excessive de- 
miand for fat combustion caused by the 
disturbance in the regulation of carbohydrate 

terol esters. This observation has already 
been made in the alloxan diabetic rabbit(2) 
and in the dqancreatized dog fed raw pan- 
creas before and atter insulin deprivation( 12) .  
Consideration of the values obtained by the 
method of Forbes showed that from normal 
rabbit sera only a small proportion of lipid 
phosphorus and usually half, or less: of total 
and free cholesterol were “readily extracta- 
ble”, while all or nearly all of the neutral 
fat could be extracted by this method. I n  
the diabetic animls,  however, when the serum 
lipids were elevated, there was a marked 
increase in h e  proportion of “readily extrac- 
table” lipid phosphorus and the proportion 
of “readily extractable” total and free choles- 
terol was also increased. The neutral fat 
showed little change. It would appear, there- 
fore, that in the normal rabbit the serum 
lipid phosphorus and cholesterol are to a 
large extent hound to the serum proteins; 
this has been suggested to be the case in 
normal human serum on the basis of electro- 
phoretic studies(l4). On the other hand, 
in the hyperlipaemia of alloxan diabetes in 
the rabbit the increase in lipid phosphorus and 
cholesterol appears to be largely in the frac- 
tions not closely bound to protein. Neutral 
fat did nut appear to have any close associa- 
tion with protein, the irregularity of its be- 
haviour being attributable to the errors in- 
herent in its calculation. 

1934, ~ 1 3 ,  237. 

C I . ~ I I O ~ O , V J / ,  1941, m, 885. 

greater proportion of these lipid constituents 
19. Gjlhs, G.  E., and Chajkoff, r. I,., Flndo- is “readily extractable”. It is suggested that 

13. Duhwh. R., and Hill, R. N.! J .  H i d .  C7ienz., 14. Blix, G., Tiselius, A., and Svensson, H., 
1946, 1-165, 531. ,J. B i d .  C h m i . ,  1941, v137, 485. 
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in the nurmd ra@bit much af t& lipid phos- 
phsrzls and chol&terol of the serum- is bound 

s, while in the hyper- 
diabetes in the rabbit the 

The authors wish to  acknowledge with thanks the 
9 help and advice of Dr. 0. F. Den&e& 
Department of Bimhemietry of McGill 
ty,, And the technical assietance of Miss 
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W&WduM Blyceride Content of Brown Fat by Treatment with Adreno- 
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%e&wrch Lnborirtm'e.v, Upjolin Company, Ralnqwzoo, and the Uqkernity of Gal i fwnk,  

Berkeley. 

AIt~hough the important rok played by 
adrenocarticotropin (ACTR) and tibe hor- 
mones of the adrenal cortex in ihe mtabolism 
of canbohydrate ind protein is well estab- 
lished, less is known cowrning thelr e%ects 
on the ~metabolim of fat. However, it is b- 
coming apparenk that ACTH may d i f y  the 
distribution of visible-fat in the body. Thus, 
it has been demonstrated previously that 
-4CTEI inmy cause the disappearance of al- 
most all of the fat of the tela subcutanea (1) 
while increasing the fat content of the liver 
(2,3) and marrow of the tibia (4).  During 
the course of autopsies on animals treated 
with *4€TH, it was observed that the brown 
fat of the interscapular gland had taken on 
somewhat the appearance of ,white adipose 
tissue. Therefore, we have m d e ~ k e n  to 
analyze this change wibh microscolpic tech- 
niques. 

Metkods. The interscapular gland was 
studied from 10 adult male rats given 1 mg 

*Aided. by a grant-in-aid from the Division of 
Research Grants and ~ello~vships,  Uni td  States 
Public Health Service. 

of ACTH dairy for 21 days and fed a E$$ 
fat diet by stomach tube and 3 castrated r#& 
given the same dosage but a Imdium mrb% 
hydrate diet. For each treated rat there 
control: Itn addition 6 hypopbysectmized 
rats were given 3 mg of ACTH daily for 2 1  
days by continuous sulbcutaneous injection 
and €4 ad libitum. I n  addition, brown fat 
in other locations was available for study 
in lmicroscopic preparations made from many 
animals ,treated with ACTH as reported in our 
previous publications. These arms included 
the brown fat in the region of the kidneys, 
adrenal glands, superior mediastinum and 
neck. Samples of the interscapular gland 
were fixed in Bouin's fluid, 10% neutral 
f ormalin and chilled 80% alcohol and Garnoy's 
fluid. Lipids were stained with Sudan red, 
Sudan black B, Schiff reagent, Nile blue sul- 
phate, subjected to the Schultz raction, and 
also studied for auto-fluorescence and bire- 
fringence. The &mori( 5 )  procedure was used 
for alkaline phosphatase with sodium glycero- 
phosphate and fructose diphaphate serving as 
substrates. Best's carmine and the Hotch- 
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4. Baker, B. L., and Ingle, D. J'., Eiidocrimlogy, 

kiss(6) periodic acid-leucolfuchsin techniques 
were utilized for the demonstration af gly- 
cogen. Staining for cytoplasmic basophilia 
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