
LIPOPROTEIN LIPASE ROLE IN NEPHKOTIC HYPERLIPEMIA 31 

3. Randrup, A., Physico-Chemical and Immuno-  
logical Studies on the Virus of Foot-and-Mouth Dis- 
ease and I ts  Host Tissue Microsonzes, E. Munksgaard, 
Copenhagen, 1957. 

4. Breese, S. S., Jr., Trautman, R., Bachrach, H.  L., 
Arch. Biochem. and Biophysics, in press. 

5 .  Pyl, G., Kesting, F., Zentralbl. Baht., I. Orig., 
1948, v152, 377. 

6. Bachrach, H. L., Callis, J .  J., Hess, W. R., 
Fatty, R. E., Virology, 1957, v4, 224. 

7. Traub, E., Miihlmann, H., Zentralbl. Baht., 
1 .  Orig., 1943, v150, 289. 

8. Warburg, O., Christian, W., Biochem. Z., 1941- 
1942, ~ 3 1 0 ,  384. 

Y. Lowry, 0. H., Rosenbrough, N. J., Farr, -4. L., 
Randall, R. J., J .  Biol. Chem., 1951, v193, 265. 

10. Tiselius, .4., Hjerten, S., Levin, O., Arch. Bioch. 
and Biophys., 19.56, v65, 132. 

1 1 .  Willstatter, R., Kraut, H., Ber., 1923, 1756, 
1117. 

12. Bachrach, H. I,., Breese, S. S., Jr., Callis, J .  J., 
Hess, W. R.. Patty, R. E., PROC. SOC. EXP. BIOL. AND 

MED., 1957, v95, 147. 
13. Bradish, C. J., Brooksby, J. B., Dillon, J. F., 

Norambuena, M., Proc. R o y .  SOC. London, Series B ,  
1052, v140, 107. 

Received August 13, 1959. 
__I_______I___.--___ 

P.S.E.B.M., 1960, v103. 

Lipoprotein Lipase Metabolism in Experimentally Nephrotic Rats.* (25402) 

RAY H. ROSENMAN AND SANFORD 0. BYERS 
(With technical assistance of Phyllis Nagel and Malcolm Smith) 

Hnrold Brunn Inst., Mount  Zion Hospital, Sun Francisco, Calif.  

Our earlier studies ( 1 , 2 )  strongly suggested 
that deficiency of circulating albumin in ex- 
perimentally nephrotic rats is in some manner 
responsible for abnormal intravascular reten- 
tion of lipid and consequent hyperlipemia. 
The possibility of an abnormality of heparin 
cr lipoprotein lipase metabolism as an associ- 
ated causal factor in experimental nephrotic 
hyperlipemia also was suggested by earlier 
studies ( 3 ) .  Since it has been proposed ( 4 3 )  
that in humans, nephrotic hyperlipemia re- 
sults from a deficiency of lipoprotein lipase, 
the foIlowing studies were conducted. 

Methods. Young, adult male rats of Long- 
Evans strain were used (average weight: 200 
g) .  The nephrotic state was induced by in- 
jection of potent rabbit anti-rat kidney serum 
(6) 5 to 7 days prior to study and confirmed 
by demonstration of plasma albumin ( 7 )  con- 
tent less than 1.2 g/lOO ml and by presence 
of gross plasma lactescence and of marked 
hypercholesteremia ( 8 ) .  Disappearance of 
heparin from plasma of nephrotic rats was as- 
sayed, albeit crudely, by determining clotting 
time and by protamine titration of plasma ob- 
tained from groups olf nephrotic and control 

*.4ided by Grants from N.I.H., P.H.S., Am. Heart 
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rats bled a t  intervals following heparin injec- 
tion. Each of a series of 10 nephrotic and 18 
control rats was injected intravenously with 
heparin (0.5 mg/100 g) .  Five nephrotic 
and 1 2  control rats were bled with siliconized 
syringes, from the aorta 2 hours after heparin 
injection, and the remaining 5 nephrotic and 
6 controls after 3 hours. Immediately after 
bleeding, 0.5 mI of each sample was placed in 
each of 3 serology tubes for clotting time de- 
termination and also in each of a 4-tube sys- 
tem containing serial dilutions of 0.01% pro- 
tamine sulfate (prepared 24 hours previ- 
ously). All tubes were kept in water bath at  
37"C, and clotting times recorded as the time 
of average occurrence of a fast clot during 
gentle tilting at  30-second intervals. Lipo- 
protein lipase activity of nephrotic post- 
heparin plasma was determined by ability to 
increase light transmission and to release un- 
esterified fatty acids (UFA) (9 )  when added 
to a triglyceride substrate in normal rat 
plasma. For light transmission studies, plasma 
samples were obtained from 19 nephrotic rats, 
10 minutes after injection of either 0.05 mg 
( 5  rats) or 0.3 mg (14 rats) of heparin/l00 
g of body weight. Similar postheparin plasma 
samples were obtained from 16 normal, con- 
trol rats. For further control purposes plasma 
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samples were obtained from an additional 5 
nephrotic and 7 normal rats which did not re- 
ceive heparin. In each instance 0.2 ml of 
postheparin (or untreated) plasma was added 
to the test system. which consisted of 1.5 ml 
pooled normal rat plasma, 1 nil of 0.1 J I  
phosphate buffer (pH 7 . 2 )  and 0.3 ml of 
1 : 100 dilution of 50% coconut oil emulsion 
(Ediol, Schenley Labs..) in 0.97. SaC1. The 
system was then incubated a t  37'C in spec- 
t ropho t ome t er cuve t t es duri nR 2 - hour interval 
in which light transmission in the test system 
was measured a t  serial intervals in a Beckman 
model B spectrophotometer a t  660 mp. Dis- 
tilled water was used as the blank. The re- 
sults are expressed as percentage increases in 
light transmission which occurred during the 
experimental interval. For CFA studies, post- 
heparin plasma samples were obtained as 
above from 2 2  nephrotic and 20 control rats 
after varying doses of heparin (0.02 to 1 mg 
100 g body weight). For further control pur- 
poses, plasma of 4 untreated. normal rats also 
was obtained. UFA concentration of oil 
emulsion-normal rat plasma system described 
above was determined in each instance imme- 
diately and again 45 minutes after addition of 
0.2 ml postheparin (or untreated) plasma, 
during which interval the samples were in- 
cubated a t  37°C. All blood samples were ob- 
tained in chilled syringes from the aorta after 
a 30-hour fast. blood being collected in pre- 
viously chilled tubes containing 1 10 volume 
of trisodium citrate, immediately separated by 
centrifugation in the cold for 15 minutes a t  
4,000 rpm and kept in an ice bath until use. 
No attempt was made to remove residual 
plasma lactescence from postheparin ne- 
phrotic rat plasma samples. To study rate of 
disappearance from plasma of lipoprotein 
lipase released in acute response to heparin 
injection, postheparin plasma samples were 
obtained 15, 45, 60 and 90 minutes after in- 
jection of heparin (0.4 mg 100 g )  from 2 1  
nephrotic and 19 control rats. These were 
then assayed by measuring the change in light 
transmission occurring in the test system de- 
scribed above, during a 60-minute interval 
following addition olf postheparin plasma 
sample to be measured. Duration of lipolytic 

activity of postheparin nephrotic plasma also 
was studied in an additional series of 14 
nephrotic and 15 control rats similarly in- 
jected with heparin and bled 10, 30, and 60 
minutes later. In  each instance the UFA con- 
tent was determined immediately and 45 min- 
utes after addition of postheparin plasma to 
the usual test system. To determine whether 
lipolytic activity would continue to be pro- 
duced in plasma of nephrotic rats despite re- 
peated heparin injection. 4 nephrotic and 4 
control rats were each injected intravenously 
with 1 mg heparin a t  hourly intervals for 4 
hours. One hour later each rat was injected 
with 0.1 mg heparin and postheparin plasma 
samples obtained 10 minutes later. In  each 
instance ability of the postheparin plasma to 
increase light transmission and to release UFA 
in the same oil emulsion-normal rat plasma 
test system was determined as described 
above. The final experiment was concerned 
with determining ability of the same trigly- 
ceride substrate to be hydrolyzed by lipopro- 
tein lipase when suspended in nephrotic rat 
plasma, the lipase being furnished by post- 
heparin plasma obtained from normal rats. A 
series of 8 starved nephrotic rats was bled 
from the aorta using cold syringes, and the 
plasma immediately separated in a refriger- 
ated centrifuge. All visible plasma lactes- 
cence was then removed by centrifuging a t  
4 ' C  for 30 minutes a t  28,000 rpm and the 
cleared subnatant plasma kept in ice bath 
until used. Each plasma sample was divided 
into paired aliquots of 3 ml and to each ali- 
quot was added 0.35 ml of the 1 : 100 dilution 
of coconut oil emulsion and 0.25 ml of post- 
heparin plasma, obtained 10 minutes after in- 
jection of a normal 30-hour-starved rat with 
1 mg heparin. In  addition: 60 mg of powdered 
hovine serum albumin (Armour Fraction V) 
was added to one of each paired aliquots. All 
samples were incubated a t  37°C for 2 hours, 
during which light transmission was measured 
a t  intervals. UFA also was determined im- 
mediately and 45 minutes after addition of 
postheparin plasma. For control purposes, 
similar studies were done using plasma ob- 
tained from 5 starved, normal rats. 

Results. 1. Efiect of heparin on blood clot- 
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TABLE I. Effect of Intravenous 1Tep:irin on Clotting Time of Ncplirotic Rats. 

Total -4vg ppotclmine-incluced clotting time, min. 

Typc of rat  rats wt, g nig/100 nil time, min. .001 ing .002 mg .004 nig .008 nig 

Rnts bird 3 lir uftPr heparift* 

No. of Avg cholcster’ol, Clotting 

Nephrotic 5 230 3G6 20.5 17.0 14.7 11.0 7.0 

Control 1 2  245 54 22.9 19.0 10.5 5.2 4.8 
(159-502) t (15-27) (14.0-22.5) (11.0-19.0) (8.0-14.5) (5.0-8.0) 

(41-69) (10-35) (12.5-23.0) (7 .346 .5 )  (4.0-6.3) (3.5-6.3) 
Bais bled 3 hr a f ter  7rcynyin“ 

Nephrotic 5 210 417 17.2 14.5 10.1 6.5 5.2 

Control 6 225 61 11.0 11.2 6.5 5.5 5.0 
(244-703) (13-22) (1 0.0-17.0) (9.5-11 .O) (4.5-8.5) (4.3-8.0) 

(42-74) (7-17) (8.3-21.0) (5.0-8.3) (4.0-6.5) (3.3-6.5) 

0.5 mg/100 g. f Range of values. 

t ing t ime of nephrotic rats.  Table I presents 
results of blood clotting time of postheparin 
nephrotic and control rat blood. Blood clot- 
ting times of nephrotic rats averaged 20.5 
minutes in those bled 2 hours, and 17.2 min- 
utes in those bled 3 hours, after heparin injec- 
tion, compared to an average of 22.9 minutes 
and 11 minutes in their respective controls. 
Table I also shows amount of protamine sul- 
fate required to neutralize heparin-induced 
prolongation of clotting time of nephrotic rats’ 
plasma a t  each sampling interval, was not less 
than that required for comparable effect in 
their respective con t r ol rats’ plasma. 

2. Abil i ty  of nephrotic rat t o  release lipo- 
protein lipnse following heparin adyninistra- 
t ion.  The first experiment was concerned 
with ascertaining nephrotic rat’s ability to re- 
l a s e  lipoprotein lipase into its plasma, im- 
mediately following heparin administration. 
Fig. 1 shows percentile average increase of 
light transmission in coconut oil emulsion-nor- 
ma1 rat plasma test system, following addition 
of plasma obtained from groups of nephrotic 
and control rats. Whereas no change in light 
transmission was noted following addition 
either of preheparin nephrotic or of control 
rats’ plasma, a progressive increase of light 
transmission was consistently observed fol- 
lowing addition of postheparin nephrotic 
plasma, of considerably greater magnitude in 
instances where the latter was obtained from 
nephrotic rats injected with larger quantity of 
heparin. At both dosage levels, rate and mag- 
nitude of increase of light transmission in the 
test system following addition of postheparin 

nephrotic rats’ plasma were similar to changes 
induced by addition of postheparin plasma ob- 
tained from their respective controls. The  
plasma total cholesterols of nephrotic rats av- 
eraged 255 mg/100 ml (range: 152-527). 

Fig. 2 shows the increase of UF,4 in the 
same oil emulsion-normal rat plasma test sys- 
tem which occurred during 45-minute interval 
following addition of plasma olbtained from 
nephrotic and control rats variously injected 
with heparin (0.02 to 1 mg/100 g weight). 
In each instance the average increase of UFA 
effected by postheparin nephrotic rats’ plasma 
was‘not less than that induced by their re- 
spective control rats’ postheparin plasma. As 
expected, in both groups the magnitude of 
CFA increase was progressively greater when 
postheparin plasma was obtained from rats 
given the larger dosage of heparin. On the 
other hand, no increase of UFA was noted in 
the test system following addition of plasma 
obtained from control rats not injected with 
heparin, the initial UFA content in these rats 
averaging 0.540 meq/l (range: 0.432-0.592) 
and 45 minutes later averaging 0.502 meq/l 
(range: 0.412-0.540). Plasma total choles- 
terol of nephrotic rats averaged 357 mg/100 
ml (range: 163-457). 

The second experiment compared duration 
of lipolytic activity of postheparin nephrotic 
and normal rat plasma. Fig. 3 shows per- 
centage average increase of light transmission 
occurring in oil emulsion-normal rat plasma 
test system during 60-minutes following addi- 
tion of test postheparin nephrotic and control 
rats’ plasma, variously obtained a t  15 to 90 
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minutes following heparin injection. -It  each ,system by addition of postheparin plasma ob- 
interval, the lipolytic activity of postheparin tained from nephrotic and control rats again 
nephrotic rats' plasma. thus ayed. was not bled a t  various intervals following heparin ad- 
less than that of control rats. 1;ig. 4 shows ministration. The postheparin plasma ob- 
the average increase in VFA content jnduc.ed tained from nephrotic rats bled 10 and 30 
in the same oil emulsioii-norma1 rat plasn-ra ininutes after heparin injection effected com- 
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parable or slightly gerater increases of UFA 
than (lid iheir respective control rats’ post- 
hej):iriri plasma, the converse being found 
among rats bled 60 minutes after heparin i rr -  
jection. However, the number of rats in- 
volved in this experiment was relatively small, 
and the observed differences are not signifi- 
cant. The plasma total cholesterols of ne- 
phrotic rats averaged 298 mg/100 mg (range: 

The third experiment compared lipolytic 
activity of plasma obtained from nephrotic 
and control rats after repeated injections of 
heparin. Postheparin plasma thus obtained 
from nephrotic rats increased light transmis- 
sion an average of 28% (range: 21-34) dur- 
ing 60-minute interval following addition to 
the oil emulsion-normal rat plasma test sys- 
tem, and increased the UFA content of the 
test system from initial average of 0.485 
meq/l (range: 0.304-0.577) to 1.949 meq/l 
(range: 1.533-3.010) 45 minutes later. Addi- 
tion of control rats’ postheparin plasma tot the 
test system similarly increased light transmis- 
sion an average of 2 7 %  (range: 22-30) and 
increased the UFA content from an initial 
average of 0.347 meq/l (range: 0.149-0.600) 
to an average of 1.6612 meq/l (range: 1.209- 
2.124). 

3. Ability of nephrotic plasma to support 
lipolysis u/ a triglyceride substrate. The final 
experiment was concerned with studying abil- 
ity of normal rat postheparin plasma to effect 
lipolysis of the same triglyceride substrate 
used above when suspended in nephrotic 
plasma ultracentrifugally “cleared” of its own 
excess triglyceride content. Addition of nor- 
mal rat postheparin plasma to the oil emulsion 
comparably increased the UFA coatent 
whether the triglyceride substrate was sus- 
pended in normal or nephrotic rat plasma, 
although the albumin content of the normal 
rat plasma averaged 2.74 g/lOO ml (range: 
2.01-2.51) compared to an average of 0.79 g/ 
100 ml (range: 0.62-1.15) in the nephrotic 
plasma. Thus the UFA content increased an 
average of 1.305 meq/l (range: 0.517-2.074) 
in the ail-nephrotic rat plasma and 1.283 
meq/l, range: 1.0344727) in the oil-normal 
rat plasma following addition of the normal 

163-457). 

rat postheparin plasma. These values were 
not significantly altered when albumin was 
added to thc same test system, averaging 
1.682 meq,’l (range: I -2  7 1-2.28.3) and 1.076 
meq/1 (range: 0.449-1.423), respectively, 
under these circumstances. 

During the 2-hour experimental interval 
following addition of normal rat postheparin 
plasma, light transmission increased an aver- 
age of 46% in the control, oil emulsion-normal 
rat plasma system, and an average of 47% 
in the paired aliquots also containing added 
albumin (Fig. 5 j .  I n  contrast, light transmis- 
sion increased an average of 24% during the 
same interval in the oil emulsion-nephrotic 
rat plasma test system fo;llowing addition of 
the same postheparin plasma, and an average 
of 48% in paired aliquots containing added 
albumin. 

Discussion. Since lipoprotein lipase pro- 
duction is not related to the anticoagulant ac- 
tion of heparin, the results of the first experi- 
ment suggest that the experimental nephrotic 
state in rats is not associated with any abnor- 
mality in plasma disappearance of exo- 
genously administered heparin.+ Moreover, 
the data, can do no more than imply a similar 
normality in nephrotic rats’ handling of en- 
dogenously derived heparin. 

It is believed significant, however, that our 
studies failed to detect any abnormality in 
lipoprotein lipase response of the nephrotic 
rat to administered heparin. Thus, whether 
plasma was obtained from the nephrotic rat 
immediately, somewhat later, olr even after 
repeated doses of heparin, i t  exhibited as 
much lipase activity as did plasma of rats 
similarly injected with heparin. 

That nephrotic rat postheparin plasma ef- 
fected release of UFA and optical “clearing’> 
of the triglyceride substrate comparable to 
that induced by normal rat postheparin 
plasma also fails to support the contention 
that such experimental nephrotic rat plasma 
contains an inhibitor of lipoprotein lipase 
(12). The presence of such an inhibitor has 

t Although the data actually suggest a delayed 
rate of heparin removal in the nephrotic rat, any 
sktistical evaluation of such a conclusion did not 
appear warranted in view of the relative crudeness 
of the assay method employed. 

I ____________I_____ 
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not been ruled out, however, since in the hu- 
man a t  least, it  may be contained in the fatty 
layer of ultracen trifuged. hyperlipeinic plasma 
(13 ) ,  removed from the nephrotic plasma 
used in final esperiment. 

In  the final experiment no abnormalit? was 
detected in ability of nephrotic plasma to sup- 
port lipase-induced release of t-FA from a 
triglyceride substrate suspended i n  such 
plasma. The fact that concomitant optical 
“clearing” of this triglyceride substrate pro- 
ceeded a t  a slower rate and nas  of lesser mag- 
nitude when suspended in nephrotic plasma 
compared to normal rat plasnia is not 
surprising since lipase-induced release of 
UFA is only poorly related to optical den- 
sity changes and occurs even in absence of 
optical hbclearing”( 14) .  Addition of extra al- 
bumin to the hypoalbuminemic, nephrotio 
rat’s plasma appeared to normalize the ability 
of such plasma to support continued lipase- 
induced ‘bclearing” of the added triglyceride 
substrate. This ~vould appear only to con- 
firm the well-l;nown role of albumin as an ac- 
ceptor for CFA( 10 , l l )  and the fact that con- 
tinued optical “clearing” of a triglyceride 
substrate by lipoprotein lipase is prevented 
by release of UFA in excess of that which can 
be bound by available albumin ( 10.1 1.14). 

Although adequate albumin appears essen- 
tial for sustained lipolysis ilitro ( 10.1 1 ~ 14 ) 
and for sustained lipase-induced. lipernia- 
clearing in ztho in the nephrotic r a t (3 ) ,  its 
known role as an acceptor of LFA( 10.1 1 ) 
does not actually explain the mechanism by 
which severe renal loss of albumin and hypo- 
albuminemia appear sequentially to induce 
hypertriglyceridemia ( 1,2 ) , hyperphospholipe- 
mia and hypercholesteremia ( 15).  Thus our 
exeriments do not indicate any actual inability 
of lipase to release UFA in nephrotic plasma. 
and indeed, intravascular lipolysis of triglyce- 
ride inay be neither a prerequisite nor a sig- 
nificant physiological mechanism for plasnia 

egress of its fatty acid moliety( 16,17). 
Sui~inz trr~~.  Heparin-activated lipolytic 

mechanisms were studied in vitro in rats with 
nephrosis experinien tally induced by injec- 
tion of antikidney serum. The nephrotic rat 
was found ncrmally capable of releasing lipo- 
protein lipase following heparin administra- 
tion. The nephrotic rat’s plasma also was 
found normally capable of supporting lipo- 
protein 1Ipase-induced hydrolysis of a triglyce- 
ride substrate. 
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