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Frazer( 1) reported that the chylomicron 
levels of the blood were markedly depressed 
when a fat meal was supplemented with pan- 
creatic lipase. In agreement with this report, 
Becker et a l ( 2 )  found the ingestion of a 
whole pancreatic preparation with a test fat 
meal to be associated with greatly decreased 
chylomicron levels in the blood of aged per- 
sons with low fat tolerances. Young subjects 
with more normal fat tolerances were re- 
ported to be unaffected. These findings were 
attributed to a significant diminution in pan- 
creatic and serum lipase in aged individuals, 
with less hydrolyzed fat  transported in the 
portal blood. 

More recently Tietz(3) found the concen- 
tration of the total esterified fatty acids 
(EFA) of the serum to be lowered and blood 
lipase levels usually elevated after adminis- 
tration of a pancreatic preparation with the 
fat meal. These investigators suggested that 
the increase in fat  tolerance of patients re- 
ceivinq the pancreatic extract might point to 
the importance of the lipolytic enzyme to fat 
metabolism. The possibility was advanced 
that the increase in serum lipase values might 
not be caused by absorption of the lipase but 
rather by the stimulating effect of a pan- 
creatic hormone in the preparation adminis- 
tered. 

The above investigations suggested the de- 
sirability of further studies on mechanisms 
associated with the effect of lipase ingestion 
on the blood lipid level during postprandial 
lipemia and in hyperlipemic subjects. Two 
Dossible explanations for the effect on blood 
lipid levels may be that of an effect upon 
rate of fat  absorption or an increased lipo- 
lytic action of some form of lipase in the 
blood. This study was also prompted by the 
availability of a stable, highly purified, high 

* This study was supported in part by grants from 
Division of Research and Development, Office of the 
Surgeon General, Robert A. Welch Foundation and 
A. H. Robins Co. 

potency lipase preparationt (16,000 to 24,- 
000 lipase units per gram). 

In the human subjects included in the 
study, blood lipid levels were found to be de- 
creased and serum lipase levels elevated after 
ingestion of the high potency lipase. The 
overall lowered blood lipid levels appear to 
be the result of an effect of the ingested lip- 
ase upon rate of fat absorption. 

Materials and methods. I t  was first deter- 
mined whether the ingestion of the high po- 
tency lipase preparation employed was effec- 
tive in changing blood lipid or serum lipase 
levels. After an overnight fast all subjects 
were given an homogenized fat  test meal, 
containing 10% corn oil, 0.06 ml of Tween 
40 per 100 ml of mixture, 40% skim milk 
powder, and sugar and flavoring to taste. 
The human subjects were given a sufficient 
amount of the test meal to include 0.5 g of 
fat per kg body weight while the dogs re- 
ceived 1 g fat per kg. 

Blood samples were collected in all cases 
before and at  3, 6 and 9 hours after inges- 
tion of the test meal. One week later the 
experiment was repeated. Three enteric 
coated lipase tablets (1,000 lipase units 
each) were ingested with the meal and an 
additional tablet after a 3-hour interval. 
Later the test was repeated with 20,000 units 
on 2 of the normal subjects not responding 
to the smaller intake. 

Three different methods were employed to 
measure chanqes in blood lipid levels. Optical 
densities (OD) were obtained on the undi- 
luted plasmas except that of the hyperlipemic 
patient in which a 1 to 20 dilution was re- 
quired. Esterified fatty acid content was de- 
termined by the method of Stern and Sha- 
piro (4), while that of the cholesterol was ob- 
tained by the method of Zak(5). The EFA 
values were compared in several cases with 
those of the total triglycerides of the serum. 

t We would like to th'ank the A. H. Robins C'o. for 
a generous supply of potency lipase. 
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TABLE I. Changes in  O.D., EFA, Lipase and Cholesterol Tlevels of Serum as Affected by 
Lipase Ingestion. 

-0p tical densities- 
Decrease, E F A  de- Serum lipase Cholesterol 

Subject Fasting value % crease, yo increase, 70 changes,$ 76 

HW* .415 28 29 17 +5 
JC" .448 40 28 29 - 3  
DS .547 25 22 9 -1 
JL .662 34 28 19 - 4  
J M  .398 t 18 20 14 +2 

+2 Dog 1 .155 20 
" 2 .131 35 - - -1 

0 

- - 

- - y y  3 .137 24 

* These subjects given 20,000 units since the 4,000 units given the others were not effective. 
t Hyperlipemic serum diluted 1 to 20 for O.D. determinations. 
t The + and - signs indicate increased or decreased amounts, respectively. 

The glyceride method of Blankenhorn et al 
( 6 )  was modified by measuring the fatty acid 
esters by the Stern and Shapiro technique 
( 5 ) .  Serum lipase values were obtained ac- 
cording to Tietz et aZ(7), using Tris buffer 
during the incubation period and an electro- 
metrical determination of the end point a t  
pH 10.0. 

To determine the effect of lipase ingestion 
upon rate of fat absorption, 6 rats were given 
test meals of 0.2 ml per dm2 body surface 
(8) of corn oil containing labeled tripalmitin 
l-C14 ( 2 8  (UC per 0.2 ml of fa t  mixture). The 
test meal was supplemented with 2 ml of a 
6% starch solution containing either 2500 
units of lipase or an equal weight of egg 
albumin in alternate experiments. 

Hourly samples of blood were collected 
from the tail of the rat over a 6-hour period, 
and activity determinations were made as 
previously described (9) .  Corrections were 
made for residual activity on the alternate 
experiments. As an added check upon rate of 
fat absorption, the activity of 30 min col- 
lections of expired C 0 2  was also determined 
as described previously ( 10- 1 1 ) . 

Results and discussion. Optical density 
measurements were made on the oxalated 
plasmas of all subjects as a relative measure 
of the particulate blood lipids (Table I).  All 
values shown in the Table are those of the 
areas under curves obtained from test period 
data. I t  is of interest that after ingestion of 
4000 units of lipase, only in the 2 subjects 
with average fasting OD values less than 500 
(.415 and .448) were the OD values not de- 

creased. All others with fasting averages 
above SO0 were markedly depressed. How- 
ever, the plasma OD of these 2 subjects was 
similarly decreased after ingestion of a 20,000 
unit lipase supplement, approximately the 
same as that given by Becker et al (2) .  Al- 
though the dogs had relatively low average 
fasting levels, the average decrease in OD of 
the dog plasmas was about the same as that 
in the human subjects ( 2 9 % ) .  However, the 
dogs had received a lipase supplement similar 
to the larger one given the human subjects or 
about 265 units per kg body weight. 

To  supplement the OD determinations of 
plasma as relative measures of the particu- 
late matter in the blood, such as chylomi- 
crons, esterified fatty acids (EFA) and tri- 
glyceride content were also determined. The 
changes in EFA content in mEqA (Table 
T) are in good agreement with the changes in 
OD determined on the same plasmas. Tri- 
glyceride measurements gave values which 
were quite comparable to those obtained from 
EFA determinations. The average decrease 
in EFA was 25% as compared with a 30% 
decrease in OD. These results are in excel- 
lent agreement with those of the investicators 
cited above. The findings are especially in- 
teresting when one considers the reDort of 
Brown et aE(12)  that, similarly, heparin had 
a much greater depressing effect on blood li- 
pid levels, postprandiallv, of subjects with 
initially higher fasting lipid levels. 

Tn Table I is also shown the effect of lipase 
ingestion upon serum lipase values. Serum 
lipase content was increased in all cases when 
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TABLE 11. Percentage Changes in  Areas Under the Curves of Blood and Expired Carbon 
Dioxide Activity Values as Aff ectcd by Ingestion of Lipase with Labeled Triglyceride. 

~ ~~ 

Supplement 
Blood CO, Blood CO, Blood CO, 

0-2 hr  4-6 h r  0-6 hr 

None 
Lipase 

Activ. 45 2315 498 24,710 517 37,642 
60 2956 278 11,461 374 26,227 1 1  

yo change with lipase* " +33  4-28 4 5  -54 -28 -30 

* The + and - signs indicate an iiicrease or decrease in values, respectively. 

or EFA values were decreased after lip- 
ingestion. Although removal of chylo- 

microns from blood plasma has been reported 
not to depend to significant extent upon in- 
travascular hydrolysis ( 13) ,  the data of Tietz 
and coworkers(3) and of this study suggest 
the possible importance of the finding of an 
average increase of about 17% in serum lip- 
ase associated in each of the human subjects 
with a decrease in blood lipid content, 

As anticipated, serum cholesterol levels of 
all subjects were unaffected during the 5-hour 
period following lipase ingestion. Also, the 
fasting blood cholesterol level in the lipemic 
subject was not changed by ingestion of 
5,000 units of lipase daily over a 2-week 
period, nor by 10,000 units daily for another 
2 weeks. However, none of the subjects stud- 
ied, including the hyperlipemic individual, 
were hypercholesterolemic. 

The effect upon rate of fat absorption fol- 
lowing supplementation of a fat test meal 
with high potency lipase is shown in Table 
11. Areas under the curves were calculated 
for various time periods from the activity 
values of the blood and COz samples col- 
lected. The values obtained suggest an in- 
creased rate of absorption of approximately 
30% during the first 2 hours after lipase in- 
gestion. The activity found in the blood and 
C 0 2  appear to be decreased around 50% 
during the 4- to 6-hour interval, with both 
values decreased about 30% over the entire 
6-hour period. This earlier appearance of 
lipid in the blood and the decreased elevation 
later on, associated with a decreased total ab- 
sorption during the entire period can easily 
account for overall lower blood lipid levels 
as measured by OD and EFA values. This 
is evident if the absorptive period was ex- 
tended over a longer period as indicated by 
the earlier increased rate of fat absorption 

and the decreased total amount absorbed over 
the entire test period. 

The principal objective of this investiga- 
tion was to study the effect of ingestion of a 
high potency lipase upon blood lipids in or- 
der that possible mechanisms involved might 
be further investigated. The evidence ob- 
tained indicates the desirability of additional 
studies, now in progress, on the mechanisms 
involved in the entrance or removal of lipids 
from the blood, and in the nature of the lipo- 
lytic enzymes of the blood associated with 
the increase in serum lipase. 

Summary. Supplements of lipase were given 
with test fat meals to human subjects and 
dogs to determine the effect on blood lipid 
levels. Optical densities and hence lipid lev- 
els of the blood plasmas were lowered in all 
subjects when sufficient lipase was ingested. 
EFA and triglyceride determinations con- 
firmed this measurement of the decrease in 
blood lipid levels. Human subjects with lower 
fasting OD values and EFA levels appeared 
to require more lipase to obtain this effect. 
Blood cholesterol values of normal subjects 
were not affected, nor was that of an hyper- 
lbemic subject during a 4-week test period. 
The lowered blood lipid levels after lipase in- 
gestion may be accounted for in part by an 
effect on rate of fat absorption. The lowered 
levels appear to be the result of extension of 
the absorptive period over a longer time in- 
terval. In all the human subjects, serum lip- 
ase values were elevated when blood lipid 
levels were lowered. The association of ele- 
vated blood lipase levels with decreased blood 
lipids suggests the possibility of some lipo- 
lytic action in the blood. 
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The recent interest in cholesterol-lowering 
agents and the well-known alterations in se- 
rum cholesterol with L-thyroxine have stimu- 
lated a search for a calorigenically less active 
analog with similar effects on blood choles- 
terol levels. It has been postulated that L- 
thyroxine stimulates hepatic cholesterol syn- 
thesis and also the rates of biliary excretion 
and/or degradation, the net result being a 
reduction in serum level ( 1 ) . D-thyroxine, by 
various animal assays estimated to be about 
20% as active physiologically as the L-form 
(2), has been reported to have liver and se- 
rum cholesterol-lowering effects in the rat 
( 1 ) , produces marked reduction of liver fat 
in the chick(3), and has minimal effect on 
basal metabolic rate or on the electrocardio- 
gram in myxedematous patients (4). Acetate 
carbons have been shown to be utilized in 
the biosynthesis of cholesterol ( 1 ) . The liver, 
being the major site of cholesterol synthesis 
(S), has been the tissue studied by various 
investigators of mammalian cholesterol syn- 
thesis. The present studies were undertaken 
to compare the pharmacological effects of L- 
and D-thyroxine on rate of cholesterol syn- 
thesis from a ~ e t a t e - 2 - C ~ ~  both in vivo and 
in vitro and the disappearance of cholesterol- 
4-C14 in radioiodine thyroidectomized chicks. 

* Supported by VA Institutional Research Support, 
and in part by USPHS grants. 

Materials and methods. Day-old White 
Leghorn cockerels were divided into 2 groups 
of 24 animals each and were fed chick grower 
rati0n.t Control and experimental groups re- 
ceived this ration throughout the experimen- 
tal period. Birds were housed in individual 
cages with feed and water ad libitum. The 
chicks of the experimental group received 
radioiodine (350 pc) a t  the end of the first 
and third week to ablate the thyroid. Prior 
to each radioiodine dose the chicks were in- 
jected intraperitoneally daily for 5 days, with 
0.1 unit of beef thyrotropin (TSH)t to in- 
crease thyroidal uptake. Thyroidal uptake 
(48 hours) ranged from 1 2  to 2570 after the 
first 1131 dose, while after the second dose, 
uptake was 1 to 7%. At 6 weeks of age the 
chicks were judged to be thyroidectomized 
by the lack of comb growth, rise in serum 
cholesterol, and lack of thyroid tissue in the 
neck in a few sacrificed at  this time. The 
serum protein-bound iodine level dropped 
from a range of 1 to 1.5 pg per 100 ml to 
0.6 to 1.0, and the serum cholesterol levels 
had risen from a range of 150-175 mg per 
100 ml serum to 200-235 mg. 

t The chick grower ration contained 5 %  hydro- 
lyzed animal fats, 23% protein ; with additional 
iodide salts omitted, iodine content averaged 1 mg 
per kg. 

$ Thytropar (Armour). 


