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D)ct-wusetl heparin-activated lipoprotein li- 
pase (clearing factor) response has recently 
been reported in patients with obstructive 
jaundice ( 1,2,3). The etiology of this jaun- 
dice, however, varied greatly, being both in- 
tra- and estra-hepatic in origin, and subjects 
manifested varying degrees of inanition, aci- 
dosis or electrolyte imbalance. Consequently, 
to determine more precisely time course of 
events in obstructive jaundice, we completely 
ligated the common bile duct in normal dogs. 

Alaterid nnd mcthods.  Subjects.  In pre- 
liminary experiment, a female mongrel dog 
( Q )  weighing 7.5 kg was subjected to com- 
plete ligation of common bile duct under pen- 
tobarbital sodium anesthesia. Subsequently, 
6 female mongrel dogs (-4-F), weighing 1 2  to 
16 kg were placed on stock laboratory diets. 
After 3 week control period, complete liga- 
tion of common bile duct was performed on 
all 6 dogs under pentobarbital sodium anes- 
thesia. Lipoprotein Lipase response. Stand- 
ardized in vitro method previously reported 
(3,4,5) for determining clearing factor or 
lipoprotein lipase concentration was employed. 
Control and 8 minute post-heparin blood sam- 
ples were obtained from each dog a t  weekly 
intervals after overnight fast (a t  least 12  
hours). Plasma was extracted by centrifuga- 
tion a t  0°C and frozen until used. Evaluation 
of hepatic status.  At weekly intervals during 
3 week control period, evaluation of hepatic 
status was performed on all 6 dogs. This in- 
cluded sulfobromphthalein (BSP) excretion, 
total and esterified cholesterol, serum biliru- 
bin, icterus index, total proteins, albumin/ 
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globulin ratio, cephalin flocculation, thymol 
turbidity, gamma globulin turbidity, and alka- 
line phosphatase, Total serum lipids and li- 
pid phosphorus were also determined on ali- 
quots of control and post-heparin plasma 
samples. 

Resul ts .  Table I demonstrates the effect of 
common bile duct ligation on lipoprotein li- 
pase response in all dogs. Lipoprotein lipase 
response was markedly  decreased in 4 out of 
7 dogs one week after ligation of common bile 
duct, in fifth dog, 2 weeks, and in sixth and 
seventh dogs, 5 weeks after ligation. All 5 
dogs who lived 4 weeks or more after sur- 
gery demonstrated subsequent marked in- 
c m n e  in lipoprotein lipase response 4 to 10 
weeks after ligation of common bile duct. 

One dog (C) died one week postoperatively, 
death unrelated to experiment. A second dog 
(D)  died 3% weeks postoperatively with evi- 
dence of gross internal hemorrhage. Both 
dogs had markedly decreased lipoprotein li- 
pase responses prior to death. 

Lipoprotein lipase response was generally 
inversely proportional to total serum lipid, 
total serum cholesterol and lipid phosphorus 
levels. In  Dog A, mean control lipoprotein 
lipase was 1.60, while mean control total li- 
pids were 820 mg%. One week after com- 
mon bile duct ligation, lipoprotein lipase re- 
sponse was markedly decreased to 0.76, while 
total serum lipids had doubled to 1820 mg %. 
Four weeks postoperatively, lipoprotein lipase 
response became distinctly elevated to 4.20, 
with abrupt drop in total serum lipids below 
control values to 505 mg %. Four days later 
this dog died. Postmortem findings included 
perforation of greatly dilated common bile 
duct with bile peritonitis and hemorrhage. 
The liver grossly demonstrated greatly dilated 
bile canaliculi. 

In  4 dogs, B, E, F, and Q, sustained hyper- 
lipemia and hypercholesterolemia were pres- 
ent for 2,  3, 5, and 5 weeks, respectively, be- 
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* Control period before common bile duct ligation. 
f k is rate of decrease of optical density/hr. This is directly proportional to lipoproteill 

% Exp. = Expired; Lig. = Ligation. 
lipase (clearing factor) concentration in standardized in vi-tro assay method used(3,4,5). 

fore initial decrease in lipoprotein lipase re- 
sponse was observed. In 2 dogs, B and Q, 
total serum lipids reached levels as high as 
2720 and 2880 mg %, respectively, serum to- 
tal cholesterol being 430 and 422 mg %. 
These levels were accompanied by essentially 
normal lipoprotein lipase responses of 1.86 
and 1.25, respectively. However, a significant 
(P< .O 1 ) negative regression of lipoprotein 
lipase response with increasing total serum 
lipids was found when all dogs were consid- 
ered, Hyperbilirubinemia, per se, did not ap- 
pear to influence lipoprotein lipase response. 
Perhaps the most remarkable elevation subse- 
quent to biliary ligation occurred in serum al- 
kaline phosphatase. I n  Dog A this reached 
102.6 Rodansky units 3 weeks after ligation. 
Bog E rose to 126.3 units one week after liga- 
tion and 141.4 units 2 weeks after ligation. 
This observation, while not unique, is never- 

theless quite striking when compared to hu- 
mans with biliary obstruction. Lipid phos- 
phorus rose with total lipids and cholesterol. 

Percentage of cholesterol esters was vari- 
able, rising after biliary ligation in some in- 
stances, and dropping markedly preterminally 
in Bogs A, B, E, and F. Cholesterol/lipid 
phosphorus ratio demonstrated no trend. 
Neither of these parameters was related to 
lipoprotein lipase response. Total protein, A,/ 
G ratio, cephalin flocculation, and thymol tur- 
bidity were not very useful as indices of he- 
patic function or functional impairment. All 
dogs demonstrated 3" and 4+ cephalin floccula- 
tion during control period, and in A, C, and E 
there was inversion of the A/G ratio during 
control period. This is generally found to oc- 
cur in normal dogs. Forty-five minute RSP 
retention, however, was 4% or less during 
control period in all 6 dogs. 
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A pre-terminal increase in gamma globulin 
turbidity was probably concomitant with he- 
patic parenchymal cell damage. Fasting blood 
sugar levels were variable, Dog A demonstrat- 
ing hyperglycemia (118 mg %) pre-termin- 
ally, and Dogs Q, E, and F demonstrating hy- 
poglycemia (36, 24, and 45 mg O/C, respec- 
tively). Drcrcasr in total lipids, total and es- 
terified cholesterol, and lipid phosphorus gen- 
erally accompanied the subsequent increase in 
lipoprotein lipase response, presumably re- 
flecting severe hepatic parenchymal cell dam- 
age and biliary cirrhosis. Although prothrom- 
bin time, determined at  intervals, was normal 
(10 to 12  sec.), some evidence of hemorrhage 
was generally present a t  postmortem. 

Discussion, Hepatic perfusion experiments 
in rats( 6 ) .  dogs and man ( 7 )  demonstrated in- 
activation or attenuation of lipoprotein lipase 
by the normal liver. The ??zarkedly dccr.cascd 
lipoprotein lipase response previously reported 
in patients with obstructive jaundice has been 
confirmed in dogs in this experiment. It is 
suggested that this decreased response is a 
reflection of abnormal lipid and lipoprotein 
lipase metabolism. Deficiency of lipoprotein 
lipase per se does not seem likely in view of 
the distinctly im-reused lipoprotein lipase re- 
sponse occurring subsequently. It is suggested 
that this increased response may be associated 
with developnient of biliary cirrhosis. This 
was grossly observed in liver of Dog E a t  
postmortem. Microscopic examination of liv- 
ers of these dogs will be reported. Inrreasrd 
lipoprotein lipase response in Laennec’s cir- 
rhosis has been previously reported ( 1,2,3,5 ) , 
and we have recently repolrted increased re- 
sponse in post-necrotic cirrhosis (8,s). Partial 
hepatectomy in rats ( lo) ,  carbon tetrachloride- 
induced hepatic necrosis in dogs(7) and in 
rats( l O l ) ,  and patients with Laennec’s cirrho- 
sis ( 7 )  demonstrated incrcasrd lipoprotein li- 
pase response in hepatic perfusion studies. I t  
is therefore hypothesized that increased lipo- 
protein lipase response observed subsequent to 
dccrcased response in dogs after common bile 
duct ligation represents loss of functional he- 
patic parenchymal tissue, chronic cholestasis 
resulting in chronic hepatic parenchymal cell 
damage leading tQ biliary cirrhosis. 

Other possible pathogenetic mechanisms for 
decreased lipoprotein lipase response after 
common bile duct ligation include abnormali- 
ties in lipoproteins per se, formation of inhibi- 
tor( s) to lipoprotein lipase, or acceleration 
of in vivo inhibition or inactivation of lipo- 
protein lipase system by the liver. It is con- 
ceivable that chronic complete cholestasis may 
stimulate or activate hepatic parenchymal 
cells to increase their rate of inactivation of 
lipoprotein lipase. While elevation of serum 
lipids follows closely upon ligation of common 
bile duct, the fact that decrease in lipoprotein 
lipase response lagged hyperlipemia by as 
much as 5 weeks in 2 of the 7 dogs suggests 
that 2 difierent (but perhaps related) mechan- 
isms are involved. Possible factors are being 
investigated . 

Summary.  1. Decreased lipoprotein lipase 
response in obstructive jaundice in man has 
heen confirmed by complete ligation of the 
common bile duct in dogs. 2. Subsequent in- 
creased lipoprotein lipase response in these 
dogs after chronic complete cholestasis of 4 to 
10 weeks is attributed to development of Mi -  
ary cirrhosis. 3. While lipoprotein lipase re- 
sponse was generally inversely proportional to 
total serum lipids, cholesterol, and lipid phos- 
phorus levels, this relationship was by no 
means absolute. 4. Possible pathogenetic 
mechanisms for decreased lipoprotein lipase 
response in obstructive jaundice have been 
discussed. These mechanisms are being inves- 
tigated. 
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