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Effect of Bile Duct Cannulation on Plasma Lipoproteins." (29579) 

GREGORY B. CLARKE,+ KAICHI FUKAZAWA,: FRED A. KUMMEROW 
AND TOSHIRO NISHIDA 

Burnsides Research Laboratory, University of Illinois, Urbana 

Bile duct cannulation is known to acceler- 
ate both catabolism and biosynthesis of cho- 
lesterol in liver ( 1,2,3). Since liver cholesterol 
exists in equilibrium with serum cholesterol, 
a component of plasma lipoproteins, the re- 
sponse of the plasma lipoprotein level to bile 
duct cannulation may depend upon cannula- 
tion-induced changes in the metabolism of 
cholesterol and of other components of plas- 
ma lipoproteins. While studying the metabo- 
lism of cholesterol-4-C14 in cannulated ani- 
mals, we have previously noted a marked de- 
crease in the plasma low density lipoprotein 
levels after cannulation in growing chicks 
kept on a commercial grain diet(4). The 
present study revealed that the level of low 
density lipoproteins and their mixed fatty 
acid composition in bile duct cannulated 
chicks are greatly influenced by the type and 
level of dietary fat. 

Methods. Two separate studies were car- 
ried out, In the first study, day-old female 
chicks (New Hampshire-Columbian Cross) 
were divided into 2 groups of 15 chicks each 
and kept on experimental diets( 5 )  which 
contained 3 5.3 % isolated soybean protein 
and 1% corn oil or hydrogenated coconut oil. 
In another series 2 groups of 15 chicks each 
were fed these fats at a 10% level. At 5 
weeks of age 8 chicks in each group were 
selected, the neck of the gall bladder was 
ligated, and the hepatic and cystic ducts were 
cannulated with polyethylene tubing (4) .  Fol- 
lowing the operations, the chicks again had 
access to the experimental diets. Bile was 
collected at  various intervals for a period of 
9 days, at  which time both the cannulated 
and the control birds were sacrificed by ex- 
sanguinat ion. 
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In the second study, the sequence, in one 
bird per treatment, df lipoprotein changes 
during bile duct cannulation, ligation, and in 
the absence of treatment was followed in 
adult male birds which had been fed for 2 
years a commercial grain diet containing ap- 
proximately 4% fat. A blood sample was re- 
moved from the wing vein 4 days before the 
operation and at  3- to 6-day intervals fol- 
lowing the operation. On the 35th day the 
birds were sacrificed by exsanguination. 

Isolation and analysis of the serum lipo- 
proteins of each animal were carried out ac- 
cording to the ultracentrifugal flotation 
method described by DeLalla and Gofman 
(6) .  The fatty acid composition of the lipid 
moiety of the lipoproteins was determined on 
pooled samples extracted with a 2: 1 chloro- 
form-methanol mixture( 7 ) .  The methyl es- 
ters were prepared by trans-esterification (8) 
and analyzed by gas liquid chromatography 
on a model 90C Aerograph with a 10-foot 
diethylene glycol succinate column at 2 15- 
22OOC and with a helium flow rate of 501 ml 
per minute (9).  

The bile samples were pooled and sodium 
hydroxide was added so as to make the solu- 
tion approximately 5 N. The resulting mix- 
ture was then saponified for 3 hours at 
12OOC under 20 lb pressure. After saponifi- 
cation, an equal volume of 95% ethyl alcohol 
was added to the hydrolysate and the un- 
saponifiable materials were extracted with 
petroleum ether. The aqueous phase was 
acidified with hydrochloric acid and the fatty 
acids extracted with petroleum ether. The 
methyl esters of these fatty acids were then 
prepared and their composition was deter- 
mined by gas-liquid chromatography. 

Results. The changes in the low density 
lipoprotein level of chicks after bile duct 
cannulation were greatly influenced by the 
type and level of dietary fat (Table I). A 
decrease in level of the serum low density 



356 PLASMA LIPOPROTEINS 

TABLE I. Effect of Dietary Fat on Changes in Concentration of Low Density Lipoproteins of 
Chicks 9 Days After Bile Duct Cannulation. 

Dietary supplements 
Exp 1 Exp 2 

1% 10% 
1% Hydrogenated 10% Hydrogenated 

Corn oil coconut oil Corn oil coconut oil 

% Change in  concentration of low -56% -68% +232% +loo% 
density lipoproteins in individ- 4 5  -6 7 + Z O O  . + 85 
ual cannulated chicks* 4 2  4 7  3- 93 + 12 + 1; - 4 1  -5 1 + 26 

-33 -3 1 + 13 
-2 3 -22 
-20 -14 

Low density lipoprotein concentration in 111.5 112.3 79.5 85.2 
non-emulated chicks (mg/100 ml) t 

* The signs + or  - indicate increase or decrease, respectively, as compared to concentration 
in non-cannulated chicks. Eight chicks in each group were cannulated; values tabulated are for  
successfully performed cannulations only. Exp 1 and 2 were conducted separately, therefore 
changes in  concentration of low density lipoproteins were expressed as TO rather than as ab- 
solute values so that changes in  all 4 groups could best be compared. 

t Values represent low density lipoprotein concentration of pooled sera from 7 non-cannu- 
lated chicks in  each group. 

lipoproteins, as compared to the level found 
in corresponding non-cannulated chicks, oc- 
curred after bile duct cannulation in chicks 
which had received 1% dietary fat. When 
the chicks received a diet containing 10% 
fat, an increase rather than a decrease oc- 
curred in the low density lipoproteins of 
birds cannulated for the same period as the 
birds in the low fat groups. Moreover, the 
nature as well as the level of the dietary fat 
affected the serum low density lipoprotein 
level. The cannulated birds fed 10% corn 
oil showed a greater increase in lipoprotein 
concentration than did birds which had re- 
ceived 10% hydrogenated coconut oil. 

To observe the sequence of serum low 
density lipoprotein changes caused by bile 
duct cannulation and ligation, adult male 
birds were used, thus allowing periodic re- 
moval of blood samples sufficient for ultra- 

centrifugal analysis of plasma low density 
lipoproteins. The bird which had been kept 
on a commercial grain diet showed an ele- 
vated lipoprotein level 7 days after cannula- 
tion and maintained this elevated level for 
the next 8 days, after which there was a 
steady decline in lipoprotein concentration 
(Table 11). Elevation of lipoprotein level in 
the cannulated bird was much less pro- 
nounced than in the ligated bird. Repetition 
of the experiment produced data consistent 
with these findings. In spite of the suscepti- 
bility of the low density lipoproteins to 
change following cannulation, the high den- 
sity lipoprotein levels in both growing and 
adult male birds showed little change from 
the initial concentration. 

Elevation of low density lipoproteins noted 
in the chicks fed a high fat diet and in adult 
birds fed the commercial diet was mostly 

TABLE 11. Changes in  Low Density Lipoprotein Levels (mg/lOO ml Serum) in Adult Male 
Birds After Bile Duct Cannulation or Ligation.* 

Days after operation 
Treatment O t  3 7 11 15 20 25 31 35 

Cannulation$ 36 33 128 122 117 99 80 56 51 
Ligation$ 36 133 446 644 1212 758 480 - 572 
None 30 35 37 33 - 54 - 23 22 

*For  each treatment listed, figures represent the sequence of lipoprotein changes in one 

t Values at 0 day were obtained for samples taken 4 days prior to operation. 
$ Operation wm performed on both hepatic and cystic ducts, 

adult male bird. 
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TABLE IV. Fatty Acid Cornyosition of Bile 
Lipids." 

Dietary supplenients 

Corn oil coconut oil 
Hydrogenated 

10% 1% 10% 1% 

% 
La u ric .4 .4 .1 
Myristic .4 .4 2.1 .6 
Palini tic 33.3 30.0 30.1 28.4 
Palini toleic 2.4 5.8 6.8 7.5 
Stearic 24.4 19.3 18.3 16.3 
Oleie 10.9 29.3 28.1 37.4 
Linoleic 28.3 15.4 14.3 9.4 

- 

* Values are for pooled bile samples from suc- 
cessf ully caiinulated chicks, as  explained in Table 
I. 

cannulation may reflect the availability of 
lipids which were utilizable for biosynthesis 
of serum lipoproteins. I t  has been widely 
recognized that bile duct cannulation, which 
interrupts the enterohepatic circulation of 
bile acids, accelerates the turnover of cho- 
lesterol, Since cholesterol exists in circula- 
tion as a component of plasma lipoproteins, 
the extent of incorporation of newly synthe- 
sized or mobilized cholesterol into plasma 
lipoproteins may partly be governed by the 
availability of fatty acids in the cholesterol 
esters and in other lipid components of the 
lipoproteins. 

The rapid decrease in plasma low density 
lipoproteins after bile duct cannulation in 
chicks on low fat diets may be a result of 
the following factors: 1) decreased avail- 
ability of dietary fatty acids for lipoprotein 
synthesis, which was possibly made more pro- 
nounced by poor absorption of dietary fat 
due to the absence of bile salts in cannulated 
chicks, 2 )  limited availability of fatty acids 
from small fat reserves, characteristic of 
growing chicks, especially of those on low fat 
diets, and 3 )  endogenous sources of choles- 
terol and other lipids which were insufficient 
to compensate for increased plasma lipopro- 
tein catabolism induced by accelerated cho- 
lesterol catabolism and by the loss of fatty 
acids as bile lipid components which are par- 
tially reabsorbed in non-cannulated chicks. 
Bile duct cannulation in dogs results in an 
absorption of approximately 40% of the 
dietary fats as compared to that of the intact 

animal( 11,12). I t  is not known, however, to 
what extent loss of bile from cannulated 
chicks quantitatively interfered with the ab- 
sorption of dietary fats. 

We have noted a greater excretion of bile 
acids by cannulated chicks fed 1070 corn oil 
than by cannulated chicks on other diets, 
which is in agreement with the observation 
of Lewis( 13). In spite of such enhanced ca- 
tabolism of cholesterol, the lipoprotein levels 
of the chicks kept on 1070 corn oil remained 
at a more elevated level. This phenomenon 
was probably initiated by an excessive bio- 
synthesis of cholesterol or an increased mo- 
bilization of tissue cholesterol. Similarity in 
fatty acid composition of the low density 
lipoproteins from both cannulated and non- 
cannulated chicks which had received 10% 
corn oil may indicate that even after cannu- 
lation this group absorbed and mobilized fat 
in quantities sufficient to elevate plasma lipo- 
protein levels for a prolonged period. 

In the present study adult birds kept on 
the commercial diet which had contained 470 
fat exhibited elevated plasma lipoprotein lev- 
els after bile duct cannulation, in contrast to 
the previous results obtained in growing 
chicks kept on the same commercial diet(4). 
This difference between adult and growing 
chicks may be due to the fact that the adult 
birds had well developed adipose tissue which 
served as an available source of lipids for 
rapid mobilization, while the growing chicks 
had very little fat  reserve due to the neces- 
sity of using a large portion of the dietary 
fat for growth. Thus the adult birds could 
sustain elevated lipoprotein levels for a 
longer period than the growing chicks. I t  is 
possible that in the adult birds the action of 
sex hormones might also have been involved 
in the prolonged elevation of plasma lipopro- 
tein levels by mechanisms unknown. 

A decrease in linoleic acid content of the 
lipid moiety of the lipoproteins after bile duct 
cannulation in chicks fed hydrogenated coco- 
nut oil or 1% corn oil seemed to be caused 
by the loss of this essential fatty acid, to- 
gether with other fatty acids, as a bile lipid 
component. In these cases the linoleic acid 
intake was either nonexistent or too inade- 
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quate to supply the necessary amount of 
essential fatty acid. The fatty acid patterns 
of the bile lipid fractions have recently been 
reported to reflect those of the dietary lipids 
(14).  Our study, however, indicated that 
they more closely resembled the fatty acid 
patterns of plasma lipoproteins. 

Summary. The effect of bile duct cannula- 
tion on the plasma lipoproteins was markedly 
influenced by the type and level of dietary 
fat and by the age of the birds. The low 
density lipoprotein level of cannulated chicks 
fed 1% fat decreased, while the level in can- 
nulated chicks fed 10% fat increased; the 
greater increase occurred in the group fed 
corn oil. High density lipoprotein levels were 
unaffected. The increases in level of low 
density lipoproteins in the chicks fed lo,% 
fat were followed by a stationary period and 
by a gradual decline as observed in cannu- 
lated adult birds. 

The fatty acid composition of the lipopro- 
teins also changed after cannulation. In all 
cannulated birds except those fed 10% corn 
oil the linoleic acid content of the low den- 
sity lipoproteins decreased. Fatty acid com- 
position of the high density lipoproteins 
showed closely parallel changes. The mixed 
fatty acid composition of the bile from can- 

nulated chicks and that from corresponding 
serum lipoproteins of non-cannulated chicks 
were very similar. 

1. Bergstrom, S., Danielsson, H., Samuelsson, B., 
in Lipide Metabolism, K. Bloch, ed., John Wiley & 
Sons, Inc., N. Y., 1960, p291. 

2 .  Myant, N. B., Eder, H. A., J. Lipid Res., 1961, 
v2, 363. 

3. Eriksson, S., PROC. SOC. EXP. BIOL. AND MED., 
1957, v94, 578. 

4. Nishida, T., Ueno, A., Kummerow, F. A., Circu- 
lation Res., 1960, v8, 742. 

5. Snyder, J. M., Ph.D. Dissertation, Univ. of 
Illinois, 1955. 

6. DeLalla, 0. F., Gofman, J. W., in Methods of 
Biochemical Analysis, D. Glick, ed., Interscience 
Publishers, N. Y., 1954, v l ,  459. 

7. Nelson, G. J., Freeman, N. K., J. Biol. Chem., 
1959, v234, 1375. 

8. Stoffel, W., Chu, F., Ahrens, E. H., Jr., AnaE. 
Chem., 1959, v31, 307. 

9. Johnston, P. V., Kopaczyk, K. C., Kummerow, 
F. A., J. Nutr., 1961, v74, 96. 

10. Nishida, T., Kummerow, F. A., PROC. SOC. 
EXP. BIOL. AND MED., 1962, v109, 724. 

11. Annegers, J. H., Arch, Znt. Med., 1954, v93, 9. 
12. Cohen, B. J., PROC. SOC. EXP. BIOL. AND MED., 

13. Lewis, B., Lancet, 1958, v274, 1090. 
14. Turner, D. A,, Fed. Proc., 1962, v21, 25. 

1961, v107, 40. 

Received April 10, 1964. P.S.E.B.M., 1964, v117. 

Growth Stimulating Effect of 4-Methyl-5( 2-Hydroxyethyl) Thiazole on 
Thiamine-Deficient Rats." (29580) 

F. W. LEAVER AND B. R. WOODY (Introduced by S. Katsh) 
Research Laboratories, V .  A .  Hospital, and Department of Pharmacology, Un.iversity o f  Colorado 

School of Medicine, Denver 

I t  is well known that 4-methyl-5(2-hy- 
droxyethyl) thiazole (MHET) can replace 
thiamine as a nutrient for some bacteria( 1). 
Abderhalden (2 ,3 )  without success attempted 
to demonstrate that MHET could replace 
thiamine in the diet of the rat. Since then, 
MHET and the pyrimidine moiety of thia- 
mine ( 2 -methyl-4-amino-5-hydroxymethyl py- 
rimidine) have been isolated from urine of 

*This study was supported in part by a grant 
from Nat. Inst. Health (A-5125). 

rats after giving large doses of thiamine (4,5), 
suggesting that the rat is capable of cleaving 
thiamine to give these two products. Also 
Van Eys( 6) has identified MHET as a com- 
ponent of glycerol phosphate dehydrogenase, 
which indicates a strong possibility that 
MHET is biologically active. It, therefore, 
seemed desirable to investigate once again 
the possibility that MHET is biologically ac- 
tive. As workers in the past have apparently 
achieved essentially negative results ( 2,3,6,8) 


