
certain conditions. C‘ytochrome c reduced by 
N a2SJ 1 tl (,es not api9ear t (1 s t 4 d  ize I y sozy t i1  c‘ 

activity to  heat. I’rotection of lysozyime ac- 
tivity by oxidized Cytochrome c is afforded 
from 28°C to 60°C in solutions buffered at  
p l l  5.0 to 90 minutes. Excellent protection is 
afforded also to aqueous, unbuffered solutions 
at  100°C for incubation of 10 minutes. The 
optimal molecular ratio for exertion of bene- 
ficial effects upon lysozyme appears to be 
about 10 molecules of Cytochrome c to 1 of 
lysozyme. Under certain conditiolns Cyto- 
chrome c preparations appear to exert a slight 
stimulation of initial velocity of lysis by ly- 
sozyme. 
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Effect of Beta-Aminopropionitrile and Cholesterol on Lipids and Aortic 
S;{Wulphated Mucopolysaccharides in Cockerels. (25548) 

K. KOWALEWSKI 
McEachern Cancer Research Lab. and Dept. of Surgery, University of Albertu, Edmonton, Alberta 

When fed to animals and birds, Lathyrus 
fa,ctor beta-aminopropionitrile (BAPN) re- 
sults in severe osteoporosis, skeletal deformi- 
ties, dissecting aneurysms olf aorta and vari- 
ous internal hemorrhages ( 1,2 ) . The toxic 
action of BAPN is related to defective metab- 
olism of connective tissue and lesions in 
lathyrism are due to abnormal formation or 
destruction of mucopolysaccharides of ground 
substance(3,4). There seems to exist an 
analogy between vascuIar lesion of colnnective 
tissue noted in lathyrism and some changes in 
vascular ground substance observed in ani- 
mals with experimental atherosclerosis . Both 
histological and biochemical data seem to in- 
dicate, that alteration in mucopolysaccharides 
of connective tissue is involved in entrance of 
lipids into the arterial wall( 6,7,8,9). Because 
of possible analogy between vascular lesions 
in experimental atherosclerosis and those 
noted in lathyrism, we studied the effect of 
BAPN and cholesterol, added separately or in 
combination to cockerels’ diet, on some lipids 

and mucopolysaccharides of the aorta. 
Materials and methods. Cockerels of 

White-Rock Broiler strain used for this study 
were obtained from a commercial hatchery 
when 8 days old and kept, in groups of 8 to 
10, in thermostatic brooders. Experimental 
diets were supplied from 16 days of age. The 
BAPN-containing diet was prepared by dry- 
ing a 1% aqueous solution of synthetic beta- 
aminopropionitrile fumarate (Abbott Labora- 
tories) on a weighed amount of commercial 
chicken starter. The concentration od 0.025% 
of BAPN in the diet was used. The choles- 
terol diet coatained 2 % of Cholesterol and 
5% of olive oil. The following 4 diets were 
given to 4 groups of birds during a 4 week 
period: 1. Basal diet (normal control) ; 
2. BAPN diet; 3. BAPN + cholesterol diet; 
4. Cholesterol diet. Isotope was adminis- 
tered 24 hours before birds were killed. Ka- 
diosulphate (F5 in H2S04, Atomic Energy, 
Canada) was injected subcutaneously in dos- 
age of 1 mc/’kg of bird’s body weight. The 
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dose was dissolved in 5 ml of distilled water 
together with 40 mg of sodium sulphate (10, 
11) .  The cockerels were anaesthetized. 
killed by decapitation and the blood collected. 
Serum and livers were used for determination 
of lipids. From each bird, aorta and femur 
were carefully dissected. Bone was studied 
to compare Y7 uptake of the aorta with that 
of a tissue (bone) having specifically high 
sulphate-fixing capacity( 1 0 , l l ) .  Majority of 
aortas were studied for !Yi-radioactive muco- 
polysaccharides following the method de- 
scribed previously ( 1 2  13 ) . The specificity of 

uptake method for study of certain muco- 
polysaccharides in tissue is well known. In  
some aortas lipid content was determined. 
The bones were dissolved by the nitric-per- 
chloric acid wet-digestion procedure ( 14).  
The final precipitate of barium sulphate ob- 
tained after processing the tissues was trans- 
ferred to planchettes and counting carried 
out using a thin mica window Tracerlab G-RI 
tube. A Tracerlab Superscaler S.C. 18A was 

used for readings. Kesults were expressed in 
counts per minute (c.p.m.) . Total cholesterol 
was determined following the method of Ahell 
(it al. ( 15) .  For study of lipid phosphate the 
samples were extracted with alcohol-ether and 
analysis carried out by the method of Zilver- 
smit and Davis ( 16). 

Results. All cockerels used in this experi- 
ment showed hock deformities and crooked 
toes of varying degrees of severity ( 2 , l l ) .  Of 
cockerels receiving BAPN diet alone or with 
cholesterol about 16% died of hemorrhage 
due to aortic rupture. 

Average weight of birds and organs used 
for biochemical studies is given in Table I. 
The results of study of lipids in serum, liver 
and aortas are given in Tables I1 and 111. 
Cholesterol feeding produced a rise of total 
cholesterol in all birds. Addition of BAPN to 
the diet did not result in a marked alteration 
of lipid pattern in tissues studied. Table IV 
gives results of measurement of S35 uptake by 
the fraction of aortic tissue considered to con- 
tain sulphated mucopolysaccharides. Total 
radioactivity of femora of birds is also re- 
corded. Increased Y5 uptake by the sul- 
phated mucopolysaccharides of the aortic wall 
in cholesterol fed cockerels was observed, and 
this finding agrees with our previolus work 
( 7 ) .  Cholesterol diet did not affect radio- 
activity of bones. Addition of BAPN to con- 
trol diet or to atherogenic diet did not influ- 
ence SS5 uptake by aortas and bones. 

Despite the fact that both BAPN and cho- 

TABLE IT. Scruni and Liver 1,ipids in Cockerels Fed Various Diets during 4 Weeks. 

B A P N  + choles- Cholesterol 
Control dict BAPN diet terol diet diet 

No. of birds 26 
Serum total cholesterol, mg/100 nil 182 li" 

(87-235 ) t 
Smun phospliolipids, nrg/lOO 1111 2 T l  -+ 31 

(193-3K3) 
Serum C/Pt 5 1  k . U i  

(.35-.74) 
1,ivcr total cholcstrrol, mg/1OO g 

Iiver p h o ~ p l ~ o l i p i d s ,  1ng/ 100 g 

Liver C/P .14 &.01 

367 k 1 I 

2698 5 i2 
(324-423 ') 

(2373-31 00 

(.11-.18) 

21 
144 & 11 
(101-216) 
300 & 1 7  
(200-326) 
.42 2.04 
(.26-.58) 
393 2 11 
(339-379) 
280.1 2 82 

(2Oi5-3275) 
'14 e . 0 0 6  
(.11-.17) 

19 
617 2 98 

(311-1252) 
392 2 22 
(395-520) 
1.98 k .33  
(1.09-4.11) 

4942 136 

2942 76 

1.70 5 2 0  

(2877-7630) 

(2450-3200) 

(.97-2.75) 

28 
1156 k 161 

423 5 25 

2.81 k .32  

6362 & 466 

2792 89 

2.36 2.42 
(1.03-4.68 j 

(380-2090) 

( 3 6 8- 76 3) 

(1.10-3.81) 

(2759-8657) 

(1850-315O) 

* Mean S.E,- t Range. t Total cholesterol/phospholipids ratio. 



BAPN AND CHOLESTEROL O'N LIPIDS 43 5 

TA RLE I T  r. Lipids of A o r t a  in Cockerels F d  Various Diets rliiri ug 4 Week Period. 

13hPN + c ldcw ('Ito!eaterol 
Coiitrol ditbt 1:SPN clic1t trrol (licit diet 

No. of birds 10 11 9 12 
Total cholcsterol, mg/100 ,g 194 & 1 2 %  205 -t- 18 372 k 23 414 50 

(93-247) t (117-233) (275-524) (264-930) 
Phospholipids, rng/100 g 704 f 48 822 5 22 945 _+ 30 877 _+ 35 

C/P .29 k . 0 2  .26 2 . 0 2  .40 k . 0 3  .47 k . 0 4  
(465-843) (595-111s) (765-1075) (680-1123) 

( J 3 - 3 )  (.17-.32) (.30-.55) (.30-33) 

." Mcari 4 S.E. t Range. 

TABLE IV. IJptake of Sx5 b7 Eone and Radioactivity of S3.'-Sulphated Mucopolysaecharides of 
Aortas (X.M.)  in Cockerels Fed Various lXet,s during 4 Week Period. 

EAPN + choles- Cholesterol 
- 

Control diet RAPN diet terol diet diet 

No. of bones 26 2 1  19 28 
SZ5 in bone, cpm/ 100 nig dry wt 1157 -+ 43" 1150 t 76 1265 59 1185 4 7 2  

(833-1649) t (563-1621) (856-1553) (417-1 590) 
No. of aortas 16 10  10 16 
S" in S.M. fraction of aorta, 723 f 51 763 f 60 1878 4 101 1564 k 72 

cpin/100 mg dry wt (409-1052) (457-1109) (1294-2320) (1180-2039) - _II~___-- 

." Mean -+ S.E. t Range. 

lesterol diet may influence collagen metabol- 
ism of the vascular wall in birds, there was 
no marked analogy in the effect of these 2 fac- 
tors on some aspects of lipid and mucopoly- 
saccharide metabolism, which has been stud- 
ied under the described experimental condi- 
tions. 

Sunzinary. 1 ) Beta - aminopropionitrile 
(Lathyrus factor) alone, or combined with 
cholesterol was added to diet of cockerels for 
4 weeks. Normal diet or cholesterol rich diet 
was fed to control birds. BAPN feeding re- 
sulted in deformities of extremities and fre- 
quent death from aortic rupture. These 
changes were not influenced by addition of 
cholesterol to the diet. 2 )  BAPN had no 
effect on lipid content in serum, liver or aorta. 
Alteration in lipid pattern was obtained only 
with cholesterol rich diet. 3) Parallel to1 in- 
crease of lipids in tissues there was a signifi- 
cant rise of S3=; uptake by sulphated muco- 
polysaccharides of the aorta in cholesterol fed 
cockerels. 

Technical assistance of V. Viil, A. Kangaloo and 
L. E. Long, is gratefully acknowledged. Abbott Lab. 
cf Montreal, Canada kindly offered Beta-Amino- 
propionitrile Fumarate (BAPN) for this project. 

1. Dasler, W., J .  Nutr., 1954, 1753, 10.5. 
2.  Barnett, B. D., Bird, H. R., Lalich, J. J., 

Strong, F. M., PROC. SOC. EXP. BIOL. AND MED., 
1957, v94, 67. 

3. Ponseti, I. V., Shepard, R. S., J .  Bone G Joint 
Surg., 1959, v36A, 103. 

4. Wirtschafter, Z. T., A.M.A. Arch. Path., 1957, 
v64, 557. 

5 .  Faber, M., Arch. Path., 1949, v48, 342. 
6. Altschuler, C. H., Angevine, D. M., Am.  J .  Path., 

1951, v27, 141. 
7. Kowalewski, K., PROC. Soc. EXP. BIOL. AND 

MED., 1959, v101, 536. 
8. Schwartz, C. J., Peters, J. A,,  Day, A. J., 

Austral. J .  Exp. Biol. and Med. Sci., 1958, v36, 109. 
9. Kowalewski, K., Arch. Int. Pharmac. They., 

in press. 
10. ~ , PROC. Soc. EXP. BIOL. AND MED., 1958, 

v97, 432. 
11. ___ , Endocrinology, 1958, v52, 493. 
12 .  Kowalewski, K., Williams, H. T. G., Can. J .  

Bioch. and Physiol., 1958, v36, 847. 
13. Kowalewski, K., Strutz, W., Acta Endocrinolo- 

gica, 1959, v31, 107. 
14. Osborne, J. C., Kowalewski, K., Surg. Gyn. 

and Obst., 1956, v38, 103. 
15. Abell, L. L., Levy, B. B., Brodie, B. B., Ken- 

dell, F. E., J .  Biol. Chem., 1952, v195, 357. 
16. Zilversmit, D. B., Davis, A. K., J .  Lab. and 

Clin. Med., 1950, v35, 155. 
Received December 11, 1959. P.S.E.B.M., 1960, v103. 


