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Effect of BAPN on Lipid Deposition in Rat Liver
and Aorta. Studies Using 4-“C-Cholesterol

Benjamin Rothfeld, M.D., Arthur Karmen, M.D., and Clifford F. Hunter!

Baltimore, Maryland

There have been numerous theories to explain the mechanism of action of
Beta-amino propiononitrile (BAPN) in producing lathyrism. BAPN has been
reported: to have an effect on chondroitin sulfate (1, 2), to have an action as
an antimetabolite (6), to interfere with collagen synthesis (4), to cause a dis-
turbance in the metabolism of nitrogen containing compounds (8) and also
an alteration in the metabolism of individual amino acids (5).

Microscopic sections of tissue in lathyritic animals reveal definite changes
in connective tissue. There is an increase in collagen (14, 9) and also an
accumulation of metachromatic material (2).

A more recent explanation of the action of BAPN is that it interferes with
the cross linking of collagen. It has been shown to inhibit the transformation of
collagen soluble in cold 1 Molar sodium chloride to collagen insoluble in this
material (13). This explanation is not incompatible with many of the above
theories. These authors felt that soluble collagen differed from insoluble in
that it had fewer cross links between collagen molecules. O’'Dell et al found
that BAPN also interfered with the organization of the primary peptide chains
of elastin into a coherent fabric (15). These abnormalities may be related to
abnormalities in aldehyde and/or lysine (16, 17, 18, 19) metabolism in collagen.

There have been conflicting reports on the effect of lathyrism in lipid dep-
osition. Schwartz (11), using histologic techniques found that BAPN increased
lipid deposition in rabbit aortas. Meyer and Vos (10), who also used histo-
logic techniques, found no effect of BAPN on lipid deposition in rats.

In view of these conflicting findings and because of the indication that
BAPN changes the nature of collagen, it was felt that it would be of interest
to investigate the deposition of cholesterol in the tissues of animals fed BAPN
using both quantitative chemical techniques and *C-labeled cholesterol.

1From the Medical and Radioisotope Services, Veterans Administration Hospital, Perry
Point, Maryland, and Department of Radiological Services, John Hopkins Hospital, Baltimore,
Maryland. The assistance of Ladymarie Wise and Carolyn K. Johnson, Dietetic Service, is
gratefully acknowledged.
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MATERIALS AND METHODS

Cholesterol deposition was studied in three groups of white, male weanling
Wistar rats. Each group was started on a different experimental diet as shown
in Table I at the age of three weeks.

At the end of five weeks on the diet, each group of rats was starved for
24 hours and then fed a Purina Chow pellet, to which 20 nc of 4-*C-Cholesterol!
in 95% ethyl alcohol had been added. Two days later the rats were sacrificed
using intraperitoneal nembutal.

The aortas from the aortic ring to the bifurcation were removed, trimmed
of adventitious tissue and washed several times in distilled water. The aortas
were then minced and extracted in 20 ml of equal parts of ethyl alcohol and
acetone for 24 hours. The mixture was then heated to a boil and the superna-
tant was poured off and saved. About 20 ml of alcohol and acetone was added
to the residue; the material was again brought to a boil and the supernatant
again poured off and saved. The latter process was then repeated five times.
The total volume was then reduced by boiling to about 15 ml.

This extract was divided into approximately equal portions for chemical
determination of cholesterol, liquid scintillation counting and chromatography.

TasLE |

Group I— High cholesterol diet:

1. Casein 10 gm 6. Sucrose 67 gm
2. Corn oil 8 gm 7. Salt mixture 4 gm
3. Cholesterol 5 gm 8. P-aminobenzoic acid .1 gm
4. Cholic acid .5 gm 9. Inositol .1 gm
5. Cod liver oil 2 gm 10. Choline chloride .2 gm
To each kilogram of diet were added:
11. Thiamine 5 mg 17. Biotin .2 mg
12. Riboflavin § mg 18. Mlenadione 5 mg
13. Pyridoxine 2.5 mg 19. Tocopherol 100 mg
14. Calcium pantothenate 50 mg 20. Ascorbic acid 25 mg
15. Niacin 80 mg 21. Riboflavin 4.5 gm

16. Folic acid .25 mg
Add 100 gm of above vitamin preparation to each kilogram of diet.

Group II—This is the normal group. Omit 3 and 4 in above diet. Calories lost
by omitting 3 and 4 will be made up with corn oil.

Group II1I -Same as Group I but add .49, BAPN (high cholesterol plus BAPN).

INew England Nuclear Corp.
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Chemical Determination of Cholesterol

The extract was hydrolized by adding 3 drops of a 50% solution of KOH
and incubating in a 60° water bath for one hour. The solution was then acidi-
fied to the phenolphthalein end point using 10% acetic acid solution.

One ml of a 1% solution of digitonin (50% alcoholic solution) was added
and precipitation was allowed to take place over night at room temperature.
The solution was centrifuged and the supernatant carefully poured off and
discarded. The precipitate was washed twice with a solution of 3 parts alcohol
and 1 part ether and then again with ether.

The digitonide was suspended in equal parts (1:1) alcohol and acetone.

The solvent was evaporated off and 6 ml of saturated solution of FeSO,-ace-
tic acid followed by 2 ml of concentrated reagent grade H,SO, were added ac-
cording to the method of Searcy and Bergquist (12).

The color developed was compared in a Klett Colorimeter with that de-
veloped in a standard solution containing 0.4 mg cholesterol treated similarly.
The cholesterol content of the extract was estimated.

The livers were also excised and treated in the same way.

Liquid Scintillation Counting

At the same time that the test pellet was impregnated with '*C-cholesterol
in ethanol solution, a volume equal to that added to each pellet was diluted
1/100, as a counting standard. An aliquot of each acetone-alcohol extract of
tissue was evaporated to dryness and then counted in 15 ml of a solution, con-
sisting of 5 g PPO (5-Diphenyloxazole) and .5 g POPOP [4-bis-2-(5-Phenyl-
oxazolyl)-Benzene] per liter in a Tri Carb Liquid Scintillation Spectrometer.
Following each count, 0.1 ml of the 1/100 diluted standard was added and the
samples counted again. The degree of quenching was estimated by comparing
the increment in the counting rate with the counting rate of an equal aliquot
of dilute standard counted alone and the counting rate of the sample was ap-
propriately corrected.

Thin-Layer Chromatography (TLC)

A portion of the extract of each tissue was concentrated almost to dryness
under a stream of nitrogen and then applied to an activated silica gel G TLC
plate. Standards containing cholesteryl palmitate, triolein, cholesterol and leci-
thin were also applied to each plate, following which, the plates were developed
in a mixture of solvents consisting of petroleum ether: diethyl ether: acetic acid:
85:15:1 in which the cholesteyl esters had an Rf of apporximately 0.9 triglycer-
ides 0.6; cholesterol 0.2; and phospholipids remained at the origin. Following
development, the plates were sprayed with dichlorofluorescein, the lipid spots
were located under ultraviolet light and the spots corresponding to the cholesteryl
esters, the triglycerides and the phospholipids were scraped off into separate
screw-top test tubes. To each tube, 1 ml methanol:H,SO,, 98:2, V/V, and an
aliquot of a solution of margaric acid in methanol, as an internal standard,
were added. The tube was sealed air-tight with a teflon-lined screw cap and



(95001 "34 "3u1Q)
Y%epr = wed 9,

ROTHFIELD, KARMEN, HUNTER

840

80¢ ov1 LS 'S Fo601 T Fel ¥0© F el adulday
1544 9¢1 €9 L9 91 YT 01
6¢¢ Lyl 9¢ LCt [N 80" 6
cLe 091 19 9°8 01 45 8
18¥ 1 17 601 vl e L
609 691 €9 L8 1 a 9
89¢ (4! 8¢ ¢l AR |15 ©
o< LET 9¢ 1°¢ L 148 b4
9o¥ €€l 4 88 (AN} €1’ R
cee R 8 1) 87T €°C 1 T
el¢ el 79 '8 11 €1’ 1
(w3) (wd) (m3) [0y D3Oy (Bw) (Fw)
u01qunsuo)) 3y rury 31 (ourdiiQ —_— 104315210y 104215310y # 1y

poo.; my wy 10y 43007 42017 D3Oy

TVIWAON ][ 410¥5)

] a14v],



841

BAPN EFFECT IN RAT LIVER AND AORTA

(%001 IM “3uQ) %L0T = uen) %,

601 8L 8°L9€ ‘81 < 1°¢TL 10°

$0c €L 69 Flsl Foer F00L ‘8T FO'I  F090C F L0’ agesaay
0ce 6¢ 9¢ L1 9°¢t LIL €T 91 88¢1 90" 60¥
091 9L 18 ¥o1 1°1e 9¢9°S1 [ 80¢T 90" 80%
LT 49 A4 £°61 L9 796 €% 9 e 60" LO¥
R8T 00t 06 [4R) 8791 0zz'9 €1 9¢07 80° 90¥
S€T 18 8 99 €6 Lse'el 9 a10c L0’ so¥
6ST 8 4 89 'e 6T1°ST A ¥99¢ Lo’ 14014
L61 18 €8 0'¢€T 011 666 LS L 9¢€¢T 90° £o¥
€L 16 16 911 0's 88L 61 ¢ 001 90’ ¥
(134 01 <L ¥ '8¢ €81 8LL'TS 11 el 90° 10%

NdVe + TOddLSTTI0H) HOIH 1] d4208)

(%001 3\ BU0) 959€1 = uten) %,
8 '8¢ 8y ¥ 116°79¢ €T 0°988¢C €
bee 54! €01 F 8 Fou FISL SEL Fy'y FoLos Fe odurAy
(8¢ ¥6 8 LT 001 ¥88°Ss¢ 't 9L671 £ o1¢
67% 14! 06 16 811 12990 8Y 4 0¥ 800¢ ¥V 60¢
¢ €€l 1) 08 9°0¢ 06L°159 (A 618 v 80€
09¢ 91 L6 £6 €L 0¥z ‘906 (483 8CL6 4 LOg
38¢ ¥01 €8 cel 8Ll 789°0%1°1 9°¢ 96¥8 A 90¢
LLE 8L1 0zt 8 A 0¥8°129 ¥9 96¢CL 1 co¢
18¢ Lz 901 14 0L 659°0Z¢ 1'¢ AY04! v yog
Log Lyl L1 £y €6 SLT'8¥Y Ve 00%01 14 £0¢
19¢ 891 14! 91 1€l ¥80°0LT°1 9 8TLL ¢ ¢
1334 £81 44! $0? £°6 £81°061 "1 9'¢ 0¥8¢ ¥ 10€
(i3) () () W Poy  joy) vaoy  (wdd) ()  (wd) (3w
uoyj 31 143141 nJ 1940 nJ 1940 #myr
-dunsuo) ULy 3140 ) 4aarT ‘joyD) 4oarT VEI%s4 4007 D)oY DjOYy
poo,J wy wy
[ 410¥9)

TO¥ALSTTOH)) HOIH
[T 918V ]



842 ROTHFIELD, KARMEN, HUNTER

heated at 60 C overnight. Two ml. of water were then added to cach; the
methyl esters were extracted into petrolcum cther. This solution was then con-
centrated and an aliquot was injected into the gas-liquid chromatography (GLC)
column. '

Gas-Liquid Chromatography (GLC)

The GLC column was glass, five feet long, 4 mm L.D. and was packed with
cthylene glycol adipate polyester, 15%, coated on Chromosorb W 85% (Analabs,
Inc., Hamden, Conn.). At 180° C, methyl stearate had a retention time of ap-
proximately 12 minutes. Each analysis was carried out until methyl arachiodo-
nate emerged. The detector was a hydrogen flame ionization detector cali-
brated for quantitative accuracy by the injection of standard mixtures of known
composition. The areas under each of the major peaks corresponding to the
methyl esters of: 14:0, 16:0, 16:1, 18:0, 18:1, 18:2, 20:4 acids (the first number
is the chain length, the second the number of double bonds) were measured by
triangulation and summed. The sum itself was then compared with the area
of the methyl margarate (17:0), corresponding to the known quantity of mar-
garic acid that had been added, form which ratio the total fatty acid present
in each fraction was estimated.

The summarized data are in Tables II and III. The results are expressed
in terms of cholesterol content and cholesterol *C-cpm in the total organ. The
animals on BAPN and high cholesterol gained much less weight than the high
cholesterol or normal group. Their liver cholesterol was also slightly less than
that of the normal group and markedly less than the high cholesterol group.
Also, there was less cholesterol in their aortas. '"C-cholesterol uptake studies
were not done on the normal group. In the group fed BAPN the *C-uptake was
reduced in both aorta and liver compared to the high cholesterol group. The
1C deposition in the livers of the BAPN group was reduced out of pro-
portion to the reduction in the aortas.

The results of analysis by gas chromatography are shown in Tables IV
and V. There was no difference in the fatty acid composition of the cholesterol
ester or phospholipid fractions between the high cholesterol and high cholesterol-
BAPN groups. There was insufficient triglyceride in the BAPN-high cholesterol
group for analysis.

In Table V, results on the analyses of the aortas of the high cholesterol
group are presented. The quantity of fatty acids in the BAPN-fed group was so
low that the methyl esters could not be distinguished from solvent impurities.

DISCUSSION

Animals fed BAPN ate less, gained less weight, had lower quantities of
cholesterol in their aortas and in their livers and following the administration
of labeled cholesterol, had a lower uptake of radioactive cholesterol into both
liver and aorta than did the animals on otherwise similar diet. Since all the
animals fed the labeled cholesterol were observed to have eaten it, the BAPN
may have depressed the absorption of cholesterol by the intestinal tract. While
deposition of labeled cholesterol in the aorta and in the liver was depressed in
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the BAPN fed animals, the effect on the liver seemed relatively more pronounced.
There was certainly no increase in lipid deposition in the BAPN group.

There was no significant difference in the fatty acid composition of the
liver lipids in the animals in the two groups. If fat absorption were seriously
impaired in the BAPN group, one might expect a decrease in the content of
essential fatty acids. Since the linoleic acid content in the livers of the BAPN-
fed groups was not markedly diminished, it is unlikely that there was marked
impairment of fatty acid absorption.

These results agree with the previous studies which concluded that BAPN
did not increase lipid deposition in the aorta. They also agree with the results
of an in vitro study by Milch et al (20) showing that altering the aldehyde cross
links in the collagen of the bovine aorta did not alter the pattern of lipid de-
position.

In addition, results are presented for lipid deposition in the cholesterol-
fed rat aorta. These appear to differ from those in the liver, in that the choles-
terol esters containing palmitic acid are disproportionately increased, almost
reaching the elevation of oleic acid esters. The reasons for this are unclear.

SUMMARY

1. The effect of BAPN on lipid deposition in the rat aorta was studied.

2. BAPN produced a marked reduction in chemical cholesterol deposi-
tion in the aorta, but this was not out of proportion to the reduction in liver
chemical cholesterol or rat weight.

3. Studies with 4C-labeled cholesterol confirmed the above reduction.

4. MC-cholesterol showed a much more marked reduction in the livers
of the cholesterol-BAPN fed animals than in the aortas as compared with those
fed the high cholesterol diet alone. Possible reasons for this are discussed.

5. There was little difference in the distribution among the various lipid
fractions in the livers of the cholesterol-BAPN fed animals as compared with the
cholesterol fed animals.

6. For the first time results of studies of lipid distribution in the aorta of
rats on high cholesterol diets are presented.

7. These studies reveal, that as in most organs studied, cholesterol oleate
predominates. However, unexpectedly, cholesterol palmitate is quite elevated
in the aorta.
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