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The agent trans-l,4-bis (2-chlorobenzyl- 
aminomethyl) cyclohexane dihydrochloride 
(AY-9944) ( 1 ) inhibits the biosynthesis of 
cholesterol by interfering with the enzymatic 
transformation of 7-dehydrochdesterol to 
cholesterol ( 2 ~ ) .  Given orally to laboratory 
animals, e.g., in rats, AY-9944 significantly 
lowers serum cholesterol and-in spite of ac- 
cumulation of the intermediate 7-dehydro- 
cholesterol biosynthesized instead of choles- 
terol-also causes reduced total sterol levels 
in the serum(4). In  view of its potency, it 
was of interest to investigate the distribution 
of sterols and phospholipids in the serum 
lipoproteins of rats, pigs and dogs treated 
with AY-9944 ( 5 ) .  

Methods. Albino or hooded rats, weighing 
approximately 120 g, were given orally 10 
pmoles (4.6 mg)/kg/day of AY-9944 for 7 
days; to facilitate analysis the sera from 5 
rats were pooled. Young, 4-5-week-old male 
pigs received per os 5, 10 and 50 pmoles (2 .3 ,  
4.6 and 23.2 mg)Jkg/day of AY-9944 for 1 2  
weeks; individual blood samples were taken 
after 20 and 104 days. In another study, 
young pigs of the same age were given orally 
2 5  pmoles (11.6 mg)/kg/day of AY-9944 for 
28 days. Treatment was stopped for 10, days 
and was then repeated for 18 days. Individual 
blood samples were taken on days 14, 28, 38 
and 56. Young beagle hounds were ad- 
ministered orally either 25 (1 1.6 mg) or 50 
pmoles (23.2 mg)/kg/day of AY-9944; a 

third group received daily 50 pmolesJkg of 
the agent and the dose was increased every 
month by 10 pmoles/kg/day until a final 
dose of 110 pmoles/kg/day was reached. 
AY-9944 was given for 5 days per week and 
treatment was continued for a total of 104 
weeks. In a second study in dogs, 5-8-year- 
old beagle hounds were given orally 30 pmoles 
(13.9 mg)/kg/day of AY-9944 for 28 weeks. 

The serum lipoproteins were separated by 
preparative ultracentrifugation ( 6) into frac- 
tions of very low density (VLD ; d< 1.019), 
low density (LD; d, 1.019-1.063) and high 
density (HD ; d,  1.063-1.2 1 ) respectively. 
Cholesterol and 7-dehydrocholesterol were 
determined as reported earlier(7) and the 
phospholipid levels by the semi-automated 
procedure of Kraml(8). 

Results. Rats (Table I ) .  Oral adminis- 
tration of 10 pmoles/kg/day of AY-9944 
caused a fall in serum cholesterol which was 
partly compensated by 7-dehydrocholes terol. 
The effect was greater in hooded rats, notably 
in females, than in albinos. Cholesterol was 
reduced in all lipoprotein fractions. 7-Dehy- 
drocholesterol predominated in H D  lipopro- 
teins and was not detected in the LD fraction. 
In spite of different sterol levels in male 
hooded and albino rats, their 7-dehydrochole.s- 
tero1:cholesterol ratios in the VLD and H D  
lipoproteins were virtually identical (Table 

Pigs. As presented in Table 111, administra- 
11). 
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TABLE I. Effect of AY-9944 (10 pmoles (4.6 mg)/kg/D:iy p c ~  OR for 7 Days) on Sterol and Phospho- 
lipid Distribution in Serum Lipoproteins of Hooded and All)inu f t : t  ts (Expressed in mg/100 ml Serum). 

Serum rAlbino rats, m a l e 7  
(------- Hooded rats ------- 

lipoprotein 4 2 o n  trol- -Treated- 
fraction Lipid constituent" 8 0 8 0 Control Treated 

d < 1.019 Cholesterol 
(VLD) 7-Dehydrocholesterol 

Phospholipids 
d ,  1 .O 19- 1.063 Cholesterol 

7-Dehydrocholesterol 
Phospholipids 

7-Dehydrocholesterol 
Phospholipids 
Cholesterol 

(LD) 

(HD) 
d, 1.063-1.21 Cholesterol 

Total serum 7-Dehydrocholesterol 

Phospholipids 

34 28 11.5 
0.0 0.0 4.0 

32 19 16 
8 6 1 
0.0 0.0 0.0 

15 13 11 
52 54 16 

0.0 0.0 11.5 
58 49 58.5 
94 88 28.5 

0.0 0.0 15.5 

105 77 85.5 

(-70%) t 

(+16.5%) 

(-18.5%) 

4 
3.0 

11 
2 
0.0 
9 

10 
8.0 

44 
16 

(-82%) 
11 

(+12.5%) 
64 

(-17%) 

33 24 
0.0 7.5 

41.5 39 
10.5 2.5 

0.0 0.0 
27.5 22 
37 12.5 

0.0 9.0 
24 27 
80.5 39 

(-51.5%) 

(+20.5%) 
0.0 16.5 

93.0 88 

* Each value is the average of two serum samples, each pooled from a group of five rats. 
t Percent of concentration in control serum, 

tion of AY-9944 per os produced in the serum 
very low levels of cholesterol together with 
a certain amount of 7-dehydrocholesterol. The 
concentrations of both were dose-dependent: 
increasing doses of AY-9944 caused greater 
reduction in cholesterol content and enhanced 
accumulation of 7-dehydrocholesterol. The 
dose-dependent lowering of serum phospho- 
lipids detected after 20 days was no longer 
observed after 83 days of AY-9944 adminis- 
tration. Cholesterol was reduced in all lipo- 
proteins and all contained 7-dehydrocholes- 
terol. The dependence of the effect on the 
dose and duration of treatment with AY-9944 
is also reflected in the 7-dehydrocholesterol: 
cholesterol ratio (Table IV) . 

After 20 days of AY-9944 the phospholipids 
were reduced in all lipoprotein fractions; their 
slight increase observed after 83 days of 
treatment with 10 and 50 pmoles/kg/day of 

TABLE 11. 7-Dehydrocholesterol : Cholesterol Ra- 
tio in Serum Lipoprotein Fractions of Rats Treated 
with AY-9944 (10 pmoles/kg/Day, p.0. for 7 

Days). 

7-Dehydrocholesterol/cholesterol 
Albino rats Serum 

lipoprotein Hooded rats 
fraction 9 8 8 

d<l.O19 (VLD) .75 .35 .31 
d, 1.019-1.063 (LD) - - - 
d, 1.063-1.21 (HD) .80 .72 .74 

AY-9944 was accompanied by a redistribution 
resulting in accumulation of phospholipids in 
the H D  lipoproteins. 

The fall in serum cholesterol and phospho- 
lipid levels together with the accumulation of 
7-dehydrocholesterol as caused by AY-9944 
(25 pmoles/kg/day) given per 0s for 28 
days, was reversed virtually to control values 
following a recovery period of 10 days (Table 
V). Repeated administration of AY-9944 led 
again to a typical response. 

Dugs. As in rats and pigs, AY-9944 given 
orally to young beagles, depressed the serum 
cholesterol content and caused appearance of 
7-dehydrocholesterol. No such elevation was 
observed on prolonged administration of the 
higher doses. The fall in cholesterol appeared 
to be greatest in the VLD fraction, whereas 
7-dehydrocholesterol occured mainly in the 
HD lipoprotein fraction (Table VI) . 

In  old dogs a daily dose of 13.9 mgJkg of 
AY-9944 given for 28 weeks produced a 
considerably lower proportion of 7-dehydro- 
cholesterol in serum sterols (about 1/10) than 
was detected in young animals (approximately 
1/5 of the total sterol content) treated for a 
similar period of time (25 weeks of 11.6 
mgJkgJday of AY-9944) (Table VII) . 

In  all 3 species studied, oral 
administration of AY-9944 caused greatly 
reduced serum sterol levels. The fall in 

Discussion. 



T
A

B
L

E
 1

11
. 

E
ff

ec
t 

of
 C

hr
on

ic
 *

4d
m

in
is

tr
at

io
n 

pe
r 

0s
 o

f 
A

Y
-9

94
4 

on
 D

is
tr

ib
ut

io
n 

of
 

S
te

ro
ls

 a
nd

 P
ho

sp
ho

li
pi

ds
 

in
 S

er
um

 L
ip

op
ro

te
in

s 
of

 
Y

ou
ng

 
G

ro
w

in
g 

M
al

e 
P

ig
s 

(E
xp

re
ss

ed
 i

n
 m

g/
10

0 
m

l 
S

er
um

).
 

~ 
~~

~ 
~ 

~ 
~~

 
~ 

fl
 

20
 d

ay
 tr

ea
tm

en
t 

7
 

r-.-83 
da

y 
tr

ea
tm

en
t 

-
l 

A
Y

-9
94

4,
 p

m
ol

e/
kg

/d
ay

* 
S

er
um

 
li

po
pr

ot
ei

n 
fr

ac
ti

on
 

L
ip

id
 c

on
st

it
ue

nt
 

C
on

tr
ol

 
5 

10
 

50
 

A
Y

 - 9
 94

4,
 p

m
ol

e/
kg

/d
ay

 

5 
10

 
50

 
1.5!

 
C

on
tr

ol
 

W
 

B
 

8
 

b
 

d 
<

 1.0
19

 
C

ho
le

st
er

ol
 

58
.3

 
30

.9
 

21
.3

 
16

.0
 

45
.7

 
20

.8
 

12
.6

 
3.

9 

3 
7-

D
eh

yd
ro

ch
ol

es
te

ro
l 

0.
0 

5.
3 

5.
3 

14
.3

 
0.

0 
7.

0 
11

.6
 

7.
0 

Ph
os

ph
ol

ip
id

s 
41

.7
 

21
.6

 
17

.6
 

13
.2

 
33

.1
 

30
.3

 
28

.5
 

17
.2

 
(V

L
D

) 
m

 
d,

 1
.0

19
-1

.0
63

 
C

ho
le

st
er

ol
 

7-
D

eh
yd

ro
ch

ol
es

te
ro

l 
Ph

os
ph

ol
ip

id
s 

7-
D

eh
yd

ro
eh

ol
es

te
ro

l 
Ph

os
ph

ol
ip

id
s 

C
ho

le
st

er
ol

 

(L
D

) 

(H
D

) 
d,

 1
.0

63
-1

.2
10

 
C

ho
le

st
er

ol
 

T
ot

al
 se

ru
m

 
7-

D
eh

yd
ro

ch
ol

es
te

ro
l 

Ph
os

ph
ol

ip
id

s 

15
.7

 
24

.0
 

0.
0 

2.
4 

17
.5

 
13

.2
 

44
.0

 
19

.6
 

0.
0 

3.
6 

78
.2

 
51

.2
 

11
8.

0 
74

.5
 

0.
0 

11
.3

 

13
7.

4 
86

.0
 

(-
37

%
) 

t 

(+
lo

%
) 

(-
37

.5
%

) 

13
.5

 
3.

1 
10

.8
 

23
.5

 
5.

8 
41

.0
 

58
.3

 
(-

50
.5

%
) 

14
.2

 
(+

12
%

) 
69

.4
 

(-
49

.5
%

) 

11
.3

 
9.

7 
11

.2
 

8.
4 

9.
3 

37
.6

 

35
.7

 

33
.3

 

62
.0

 

(-
70

%
) 

(+
28

%
) 

(-
55

%
) 

9.
0 

5.
6 

B
- 

15
.5

 
0.

0 
18

.2
 

4.
7 

5.
5 

6" 
13

.6
 

a 
16

.9
 

17
.7

 
18

.1
 

24
.6

 

58
.7

 
25

.2
 

28
.3

 
6.

5 
F 0

 
'd

 
73

.0
 

56
.0

 
81

.4
 

89
.2

 
T: cj

 

(-
-4

6.
5%

) 
(-

58
%

) 
(-

87
%

) 
IR

 

(+
18

%
) 

(+
32

%
) 

(+
40

%
) 

21
.0

 
27

.0
 

0.
0 

9.
4 

64
.2

 
49

.9
 

16
.0

 

21
.1

 
38

.1
 

47
.6

 

12
3.

0 
10

4.
0 

12
9.

0 
13

1.
0 

11
9.

9 

0.
0 

(-
15

.5
%

) 
(+

5
%

) 
(+

6
.5

%
) 

* 
2.

3 
m

g,
 4

.6
4 

m
g 

an
d 

23
.2

 m
g/

kg
/d

ay
 

re
sp

ec
ti

ve
ly

. 
t P

er
ce

nt
 o

f 
ch

ol
es

te
ro

l 
co

nc
en

tr
at

io
n 

in
 c

on
tr

ol
 s

er
um

. 



1226 AY-9944 AND SERUM LIPOPROTEINS 

TABLE 
Ratios i n  
Growing 

IV. 7-Dehydrocholesterol : Cholesterol 
1 Serum Lipoprotein Fractions of Young 
Male Pigs Following Chronic Oral Ad- 

ministration of AY-9944. 
~~ 

7-Dehydrocholesterol/cholesterol 
ratios following AY-9944, per os, 

in  pniole/kg 
Serum 

lipoproteill 20 day treatment 83 day treatment 
fraction 5 1 0  50 5 10 50 

cholesterol content was only partly cuunter- 
balanced by the appearance of 7-dehydro- 
cholesterol, the intermediate which is biosyn- 
thesized instead of cholesterol in laboratory 
animals treated with AY-9944( 2 ) .  The con- 
tent and especially the composition of serum 
sterols depended on dose and duration of 
treatment. In pigs, higher doses produced 
lower cholesterol and higher 7-dehydrochole.s- 
terol levels, a phenomenon enhanced further 
by prolonged treatment. A similar tendency 
was noted in dogs. 

Following a rest period of 10 days, in the 
serum of pigs treated with AY-9944, with a 
trace of 7-dehydrocholesterol left, cholesterol 
rose to control level while phospholipids ap- 
proached that of controls. A similar observa- 
tion was made earlier in rats (9) .  

In spite of considerable differences between 
different species in the content of serum lipids 
and their distribution between lipoprotein 
fractions( lo),  AY-9944 caused in rats, pigs 
and dogs a fall of cholesterol in all lipoprotein 
fractions. However, the distribution of 7- 
dehydrocholes terol between lipoprotein f rac- 
tions varied considerably from species to 
species: in rats and dogs the bulk of 7-dehy- 
drocholesterol was usually associated with the 
HD lipoprotein fraction; in pigs, this prefer- 
ence was observed only after prolonged treat- 
ment with higher doses of AY-9944; no 7-de- 
hydrocholesterol was detected in rat serum 
LD lipoproteins. 

In respect to serum phospholipids, the 
slight reduction observed in hooded rats 
treated with AY-9944 occurred mainly in their 
VLD lipoprotein fraction. TP pigs the e#fect 

W W '  

A A ~  

1 + 1  
W W L  

ri ri 

C J 8 0  CJ 

ri rl rl 

3 0 0  9 
+ d 4 -I 

> 8 h  
M 

-I rl 

3 z Q )  CJ 

-I rl 
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depended on duration of treatment: after 20 proteins was also studied in old dogs. In  
days the reduction was dose-dependent and spite of considerable variation in the lipo- 
was detected in all 3 lipoprotein fractions; protein lipid content from animal to animal 
prolonged treatment with higher doses of AY- (1 1), AY-9944 caused in all dogs the appear- 
9944 caused phospholipid levels to reverse to ance of 7-dehydrocholesterol in concentrations 
virtually normal values. similar to those found in young animals. The 

Recently we have discussed the importance considerably smaller proportion of 7-dehydro- 
of age of laboratory animais in studies of cholesterol in the serum total sterols, on the 
cholesterol biosynthesis inhibitors ( 7 ) .  In  ac- other hand, may indicate decreased sterol 
cordance, the effect of AY-9944 on serum lipo- catabolism in old animals. 

TABLE VI. Effect of Prolonged Oral Administration of AY-9944 on Sterol Distribution in  
Serum Lipoproteins of Young Beagles (Expressed as mg/100 ml Serum). 

Serum lipoprotein fraction 
AY-9944 treatment a < i . o i g  a, 1.019-1.063 a, 1.063-1.21 

(VLD) (LD) (HD) Total serum pmole/kg Duration 
/day (wk) Sex As* A5,7 t A6 ~ h 7  A5 A527 A6 ~ 6 9 7  

25 25 

104 
( 1  1.6 mg) 

50 25 
(23.2 mg) 

104 

n o $  30 
(51.0 mg) 

Control 

8 
Q 
8 
8 
0 
Q 
8 
8 
0 
8 
Q 
8 
8 
9 

8 
9 

57 
24 

8 
13 
7 

10 

46 
24 
8 

10 
8 

14 
8.5 

24 

132 
139 

5 
6 
7 

18 
3 
5 

13 
16.5 
9 
4 
2 

0.0 
0.0 
2.5 

0.0 
0.0 

14.5 3 
12 3 
13 4 
11 5 
14 1 
10 0.0 

14 3 
19 11 
10 9 

7 2  
10 0.0 

56 0.0 
30 6 
15 4 

36 0.0 
59.5 0.0 

41 19.5 
99 26 
78 63 

102 37 
46 62 
84 57 

65 12 
99 41 
62 50 
43 44 
22 39 

113 50 
17 24 
82.5 38 

140 0.0 
171 0.0 

112.5 27.5 
135 35 
99 74 

126 60 
67 68 

104 62 

125 28 
142 68.5 
80 68 
60 50 
40 41 

183 106 
55.5 30 

121.5 44.5 

308 0.0 
369.5 0.0 

* Cholesterol. 
t 7-Dehydrocholesterol. 
t. Dogs administered 50 pmole/kg/day AY-9944 with increments of 10 pmole/kg/day each 

month to a terminal dose of 110 pmole/kg/day. 

TABLE VII. Effect of AY-9944 (30 pmoles, i.e., 13.9 mg/kg/Day Given Orally for 28 Weeks) 
on Sterol and Phospholipid Distribution in  Serum Lipoproteins of Old Dogs (Expressed as 

mg/100 ml Serum). 

Serum lipo- {-Control-, ,---AY-9944 treated- 
protein fraction Lipid const.ituent 8 9 Q $ 8 0 9  

d, <LO19 (VLD) Cholesterol 
7-Dehydrocholesterol 
Phospholipids 

7-Dehydrocholesterol 
Phospholipids 

7-Dehydrocholesterol 
Phospholipids 

7-Dehydrocholestero1 
Phospholipids 

d, 1.019-1.063 (LD) Cholesterol 

d ,  1.063-1.21 (HD) Cholesterol 

Total serpm Cholesterol 

163 

98 
55 

183 
70 

260 
288 

541 

0.0 

0.0 

0.0 

0.0 

117 

64 
51  

140 
44 

187 
212 

391 

0.0 

0.0 

0.0 

0.0 

71 

100 
70 

160 
153 

156 
294 

416 

0.0 

0.0 

0.0 

0.0 

19 

40 
28 

77 
146 
15.5 

269 
193 

386 

9.0 

0.0 

24.5 

14 

37 
23 

54 
81 
12.0 

179 
118 

19 
270 

4.0 

3.0 

54 
21.0 
92 
56 

79 
158 

287 
268 
30 

358 

0.0 

9.0 

31 

39 
40 

86 
147 

14.0 
230 
218 

16 
355 

2.0 

0.0 

- 
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Regarding 7-dehydrocholesterol, readily de- 
tectable in animals treated with AY-9944, the 
level in the serum reflects the rate of its bio- 
synthesis( 12) and degradation as well as its 
transportability by serum lipoproteins. Con- 
cerning the rate of biosynthesis, any dose of 
AY-9944 higher than the minimal dose which 
completely blocks ch,olesterol formation from 
7-dehydrocholesterol should finally cause a 
similar, maximal concentration of serum 7-de- 
hydrocholesterol. Actually, in pigs, higher 
doses and prolonged administration of AY- 
9944 resulted in progressively higher serum 
7-dehydrocholesterol levels. Assuming the 
rate of catabolism of 7-dehydrocholesterol 
was not affected, this observation suggests en- 
hanced biosynthesis of 7-dehydrocholesterol in 
pigs treated with AY-9944 as compared to 
that of cholesterol in untreated controls. The 
increase may indicate failure of the biosyn- 
thesized 7-dehydrocholesterol to activate the 
negative feedback mechanism of homeostatic 
control of cholesterogenesis normally trig- 
gered off by elevated levels of cholesterol( 1 3 ) .  

The striking elevation of serum 7-dehydro- 
cholesterol following prolonged administra- 
tion of the highest dose to pigs may be in- 
dicative of secondary effects of AY-9944 on 
serum lipoproteins. 

AY-9944, an orally active in- 
hibitor of cholesterol biosynthesis, caused 
in rats, pigs and dogs greatly reduced serum 
cholesterol levels, only partly compensated by 
7-dehydrocholesterol formed instead of choles- 
terol by the action of AY-9944. The distri- 

Summary. 

bution of 7-dehydrocholesterol between serum 
lipoprotein fractions differed from cholesterol 
and varied from species to species. Levels of 
7-dehydrocholesterol and their distribution 
may reflect the rate of sterol biosynthesis. 

We acknowledge with gratitude the collaboration 
of Dr. E. Greselin who supervised all experiments 
with animals and we thank Mr. J. Dubuc and his 
staff for the analyses of lipids. 
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