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Inf luence  of (22 R ) - 2 2 - A m i n o c h o l e s t e r o l  on Cho les tero l  M e t a b o l i s m  in Rats  

A n u m b e r  of s terols  in w h i c h n i t r o g e n  has isosterical ly 
replaced one or more  side ch'~-/n ca rbon  a toms  have  been 
tes ted  as hypocho les te rmic  agents.  The compounds  t e s t ed  
were 22, 25-diazacholestanol  x-4, 20, 25-diazacholesterol  5-s, 
25-diazacholesterol  9, and 22,25-diaza-19-norcholesta-1,  
3,5~-~riene-3-01 t~ All the  compounds  were found  to 
inh ib i t  the  reduc t ion  of desmostero l  (24-dehydrocholes-  
terol) to  cholesterol .  The avai labi l i ty  of (22R)-22 amino-  
choles te ro ln ,  has  p r o m p t e d  us to inves t iga te  the  effects 
of amino  side chain subs t i tu t ion  of cholesterol  upon  me- 
t abo l i sm of t h a t  sterol.  Our f indings are the  subjec t  of th is  
communica t ion .  

Materials and methods. Male, YVistar ra t s  (165 g) were 
ma in t a ined  for 7 days  on a semisyn the t i c  d ie t  conta in ing  
mixed  cereal (70%), skim milk  powder  (22%), whea t  germ 
(7%), and v i t am in  mix  (1%). This diet  is readi ly  accepted  
by  ra ts  x~. The (22R)-22-aminocholes terol  (0.3%) was 
added  at  the  expense  of the  cereal. The animals  were 
killed by  decapi ta t ion .  Serum was assayed for to ta l  
cholesterol  by  the  me thod  of P~ARSON et al. 13. The liver 
was d iv ided  in to  4 a l iquots  which  were used for the  
cholesterol  ox ida t ion  and  hyd roxy la t i on  s tudies  and  the  
b iosynthes is  exper iment .  A four th  a l iquot  was dissolved 
in 15% alcoholic KOH,  the  nonsaponi f iab le  mater ia l  
ex t r ac t ed  in to  pe t ro l eum e ther  and  the  ex t r ac t  analyzed 
for to ta l  cholesterol~3. 

Mi tochondr ia l  suspensions  were p repared  as descr ibed 
previous ly  ~4, ~a. Incuba t ions  were carried out  in s toppered  
125 ml E r l enmeye r  flasks conta in ing  center  wells. The 
incuba t ion  mix tu re  consis ted of 1 ml  of mi tochondr ia l  
p repa ra t ion  (11.1 mg protein)  ; 1 ml  of a solut ion conta in-  
ing adenosine  t r i p h o s p h a t e  (ATP, 25 mg), n ieo t inamide  
adenine  dinucleot ide  (NAD, 5 mg), adenosine  mono-  
p h o s p h a t e  (AMP, 8 mg), reduced  g lu ta th ione  (15 mg), 
sodium ci t ra te  m o n o h y d r a t e  (30 rag), magnes ium n i t r a t e  
h e x a h y d r a t e  (10 mg), po tas s ium penicil l in G (2000 units) 
and s t r e p t o m y c i n  sulfate (1 rag) ; 5 ml  of labeled subs t r a t e  
in 0.25 M tris ( h y d r o x y m e t h y l ) a m i n o m e t h a n e  HC1, 
p H  8.5; and  5 ml  of boiled supe rna tan t .  

I ncuba t ions  were carried out  a t  37~ for 18 h. At  the  
end of th is  per iod 2.5 ml of a 1 M methanol ic  solut ion of 
H y a m i n e  10 • (p[d i i sobuty l -c resoxyethoxyethyl ]  d im- 
e t h y l - b e n z y l a m m o n i u m  hydroxide)  was in jec ted  in to  
the  center  well. The solut ion was acidif ied wi th  1 N 
H~SO, (2.5 ml) and  the  flasks were shaken  for 3 h a t  
37~ to  displace ~CO 2. The H y a m i n e  solut ion was re- 

moved  f rom the  center  well and a sample  was t aken  for 
rad ioac t ive  assay by  l iquid scint i l la t ion spec t romet ry .  
Previous  work has shown 14, ~ t h a t  the  m a x i m u m  pro-  
duc t ion  of ~4CO~ occurs a t  be tween  8 and 18 h of incuba-  
tion. I t  has  also been d e m o n s t r a t e d  t h a t  a t  18 h prac t ica l ly  
no 1~CO2 is p roduced  in the  absence of the  mi tochondr ia l  
p repara t ion .  

Microsomal  suspensions were p repared  as descr ibed by  
SHEFER, I-tAUSER and  MOSBACH 1% I n c u b a t i o n  was carried 
out  in a 25 ml E r l enmeye r  flask conta in ing  [1, 2-SH]choles - 
terol  (0.5 tzmole, 8.25 • 105 cpm/~mole)  solubil ized wi th  
6.7 mg Tween 20; po tas s ium p h o s p h a t e  buffer  (pH 7.4), 
0.167 mmole ;  MgC12, 11 {xmoles; N A D P  +, 3.0 ~moles;  
g lucose-6-phosphate ,  6.0 ~nloles; g lucose-6-phosphate  
dehydrogenase ,  1 IU ;  and  1 ml  microsomal  suspension 
(0.9 mg protein) .  The final vo lume was 2.3 ml. Incuba t ion  
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Influence of (22 R)-22-aminocholesteroi (0.3) on cholesterol metabolism in Wistar rats a 

Group b 

Test Control 

Number (survival) 
Weight gain (g) 
Liver weight (g) 
Liver as percent body weight 

Serum cholesterol (mg/dl) 
Liver cholesterol (ing/100 g) 

Oxidation of [26-1~C] cholesterol (%/ing N) 
+ eytosol 

- -  cytosol 

7~ hydroxylase (pmoles/mg/min) 
Biosynthesis from [1-14C] acetate (epm/mg cholesterol) 

4[4 
- 2  i 6 

5.3 • 0.4 
3.21 ~ 0.02 

151 2~ 12 
259 i 6 

12.3 -4- 0.9 
3.9 ~- 1.4 

24.73 =t= 0.96 
494 -t- 39 

4/4 
47 i lc 

8.6 4- 0.7 a 
4.00 • 0.36 

122 j= 11 
258 ~- 17 

9.s i 2.2 
3.0 :~ 01.1 

43.47 ~ 3.75 a 
677 • 46 e 

Fed for 7 days. b All data -t- standard error, o p < 0.001. a p < 0.01. e p < 0.05. 
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was carr ied ou t  a t  37 ~ w i t h  shaking .  The  reac t ion  w a s  
s topped  b y  the  add i t i on  of 7.5 ml  m e t h y l e n e  dichlor ide-  
e t h a n o l  (5:1) to  a 0.5 ml  a l i quo t  of t he  r eac t ion  mix tu re .  
Steroids  were s epa ra t ed  b y  t h i n  l ayer  c h r o m a t o g r a p h y  
on  silica gel G w i t h  e thy l  a c e t a t e - h e x a n e  (8:2).  The  
b a n d s  were v isual ized  w i t h  iodine v a p o r  17, sc raped  f rom 
the  plates ,  and  assayed  for r a d i o a c t i v i t y  b y  l iquid  
sc in t i l l a t ion  spec t rome t ry .  

Fo r  l ipid b iosyn thes i s  exper imen t s ,  0.5 g slices of 
l iver  were i n c u b a t e d  a t  37~ for  3 h in 5 ml  p h o s p h a t e  
buffer  (pH 7) c o n t a i n i n g  0.0006 M MgC12, 0.03 M nico t in-  
amide,  a n d  0.5 [,Ci (0.24 {zM) [1-~4C]acetate. The  r eac t i on  
was s topped  b y  add i t i on  of 15% alcoholic KOH.  Choles- 
te ro l  was e x t r a c t e d  f rom t he  sapon i f i ca t ion  m i x t u r e  and  
isola ted as t h e  d ig i ton ide  is. The  aqueous  res idue  was 
acidif ied to p H  1 w i t h  s t rong  m i n e r a l  acid and  f a t t y  
acids were e x t r a c t e d  in to  e ther .  Choles terol  d ig i ton ides  
were dissolved in  m e t h a n o N  9 a n d  assayed  b y  l iqu id  
sc in t i l l a t ion  spec t rome t ry .  The  f a t t y  acids were c o u n t e d  
direct ly .  

All  r ad ioac t ive  s u b s t r a t e s  were p u r c h a s e d  f rom New 
E n g l a n d  Nuc lea r  Corpora t ion ,  Bos ton ,  MA, a n d  t he  
choles terol  was pur i f ied  b y  t h i n  layer  c h r o m a t o g r a p h y  
p r io r  to  use. 

Results and discussion. The  d a t a  are s u m m a r i z e d  in t he  
Table.  E v e n  a t  a level  of 0 .3% of the  diet ,  (22!R)-22- 
aminocho les t e ro l  s ign i f i can t ly  affected we igh t  gain.  
A l t h o u g h  t he  l ivers  of t h e  r a t s  fed t he  t e s t  d ie t  were 
smal le r  t h a n  those  of t he  controls ,  w h e n  ca lcu la ted  on  t he  
basis  of g l iver /100 g b o d y  weight ,  t he  l ivers  were of s imi la r  
p r o p o r t i o n a t e  size. T he  t e s t  c o m p o u n d  d id  n o t  signifi-  
c a n t l y  affect  se rum choles terol  or l iver  choles terol  levels. 
L ive r  choles terol  c o n c e n t r a t i o n s  were iden t i ca l  and  
a l t h o u g h  t h e  di f ference in se rum choles tero l  was  no t  
s t a t i s t i ca l ly  s ignif icant ,  t h e  choles terol  level  of t h e  t e s t  
g roup  was 24% h igher  t h a n  t h a t  of t h e  con t ro l  group.  
The  average  se rum plus  l iver  pool  was  h igher  in  t he  cont ro l  
t h a n  in  t he  t e s t  an im a l s  (30.1 vs  21.2 rag). T he  ox ida t i on  
of [26A4CJcholesterol to  14CO 2 b y  l iver  m i t o c h o n d r i a  was 
a b o u t  30% h igher  in  t he  t r e a t e d  rats ,  b u t  t he  dif ference 
was no t  s t a t i s t i ca l ly  s ignif icant .  The  increased level  of 
ox ida t i on  was obse rved  b o t h  in t he  presence  or absence  
of cytosol  a l t h o u g h  ox ida t ion  in t he  absence  of cytosol  
was r educed  b y  a lmos t  70%. This  r e d u c t i o n  of choles tero l  
o x i d a t i o n  in  t he  absence  of boi led  s n p e r n a t a n t  (cytosol) 
has  been  observed  cons i s t en t ly  in our  exper imen t s .  

The  in i t a l  s tep  in bi le  ac id  syn thes i s  f rom cholesterol ,  
7 ~ h y d r o x y l a t i o n  b y  l iver  mic rosomal  p repa ra t ions ,  was  
r educed  b y  43% in r a t s  fed (22R)-22-aminocholes te ro l .  
W e  a r e  no t  aware  of a n y  o t h e r  pha rmaco log ic  agen ts  
wh ich  exer t  so d ras t i c  an  effect  on  7 ~ h y d r o x y l a t i o n  of 

cholesterol .  L ivers  of r a t s  fed (22R)-22-aminocho les te ro l  
also showed  grea t ly  r educed  l ipogenesis.  L ive r  slices f rom 
t e s t  r a t s  c o n v e r t e d  s ign i f i can t ly  less [1-~4C]acetate to  
choles terol  t h a n  d id  slices f rom cont ro l  rats .  Convers ion  
of [1-1~acetate  to  f a t t y  acids was even  more  severe ly  
res t r ic ted .  W h e r e a s  choles terol  syn thes i s  was i n h i b i t e d  
b y  27%, f a t t y  acid syn thes i s  was  i n h i b i t e d  b y  76% 
(15366 vs 3747 cpm/0 .5  g of l iver ;  p < 0.05). 

The  azas tero ls  h a v e  all been  shown to  i n h i b i t  choles terol  
syn thes i s  a t  t h e  h y d r o g e n a t i o n  of desmosterol ,  t h u s  
caus ing  a c c u m u l a t i o n  of desmos te ro l  in  b lood  and  liver. 
Gas l iquid  c h r o m a t o g r a p h i c  ana lys i s  o f  se rum and  l iver  
e x t r a c t s  of r a t s  fed (22 R) -22-aminocho les te ro l  showed no 
desmos te ro i  or o the r  s terols  sugges t ing  t h a t  i n h i b i t i o n  of 
choles terogenesis  occurs  a t  a n  ear ly  s tage of t he  bio- 
s y n t h e t i c  p a t h w a y .  

The  d a t a  i nd i ca t e  t h a t  (22R)-22-aminocholes te roI  fed 
for 7 days  does no t  affect  se rum or l iver  choles terol  levels 
b u t  s ign i f ican t ly  i nh ib i t s  t h e  a c t i v i t y  of l iver  enzymes  
concerned  w i t h  l ipogenesis  and  choles terol  hyd roxy l a t i on .  

Zusammen[assung. Nachweis ,  dass  das  im F u t t e r  zu- 
gef i ihr te  (22R) -22 -Aminocho le s t e r in  die Gewichtszu-  
n a h m e  der  R a t t e n  h e m m t ,  a b e t  ke inen  Einf luss  auf  die 
C h o l e s t e r i n k o n z e n t r a t i o n  in der  Lebe r  u n d  im Se rum ha t .  
I n  L e b e r p r / i p a r a t i o n e n  in v i t ro  wi rd  die Se i t enke t t en -  
Ox ida t i on  yon  Choles ter in  n i c h t  beeinf luss t ,  w ~ h r e n d  die 
7 c~-Hydroxylierung u n d  S y n t h e s e r a t e  v e r m i n d e r t  wird. 
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Carrageenin Hyperthermia in Rats 

WINTER et  al. 1 d e m o n s t r a t e d  t h a t  a s u b p l a n t a r  injec-  
t ion  of ca r rageen in  p roduced  e d e m a  in t he  r a t s  h i n d  paw.  
M a n y  pha rmaco log ica l  l abora to r ies  a d o p t e d  th i s  p rocedure  
for screening a n t i - i n f l a m m a t o r y  agents .  VINEGAR et  al. ~ 
a n d  DI R o s a  et  al. 3 i nves t i ga t ed  t he  phases  of ca r r ageen in  
edema.  Car rageen in  was also found  to induce  pleurisyS, 4 
a n d  an  e x u d a t i v e  i n f l a m m a t i o n  of s.c. t i ssue  5. B iochemi -  
cal b a c k g r o u n d  of the  ca r r ageen in - induced  i n f l a m m a t i o n  
was s tud ied  a, 5, e, 

W e  r epo r t  here  t h a t  ca r r ageen in  also induces  a p o t e n t  
h y p e r t h e r m i c  response  in ra ts .  
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