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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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Mater ia l  and methods. Female  Wis ta r  rats, 120-180 g, 
were kept  for 24 h at  25~ 4- 0.5~ and then  recta l  t em-  
pera tu re  was measured  using E L A B  termistor .  The  ra t  
paw vo lume  was measured according to the  me thod  of 
WINTER et al.L Carrageenin (Marine Colloids, Viscarin, 
Lo t  No 45602) was steri l ized under  UV- lamp  for 20 rain. 
and suspended in germ- and pyrogen-free  saline. In  some 
exper iments  carrageenin was heated  to  130~ for 16 h ~. 
Carrageenin suspension was injected in a vo lume  of 0.1 ml  
into subplan ta r  area of the  h ind  paw (s.p.) ~ or i.p. in a 
vo lume  0.5-1 ml. For  the  s.p. inject ions carrageenin was 
used a t concentra t ions  0.001-2 % and for the  i.p. inject ions 
a t  a 1% concentrat ion.  Control  animals  were in jec ted  
wi th  saline. Rec ta l  t empera tu re  and the  paw vo lume  were 
measured  every  0.5-1 h after  the  in ject ion of carrageenin.  
An t i - i n f l ammato ry  and an t ipyre t ic  drugs:  aspirin (100 
mg/kg),  pheny lbu tazone  (60 mg/kg) and indomethac in  
(6 mg/kg) were adminis te red  orat ly in the  form of a 2%. 
suspension. Hydrocor t i sone  (10 mg/kg) was ir/iected i.m. 
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Fig. 1. Increase in rectal temperature of rats injected with 1 mg of 
carrageenin s.p. Control rats were injected with 0.1 ml of saline. 
Each point represents the mean ~ S.E.M. of pooled measurements 
taken in 10 groups, each consisting of 10 rats. 
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Fig. 2. Dose-dependent increase in rectal temperature 5 h after a 
s.p. injection of rats with carrageeniu at doses from 1 [zg to 2000 [zg 
(logarithm scale). Each point represents the mean temperature in 
10 animals i S.E.M. Shaded field covers a range of rectal temperature 
recorded in 126 control rats. 

Tile drugs were given 1 h before the injection of carra- 
geenin (preventive treatment) or at the peak of the 
carrageenin- induced hype r the rmia  (curat ive t rea tment) .  
S tudent ' s  t-test was used for s ta t is t ical  analysis 

Results.  Subptantar  in ject ion of carrageenin at  a dose 
1 mg induces a long last ing hyper the rmi  c response wi th  
its m a x i m u m  + 2 . 1 ~  a t  the  f i f th  h (Figure 1). Hyper -  
thermic  effect of carrageenin is dose-dependent  a t  a range 
of doses from 0.2 to 2 mg (Figure 2). Pyresis  due to an i.p. 
inject ion of a 10 mg of carrageenin is preceeded by  an 
immedia t e  bu t  t rans i s ten t  decrease in recta l  t empera tu re  
(--0.5~ and therefore the  peak  hyper the rmic  effect 
( + 2 . 0  ~ occurs only af ter  6 h. 

F igure  3 demonst ra tes  the  difference be tween  hyper-  
thermic and inflammatory activity of native and heated 
carrageenin. Heated carrageenin has little hyperthermic 
effect and a t  the  same t ime  i t  is unable  to produce the  
second phase of inf lammat ion,  which is so d is t inc t ly  
developed by  na t ive  carrageenin.  

Aspirin-l ike drugs adminis tered  a t  act ive  ant i - inf lam- 
ma to ry  doses reduce or delay the  carrageenin hyper-  
thermia.  Phenylbu tazone  (60 mg/kg), when used as the 
p reven t ive  an t ipyre t ic  agent,  comple te ly  abolishes the  
carrageenin hyper thermia ,  while aspirin (100 mg/kg) and 
indomethac in  (6 mg/kg) give a less complete  protect ion.  
The cura t ive  t r e a t m e n t  of the  carrageenin pyresis wi th  
all 3 an t i - in f l ammatory  drugs results in a marked  de- 
crease in hyper thermia ,  as soon as 1 h af ter  an inject ion 
of drugs_ Hydrocor t i sone  a t  a dose of 10 mg/kg  i.m. has 
no influence on the  pyret ic  response to carrageenin.  

Discussion.  We have  demons t ra ted  t h a t  algal poly-  
saccharide, carrageenin,  is not  only a local i r r i tant ,  
resul t ing in a c i rcumscr ipted in f l ammato ry  response, 
pain  and local rise in the skirt t empera tu re  ~, bu t  i t  is also 
a po ten t  pyret ic  agent  in rats. The generalized hyper-  
the rmia  develops between the  2nd and 3rd h and it  reaches 
its m a x i m u m  at  the  5th h f rom the  m o m e n t  of an inject ion 
of carrageenin into the  subplan ta r  area. The site of the  
in ject ion of carrageenin seems to be impor t an t  for the  
pyre t ic  effect of carrageenin.  10 t imes  higher  doses of 
carrageenin should be used when the  polysacchar ide  is 
injected i.p. 

The dose-dependence of the  hyper the rmic  effect of 
carrageenin,  our precaut ions  to keep carrageenin germ- 
free, and the  na tura l  resistance of rats  agains t  pyresis, 
leave l i t t le  doubt  t ha t  the carrageenin hype r the rmia  is of 
a specific nature�9 The, carrageenin hype r the rmia  resembles 
pyresis induced in rats  by  bakers yeas t  ~, bu t  the  carra- 
geenin hyper the rmia  develops much  faster. 

The  mechan ism of the  carrageenin hyper the rmia  m a y  
be related to  a release of prostaglandins  a t  the  site of an  
inject ion of carrageenin. Using VINEGAR'S procedure s, 
we have  found t h a t  hea ted  carrageenin does not  induce 
the  2nd phase of in f l ammat ion  (Figure 3) and at  the  same 
t ime  i t  has l i t t le  pyret ic  effect in rats. On the  o ther  hand,  
the  appearance  of hyper the rmic  effect of na t ive  carra- 
geenin overlaps the  appearance  of the  2nd phase of its 
i n f l ammato ry  action. The 2nd phase of in f l ammato ry  
act ion of carrageenin is a t t r ibu ted  to the local generat ion 
of prostaglandins3,  5, 6. Moreover,  non-steroidal  anti-  
i n f l ammato ry  drugs, which are known to inhibi t  biG- 

? -r P. ROSZKOWSKI, "VV. H.  ROOKS, A. J .  TOMOLONIS a n d  L. M. 
MILLER, J .  p h a r m a e ,  exp.  Ther .  179, 114 (1971). 
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syn thes i s  of p ro s t ag l and i n s  9 also abo l i sh  t he  ca r r ageen in  
h y p e r t h e r m i a ,  while  hydroco r t i sone  is i nac t i ve  in b o t h  
respects .  I t  has  been  r epo r t ed  t h a t  p r o s t a g l a n d i n  E 2 
increases  body  t e m p e r a t u r e  in r a t s  w h e n  i t  is a d m i n i s t e r e d  
in to  l a te ra l  ce rebra l  ven t r ic les  10, b u t  when  i t  is in jec ted  
i.p., a dose -dependen t  decrease  of b o d y  t e m p e r a t u r e  
occurs. Therefore,  if p r o s t a g l a n d i n s  p l ay  a n y  role in  t he  
ca r rageen in  h y p e r t h e r m i a ,  an  a d d i t i o n a l  e x p l a n a t i o n  is 
needed  excep t  for local gene ra t ion  of p ros t ag land ins .  I n  
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E~g. 3. Carrageenin paw edema (--) and carrageenin hyperthermia 
(---) induced by native earrageenin (0) or by heated earrageenin (�9 
injected at a dose of i mg s.p. Each point represents the mean of 16 
experiments J= S.E.M. except for the group ( 0 - - - 0 )  consisting of 
100 rats. 

u n p u b l i s h e d  e x p e r i m e n t s  we h a v e  found  t h a t  h e a l t h y  
ra t s  in j ec ted  i.v. w i t h  the  e x u d a t e  (0.1 ml) f rom t h e  
ca r rageen in  foot  e d e m a  i m m e d i a t e l y  develop a pro-  
nounced  h y p e r t h e r m i a .  A search  for a h y p e r t h e r m i c  
pr inc ip le  in  t he  ca r rageen in  e x u d a t e  seems to  be  p romis -  
ing. 

W e  propose  to use t he  ca r r ageen in - induced  h y p e r t h e r -  
m i a  for screening of a n t i p y r e t i c  p roper t i e s  of p o t e n t i a l  
aspi r in- l ike  drugs.  Car rageen in  produces  in  r a t s  all 3 
m e a s u r a b l e  defens ive  r eac t ions :  i n f l a m m a t i o n ,  pa in  a n d  
pyresis .  All  3 reac t ions  are abo l i shed  b y  an t i -de fens ive  11 
aspir in- l ike  drugs,  wh ich  i n h i b i t  p r o s t a g l a n d i n  b iosyn-  
thes i s  9. 

Zusammen/assung. Nachweis ,  dass  fiber s u b p l a n t a r e  
I n j e k t i o n e n  yon  Car rageen in  e i n e  a l lgemeine  H y p e r -  
t h e r m i e  bei  t~a t t en  zu e r h a l t e n  is t  u n d  die py re t i s che  Wir -  
k u n g  des Car rageen ins  d u r c h  n ich t - s t e ro id i sche  An t i -  
ph log i s t i ca  g e h e m m t  werden  kann .  
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5 - H y d r o x y t r y p t a m i n e  in the Blood Platelets  of Cirrhotic  and Hypertens ive  Patients  

There  is ev idence  of d i s t u r b e d  m e t a b o l i s m  and  s torage  
of m o n o a m i n e s  in t he  c i r rhosis  of t he  l iver  1, as well as in  
va r ious  e x p e r i m e n t a l  a n d  h u m a n  h y p e r t e n s i v e  diseases 2. 
The  b i n d i n g  a n d  u p t a k e  of 5 - h y d r o x y t r y p t a m i n e  (5HT) 
b y  b lood  p la te le t s  is s imi la r  to  t h a t  of o the r  m o n o a m i n e  
s to r ing  cells3, 4. Therefore  the  b lood  p la te le t s  shou ld  
ref lect  t he  changes  occurr ing  in t h e  mort �9 s to r ing  
cells of a diseased organism.  This  p a p e r  r e p o r t s  t he  
c o n c e n t r a t i o n  a n d  u p t a k e  of 5H T  b y  t he  p la te le t s  of 
p a t i e n t s  w i t h  c i r rhosis  of t h e  l iver  as well as t h a t  of 
p a t i e n t s  w i t h  essent ia!  hype r t ens ion .  

Cir rhot ic  p a t i e n t s  all h a d  typ ica l  signs and  a b n o r m a l  
l iver  f unc t i on  tests .  The  p a t i e n t s  w i t h  u n t r e a t e d  essent ia l  
h y p e r t e n s i o n  were d iv ided  in to  2 subgroups  (Table).  All  

h y p e r t e n s i v e  p a t i e n t s  h a d  n o r m a l  l iver-  a n d  rena l  func-  
t ions .  H e a l t h y  vo lun t ee r s  served  as controls .  

A b o u t  30 ml  of b lood  was d r a w n  f rom the  a n t e c u b i t a l  
ve in  w i t h  a s i l iconized needle  in to  po lyp ropy lene  t ubes  
and  mixed  i m m e d i a t e l y  w i t h  1/1 o v o l m n e  of 3 .8% sod ium 
ci t ra te .  P l a t e l e t - r i ch  p l a s m a  was s epa ra t ed  b y  cen t r i fuga-  
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Endogenous platelet 5HT content, and platelet count in controI, cirrhotic and hypertensive subjects 

Group (number of subjects) Platelet 5HTeontent Platelet count 

(nmo111011 platelets=h S.E.) (per ml • l0 s • S.E.) 

Control (4~', 49) 300 • 45 3.4 q- 0.6 
Cirrhotic (6c~, 1~)) 129 • 22~ 2.2 Jc 0.5 
Hypertensive Subgroup A (26*, 3~) 346 :i: 83 3.9 i 0.2 
Hypertensive Subgroup t3 (ld', 4~) 231 • 51 4.1 -4- 1.1 

Subgroup A, diastolic blood pressure between 100-109 mmHg; subgroup 13, diastolie blood pressure between 110-150 mmHg. 
Compared to control p < 0.01. 


