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serum. The sepa ra ted  f rac t ions  of pre-beta ,  beta,  and 
alpt la- l ipoproteins  were cu t  ou t  of the  gel, d ispersed in 
10 ml of P.C.S. and counted .  The rad ioac t iv i ty  was cal- 
cula ted  as counts  per  min  in t he  l ipoproteins  con ta ined  in 
0.1 ml of serum. 
Results and discussion. I t  has  been  well d o c u m e n t e d  14,15 
t h a t  when  labeled se rum l ipoprote ins  of d < 1.063 were 
sepa ra ted  by  e i ther  hepar in  d iva len t  ca t ion prec ip i ta t ion  
or u l t r acen t r i fuga t ion  comparab le  results  were obta ined,  
and the  p rec ip i ta ted  complex  con ta ined  no o ther  se rum 
proteins .  The d e m o n s t r a t i o n  of ChE  ac t iv i ty  in the  serum 
B L P  prec ip i ta te  in th is  s t u d y  therefore  indicates  a s t ruc-  
tu ra l  associat ion be tween  the  enzyme  and the  l ipoprotein.  
The ChE ac t iv i ty  is a lmos t  p ropor t iona l  to  the  B L P  con- 
cen t ra t ion  (figure). St r ic t  l inear i ty  could no t  be ob ta ined  
because p re -be ta - l ipopro te in  is also prec ipa ted  wi th  B L P  
b y  hepar in -ca lc ium chloride mixture.  
Since we have  a l ready  p roposed  a func t ion  for choline- 
s terase  in its in te rac t ion  wi th  beta- l ipoprote in ,  we decided 
to  inves t iga te  the  funct ion of ChE in the  overal l  l ipopro-  
tein me tabo l i sm in the se rum of ra t s  t r ea t ed  wi th  a spe- 
cific ChE inhib i tor  neost igmine,  
I t  has  been  sugges ted  19 t h a t  L D L  (beta-l ipoprotein)  is 
der ived f rom V L D L  (pre-beta=lipoprotein).  An in terme-  
diate  l ipoprotein,  which is uns table ,  is believe to  be formed 
dur ing  th is  convers ion lL  In  t he  present  s tudy,  specific 
inhib i t ion  of ChE by  neos t igmine  results  in a marked  
reduc t ion  of se rum B L P  concen t ra t ion .  The labell ing pa t -  
t e rn  of the  l ipoprote ins  wi th  H3-1ysine provides  evidence 
of decreased B L P  synthes i s  and  of increased fo rmat ion  of 
a lpha- l ipopro te in  (HDL) (tables 1 and  2). ChE inhibi t ion 
had  no s ignif icant  effect  on pre-be ta- l ipopro te in .  The 
changes  observed appear  unre la ted  to abnorma l  liver 
func t ion  or leci thin-cholesterol  acyl  t ransferase  act iv i ty ,  
because  no increase in se rum glu tamic  pyruv ic  t r ansami -  
nase ac t iv i ty  or decreased cholesterol  es ter-choles terol  

rat io were observed  in the  t r e a t ed  rats.  The dose of 
neos t igmine  chosen was to p roduce  abou t  30-50% inhibi-  
t ion of ChE and  is wi th in  the  h u m a n  the rapeu t i c  range.  
The t r e a t ed  ra ts  suffered mild shor t  l ived twi tch ings  f rom 
which all recovered.  
The resul ts  provided fu r the r  evidence t h a t  ChE has an 
i m p o r t a n t  func t ion  in l ipoprote in  metabol i sm.  We  pro-  
posed t h a t  ChE influences l ipoprotein  me tabo l i sm as 
follows : 
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Recent ly ,  decreased levels of a lpha- l ipopro te in  have  been 
impl ica ted  in the  deve lopmen t  of  coronary  hear t  disease 
and  atherosclerosis  18,19. A re la t ionship  b e t w een  hype r -  
be ta  l ipopro te inemia  and atl lerosclerosis has  a l ready been  
well documented .  The presen t  observa t ions  suggest  the  
poss ibi l i ty  of deve loping  drugs wi th  ant i -chol ines terase  
proper t ies  in the  t r e a t m e n t  of h y p e r - b e t a  l ipopro te inemia  
and atheroselerosis .  
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Summary .  Net  h i s t amine  fo rma t ion  in rumina l  fluid is shown to  be the  resul t  of h is t id ine  deca rboxy la t ion  and h i s t amine  
deamina t ion .  Add i t ion  of 4.7 mM his t id ine  increased the  ra te  of ne t  h i s t amine  synthes is  by  a factor  of 20 compared  
to  normal .  H i s t amine  p roduc t ion  sharp ly  decreases a t  p H  values  below the  physiological  range.  

H i s t amine  p roduc t ion  in the  fo res tomach  has been impli-  
ca ted  in the  pa thogenes i s  of diseased s ta tes  in ruminan t s  1, ~. 
Eva lua t i on  of the  e x t e n t  of h i s t amine  fo rmat ion  in vivo 
is compl ica ted  b y  the  fact  t h a t  h i s t amine  pene t r a t e s  the  
rumina l  ep i the l ium 3, and  by  the  possibi l i ty  t h a t  h is ta-  
mine m i g h t  be syn thes ized  and  deamina t ed  by  cells be- 
longing to the  rumina l  wall 4, whereas  available s tudies  on 
in v i t ro  synthes is  are controversial~,  9 as to the  ra te  of 
h i s t amine  format ion .  Therefore  reexamin ing  the  abi l i ty  of 
rumina l  fluid (i.e. i ts  microorganisms)  to synthes ize  
h i s t amine  b y  deca rboxy la t ion  of h is t id ine  seemed war-  
r an ted .  
Rumina l  fluid was ob ta ined  t h r o u g h  an oesophageal  tube  
f rom 2 adul t  cows, 3 h af ter  t he  last  grain feeding (the 
animals  were ma in t a ined  on 10-12 kg of h a y  and  1 kg of 
a concen t r a t ed  feed, composed  of barley,  oats  and  maize). 
E x p e r i m e n t s  were always run  in duplicates.  Avoiding 
cooling, 80 ml  of rumina l  fluid were mixed  wi th  20 g of 
powdered  grass and 320 ml of a salt  solut ion conta in ing  

(mM) (NH4)~SO 4 0.63, CaCI~ 1.0, MgCI~ 1.25, KH2PO t 
5.2, K2SO 4 9.9, NaHCO~ 40.0, NaC1 78.5L The mix tu re  
was incuba ted  at  39 ~ under  ca rbon  d ioxyde  in a shaking  
wa te r -ba th .  The init ial  p H  was 6.38. Gas escaped t h ro ugh  
a washbo t t l e  ma in ta in ing  pressure  a t  3 cm H20, and  its 
p roduc t ion  was moni to red  in a gas bure t teS;  p H  was 
cont inuous ly  measured  and ad jus ted  by  occasional  ad- 
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di t ion of a concen t r a t ed  NaHCO a solut ion f rom a t igh t ly  
f i t t ing  syringe. Hist idine-HC1 4.7 mM as subs t r a t e  and  
bis - (aminoguanidine-)sul fa te  0.1 mM as inhibi tor  of the  
h i s t aminase  (d iaminoxydase  E.C. 1.4.3.6.) were added  
to  the  incuba t ion  mix tu re  when  required.  The fluid was 
ex t r ac t ed  as follows: p H  was ad jus ted  to 2 by  adding  
HC1 and solids r emoved  by  f i l t ra t ion t h rough  cheese 
c lo th ;  40 ml of f i l t ra te  was s a tu r a t ed  wi th  NaC1 and  
Na2CO s a t  65~ and  shaken for 20 min  wi th  100 ml n- 
butanol .  The bu tano l  phase  was collected af ter  centr i -  
fuga t ion  and  th is  s tep  repea ted  once. To the  pooled 
bu tano l  extracts ,  1 p a r t  0.1 n-HC1 and  3.75 pa r t s  of 
hep tano l  were added  in a separa t ing  funnel .  After  shaking,  
the  aqueous  phase  was cooled in ice and  evapora t ed  under  
v a c u u m  by  slowly raising the  t e m p e r a t u r e  to 50~ The 
dry  ex t rac t s  were dissolved in Tyrode  solut ion and as- 
sayed on the  guinea-pig ileum, benadry l  serving to dis- 
t inguish  h i s tamine  effects f rom o the r  act ivi t ies  (which 
were negligible). His tamine-HC1 served as s t a n d a r d  
substance .  All resul ts  are given as free h i s tamine-base  per  
ml  of original rumina l  fluid. Ace ty lh i s t amine  was deter-  
mined by  hydro lyz ing  the  d ry  ex t r ac t  in 1 ml water  and 
9 ml  concen t ra t ed  HC1 for 1 h a t  120~ in a sealed glass 
vial. On average recovery  of h i s t amine  f rom water ,  salt  
solution, salt  solut ion wi th  grass powder  or comple te  in- 
cuba t ion  mix tu re  was 93.7% • 2.3 (SEM) w i t h o u t  
s ignif icant  dev ia t ion  f rom the  mean  in any  of the  fluids. 
The results  are shown in the  table  and  the  figure. The 
h i s tamine  con ten t  of ruminal  fluid immed ia t e ly  af ter  re- 
mova l  f rom the  fo res tomach  was 0.037 • 0.0045 ~g/ml 
(10 ex t rac t ions  f rom 7 specimens).  I ncuba t i on  for 3 h a t  
no rma l  pH (6.5) increased th is  value to  0.157 ~ 0.013 
~zg/ml original rumina l  fluid (7 ex t rac t ions  f rom 4 spec- 

~ 2  

E 
m 

:x  1 

pH 6.5 4.5 5.5 6.5 4.5 5.5 6.5 
0min 180rnin 180rnin 

without histidine with histidine 

6.5+AG 

Concentration of histamine base at end of incubation time (180 min) 
calculated per ml original ruminal fluid (mean • SEM). Histidine, 
when added, was at a concentration of 4.7 mM in the incubation 
mixture. AG, 0.1 mM aminoguanidine in the incubation mixture. 
Colunm at far left: concentration in vivo. 

Average rate of histamine formation at 39~ under different in- 
cubation conditions expressed as nmoles per ml original ruminal 
fluid per min 

pH Histamine (nmoles/min ml) 

Without added 4.5 0.92 
histidine 5.5 2.3 

6.5 6.06 
With 4.7 mM 4.5 8.7 
histidine 5.5 25.1 

6.5 116.3 
With 4.7 mM histidine 6.5 180.4 
and 0.1 mM 
aminoguanidine 

hlcubation time 180 min. 

imens) which  is s ta t is t ica l ly  s ignif icant  (p - 0.038). The 
average ra te  of ne t  fo rma t ion  dur ing 3 h was 6 
nmoles /ml  rain. As seen in t he  table,  t he  ra te  was  less a t  
lower p H  values. Adding  4.5 mM his t id ine  to the  in- 
cuba t ion  mix tu re  increased the  ra te  of h i s t amine  for- 
ma t ion  by  a factor  of abou t  20 (7 exper iments ,  p < 
0.001). At  th is  h igh ra te  of format ion ,  the  same posi t ive  
corre la t ion wi th  p H  as seen w i t h o u t  added  his t id ine  was 
observed.  Addi t ion  of 0.1 mM aminoguanid ine ,  known 
to be a compara t ive ly  specific inhibi tor  for d i aminoxy-  
dase increased the  ra te  of ne t  h i s t amine  fo rmat ion  f rom 
116 nmoles /ml  rain to 180 nmoles /ml  rain (p = 0.024). In  
8 expe r imen t s  wi th  4.7 mM his t id ine  in the  incuba t ion  
mixture ,  the  ex t rac t s  were sub jec ted  to acid hydrolysis .  
This t r e a t m e n t  did no t  increase tile response  of the  
guinea-pig  i leum to the  ext rac t ,  which d e m o n s t r a t e s  t h a t  
ace ty lh i s t amine  fo rma t ion  in the  rumina l  fluid is negli- 
gible. In  summary ,  t he  resul ts  show t h a t  rumina l  fluid is 
able to deca rboxy la te  h is t id ine  and t h a t  ne t  h i s t amine  
p roduc t ion  is the  resul t  of fo rma t ion  and  s imul taneous  
des t ruc t ion ,  p robab ly  by  enzymat i c  deamina t ion  of 
h i s tamine .  Unde r  normal  feeding condi t ions ,  his t idine is 
obviously  l imit ing and free h i s t amine  concen t r a t ion  is of 
the  order  of 10 -s to 10 -v g/ml. Ne t  h i s t amine  fo rma t ion  
s t rong ly  decreases wi th  p H  values falling below the  
normal  p H  range of ruminal  con ten t .  
2 conclusions m a y  be d r a w n  f rom these f indings:  1. If  
repor t s  on increased a p p a r e n t  h i s t amine  p roduc t ion  in 
rumina l  acidosis are correct ,  the  exp lana t ion  canno t  be a 
low p H  o p t i m u m  of the  decarboxylase  or a shif t  away  
f rom the  p H  o p t i m u m  of the  deaminase .  Possible reasons 
m i g h t  be t h a t  low p H  selects bac te r ia  r ich in h is t id ine  de- 
carboxylase ,  or t h a t  it  impairs  h i s t amine  absorp t ion  by  
the  wel l -known effect  of p H  on the  d i s t r ibu t ion  of weak 
bases across cellular membranes .  2. Since rumina l  s moo th  
muscle  is r emarkab ly  insensi t ive  t owards  h i s tamine  
(effective concen t ra t ion  for hal f  max ima l  response  1.2 • 
10 -~ g/ml  for con t rac t ion  in rumina l  and  a p p r o x i m a t e l y  
3 x 10 -6 g/ml  for increase in f r equency  of re t icular  muscle;  
Wicki,  unpubl ished)  no rma l  h i s tamine  c o n t e n t  of the  
r u m e n  will no t  influence rumina l  mot i l i ty .  Only a t  his- 
t amine  concen t ra t ions  exceeding normal  values  by  a factor  
of 100 m i g h t  effects be expected .  Such concen t ra t ions  are 
only likely to  occur when  pro te in  b r e a k d o w n  is un im-  
pa i red  b u t  p ro te in  resynthes i s  ma rk ed l y  reduced,  i.e. 
condi t ions  leading to high concen t ra t ions  of free his t id ine .  


