
15. 11. 1970 Specialia 1197 

Fig. 2. Proposed model for the structural protein sub-unit of B. 
undatum periostracum. 

s t r u c t u r e  bu i l t  up  f rom r i b b o n s  in wh ich  fea tu res  of t he  
s t r i a t ed  p a t t e r n  a l r eady  descr ibed  can  be  clear ly seen. 

Th i s  t y p e  of pa rabo l i c  l amel la r  s t ruc tu re ,  w i t h  t he  
a p p e a r a n c e  of t h e  f lower ing of sys t ems  of b u n d l e s  or 
shee ts  of fibres, h a s  been  n o t e d  e lsewhere;  p r inc ipa l ly  in  
a r t h r o p o d  cuticle 6, 7 b u t  also in  t h e  t un i c  of t u n i c a t e s  s. 
A s imi la r  p h e n o m e n a  has  been  n o t e d  for ce r t a in  l iquid  
c rys ta l  sys tems  9 a n d  in t h e  globules of oo theca l  s t r u c t u r e  
p ro t e i n  secre ted in to  t h e  l u m e n  of t h e  left  co l la te ra l  
g l and  of t h e  p r a y i n g  m a n t i s  10. 

A n  e x p l a n a t i o n  of th i s  t y p e  of pa rabo l i c  l ame l l a r  
s t r u c t u r e  has  been  proposed  6 on  t h e  bas is  of Moir6 pa t -  
t e rns  fo rmed  f rom fibri l  sys t ems  seen in obl ique  section.  
These  sys t ems  consis t  of supe r imposed  sheets  of fibres, 
each  shee t  h a v i n g  all of t h e  i n d i v i d u a l  f ibre  axes  paral lel ,  

a n d  w i t h  eve ry  shee t  r o t a t e d  t h r o u g h  a smal l  angle  
re la t ive  to  t h a t  above  it. A regu la r  progress ion  of ro ta t ion ,  
a lways  in t h e  same  sense, down  t h e  s t ack  of shee ts  is 
proposed.  Obl ique  sec t ion ing  t h r o u g h  such  a s t ack  gives 
rise to  t h e  a r t e f ac t  of pa rabo l i c  lamel lae  as has  been  
d e m o n s t r a t e d  b y  model  bu i ld ing  x~ 

On t h e  basis  of t h e  ava i l ab le  ev idence  the re fo re  we 
sugges t  t h a t  t h e  p e r i o s t r a c u m  of th i s  gas t ropod  is Organ- 
ized f rom s t acked  shee ts  of r i b b o n s  or fibres, composed  
f rom smal l  a s y m m e t r i c  sub -un i t s  as descr ibed  above,  in 
wh ich  t h e  m e a n  f ibre  axis  of each  shee t  is specif ical ly 
r o t a t e d  r e l a t ive  to  t h a t  of t h e  shee t  s i m m e d i a t e l y  a b o v e  
an d  below i t  a n d  in wh ich  t h e  p l ane  of t h e  shee ts  is 
para l le l  to  t h e  surface  of t h e  p e r i o s t r a c u m  ~1 

Rdsumd. Le p 6 r i o s t r acu m du gas t6ropode  Buccinum 
undatum L. se compose  de r u b a n s  de p ro t6 ine  f ibreuse  
dispos6s en lames  f o r m a n t  des s tr ies  r6p6t6es. Ces r u b a n s  
son t  accol6s et  jo in t s  b o u t  A bout .  Leurs  616ments con- 
s t i tu t i f s  (subunit6s)  son t  en  forme de ha l t6 res  ressem- 
b l a n t  ~ la mol6cule de f ibr inog~ne.  
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Fig. 3. Electron micrograph of a section of B. undatum periostracum 
made in a plane perpendicular to the surface of the periostracum 
(horizontal in this picture). Fixed in 5% glutaraldehyde pH 7.0 
eaeodylate buffer, 0.2M sucrose. Post-fixed in osmic acid and 
embedded in Epon. Stained with uranyl acetate and Reynold's 
lead stain, x 35,000. 
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In vivo Rupture of the Imidazo le  Ring of Hi s tamine  

H i s t a m i n e  is ca tabo l i zed  t h r o u g h  va r ious  p a t h w a y s  in 
m a m m a l i a n  t i ssues  b u t  t he  imidazole  r ing  a lways  r e m a i n s  
i n t ac t .  W h e n  t he  s u b s t a n c e  is in j ec ted  in to  an ima l s  i t  is 
la rgely  excre ted  in t h e  u r ine  ill t h e  fo rm of va r ious  
m e t a b o l i t e s  1. SCI-IAYER 2 in jec ted  two r a t s  and  a guinea-  
pig  w i t h  a b o u t  0.1 [zg of r ing-l*C~-histamine pe r  g a n d  
de t ec t ed  no  r a d i o a c t i v i t y  in  t h e  exp i red  air.  I n  a fo r th  
an imal ,  i n j ec ted  w i t h  a b o u t  10 t imes  t h i s  q u a n t i t y  of 
14C,-histamine he  de t ec t ed  m i n u t e  q u a n t i t i e s  of 14CO2 

wh ich  he  t h o u g h t  m i g h t  be  due  to  a n  i m p u r i t y  in  t he  
h i s t a m i n e  used. 

W e  h a v e  r ecen t ly  done  some e x p e r i m e n t s  which  sug- 
gest  t h a t  in r u m i n a n t  an i ma l s  t h e  imidazole  r ing  of 
d i e t a ry  h i s t a m i n e  is r up tu red .  I n  such  an i ma l s  t h e  food 
is t h o r o u g h l y  f e r m e n t e d  b y  mic ro -o rgan i sms  in t h e  r u m e n  
before  i t  passes  to  t h e  in tes t ines .  P rev ious  work  has  shown  
t h a t  w h e n  14C2-histamine a n d  car r ie r  h i s t a m i n e  were 
g iven  b y  m o u t h  t h e  biological  a c t i v i t y  d i s appea red  
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r ap id ly  f rom the  r u m e n  of sheep ~. T he  r a d i o a c t i v i t y  dis- 
a p p e a r e d  more  slowly, i nd i ca t i ng  t h a t  h i s t a m i n e  inac t iva -  
t i on  t akes  place in t h e  rumen .  Less t h a n  30% of t h e  
a d m i n i s t e r e d  r a d i o a c t i v i t y  was recovered  in u r ine  and  
faeces 4. Since th i s  g rea t ly  dif fered f rom obs e r va t i ons  on  
in jec ted  h i s t a m i n e  we e x a m i n e d  t he  poss ib i l i ty  t h a t  the  
imidazole  r ing  of h i s t a m i n e  is spl i t  b y  r u m i n a l  micro-  
o rgan i sms  lead ing  to t h e  e x h a l a t i o n  of ~4CO2. 

I n  t h e  p re sen t  e x p e r i m e n t s  Sco t t i sh  Blackface  ewes 
were g iven  800 g of pe l le ted  dr ied  grass daily.  E x h a l e d  
air  was col lected b y  p lac ing t he  an ima l s  head  in a loosely- 
f i t t i ng  hood.  Air  was p u m p e d  ou t  of t he  hood  so as to  
m a i n t a i n  a s l ight ly  nega t ive  pressure  and  a small ,  k n o w n  
f rac t ion  of th i s  a i r  flow was passed  t h r o u g h  a series of 
a b s o r p t i o n  towers  c o n t a i n i n g  N a O H  solut ion.  A t  t he  end 
of each  col lect ion per iod  t he  q u a n t i t y  of expi red  CO 3 
was d e t e r m i n e d  b y  t i t r a t i o n  of a n  a l iquo t  of t h e  c o n t e n t s  
of each  of t he  a b s o r p t i o n  towers  w i t h  acid and  t he  
r e m a i n d e r  was p r ec i p i t a t ed  w i t h  BaC13. T he  p r ec i p i t a t ed  
BaCO 3 was washed,  dr ied and  weighed a n d  dup l ica te  
samples  were suspended  in P O P O P - P P O - t o l u e n e  scint i la-  
t i on  f luid us ing Cab-O-St1 as gelling agent .  T he  radio-  
a c t i v i t y  was m e a s u r e d  in a P a n a x  sc in t i l l a t ion  counte r .  
A b o u t  10,000 coun t s  were recorded  and  t h e  a m o u n t  of 
14CO 3 exha led  was ca lcu la ted  w i t h  due  a l lowance for 
a t m o s p h e r i c  t e m p e r a t u r e  and  pressure,  a t m o s p h e r i c  CO3, 
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Sheep Maud 31.1.67. Radioactivity of exhaIed CO~ (bars) and of 
rumen fluid (line) after administering 50 liCi of 14Ce-histamine- 
dihydrochloride and 200 mg histamine acid phosphate into the rumelI 
by way of a permanent fistula. CO 2 was collected continuously for 
12 h after dosing and then for 2 further 2 h periods at 15 and 22 h 
after dosing. 

Specific activity of exhaled and tureen CO 2 after administering 
50 vCi z4C3-histamine dihydrocbloride and 200 mg histamine acid 
phosphate into the tureen 

Exhaled CO z Rumen CO 2 
Radioactivity Time after Radioactivity Time after 
(~Ci/mgCOe) dosing (rain) (~[xCi/mgCO2) dosing (min) 

54 60-120 291 90 

109 180-240 328 210 

52 360-480 162 420 

b a c k g r o u n d  r a d i o a c t i v i t y  and  eff iciency for coun t ing .  
R a d i o a c t i v i t y  of cen t r i fuged  r u m e n  l iquor  was m e a s u r e d  
b y  p l a t i ng  100 ~,l a n d  c o u n t i n g  in a B e c k m a n  f low-counte r  
(Lowbe ta  II) .  

The  resu l t s  of a t yp i ca l  e x p e r i m e n t  are  i l l u s t r a t ed  in 
the  Figure.  The  sheep was g iven  50 lxCi of l*C2-histamine 
d ihydroch lo r ide  (The R a d i o c h e m i c a l  Centre,  A m e r s h a m )  
and  200 m g  nn labe l l ed  h i s t a m i n e  acid p h o s p h a t e  b y  way  
of a r u m e n  fistula.  R a d i o a c t i v i t y  in  t he  t u r e e n  c o n t e n t s  
decreased r ap id ly  to r each  v e r y  low va lues  a f t e r  10 h 
while  t he  specific a c t i v i t y  of t he  exha led  CO2 increased  
ini t ial ly,  r each ing  a peak  a f te r  3 -4  h, and  t h e n  decl ined 
rapidly .  I n  th i s  e x p e r i m e n t  a b b u t  28% of t he  admin is -  
t e red  r a d i o a c t i v i t y  was recovered  in t he  exha led  a i r  
du r ing  t he  f i rs t  24 h a f t e r  dosing. I n  4 o the r  e x p e r i m e n t s  
of th i s  t y p e  27-34~o of t he  a d m i n i s t e r e d  r a d i o a c t i v i t y  
was recovered  as 14CO2. 

Fu r the r ,  t h e  specific r ad ioac t iv i t i e s  of the  exha led  a i r  
and  t he  r u m e n  c o n t e n t s  were compared .  Samples  of 
r u m e n  con t en t s  were a sp i r a t ed  a t  in t e rva l s  a f te r  dos ing  
and  s t r a ined ;  CO 2 was expel led f rom the  f luid w i t h  
su lphur ic  acid a n d  abso rbed  b y  dif fus ion in N a O H .  The  
specific r a d i o a c t i v i t y  was m e a s u r e d  as for r e s p i r a t o r y  
CO 3. The  specific a c t i v i t y  of r u m i n a l  CO 3 was f rom 3 to  
5 t imes  t h a t  of exha led  CO 2 (Table).  I t  is t h u s  clear t h a t  
r u p t u r e  of t he  imidazole  r ing  is t a k i n g  place  in t he  fore- 
s tomachs .  B u t  since t he  t o t a l  q u a n t i t i e s  of CO 2 fo rmed  
in t he  t i ssues  g rea t ly  exceed those  p roduced  b y  t h e  
con t en t s  of the  fore-s tomachs ,  our  d a t a  do no t  exc lude  
t he  un l ike ly  poss ib i l i ty  t h a t  r u p t u r e  of t he  imidazole  
r ing  m i g h t  also t a k e  place  in t h e  t i ssues  a f t e r  a b s o r p t i o n  
of h i s t a m i n e  me tabo l i t e s .  

R u p t u r e  of t he  imidazole  r ing  has  p rev ious ly  been  
d e m o n s t r a t e d  in v i t ro  us ing  a 200-fold pur i f ied  e n z y m e  
p r e p a r a t i o n  f rom a s t r a i n  of Pseudomo•as which  h a d  
been  a d a p t e d  to  imidazo le  acet ic  acid 5. I n  t he  p resence  
of DPNI-I and  oxygen  th i s  s y s t e m  metabo l i zes  imidazole  
acet ic  acid to  fo rmy la spa r t i c  acid.  Ef for t s  to  e s t ab l i sh  
the  p a t h w a y s  lead ing  to t he  r u p t u r e  of t he  imidazo le  
r ing  b y  t h e  c o n t e n t s  of t h e  fo re - s tomachs  m i g h t  m e e t  
w i th  diff icul t ies  since h i s t a m i n e  i n a c t i v a t i o n  b y  r u m e n  
con t en t s  is no t  easi ly d e m o n s t r a t e d  in v i t ro  3 

In  v ivo  r u p t u r e  of t h e  imidazole  r ing  of h i s t a m i n e  is 
p r o b a b l y  no t  conf ined  to  t he  r m n i n a n t  fore -s tomach .  
I t  is, for example ,  no t  un l ike ly  t h a t  some of the  h i s t a m i n e  
fo rmed  in t he  large in t e s t ine  of b o t h  r u m i n a n t  a n d  non-  
r u m i n a n t  an ima l s  is degraded  b y  in t e s t i na l  b a c t e r i a  
t h r o u g h  p a t h w a y s  leading to  t he  r u p t u r e  of the  imidazo le  
ring. 

Zusammen/assung. Es wird  gezeigt, dass  H i s t a m i n  a u c h  
d u r c h  das  Aufre issen  des Imidazo l r inges  im V o r m a g e n  
yon  Schafen  ka t abo l i s i e r t  werden  kann .  C14-markiertes 
H i s t a m i n  wurde  in den  P a n s e n  des Schafes  0ral  e ingef i ihr t  
und  a n n g h e r n d  30% d a v o n  in der  A t m u n g s l u f t  (CO2) 
aufgefangen.  
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