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Effect of calcium and temperature on spontaneous and 48/80 induced histamine release from pig lung 

EXPIgRIENTIA 29/11 

Histamine released ([zg/g tung/30 rain) 

37 ~ 4oc 

[Ca2+] ~ Spontaneous 48/80 (2 mg) * Spontaneous 48/80 (2 mg)" 

0 1.21 • o.23 (4) 5.29 4- 0.57 (4) 

1.8 • 10 -3 1.11 4- 0.16 (3) 5.12 4- 0.67 (3) 

1.8 x 10 -2 1.16 J2 0.29 (3) 2.79 4- 0.51 (3) 

0.834-0.09 (3) 2 .11~:0.28 (3) 

Figures are means • S.E.M. Figures in parentheses refer to number of experiments. ~Corrected for spontaneous release. Average total  hista- 
mine was 28.52 (16.2-41.5) [xg/g lung, n = 5. 

S~tOR~ et al. to. The da ta  are expressed as [xg h is tamine  
base released per  g wet  weight  of chopped lung. 

Results and discussion. Compound 48/80 released 
h is tamine  from chopped pig lung in a dose dependent  
manner  bo th  ill the  presence and absence of ca lc ium 
(Figure). There  was no difference in the  a m o u n t  of 
h is tamine  released e i ther  spontaneously  or  wi th  48/80 
in the  absence or in the  presence of 1.8 • 10 .8 M calcium 
(Table). W h e n  the  dalcium concent ra t ion  was increased 
to 1.8 • 10 -2 M the  amoun t  of h is tamine  released spon- 
taneously  and wi th  48/80 was inhibi ted (Table). The 
amoun t  of h is tamine  released in the  presence of 1.8 • 10 .8 
M calcium was reduced when the  incubat ion  took  place 
at  4~ compared  to tha t  released a t  37 ~ (Table). 

H i s t amine  release f r o m c h o p p e d  lung by  compound  
48/80 differs f rom anaphylac t ic  h is tamine  release f rom 
this  t issue in t h a t  the  release has a longer t ime  course s, 
calcium is not  required,  and the  release is not  complete ly  
abolished by  low temperatures .  The  concent ra t ion  of 

c 

E 
o 

c 

E 
m 

- r "  

6 l 

c 

4 

2 

0 

�9 No Oa 2+ 

0.1 0.2 1 2 mg 

Concentration of 48/80 per incubate 

Histamine release by various concentrations of 48/80 in the presence 
and absence of calcium. The data are corrected for spontaneous re- 
lease. 

48/80 required for the  m i n i m u m  detec table  amoun t  of 
h is tamine  release f rom chopped lung f rom several  
species is 2 to 3 orders of magn i tude  higher  t han  tha t  
required for h i s tamine  release f rom ra t  per i toneal  mas t  
cellsS, n. I n  contrast ,  the  a m o u n t  of ant igen requi red  to  
release h i s tamine  f rom sensit ized mas t  cells and chopped 
guinea-pig lung is of the  sanle order  of magn i tude  2, 5. I t  
is thus  possible t h a t  h i s tamine  release occurs by  2 
mechanisms.  1. Release by  low concent ra t ions  of 48/80 
and in anaphylaxis  is by  a calcium dependen t  mechanism.  
2. Release by  high concentra t ions  of 48/80 as required 
for chopped lung is by  a different  ca lc ium independent  
mechanism.  Thus h i s tamine  release f rom chopped lung 
by  compound  48/80 m a y  no t  be a useful model  for the  
s tudy  of anaphylac t ic  h is tamine  release f rom this  tissue. 

Zusammen/assung. Es zeigt sich, dass die anaphylak-  
t ische His taminaussch i i t tung  Calcium ben6t ig t  und bet 
niedriger Tempera tu r  vo l lkommen  g e h e m m t  wird. Bet 
Zugabe der Substanz  48/80 erweist  sich die dadurch  
hervorgerufene His taminausschf i t tung  als dosisabh~ingig 
und ben6t ig t  kein extrazellul~ires Calcium. Die Reak t ion  
wird bet niedriger Tempera tu r  (4~ nur  teilweise ge- 
hemmt .  Sie kann daher  nicht  als zweckm~ssiges Modell 
fiir das S tud ium der anaphylak t i schen  His taminaus-  
schi i t tung der Lunge  angesehen werden. 
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5-HT Hyperpolarization of Bullfrog Sympathetic 

I t  is well known tha t  the  slow inhib i tory  pos tsynapt ic  
potent ia ls  (slow IPSP)  of sympa the t i c  ganglion cells are 
produced by  an ac t iva t ion  of pregangl ionic  nerve  fibres, 
and t h a t  these  potent ia ls  can be produced in the  presence 
of nicot ine or D-tubocurarine bu t  are blocked by atro-  
pine 1, 2. A hyperpolar iza t ion  of ganglion cells is produced 
by  a direct  appl icat ion of acetylchol ine (ACh) to ganglia, 
and the  na tu re  of this ACh hyperpolar izat ion,  which 

Ganglion Cell Membrane 

could be e l imina ted  in a Ca-deficient Ringer ' s  solution 
conta ining Mg, is essent ial ly s imilar  to  t h a t  of the  slow 
I P S P  2. Thus,  the  slow I F S P  does not  seem to be pro-  
duced by  a direct  act ion of ACh bu t  ra ther  by  the  action. 
of some t r ansmi t t e r  released f rom in te rmedia t ing  

1 I~. I~OKETSU, Fedn Proc. 28, 101 (1969). 
2 B. LIBET, Fedn Proc. 29, 1945 (1970). 
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interneurones,  which are ac t iva ted  by  ACh, in ganglia. 
In  the  case of amph ib ian  sympa the t i c  ganglia, a number  
of exper imenta l  results suggest  t h a t  adrenal ine (Ad) m a y  
be the  t r ansmi t t e r  which is d i rec t ly  responsible for the  
genera t ion  of slow I P S P  or ACh hyperpo la r iza t ion  2. I t  
mus t  be noted, however,  t h a t  no conclusive exper imenta l  
evidence has ye t  been prov ided  to p rove  t h a t  the  
t r ansmi t t e r  for the  slow I P S P  is ac tua l ly  Ad. 

I t  has been found in the  present  exper iment  t h a t  
5 -hydroxy t ryp tamine  (5-HT) is also able to hyperpolar ize  
the  bullfrog sympa the t i c  gangl ion cell  membrane .  Such 
a 5 -HT hyperpo la r iza t ion  seems to be produced by  a 
di rect  act ion of 5 -HT on the  ganglion cell membrane ,  
and the  na ture  of this  hyperpolar iza t ion  is essent ial ly 
s imilar  to t h a t  of the  slow 1 P S P  or ACh hyperpolar izat ion.  

Materials and methods. Parave r t eb ra l  sympa the t i c  
gangl ion chains of bullfrogs (Rana catesbiana) were used 
th roughou t  in the  present  exper iment .  Membrane  
po ten t ia l  changes of gangl ion ceils were recorded by  use 
of sucrose-gap me thodK E x p e r i m e n t a l  solutions and 
thei r  ionic composi t ions  (mM per  1000 cm ~ H20  ) are as 
follows: Ringer ' s  solutions (112 m M  NaC1, 2 m M  KC1, 
1.8 m M  CaC12, 2 m M  NaHCO3), Ca-deficient  Ringer ' s  
solut ion conta in ing Mg (112 m M  NaC1, 2 m M  KCI, 
0.18 m M  CaC1 v 6 m M  MgC12) and Na-i ree  l i th ium 
solution (114 m M  LiC1, 2 m M  K H C O  6 and 1.8 m M  
CaCI~). Drugs  used in the  present  expe r imen t  are as 
follows: 5 : hyd roxy t ryp t amine  creat inine sulfate (Wako), 
ouabain  (Merk), nicot ine sulfate (Katayama) ,  D-tnbo- 
curar ine chloride (Merk) and a t ropine  sulfate (Wako). 

Results and discussion. A sympa the t i c  gangl ion was 
cont inuously  perfused wi th  t i le Ringer ' s  solution. W h e n  
5-HT (1-10 -2 raM) was added to the  Ringer ' s  solution, 
the  gangl ion cell membrane  was depolar ized (Figure A-l) .  
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Effects of 1 mM 5-HT on the membrane potential of bullfrog sym- 
pathetic ganglion cells. A) 5-HT depolarization (1) and 5-HT hyper- 
polarization (2), recorded from a preparation before and 40 rain after 
an application of 0.12 mM nicotine respectively, t3) Effects of con- 
ditioning depolarization (1) and conditioning hyperpolarization (3) 
on a 5-HT hyperpolarization (2). C) Effects of 5-HT on the slow 
IPSP (P) and slow EPSP (LN) produced by a train of repetitive pre- 
ganglionic nelve stimulation (30/see for 4 sec) in a nieotinized gang- 
lion. Records 1 and 2 were recorded before and 3 rain after an appli- 
cation of 5-HT respectively, and record 3 was 10 min after withdra- 
wal of 5-HT. Arrows in A and B indicate duration of 5-HT applica- 
tions and those in C represent beginning of nerve stimulation. 

The depolar izat ion was sustained dur ing an appl icat ion 
of 5 -HT (20-30 rain) and i t  was restored upon its with-  
drawal.  A l though  the  ampl i tude  of 5 -HT depolar izat ion 
var ied  according to ind iv idual  preparat ions,  i t  was 
consis tent ly  observed,  even  when cholinergie t ransmis-  
sions in ganglia  2 were comple te ly  blocked under  the  
effects of D-tubocurar ine and/or  atropine.  

An interes t ing finding was the  exper imenta l  fact  t ha t  
the  gangl ion cell m e m b r a n e  was hyperpolar ized instead 
of being depolar ized by  the  act ion of 5 -HT (1-10 -2 raM) 
ill the  presence of nicotine. The  cholinergic (nicotinic) 
t ransmiss ion in gangl ia  was comple te ly  blocked when 
nicotine (0.12 mM)  was appl ied for more than  30 rain to 
a prepara t ion  ~. Unde r  such an exper imenta l  condition,  
ganglion cell membrane  was found to be marked ly  
hyperpolar ized by the act ion of 5 -HT (1 raM), as seen in 
Figure  A-2. This  5-HT hyperpolar iza t ion  tended  to fall 

�9 af ter  i t  reached a m a x i m u m  ampl i tude  and i t  was rapid ly  
restored upon wi thdrawal  of 5-HT (Figure A-2). The  
5-HT hyperpolar iza t ion  was also observed when a t ropine  
(0.1 mM) was appl ied together  wi th  nicotine before 5 -HT 
was applied. 

Bo th  the  5 -HT depolar izat ion (without  nicotine) and 
5-HT hyperpolar iza t ion  (with nicotine) remained  un- 
changed, even when the  Ca-deficient  Ringer ' s  solution 
conta ining Mg was used instead of the  Ringer ' s  solution. 

A compar ison be tween  the  na ture  of 5 -HT hyperpo-  
lar izat ion and t h a t  of slow I P S P  is ve ry  interest ing.  
According to the  present  exper iment ,  the  na tu re  of the  
5-HT was essential ly similar  to t h a t  of the  slow I P S P  6, ~, 6. 
Namely ,  1. the  ampl i tude  of the  5 -HT hyperpolar iza t ion  
was marked ly  augmen ted  under  a condi t ioning hyper-  
polar izat ion,  whereas  i t  was depressed under  a condi- 
t ioning depolar izat ion of gangl ion cell membrane  (Figure 
B), 2. the  5 -HT hyperpolar iza t ion  was sensit ive to 
ouabain,  being a lmos t  comple te ly  depressed by  i t  in a 
concent ra t ion  of 10 -~ raM, and 3. the  5 -HT hyperpolar i -  
zat ion was e l iminated  in the  Na-free l i th ium solution. 

The  slow I P S P  of sympa the t i c  gangl ion ceils can be 
recorded by  apply ing  repe t i t ive  preganglionic nerve  
s t imula t ion  (30/sec for 4 sec) in the  presence of nicot ine a. 
A remarkab le  augmen ta t i on  of the  slow I P S P  was 
consis tent ly  observed dur ing a deve lopment  of the  5 -HT 
hyperpolar iza t ion  (Figure C). Such a large augmei l ta t ion  
could no t  be observed when  ganglion cell m e m b r a n e  was 
hyperpotar ized by  appty iug  a condi t ioning anodaI cur- 
rent  s in the  absence of 5 HT.  

As has been shown in the  present  exper iment ,  5 -HT 
causes the  depolar izat ion of gangl ion cell membrane  in 
the  Ringer ' s  solut ion conta in ing  D-tubocurar ine and/or  
atropine,  while it  causes the  hyperpolar iza t ion  in the  
presence of nicotine. Since the  5 -HT hyperpo la r iza t ion  
can be produced  even when a t ropine  is added,  i t  is clear 
t h a t  ACh, which migh t  be released f rom preganglionie 
nerve  te rminals  by  the  act ion of 5-HT, is not  d i rec t ly  
responsible for the  in i t ia t ion  of bo th  5 -HT depolar izat ion 
and 5- t tT  hyperpolarozat ion.  Fur thermore ,  the  experi-  
men ta l  fact  t h a t  bo th  the  5 -HT depolar izat ion and 5-HT 
hyperpolar iza t ion  can be produced  in the  Ca-deficient  
Ringers ' s  solution conta in ing Mg, suggests t h a t  these 
po ten t ia l  changes are p roduced  by  a direct  act ion of 
5-I-IT on the  gangl ion cell membrane .  Thus, a most  
reasonable assumpt ion  based on the  present  exper imenta l  

3 S. Nlsm and K. KOKETSlJ, J. Neurophysiol. 37, 717 (1968). 
4 S. NISei and K. KOKETSG J. Neurophysiol. 37, 109 (1968). 
5 I{. •AKATAKE and K. KOKETSC, J. physiol. Soc. Jap. in Japanese), 

34, 10 (1972). 
6 S. NISHI and K. KOKETSlG Life Sci. 6, 2049 (1967). 
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resu l t s  m a y  be as follows: bul l f rog s y m p a t h e t i c  gang l ion  
cells possess two  d i f fe rent  k inds  of recep tors  w h i c h  are 
sens i t ive  to  5-IIT, a n d  one recep to r  wh ich  is respons ib le  
for t he  5 -HT depo la r i za t ion  can  be b locked  b y  n ico t ine  
a n d  a n o t h e r  recep tor  wh ich  is respons ib le  for t h e  5-HT 
h y p e r p o l a r i z a t i o n  is r e s i s t an t  to  n icot ine .  P r e s u m a b l y ,  
t he  5 -HT h y p e r p o l a r i z a t i o n  is disclosed w h e n  t he  5 -HT 
depo la r iza t ion  is comple te ly  b locked  b y  t he  ac t ion  of 
n icot ine .  

According  to t he  p re sen t  expe r imen t ,  t he  5-HT 
h y p e r p o l a r i z a t i o n  is a u g m e n t e d  d u r i n g  a cond i t i on ing  
hype rpo la r i za t ion ,  a n d  i t  is sens i t ive  to  o u a b a i n  and  
e l imina ted  in t he  Na-free  l i t h i u m  solut ion.  The  n a t u r e  of 
the  5-HT h y p e r p o l a r i e a t i o n  is essent ia l ly  s imi la r  to  those  
of t he  slow I P S P ,  ACh h y p e r p o l a r i z a t i o n  a n d  Ad hype r -  
polarizat ionS,3,  5-7. Thus  i t  is feas ible  t h a t  t he  5 -HT 
h y p e r p o l a r i z a t i o n  m a y  be  gene ra t ed  b y  an  a c t i v a t i o n  of 
e lectrogenic  s o d i u m - p u m p ,  as has  been  suggested  in t he  
cases of the  slow I P S P ,  ACh h y p e r p o l a r i z a t i o n  a n d  Ad 
h y p e r p o l a r i z a t i o n  a, 6,7. 

The  poss ib i l i ty  t h a t  5 -HT m i g h t  be  t he  t r a n s m i t t e r  
wh ich  is d i rec t ly  respons ib le  for  a gene ra t ion  of t he  slow 
I P S P  is doubt fu l ,  since t he  slow I P S P  is m a r k e d l y  
a u g m e n t e d  in t he  presence  of 5-HT. I t  is k n o w n  t h a t  the  
size of t he  slow I P S P  is a u g m e n t e d  w h e n  t he  gangl ion  
cell m e m b r a n e  is hype rpo l a r i zed  b y  cond i t ion ing  an odal  
cu r r en t  3. The  obse rved  a u g m e n t a t i o n  of t he  slow I P S P ,  
however ,  was so powerful  t h a t  i t  is d i f f icul t  to  exp la in  
th i s  a u g m e n t a t i o n  s imp ly  as a resu l t  of t he  5-HT hype r -  
polar iza t ion .  W h a t e v e r  t h e . m e c h a n i s m  u n d e r l y i n g  t he  

slow I P S P  m a y  be, 5 -HT appea r s  to  acce lera te  the  
process  of t he  gene ra t ion  of t he  slow I P S P .  Thus ,  a l t h o u g h  
5 -HT m a y  no t  be  a t r a n s m i t t e r ,  f u r t h e r  ana lys i s  of t he  
mode  of ac t ion  of 5 -HT to gangl ion  cell m e m b r a n e  m a y  
p rov ide  some key  to u n d e r s t a n d  t h e  mode  of ac t ion  of a n  
ac tua l  t r a n s m i t t e r  wh ich  is respons ib le  for the  slow I P S P .  

Zusammen/assung. Die M e m b r a n  der  s y m p a t h i s c h e n  
Gangl ienzel le  des Ochsenf rosches  (Rana catesbiana) wird  
d u r c h  5 -HT depola r i s ie r t ;  5 -HT erzeugt  j edoch  in Gegen- 
w a r t  v o n  Nico t in  eine Hype rpo l a r i s a t i on .  Es  scheint ,  
dass  sowohl  die Depo la r i sa t ion  als s u c h  die Hype rpo la r i -  
s a t ion  yon  5 -HT d u r c h  d i rek te  W i r k u n g  auf  die Zell- 
M e m b r a n  z u s t a n d e  k o m m t .  Die  d u t c h  5 -HT erzeugte  
H y p e r p o l a r i s a t i o n  zeigte ~ihnliche E i g e n s c h a f t e n  wie das  
<<slow I P S P ~  welches j edoch  w/ ih rend  de r  E n t w i c k l u n g  
der  5 -HT H y p e r p o l a r i s a t i o n  s t a r k  z u n i m m t .  Es  wird  
v e r m u t e t ,  dass  5 -HT wahr sche in l i ch  n i c h t  als ~ b e r -  
tr~igerstoif fiir das  <~slow IPSP~> in F rage  k o m m t .  
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Silymarin verhindert die Lipidperoxidation bei der CC14-Leberschiidi~ung 

I n  e iner  v o r a u s g e g a n g e n e n  Arbe i t  wurde  mi tge te i l t ,  dass  
einige a l ipha t i s che  u n d  insbesondere  h e t e r o c y e l i s c h e  
Mono- u n d  D i t h i o l v e r b i n d u n g e n  sowohl  die Zellsch~idi- 
gung  als s u c h  die L i p i d p e r o x i d a t i o n  bei der  CC14-Leber- 
sch~digung  der  IRatte u n t e r b i n d e n  ~. V~;ir besch re iben  bier,  
S i l ymar in  wirke  n i ch t  n u r  a n t i h e p a t o t o x i s c h  in dem 
Sinne,  dass  es p f i iven t iv  u n d  k u r a t i v  die m i t  e inem 
Zel lschXdigungsprozess  v e r b u n d e n e  A b g a b e  leberspezi-  
f ischer  E n z y m e  a n  das  B l u t  u n t e r b i n d e t % 3 , s o n d e r n  dass  
es auch  die L i p i d p e r o x i d a t i o n  h e m m t .  Inwiewe i t  diese 
eine Rolle  bei  der  CC1-4Lebersch/idigung spielt ,  wurde  
f r i iher  d i sku t i e r t  ~- 5. 

Die h ie r  v e r w e n d e t e  V e r s u c h s t e c h n i k  l e h n t  s ich an  
solche des IRECKNAGELschen Arbe i t skre i ses  an6, 7 und  
wurde  bere i t s  ausf i ihr l ich  besch r i eben  1. W i r  v e r w e n d e t e n  
das  uns  yon  der  Fa.  Dr.  M a d a u s  & Co., K61n-5{erheim, 
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Differenzspektren der mikrosomalen Lipide aus Rattenlebern (ge- 
messen gegen Mikrosomenlipide aus Lebern unbehandelter Tiere). 
--, Kontrollen ohne Silymarin; ---, Versuehe mit Silyrnarin. 60 rain 
vor dem T6ten einmalige i.p. Verabreichung von 140,5 mg Sily- 
marin-N-methylglueamin-Salz gel6st in Dimethyl-sulfoxid: Wasser 
1:1, pH 7,4 (Kontrollen: Applikation gleieher Mengen Solvens), 30 
min spfiter CC14-Intoxikation: 0,25 ml CC14, 1:1 in Paraffin51/Tier per 
os; dreit~igige Vorbehandlung mit je 80 mg Na-Barbital/Tier i.p. 

dankenswer t e rwe i se  zur  Verf i igdug geste l l te  S i l ymar in  
aus  Silybum marianum (L.) Gaer tn .  als N - M e t h y l g l u c a m i n -  
Salz. 

Das  K u r v e n b i l d  zeigt  a n h a n d  der  Di f fe renzspek t ren ,  
dass  das  S i l y m a r i n d e r i v a t  a m  w i r k s a m s t e n  yon  a l len 
se i the r  gepr i i f ten  V e r b i n d u n g e n ,  auch  de r  e ingangs  
erw~ihnten Thiole,  die mik rosoma le  L i p i d p e r o x i d a t i o n  
h e m m t .  

Summary. S i l y m a r i n e - N - m e t h y l g l u c a m i n e - s a l t  has  a 
p r o n o u n c e d  h igh  a n t i o x i d a t i v e  func t ion  aga ins t  micro-  
somal  l ip id  pe rox ida t ion ,  associa ted  w i th  l iver  in ju ry  b y  
CC14, 
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