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6 -hydroxydopamine ,  i.e. it  was of small  magn i tude  and 
ou t las ted  the  per iod of s t imulat ion,  ar ter ial  pressure  fell 
s l ight ly  or did no t  change,  in tes t ina l  mot i l i ty  was un- 
a l tered  and p r e t r e a t m e n t  w i th  in t ravenous  a t ropine  
0.5 mg/kg  failed to affect  it  (Figure 1). The m a x i m u m  
reduct ion  in mesenter ic  vascular  res is tance (mean =~ SE, 
n = 6) was 17 4- 4% of the  p re - s t imula t ion  value. No 
mesenter ic  f low or res is tance changes  could be induced by  
nerve  s t imula t ion  in th ree  of the  nine cats  even af ter  
increasing the  to ta l  dose of b re ty l ium to 60 mg. 

Discussion. These expe r imen t s  have  shown t h a t  
s t imula t ion  of t he  nerves  sur rounding  the  super ior  
mesenter ic  a r t e ry  af ter  adrenergic  neurone  b lockade  
produces  vasod i la ta t ion  wi th in  the  area of d i s t r ibu t ion  of 
th is  vessel. Since the  pancrea t i co -duodena l  b r anch  was 
t ied  and the  b ranches  to  the  large in tes t ine  were divided,  
i t  seems l ikely t h a t  the  d i la ta t ion  occurred in the  small  
in tes t ine  a l though it canno t  be excluded t h a t  d ia l ta t ion  
also occurred in the  vessels supply ing  the  fa t  and  l y m p h  
nodes of the  mesentery .  The response  was no t  secondary  
to changes  in in tes t ina l  tone  or mot i l i ty  since no signif- 
icant  a l te ra t ion  in these  var iables  occurred.  Cholinergic 
mechan i sms  were p robab ly  not  involved since the  re- 
sponse was una l te red  by  a t ropine .  Moreover,  mesenter ic  
vasod i la ta t ion  does no t  occur when  the  abdomina l  vagi 
are s t imula ted  1. 

The presen t  s t u d y  provides  addi t iona l  evidence indic- 
a t ing  the  possible exis tence of in tes t ina l  neurogenic  
vasodi la tor  mechan i sms  which are ne i ther  adrenergic  or 
cholinergic. This  possibi l i ty  was suggested by  the  previous  
observa t ion  t h a t  pelvic nerve  s t imula t ion  in cat  p roduced  
an a t rop ine- res i s tan t  d i la ta t ion  of the  mucosal  vessels 
of t he  colon s . Moreover  mechanica l  s t imula t ion  of the  

small  in tes t ina l  mucosa  in cats  induces a non-chol inergic  
vasodi la ta t ion  poss ibly  med ia t ed  by  an in t ramura l  nerve  
reflex a. 

There  are several  possible exp lana t ions  of the  vaso- 
d i la ta t ion  observed in m y  exper imen t s :  

1. The mesenter ic  nerves  m a y  conta in  specific efferent  
f ibres which  release a vasodi la tor  t r ansmi t t e r .  Recen t  
s tudies  suggest  t h a t  the  vasodi la tor  agent  adenosine  tr i-  
p h o s p h a t e  m a y  be released by  non-adrenergic  inh ib i ro tory  
nerves innerva t ing  the  gut  of several  species 4, 5. However ,  
inh ib i t ion  of gut  mot i l i ty  was no t  observed in the  p resen t  
s tudy.  The slow onset  of the  di la tor  response  and its 
pers is tence  af ter  the  s t imulus  is w i t h d r a w n  is also r a the r  
uncharac te r i s t ic  of a neu ro t r ansmi t t e r .  

2. A vasodi la tor  subs tance  m a y  be released f rom the  
p re - t e rmina l  por t ions  oI adrenergic  nerves  dur ing  
s t imula t ion  bu t  can only produce  vasod i la ta t ion  when  
the  release of the  vasocons t r ic to r  t r ansmi t t e r ,  nor- 
adrenal ine,  is p reven ted .  One possible vasodi la tor  which 
migh t  be involved is p ros tag land in  E 1 which  occurs in 
s y m p a t h e t i c  nerves  6 is a mesenter ic  d i la tor  7 and is 
released when  s y m p a t h e t i c  nerves  are s t imulatedS.  

3. The d i la ta t ion  m a y  be associa ted wi th  secre tory  
changes  induced  in the  gut  by  s t imula t ion  of non- 
adrenergic  nerve fibers in the  per iar ter ia l  nerve plexus.  
No evidence bear ing on th is  poss ib i l i ty  is available% 

Resume. La s t imula t ion  61ectrique du plexus nerveux  
p6riart6rial  m6sent6r ique p rovoque  une vasod i la ta t ion  
r6sis tante  s l ' a t ropine  de la couche vasculaire m6sent6- 
r ique chez le cha t  anesth6si6 apr~s blocage des neurones  
ad%nergiques .  
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Effects of mesenteric periarterial nerve st imulation (10 v, 2 ms, 10/s) 
0n arterial pressure (AP~ mm Hg) and superior mesenterie arterial 
flow (SMF, ml/min), A) no drugs; B) after bretylium tosylate 30 ing 
infused into the superior mesenteric artery; C) same as B) but i.v. 
atropine 0.5 mg/kg also given; D) after chronic pre-treatment with 
6-hydroxydopamine. The bars under panels A), B), C) indicate a 
period of 3 rain stimulation and the bar under panel D} indicates 
2.5 rain stimulation. 
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H i s t a m i n e  S e n s i t i z i n g  Act iv i ty  of Lent inan,  an A n t i t u m o u r  P o l y s a c c h a r i d e  

Lent inan ,  a fl-(1 -+ 3) glucan ob ta ined  f rom Lentinus 
edodes; an edible mushroom,  exhib i t s  an excel lent  an t i tu -  
mour  ac t iv i ty  agains t  Sarcoma 180 of mice 1, ~. As one of 
new biological proper t ies  of th is  substance ,  we found  t h a t  
l en t inan  was able to  increase the  suscept ib i l i ty  of t he  
mice to  h i s tamine .  The f inding caused us to  inves t iga te  
t he  h i s t amine  sensi t iz ing (ITS) a c t i v i t y  of lent inan.  

Len t i nan  was admin i s t e red  i.p. in t he  to ta l  amoun t s  of 
100 to  500 ~xg f rac t iona ted  for several  days  to  the  female 

5-week-old mice (ddY strain).  Three or 4 days  af ter  t he  
las t  admin i s t r a t ion  of lent inan,  t he  mice were t r e a t ed  
wi th  t he  i.p. in jec t ion  of 6 mg  h i s t amine  (as h i s t amine  
dihydrochlor ide ,  Sigma Co.) and 2 h la ter  the  d e a t h  of t he  
mice was observed.  As shown ill Table  I, a n u m b e r  of dead  
mice were observed in the  l en t inan -h i s t amine  t r e a t m e n t  
group, bu t  no t  in b o t h  contro l  groups t r e a t ed  only wi th  
l en t inan  or h is tamine .  The mor t a l i t y  of mice due to  
l en t inan-h i s t amine  t r e a t m e n t  was r a the r  irregular.  The 
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Table I. Histamine sensitizing activity of lentinan 
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Materials Dose per Frequency of dose Total dose (~zg)  Interval of treat- Mortality 
mouse/day (v.g) Times Days ments ~ (days) 

Experiments 
Lentinan 50 5 7 b 250 4 10/10 

50 5 6 250 3 4/10 
50 10 11 500 4 2/10 
50 5 7 250 3 3/10 
25 10 11 250 4 4/5 
10 10 11 100 3 2/10 
10 10 11 100 4 2/10 

HSF 0.i i i 0.I 3 10/10 
Controls histamine 

Lentinan 50 5 7 250 - -  0/10 
25 10 11 250 - -  0/10 

Histamine a --  --  --  + 0/10 

Interval between the last administration of lentinan and histamine challenge, b Total days spent for the administration of materials. 
o Numerator presents the number  of 'dead mice, denominator the total number of mice used. a No administration of materials except for 
histamine. 

m a j  or  c a u s e  of  t h e  i r r e g t i l a r i t y  m a y  r e l a t e  to  t h e  f o l l o w i n g  
f i n d i n g .  R e c e n t l y  we  f o u n d  t h a t  t h e  m a n i f e s t a t i o n  of H S  
a c t i v i t y  of  l e n t i n a n  in  m i c e  w a s  l a r g e l y  d e p e n d e n t  on  t h e  
t e m p e r a t u r e  of  t h e  a n i m a l - h o l d i n g  r o o m  i m m e d i a t e l y  
a f t e r  h i s t a m i n e  a d m i n i s t r a t i o n .  T h e  s t u d y  on  t h e  e f f ec t  of  
t e m p e r a t u r e  is  in  p r o g r e s s .  

T h e  f a c t  t h a t  l e n t i n a n  h a s  t h e  H S  a c t i v i t y  in  m i c e  
f u r t h e r m o r e  c o m p e l l e d  u s  to  i n v e s t i g a t e  t h e  r e l a t i o n  
b e t w e e n  l e n t i n a n  a n d  t h e  w e l l - k n o w n  h i s t a m i n e  s e n s i t i z -  
i n g  f a c t o r  (H SF)  of  Bordetella pertussis. T h e  H S F  p r e p a r a -  
t i o n  w a s  p a r t i a l l y  p u r i f i e d  f r o m  t h e  f i l t r a t e  of  s h a k i n g  
c u l t u r e  of  B. pertussis p h a s e  t ( T o h a m a  s t r a i n )  3, 4. T h e  H S  
a c t i v i t y  w a s  a s s a y e d  b y  i .p .  i n j e c t i o n  of  h i s t a m i n e  
(6 m g / m o u s e )  in  m i c e  3 d a y s  a f t e r  t h e  i .v .  a d m i n i s t r a t i o n  
of  H S F  p r e p a r a t i o n  ( f r a c t i o n  Z15S~) ~. T h e  e f f ec t  of  
p r e t r e a t m e n t  w i t h  l e n t i n a n  o n  t h e  1-IS a c t i v i t y  of  H S F  
w a s  s t u d i e d .  C o n t r a r y  t o  o u r  e x p e c t a t i o n ,  t h e  p r e t r e a t -  
m e n t  c o u l d  n o t  e n h a n c e  t h e  H S a c t i v i t y  of  H S F  b u t  r a t h e r  
s u p p r e s s e d  i t  ( T a b l e  I I ) .  

I n  a d d i t i o n  t o  H S F  t h e r e  is, f u r t h e r m o r e ,  a l y m p h o c y -  
t o s i s  p r o m o t i n g  f a c t o r  ( L P F )  5 as  o n e  of  i n t e r e s t i n g  p r o d u c t s  
f r o m  B. pertussis. T h e  e f f ec t  of  p r e t r e a t m e n t  w i t h  
l e n t i n a n  o n  t h e  l y m p h o c y t o s i s  p r o m o t i n g  (LP)  a c t i v i t y  of  
L P F  w a s  t h e n  s t u d i e d  in  m i ce .  A s  s h o w n  in  T a b l e  I I I ,  t h e  
p r e t r e a t m e n t  w i t h  l e n t i n a n  d i d  n o t  g i v e  a n y  e f f ec t  o n  t h e  
L P  a c t i v i t y  of  L P F  b u t  a l so  n o  e f f ec t  o n  l y m p h o c y t e  

c o u n t s  b y  i t se l f .  T h e  L P  a c t i v i t y  w a s  a s s a y e d  a c c o r d i n g  t o  
t h e  m e t h o d  d e s c r i b e d  6. 

L e n t i n a n  a n d  H S F  s h o w e d  t h e  s i m i I a r  H S  a c t i v i t y  i n  
m ice ,  t h o u g h  t h e i r  m e c h a n i s m s  a r e  o b s c u r e  a t  p r e s e n t .  I t  
w a s  s u g g e s t e d  t h a t  s o m e  d i f f e r e n c e s  m a y  e x i s t  b e t w e e n  
t h e m ,  b e c a u s e  t h e  p r e t r e a t m e n t  w i t h  l e n t i n a n  i n d u c e d  
n e i t h e r  t h e  a d d i t i v e  n o r  m u l t i p l y i n g  e f f ec t  o n  t h e  I-IS 
a c t i v i t y  of  t l S F  b u t  s h o w e d  r a t h e r  a s u p p r e s s i n g  e f fec t .  
A s  f a r  as  t h e  H S  a c t i v i t y  of  t h e s e  s u b s t a n c e s  is c o n c e r n e d ,  
a f e w  d i f f e r e n c e s  c o u l d  be  d e m o n s t r a t e d  b e t w e e n  t h e m ;  
H S F  is k n o w n  to  b e  r e l a t i v e l y  h e a t - s t a b l e ,  l o s i n g  i t s  
a c t i v i t y  b y  h e a t i n g  a t  80 ~ fo r  10 m i n  4, b u t  l e n t i n a n  w a s  
m u c h  m o r e  h e a t - s t a b l e .  B e s i d e s ,  t h e  h i s t a m i n e  s e n s i t i z i n g  
dose  o f  l e n t i n a n  w a s  m u c h  l a r g e r  t h a n  t h a t  o f  H S F .  I t  
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Table If. The effect of lentinan on HS activity of HSF 

Amount  of HSF Mortality of mice treated Mortality of mice 
(~zg/mouse) with treated wittl 

Leirtinan HSF~ f Lentinan HSF~ 
+ HSF �9 { + HSF �9 

0.17 6/10 b 9[10 b 
0.09 2/10 b 7/10 b 5/10 5/10 
0.05 2/10 7]10 1/10 4/10 
0.03 3/10 5/10 

Lentinan was administered in total amount  of 250 ~zg fractionated 
(50 ~xg/mouse/day) for 7 days. b Numerator presents the number  of 
dead mice and denominator the total number  of'mice used: 

Table III. The effect of lentinan on lymphocytosis by LPF from 
B. pertussis 

Lentinan (~xg) LPF~ (~zg) Number of lympbocytes 
(counts/mm a) 

250 b 0 1.68 • 104 
0 0 1.71 • 10 ~ 

250 22 7.09 • 104 
0 22 7.34 • 104 

250 87 1.77 x 10 s 
0 87 1.76 • 10 ~ 

LPF was administered at 24 h after the last administration of 
Ientinan. b Total amount  of lentinan administration fraetionated for 
10 days. 
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seems t h a t  these  fac ts  m a y  r a t h e r  s u p p o r t  t he  exis- 
t ence  of d i f fe ren t  m e c h a n i s m s  b e t w e e n  t h e m .  W e  w e r e  
m u c h  in t e r e s t ed  in l i nk ing  t he  H S  a c t i v i t y  w i t h  t he  
regress ive  effect  of l e n t i n a n  aga ins t  t r a n s p l a n t a b l e  
t u m o u r .  

Riassunto. E d i m o s t r a t o  che l en t inan ,  pol i saccar ide  
an t ineop las t i c ,  6 capace  di  a u m e n t a r e  la  s ens ib i t i t g  del 

Acknowledgment :  Thanks  are due to Drs. G. CI-III-IARA and Y. Y. 
MAEDA, Nat iona l  Cancer Centre, Research Ins t i tu te ,  Tokyo,  for 
k ind ly  supp ly ing  lent inan.  

t opo  con t ro  i s t amina .  La  p resomlI l in i s t raz ione  di  l e n t i n a n  
invece  n o n  a u m e n t a  l ' a t t i v i t g  del f a t t o r e  i s t a m i n a  sensibi-  
l i zzan te  del la  Bordetella pertussis. L e n t i n a n  non  induce  
l infoci tose  nel  topo.  

R. moNNA and  K. KURATSUKA 7 

Department o/ General Biologics Control, 
National Institute o/Health, 
10-35 Kamiosaki, 2-Chome, Shinagawas-hu, 
Tokio (Japan), 
ld  August 1972. 

Fluxes of Magnes ium and Calcium During Induced Activity of Frog Sartorius Muscle 

Fluxes  of ca lc ium h a v e  been  ex t ens ive ly  s t ud i ed  in 
r e l a t i on  to  e x c i t a t i o n - c o n t r a c t i o n  coupl ing  in muscle,  in  
p a r t i c u l a r  t he  increases  in  b o t h  in f lux  a n d  eff lux w h i c h  
can  be  el ic i ted in frog ske le ta l  musc le  e i the r  b y  caffeine 
or b y  e lect r ica l  s t i m u l a t i o n  ~-a. D a t a  on  m a g n e s i u m  
t r a n s p o r t  and  p e r m e a b i l i t y  is b y  c o m p a r i s o n  sparse  ~-6. 
GILBERT ~ found  t h a t  a l t h o u g h  frog sa r to r ius  was per-  
meab le  to  Mg t h e  e x t e n t  of exchangeab l e  Mg was on ly  
a b o u t  o n e - q u a r t e r  of t he  muscle  to ta l ,  a n d  t h a t  exchange  
occur red  in 3 phases  in  whole  muscle,  t h e  s lowest  phase  
be ing  i n t e r p r e t e d  as t r u l y  in t r ace l lu l a r  Mg. E l e v a t e d  Mg 
abol ishes  frog muscle  response  to  i nd i r ec t  s t i m u l a t i o n  
w i t h o u t  in f luenc ing  re s t ing  or surface  p o t e n t i a P ,  a n d  
s t i m u l a t i o n  in v ivo  has  been  r epo r t ed  to  s ign i f i can t ly  
increase  t he  exchange  of r a t  ga s t rocnemius  Mg w i t h  t h a t  
of p l a s m a  s . The  p r e s en t  e x p e r i m e n t s  i n v e s t i g a t e d  t he  
f luxes  of b o t h  Ca an d  Mg d u r i n g  e lectr ical  s t i m u l a t i o n  
and  caffe ine c o n t r a c t u r e  in  excised sa r to r ius  muscles  of 
frog. 

Materials and methods. All e x p e r i m e n t s  used whole  
sa r to r ius  muscles  of ma le  R. temporaria; muscles  (from 
b o t h  w i n t e r  a n d  s u m m e r  frogs) r a n g e d  in f resh  we igh t  
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Time-course of inf lux of Ca and Mg in to  res t ing  frog sar tor ius  a t  
20~ Concentra t ions  in  Ringer  were Ca 1.8 raM, Mg 2 mM.  Each  
poin t  is the mean  of 6 muscles, 3 frogs. Vert ical  bars  a r e . s t anda rd  
errors. 

f rom 30-90 g. Mg in i Iesh ly-d issec ted  muscles,  de ter -  
m i n e d  b y  a t o m i c  a b s o r p t i o n  On n i t r i c  acid digests,  was  
10.08 t 0.24 (mean,  s.c., n = 1 6 )  F~M/g wet  weight ,  
unco r r ec t ed  for muscle  c o m p a r t m e n t s .  Th i s  va lue  d id  no t  
v a r y  w i t h  season. Fo r  in f lux  m e a s u r e m e n t s  t he  excised 
muscles  were secured  w i t h  one end  f ixed  a n d  t h e  o the r  
a t t a c h e d  to a s t r a in  gauge, t r a n s d u c e r  a n d  pen  recorder  
wh ich  m o n i t o r e d  tens ion.  R e s t i n g  in f lux  was measu red  
b y  b a t h i n g  t h e  muscles,  m o u n t e d  a t  s l igh t ly  more  t h a n  
ske le ta l  l ength ,  in  frog R i n g e r  9 c o n t a i n i n g  45Ca or 2SMg 
a t  20~ for per iods  f rom 0.5 to  30 rain.  A t  t he  conclus ion  
of i n c u b a t i o n  t he  r ad ioac t i ve  R i n g e r  was  qu ick ly  wi th -  
d r a w n  f rom t h e  b a t h  a n d  replaced b y  n o n r a d i o a c t i v e  
m e d i u m  of iden t i ca l  composi t ion ,  to  al low eff lux of 
i sotope f rom surface  a n d  ex t race l lu la r  c o m p o n e n t s  of Ca 
or Mg *-t. The  eff lux was c o n t i n u e d  for 90 rain,  and  t he  
muscles  were t h e n  r e m o v e d  f rom t h e  b a t h ,  cu t  free of 
t endon ,  b l o t t e d  a n d  weighed.  2SMg was c o u n t e d  on n e a t  
ex t r ac t s  of m u s c l e s i n  1 m l  conc. H N O , ;  ~sCa was c o u n t e d  
b y  l iqu id  scint i l la t ior i  on  a l iquo ts  of an  aqueous  so lu t ion  
of H N O  a e x t r a c t  wh ich  h a d  been  e v a p o r a t e d  to dryness .  
Counts  were c o n v e r t e d  to  c o n c e n t r a t i o n s  b y  use of 
s t a n d a r d s  p r e p a r e d  f rom the  r ad ioac t i ve  so lu t ions  and  
f luxes  were ca lcu la ted  as vM/g wet  weight .  

Caffeine was i nco rpo ra t ed  in  R i n g e r  a t  5 m M  and  
i n v a r i a b l y  el ic i ted c o n t r a c t u r e  for a 10-rain per iod  of 
i n c u b a t i o n  a t  t h i s  concen t r a t i on .  E lec t r i ca l  s t i m u l a t i o n  
was s u b m a x i m a l  a n d  direct ,  b y  squa re -wave  pulses of 
50 msec  d u r a t i o n  a t  f r equency  0.5/sec for t he  las t  6 mil l  
of a 10-min i ncuba t i on .  B o t h  c o n t r a c t u r e  a n d  electr ical  
s t i m u l a t i o n  e x p e r i m e n t s  were l imi t ed  to  10 ra in  d u r a t i o n  
in order  to  reduce  fa t igue  or d a m a g e  to  fibres,  a n d  t he  
effects  of these  t r e a t m e n t s  were  assessed b y  c o m p a r i n g  
t he  in f lux  w i t h  t h a t  in  c o m p a n i o n  muscles  i n c u b a t e d  a t  
res t  u n d e r  t h e  same  condi t ions .  The  inf luxes  were aga in  
m e a s u r e d  a f t e r  90 m i n  eff lux h a d  been  allowed. 

Results and discussion. In f luxes  of Ca a n d  Mg in to  
r e s t ing  muscles  are shown  in  t h e  Figure.  Ca in f lux  was 
l inea r  w i t h  t i m e  up  to  30 rain,  a f te r  t he  b u l k  of t he  
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