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In cont ras t ,  the  4 conifers t h a t  have  high mal to l  con- 
t en t s  have  a na r row ver t ica t  d is t r ibut ion.  They  are found 
only in t he  subalpine  zone as a l ready s ta ted .  They  are 
the  oldest  p l an t s  t h a t  were a l ready d i s t r ibu ted  and  
f lourished pr ior  to  tile grea t  ice age in Honshu.  Our 
knowledge of geographic  h i s to ry  teaches  us t h a t  there  
was a famil iar  exchange  be tween  the  conifers and  circum- 
polar  p lan ts  of the  old con t inen t  before Honshu  was 
separa ted  f rom the  con t inen t  2. 
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Fig. 1. The vertical distribution of Abies mariesii, A. veitchii, A. 
homolepsis and Tsuga diversiJolia (Y. HAYASm). 

The leaves of the  4 species of conifers t h a t  have  high 
mal tol  con ten t s  are also marked  by  high sugar  contents ,  
which p ro t ec t  t h e m  agains t  freezing a. In  addi t ion,  the  
lower epidermises  of these  leaves are coa ted  wi th  a whi te  
w a x y  layer  in which  mal tol  is abundan t .  Maltol  has  sweet  
odour  t h a t  is of ten  used as a f lavour  enhancer  and, as a 
result,  these  4 species have  a charac ter i s t ic  sweet  smell. 

Because mal tol  can  be p roduced  s imply  ~ by  hea t ing  
sugar, b y  fe rment ing  malt ,  or by  cooking food, it  is be- 
l ieved t h a t  mal tol  m a y  be b iosynthes ized  f rom sugars in 
plants .  At  any rate,  there  seems to be a defini te  connec-  
t ion be tween  the  presence of sugars and mal tol  in the  
leaves o:f t he  4 species of conifer. I n  par t icular ,  i t  is 
in te res t ing  f rom the  v iewpoin t  of p l an t  ecology t h a t  h igh 
amo u n t s  of mal tol  and sugars are conta ined  in leaves of 
these  conifers t h a t  ranged  only in a subalpine  zone in 
Japan .  
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Fig. 2. The vertical distribution of Pinus pumila (Y. HAYASHI). 
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Summary. Trypanosoma congolense organisms,  on incuba t ion  at  20 ~ for 91/2 h, were found to genera te  phosphol ipase-  
like ac t iv i ty  which  was capable  of media t ing  lysis of b o t h  nuclea ted  ceils and  e ry th rocy te s  as well as an acute  in- 
f l a m m a t o r y  response  on in t r ade rma l  inoculat ion.  

Al though  it was suggested long ago t h a t  sa l ivar ian 
t r y p a n o s o m e s  m a y  produce  ' toxins '2 ,  a evidence  for the  
exis tence of these  has  general ly  been f r a g m e n t a r y  and  
inconclusive.  The toxic  act ivi t ies  which have  been  dem-  
ons t r a t ed  in t r y p a n o s o m e  prepara t ions  f rom var ious  
species include, t he  capac i ty  to cause acute  i n f l ammat ion  
on in t r ade rma l  inocula t ion 4 and  around in t raper i tonea l  
diffusion chamber s  5, an abi l i ty  to  induce mild narcosis  
in mice 6, and  the  p roduc t ion  of hemoly t ic  f ac to r s ' ,  s. 
Never theless ,  none  of these  have  been unequivoca l ly  
es tabl ished as p lay ing  a s ignif icant  role in disease due to  
the  African t rypanosomes .  

In  th is  communica t ion  we r epo r t  on the  genera t ion  of 
toxic  ac t iv i ty  f rom T. congolense (Strain T R E U  112) 
which we consider  to be of po ten t i a l  significance in the  

pa thogenes is  of disease caused by  th is  organism. Dur ing  
the  course of expe r imen t s  on dermal  hype r sens i t i v i t y  to 
T. congolense in r abb i t s  it  was observed  t h a t  a single 
i n t r ade rma l  in iec t ion  of 0.05 ml  of a 1.0% v /v  suspension 

1 Acknowledgments. This investigation was supported by the Inter- 
national Development Research Centre. 

2 K. LANDSTlglNER and H. RAUBITSCHEK, Zentbl. Bakt. Orig. 45, 
660 (1908). 

3 A. LAVERAN and A. PETTIT, Bull. Soc. Path. Exot. 4, 42 (1911). 
4 j .  R. SEED, Exp. Parasit. 26, 214 (1969). 
5 I. R. TIZARD and C. P. I{INGLEBERG, Trans. roy. Soe. trop. Med. 

Hyg. 67, 885 (1973). 
6 H. H. STIBS and J. R. SEED, Experientia 29, 1563 (1973). 
7 R. N. T.-W-. FtENNE$, Ann. trop. Med. Parasit. 44, 42 (1950). 
s C. N. HuAN, J. Suisse Med. 105, 1582 (1975). 



1534 Specialia EXPERIENTIA 32/12 

of washed  t r y p a n o s o m e s  in p h o s p h a t e  buf fe red  glucose s 
p H  8.0 wh ich  h a d  been  m a i n t a i n e d  a t  20~ for 24 h 
(dur ing  which  t i m e  t he  p H  d r opped  to 5.5) gave  rise to  a 
local acu te  i n f l a m m a t o r y  reac t ion  in normal ,  unsens i t i zed  
animals .  A s imi lar  suspens ion  of f reshly  isola ted o rgan-  
isms did  n o t  do this .  This  skin reac t ion  r eached  max i -  
m u m  i n t e n s i t y  5 h a f te r  in ject ion.  Histological ly ,  t he  
in jec t ion  si te  showed  vascu l a r  d i la ta t ion ,  edema  a n d  
pe r ivascu la r  n e u t r o p h i l  in f i l t ra t ion .  

W h e n  t he  skin  r eac t ive  m a t e r i a l  was t e s t ed  in v i t ro  i t  
was  found  to be  p o t e n t l y  hemoly t i c  and  cyto toxic .  Thus  
1 •  s t r y p a n o s o m e s  (freshly isola ted f rom r a t  b lood 
and  pur i f ied  b y  passage  t h r o u g h  D E A E  cellulose s) were 
su spended  in 0.5 ml  p h o s p h a t e  buf fe red  glucose, mixed  
w i t h  an  equa l  v o l u m e  of 2 .5% washed  sheep e r y t h r o c y t e s  
also in p h o s p h a t e  buf fe red  glucose and  i n c u b a t e d  a t  
20~ R a p i d  a n d  comple te  hemolys i s  (as m e a s u r e d  
s p e c t r o p h o t o m e t r i c a l l y  b y  abso rp t ion  a t  412 n m  ind ica t -  
ing t he  release of free h e m o g l o b i n  in to  t he  s u p e r n a t a n t  
fluid) occur red  a f te r  a p p r o x i m a t e l y  n ine  h o u r s  (Figure 1) 
b y  wh ich  t ime  all  o rgan i sms  were dead  and  autoIysed.  
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Fig. 1. The generatioi1 of hemolytic activity in a mixture of 2 • l0 s 
T. congolense/mI and an equal vMume of 2.5% washed sheep 
erythroeytes. 

r 

100 

80 

60 

40 

20 

ix 

108 

O~ 
o 3'o 

MINUTES 
do 

Fig. 2. The effect of dilution of trypanosomes on the rate of hemolysis 
of a 2.5% suspension of sheep erythrocytes. 

Son ica ted  f resh t r y p a n o s o m e s  p roduced  hemolys in  a t  t he  
same  t ime  in the  same  a m o u n t s  as unson i ca t ed  organisms.  
H e m o l y s i n  g e n e r a t e d  b y  au to lys i s  for n ine  hou r s  was  
capab le  of lysing a n  equa l  vo lume  of 2 .5% h u m a n ,  bovine,  
sheep, horse,  mouse,  r a t  or r a b b i t  e ry th rocy te s ,  in ad-  
d i t ion  mouse  pe r i t onea l  ceils a n d  r a b b i t  bu f fy  coa t  ceils 
were r ap id ly  killed. The  a c t i v i t y  of t he  hemolys in  was 
also shown  to be t e m p e r a t u r e  d e p e n d a n t ,  t he  Ts0 (t ime 
to 50% hemolysis)  wh ich  was 2 m i n  a t  37~ increased to  
12 m i n a t  3 0 ~  > 9 0 m i n a t  4 ~ w h e n  t e s t ed  on  
sheep e ry th rocy te s .  The  ra t e  of hemolys i s  of sheep e ry th -  
rocytes  was also found  to be in f luenced  b y  t he  re la t ive  
concen t r a t i ons  of t r y p a n o s o m e s  and  e r y t h r o c y t e s  p re sen t  
in  t he  r eac t ion  mix tu re .  D i lu t ion  of t r y p a n o s o m e s  or an  
increase  in t he  c o n c e n t r a t i o n  of e r y t h r o c y t e s  resu l ted  in a 
decl ine in t he  h e m o l y t i c  r a t e  a n d  in a p ro longa t ion  of t he  
lag per iod pr ior  to  t he  occur rence  of de t ec t ab le  lysis 
(Figure 2). W e  sugges t  t h a t  t h i s  m a y  ind ica te  a requi re-  
m e n t  t h a t  a cr i t ical  a m o u n t  of hemolys in  be p r e sen t  pr ior  
to  cell m e m b r a n e  rup tu re .  The  a c t i v i t y  of th i s  hemolys in  
was also ca lc ium d e p e n d e n t  be ing  comple te ly  i nh ib i t ed  
in t he  presence  of 0.005 M E D T A .  This  i nh ib i t i on  could 
be reversed  b y  t he  add i t i on  of Ca ++ . P e r h a p s  t he  mos t  
d r a m a t i c  of the  p roper t i e s  of th i s  s u b s t a n c e  is t h a t  all i ts  
biological  a c t i v i t y  i.e. hemolys i s  of sheep e ry th rocy te s ,  
cytolys is  of mouse  pe r i tonea l  cells and  in i n f l a m m a t i o n  
fol lowing i n t r a d e r m a l  i nocu la t ion  in to  r a b b i t  skin,  is re- 
t a i n e d  fol lowing i n c u b a t i o n  a t  100~ in a boi l ing w a t e r  
b a t h  for 15 rain  a t  p H  5.5. 

The  n a t u r e  of th i s  t r y p a n o s o m e  der ived  m a t e r i a l  is un -  
clear.  I t  b e h a v e d  in enzymic  fash ion  and  m a y  poss ibly  
be  a pro tease  or a phosphol ipase .  A l t h o u g h  t r y p a n o s o m e  
suspens ions  do possess weak  p ro tease  ac t i v i t y  as measu red  
on  Azocoll  (Calbiochem),  all p ro teo ly t i c  a c t i v i t y  was 
comple te ly  de s t royed  b y  t r e a t m e n t  a t  100 ~ for 15 rain. 
I n  add i t i on  hemolys i s  was una f fec t ed  b y  the  presence  of 
e i the r  t rasy lo l  (Boehringer ,  Canada)  100 u n i t s / m l  or soy 
b e a n  t r y p s i n  i n h i b i t o r  (Sigma) used a t  0.3 mg/ml ,  b o t h  
of which  are p ro tease  inh ib i tors .  

A l t h o u g h  phospho l ipase  a c t i v i t y  has  no t  been  dem-  
o n s t r a t e d  to be  p r e sen t  in these  hemoly t i c  p repa ra t ions ,  
m a n y  of the  ac t iv i t ies  and  p roper t i e s  r epo r t ed  here  are 
s imi lar  to  those  of phospho l ipase  A. T h u s  phospho l ipase  
A is also s tab le  on  boi l ing 1~ ca lc ium d e p e n d e n t  n and  
hemolyt ic .  

A n  ac t ive  phospho l ipase  released,  even  in smal l  q u a n -  
t i t ies  f rom o rgan i sms  c o n t a i n e d  w i t h i n  capil laries,  is 
po t en t i a l l y  capab le  of caus ing  hemolys i s  and  hence  
a n e m i a  1~, p la t e l e t  agg rega t ion  la a n d  hence  m i c r o t h r o m -  
bus  f o r m a t i o n  a n d  local  changes  in vascu la r  pe rmeab i l -  
i t y  14 resu l t ing  in pe r icap i l l a ry  edema.  All of these  are 
fea tures  of T. congolense in fec t ion  15. W e  therefore  sugges t  
t h a t  t he  ac t ive  m a t e r i a l  descr ibed  here  m a y  p l ay  a 
s igni f icant  role in  t he  pa thogenes i s  of disease due to  
T. congolense. 

A suspens ion  of a n  e q u i v a l e n t  n u m b e r  of f reshly  
isola ted Trypanosoma lewisi, a n o n - p a t h o g e n i c  organism,  
i n c u b a t e d  w i t h  e r y t h r o c y t e s  a t  20 ~ p roduced  no signifi- 
c a n t  hemolys i s  even  a f te r  3 days .  
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