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tes t  3, and Saccharomyces  cerevisiae I-Iansen for the  paper  
disk me thod  a. The level of ant i fungal  ac t iv i ty  was deter-  
mined by  prepar ing a 2fold di lut ion series of each me thano l  
ex t rac t  and assaying t h e m  for thei r  inh ib i tory  effect on 
conidial  germinat ion  of the fungi  and the g rowth  of the  
yeas t  on paper  disks. 
Leaves  of those species which conta ined ant i fungal  ac- 
t i v i t y  in me thano l  ex t rac ts  were then  ex t rac ted  sequen- 
t ia l ly  wi th  n-hexane,  benzene, e thyl  aceta te  and butanol .  
E x t r a c t s  of each solvent  were concent ra ted  in a v a c u u m  
evapora tor ,  suspended in deionized water  and assayed for 
ant i fungal  ac t iv i ty  using the  C. miyabeanus  conidial  
germinat ion  tes t  method.  
E x t r a c t s  of the  above which showed ant i fungal  ac t iv i ty  
were examined  fur ther  by  thin layer  chromatography .  1Rf- 
values  of the var ious components  were measured and 

their  ant i fungal  act ivi t ies  were determined by  tes t ing  
me thano l  ex t rac ts  of each component  against  C. miya-  
beanus. 
Results and discussion. Ant i fungal  act ivi t ies  de tec ted  in 
me thano l  ex t rac ts  of the  var ious  species of Euca lyp tus  
are shown in table  1. 2 species conta ined ant i fungal  
substances to A. solani, 10 species to C. miyabeanus ,  and 
2 species to S. cerevisiae. 8 species contained ant i fungal  
substances which could be ex t rac ted  by  var ious solvents,  
indicat ing tha t  there  was probably  more than  1 kind of 
componen t  involved.  These ext rac ts  (except those f rom 
the  bu tano l  and residual layers) were fur ther  separa ted  
by  thin  layer ch roma tog raphy  and found to consist of 
from 1 to 4 different  components  (table 2). At  present,  we 
do no t  know if these components  are the  same as or 
similar  to those isolated from E. gunnii.  
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Summary. Myofibroblasts  were identif ied in l iver  por ta l  spaces of pa t ien ts  wi th  Symmers '  fibrosis following infection 
by  Schis tosoma mansoni.  

In  chronic human  schistosomiasis the l iver  is a lways 
involved  by  intense fibrosis of mul t ip le  aspects. In  severe 
and long-s tanding infections, classical Symmers '  fibrosis 
develops.  The principal  character is t ic  of this lesion is 
scar-like f ibrot ic  th ickening of main  por ta l  spaces, some 
of which are joined wi th  the  Glisson's capsule forming 
deep furrows of sclerotic tissue at  the  surface of the  l iver  2. 
A l though  this e lementa ry  lesion is one of the  most  fre- 
quen t  in t ropical  pathology,  the  cells impl ica ted  in its 
histogenesis are still l i t t le known. 

Materials and methods. 32 surgical or percutaneous  needle 
biopsies were t aken  from livers of pa t ien ts  chronical ly 
infected by  Schis tosoma mansoni.  Pa t ien ts  were de- 
scribed in earlier publ icat ions 3, 4. Large  por ta l  spaces were 
ident i f ied macroscopical ly  and fixed separa te ly  for this 
s tudy.  Small  f ragments  of fresh tissue were fixed and 
t rea ted  by  s tandard  histological  methods  for opt ical  
microscopy.  For  electron microscopy,  double glutaral-  
dehyde/osmic  f ixat ion of simple osmic f ixat ion were used, 
followed by  dehydra t ion  in e thanol  and propylene-oxyde  
and embedding  in E p o x y  resin. Semi- th in  sections were 
t rea ted  by  Richardson 's  technique,  and examined  for each 
f ragment  s tudied in electron microscopy.  

Results. At a histological  level, the  main por ta l  spaces 
were character ized by  the fol lowing pathological  modifi-  
cations : g ranulomatous  i n f l ammato ry  react ion to schisto- 
somal eggs, chronic endophlebi t is  and periphlebitis ,  pro- 
gressive obl i te ra t ion  of por ta l  ve in  wi th  secondary angio- 
ma tous  prol i ferat ion and progressive ar ter ia l izat ion Of 
por ta l  l iver  circulation,  modera te  duc tu la r  proliferat ion,  
diffuse mononuclear  and lymphoid  inf i l t ra t ion and 
intense prol i fera t ion of connect ive  tissue. 
In  the  connect ive  tissue, our a t t en t ion  was a t t rac ted  to 
3 morphological ly  similar cells. Classical I ibroblasts  were 
ve ry  frequent ,  embedded  in dense collagen deposits,  
where t h e y  formed a loose and regular  network.  They  
were character ized by  stel late form and elongated nuclei. 
In  places where obl i tera ted  por ta l  vein  was located, large 

parallel  bundles of cells were observed.  They  re ta ined 
character is t ics  of smooth  muscle cells, and they  often had 
a circular d is t r ibut ion corresponding to the obl i te ra ted  
blood vessel. In  cer ta in  regions of por ta l  spaces, groups 
of e longated fusiform fibroblast- l ike cells were observed.  
They  had morphological  characteris t ics  of classical f ibro- 
blasts bu t  t hey  could be dist inguished by  thei r  regular  
fusiform shape and by  thei r  close cell-to-cell contacts ,  as 
t h e y  were t igh t ly  packed  and arranged in long s t rands  
paral lel  to the  main  por ta l  axis. 
At  the  u l t ras t ruc tura l  level, this last t ype  of ceils was 
ident i f ied as typica l  myofibroblas ts  ~ (figure 1). This  
ident i f icat ion was based on the  following morphological  
characterist ics,  observed in por ta l  spaces of all biopsies of 
schistosome-infected livers. Myofibroblasts  were spindle- 
shaped wi th  centra l  e longated nucleus. The nuclei often 
showed indenta t ions  or folds, a l though this feature  was 
less f requen t  than  is classically described in scar tissues. 
Chromat in  d is t r ibut ion  in myofibroblas ts  in homogenous  
and dense chromat in  patches  was l imi ted to a narrow 
zone under ly ing  the  nuclear  m e m b r a n e .  Small  nucleoli 
were of ten present.  In  the  cytoplasm,  rough endoplasmic  
re t icu lum and mi tochondr ia  were less developed than  in 
normal  fibroblasts.  Golgi was always present  and well 
developed (figure 1). A fibril lar sys tem was always present  
in the  cytoplasm,  par t icu la r ly  in the regions sub jacen t  to 
the  cellular membrane  (figure 2). Tile fibrils were arranged 
in groups, parallel  to the  elongated cell axis. E lec t ron  
dense areas were scat tered in the  cytoplasm,  most  fre- 
quen t ly  a t  the  per iphery  of the cell, immedia te ly  benea th  
the  p lasmalemma.  At  the  same position, ex t r eme ly  
numerous  pinocyt ic  vacuoles  were observed,  r emarkab ly  
similar  in size in all myofibroblasts ,  their  d iamete r  
measur ing  0.01-0.02 ~m. 

One of the  most  character is t ic  features of myofibroblas ts  
was the  presence of a well defined layer of mater ia l  res- 
sembling a basal  membrane  (figures 1 and 2). Often, this 
layer appeared as large tuf ts  of fibrillar s t ructures  and 
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Fig. 2. Detail of myofibr0blast cytoplasm, f, intracytoplasmic fibrils; 
~ ,  electron dense areas; _~, basal membrane. • 22,000. 

Characterization of cell types in fibrotic portal tissue in Human 
schistosomiasis 

Fibroblasts Myofibroblasts Smooth 
muscle ceils 

Indentations and folds 
in nuclei - * * 

Nucleoli * * - 
Ergastoplasm *** ** * 
Mitochondria ** ** * 
Golgi ** * - 
Myolibrils * *** 

Cytoplasmic 
densifieations - * ** 

Basement membrane * * 

Intercellular contact 
differeneiation * ** 

*** Veryprominent.  ** Prominent. * Present. - Rareorabsent.  

Fig. 1. Myofibroblast in portal space (human schistosomal fibrosis). 
Mr, myofibroblast; E, eosinophil granulocyte; G, Golgi; e, ergasto- 
plasm; ~ ,  basal membrane. • 7700. 

b e c a m e  i n t e r m i n g l e d  w i t h  n e i g h b o u r i n g  c o l l a g e n  f ib res .  
I n t e r c e l l u l a r  c o n n e c t i o n s  b e t w e e n  m y o f i b r o b l a s t s  w e r e  
c h a r a c t e r i z e d  b y  b i l a t e r a l  m e m b r a n a r  d e n s i f i c a t i o n s  
( f igure  3). T h e  m o r p h o l o g i c a l  c h a r a c t e r i s t i c s  of f i b ro -  
b l a s t s ,  m y o f i b r o b l a s t s  a n d  s m o o t h  m u s c l e  cei ls ,  o b s e r v e d  
in  p o r t a l  s p a c e s  of s c h i s t o s o m a l  l i ve r s ,  a r e  s u m m a r i z e d  
on  t h e  t a b l e .  
Discussion.  T h e  m y o f i b r o b t a s t s  o b s e r v e d  w e r e  w e l l  c h a r -  
a c t e r i z e d  a n d  i d e n t i c a l  t o  t h o s e  s e e n  in  h y p e r t r o p h i c  
s c a r s  a n d  o t h e r  g r a n u l a t i o n  t i s s u e s  b y  o t h e r  a u t h o r s  s-10 
a n d  to  t h o s e  o b s e r v e d  in  t h e  c o n n e c t i v e  t i s s u e  of D u p u y -  
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Fig. 3. intercellular contacts (-+) between 2 myofibroblasts (Mf). 
• 15,500. 

Po r t a l  spaces are involved in chronic h u m a n  schis to-  
somiasis  by  long s t and ing  and in tense  i n f l a m m a t o r y  re- 
ac t ion cor responding  to chronic i r r i ta t ion  caused by  
metabol ic  p roduc t s  and  eggs e l iminated  by  worms  into  
the  por ta l  circulat ion.  This in f l ammat ion  m a y  s t imula te  
an intense  prol i fera t ion of f ibroblasts ,  wi th  subsequen t  
modi f ica t ion  of the i r  d i f fe ren t ia t ion  into cont rac t i le  
cells3, 11, as was p roposed  b y  Gabbiani  et  al. in cases of 
h y p e r t r o p h i c  scars ~, 10 
At  the  same t ime,  vascular  walls are s u b m i t t e d  in 
schis tosomiasis  to chronic injury,  resul t ing in in f lamma-  
t ion  and in the i r  progress ive  degenera t ion .  This lesion is 
a co n s t an t  charac ter i s t ic  of chronic h u m a n  schis tosomia-  
sis and precedes  the  d e v e l o p m e n t  of Symmers '  fibrosis. 
The degenera ted  smoo th  muscles of vascular  walls m a y  
thus  be the  origin of myof ibrob las t s .  This l a t t e r  hypo-  
thes is  appears  to us as more  plausible,  b u t  fu r the r  
inves t iga t ions  are necessary  to e lucidate  the  origin of 
myof ibrob las t s  in th is  model .  

t r en ' s  con t rac tu re  1~. Their  surpr is ing posi t ion in l iver 
por ta l  spaces of pa t i en t s  infected by  Schis tosoma manson i  
may  be re la ted  to  2 d i f fe rent  mechanisms.  

11 G.B. Ryan, W. J. Cliff, G. Gabbiani, C. Irle, P. R. Statkov and 
G. Majno, Lab. Invest. 29, 197 (1973). 

12 G. Gabbiani and G. Majno, Am. J. Path. 66, 131 (1972). 
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Summary. The infect ive forms of Nut ta l l ia  meri,  a s m a l l - m a m m a l  pi roplasm,  first  appea r  as sp indle-shaped sporozoi tes  
in and  a round  the  sa l ivary  glands of Orn i thodoros  erra t icus  (small race) 30 days  af ter  the  t icks had  fed on infected 
blood. O. er ra t icus  is the  only  soft  t ick so far p roved  to t r a n s m i t  a pi roplasm.  

Nut ta l l ia  meri  Gunders ,  1971, was isolated and descr ibed 
f rom the  fat  sand  ra t  P s a m m o m y s  obesus Cre tzchmar ,  
1828, f rom the  lower Jo rdan  Val ley 2 and is considered a 
po ten t i a l  model  for the  s t u d y  of p i roplasmosis  of eco- 
nomic  impor tance .  The search for possible t ick vec tors  
in na tu re  led to the  discovery,  wi th in  P s a m m o m y s  bur-  
rows, of only  the  ' sof t '  t ick  Orn i thodoros  erra t icus  (Lucas, 
1849, small  race). 
We repor t  here on the  f inding of the  infect ive fo rm of 
N. meri  in the  sa l ivary  glands  of its na tu ra l  vector .  

Material and methods. Clean l abora to ry  raised Orni tho-  
doros errat icus  (Lucas, smal l  race), were fed on Psam-  
m o m y s  obesus Cre t zchmar  1828, or hams te r s  infected 
wi th  N. meri. The gorged t icks were kep t  in a da rkened  
incuba tor  a t  28 ~ and  abou t  80% R H  (relative humidi ty ) .  
Ticks were d issec ted  under  a b inocular  Stereomicroscope 
a t  d i f ferent  t imes  af ter  replet ion,  when  sal ivary glands  
and s tomachs  were r emoved  on to clean microscope slides 
l ight ly rubbed  wi th  a silicone cream, and covered.  A 
mushroom-l ike  weigh t  was used to  f la t ten  the  p repa ra t ion  
which  was t h e n  fixed in Bouin  and  s ta ined wi th  Giemsa 
s ta in  (1:15), d e h y d r a t e d  and  mounted .  

Results and discussion. Spindle-shaped  s lender  sporozoi tes  
were first  seen in g!ands r emoved  30 days  af ter  the  in- 
fect ive feed, and  up to 85 days  later  (no dissect ions were 
carr ied out  af ter  this). The sporozoi te  cy top la sm s ta ined  
a fa in t  blue, and the  usual ly cent ra l  nucleus a dark  red;  

t h e y  measured  3-4 ~xm (median 3.4) in length  • 1 txm. A 
small  per i -nuclear  vacuole was seen in most .  Immatu re ,  

Fig. 1. Periphery of flattened salivary gland of Ornithodoros erraticus 
(small race) with discrete sporozoites of Nuttallia meri. Giemsa- 
stained, • 1200. 


