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gauze and  conta in ing  200 ml of wa te r  a t  30-40~ con- 
t a m i n a t e d  wi th  app rox ima te ly  200 cercaria. Exposu re  
was for 3 h. Af te r  6 weeks, 24 h stools were examined  for 
posi t ive  infect ion t h rough  an egg count.  E a c h  mouse  was 
kep t  separate .  Mice produc ing  stools con ta in ing  living, 
ha tchab le  ova  were  isolated. The ha t chab i l i t y  was ex- 
amined,  t h rough  the  addi t ion  of an excess of w a r m  wate r  
to  t he  egg concen t ra t e  ob ta ined  t h rough  centr i fugat ion.  
25 infected mice were d iv ided into 3 groups:  (A) 5 were 
kep t  as controls .  (B) 5 were given lucan thone  (M weight  
370) in a dose of 20 mg/kg  twice dai ly  a t  a 6 h in te rva l  
I rom a wa te r  solut ion (100 m g % )  for 15 days.  (C) 15 were 
subdiv ided  in to  3 subgroups,  each conta in ing  5 mice. 
E a c h  mouse  was admin is te red  20 mg/kg  lucanthone ,  fol- 
lowed by  15 mg/kg  of su lphamethaz ine  for the  f i rs t  group, 
13.6 mg/kg  sulphadiaz ine  for the  second and  13.5 mg/kg  
sulphathiazole  for the  third.  The combined  doses were 
given twice dai ly  a t  a 6 h in terval  for 15 days.  Fol low-up 
of the  egg excre t ion  began  r igh t  af ter  admin i s t r a t i on  
per iods  for the  3 groups in 24 h stools. 

Results and discussion. The A (control) group con t inued  
egg excre t ion  for the  whole per iod of examina t i on  (4 
weeks) parallel  to  the  o t h e r  2 groups. 

The B group (given lucan thone  alone) showed con- 
t inuous  depress ion of the  egg count,  and 3-4 weeks af ter  
d i scon t inua t ion  of drug admin i s t r a t ion  no more  ova 
could be de tec ted .  

The ova  coun t  for the  member s  of group C (those ad- 
minis tered  the  su lphonamide  toge the r  w i th  lucanthone)  
did no t  show a depress ion in the  egg count .  Living ova 
were p resen t  dur ing  the  4-week examina t ion  period.  

W h e n  the  an imals  were sacrificed by  decap i t a t ion  120 
days  af ter  admin i s t r a t i on  of e i ther  lucan thone  alone or 

lucan thone  and  su lphonamides ,  the  following observa-  
t ions were recorded.  In  group A (control), excre t ion  of eggs 
cont inued  durin g the  per iod before dissection. Living worms  
were found  in the  mesent r ic  venules.  In  group B, excre-  
t ion  of eggs con t inued  dur ing  the  ent i re  per iod before 
dissect ion (120 days  af ter  the  end of admin i s t r a t i on  of 
drugs). Living worms  were found in the  liver. This m e a n t  
an hepa t ic  sh i f t  had  occurred.  In  group C, con ta in ing  
animals  given lucan thone  alone, excre t ion  of eggs ceased 
3-4 weeks af ter  s topp ing  drug  admin i s t ra t ion ,  and  af ter  
120 days,  when  the  animals  were dissected,  in one mouse 
no worms  were found  while the  o the r  4 con ta ined  dead  
worms  in the  liver. 

This  suggests  t h a t  lucanthone ,  wi th  or w i thou t  sul- 
phonamide ,  causes hepa t ic  sh i f t  of worms f rom the  
mesenter ics ,  and  the  add i t ion  of su lphonamide  antag-  
onizes the  the rapeu t i c  act ion of lucan thone  in the  liver. 
These resul ts  suppor t  our  earl ier  hypo thes i s  t h a t  peroxi-  
dase is involved in the  chemothe rapeu t i c  effect  of lucan-  
thone  3. 

Zusammen/assung. Heterocycl i sche  Sulfonamide,  in 
/ iquimolekularer  Menge an mi t  Schistosoma mansoni infi- 
zierte MXuse verabre ich t ,  heben  die H e m m u n g  von 
Lucan thone  auf  die En twick lung  des Pa ra s i t en  auf. 
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F u r t h e r  O b s e r v a t i o n s  on  A g e  D i f f e r e n c e s  in  th e  
Ef fec ts  of F o r m a l i n  on  the  C a n i n e  B r a i n  in  v i t r o  

The effects of formal in  f ixat ion on the  bra in  of the  
Macaque,  man  and  small  mammal s  have  been s tudied  by  
several  inves t iga tors  1-5 and recent ly  r epor ted  in a pre- 
l iminary  s t u d y  on the  dog s. F o x  7 d e m o n s t r a t e d  t h a t  
there  is a l inear decrease in the  percen tage  weight  gain of 
whole brain  af ter  24 h in 20% formal in  f rom 47.5% at  
b i r th  to 15% in the  young adul t  dog, and  a decrease in 
to ta l  d ry  m a t t e r  con ten t  in the  ce rebrum and medulla6,L 
The presen t  inves t iga t ion  was conduc ted  to ascer ta in  
possible age differences in the  effect  of formal in  f ixa t ion  
on the  major  cort ical  regions of the  canine bra in  dur ing 
pos tna t a l  growth.  

9 dogs a t  se lected ages were deeply  anes the t i zed  wi th  
in t ravenous  pen tobarb i t a l ,  and following exsangu ina t ion  
by  sect ion of caro t ids  and venae  cavae the  anemic bra ins  
were r emoved  and  dissected into appropr i a t e  regions 
and t r ea ted  as follows: 

(1) Age di//erences in effect o/ /ormalin. The cerebral  
cort ices of 8 dogs aged 1 day, 1, 2, 3, 4, 12, 16 weeks and 
adul t  were dissected and app rox ima te ly  1 g of t issue was 
t aken  f rom the  f ronta l  lobe of each hemisphere  in coronal  
section.  The t issue was first  weighed on a Met t ler  shadow-  
graph  balance before immers ion  in 40% formal in  (1 g 
t issue/30 ml). The formal in  was changed  dai ly to insure a 
cons t an t  concent ra t ion ,  and t issues weighed af ter  wiping 
l ight ly  on fi l ter  paper  on days  1, 4 and 7. 

(2) Edema properties o'] the developing brain. 9 subjec ts  
aged 1 day, 1, 2, 3, 4, 7, 12 and 16 weeks and adul t  were 
s tudied  (8 of these  were used f rom pa r t  1 af ter  f ronta l  lobe 
dissection).  The pa r i e to - t empora l  region of the  ce rebrum 
was removed,  and  as in the  case of the  formal in  f ixa t ion  
studies,  double  samples  of s imilar  weight  f rom opposi te  
cort ical  lobes were s tudied  in each specimen.  The par ie to-  
t empora l  region on each side was dissected into 3 seg- 
ments ,  and, a f te r  weighing,  these  segments  were placed 
respect ive ly  in normal  saline (0.9% NaC1) half  no rmal  
saline and  twice normal  saline (1 g t issue/30 ml). Weigh t s  
were t aken  a f te r  24 h immers ion  to de te rmine  the  increase 
in weight .  Resul t s  were averaged f rom double  samples  of 
each age group studied,  and all specimens  were main-  
ta ined at  28 ~ ( ~  1 ~ in a i r t igh t  vials t h r o u g h o u t  these  
exper iments .  

The effects of formal in  f ixa t ion  (Figure 1) involve a 
rapid increase in the  weight  of the  brain  dur ing  the  first  
day  of immers ion  followed by  a rapid decline in weight ,  
so t h a t  by  the  four th  day  considerable  shr inkage has 
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taken  place. F r o m  4-7 days of age the decrease in weight  
is more gradual.  The  age differences in the  effect of forma-  
lin on the  cerebral  t issue is most  obvious during the first  
day  of f ixation,  increase in weight  being greater  in 
younger  brains. The  d ramat ic  effect of formalin,  ini t ia l ly  
causing swelling and la ter  shrinkage, is less marked  in 
older  specimens (Figure 1). 

The age differences in the  edema propert ies  of the  
cerebral  cor tex  is clearly demons t ra ted  (Figure 2). Only 
in new-born animals  was there  a significant  weight  in- 
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crease, and these findings suggest  t ha t  the  brain of the  
new-born is ex t remely  hydrophil ic ,  while subjects f r o m  
1 week of age onward did not  show such a marked  change 
following immers ion in saline of different  osmot ic  
strengths.  In  all age groups the  degree of edema bore a 
cons tan t  relat ionship to the  concent ra t ion  of saline used 
(Figure 2). 

These findings suggest tha t ,  in formalin,  the more im- 
mature  brains undergo greater  physical  changes (swelling 
followed by  shrinkage);  in saline, however ,  the edematous  
potent ia l  of the  tissue is confined approx imate ly  to the  
immedia te  pos tna ta l  period. Formal in  f ixat ion clearly 
has a marked  effect on the  dry  ma t t e r  con ten t  of the  brain 
i rrespect ive of the age of the  subjects,  causing a reduct ion  
in the  percentage dry  m a t t e r  which may  be due to swelling 
and leaching of formalin soluble e lements  ~ CUMINGS s 
repor ted  tha t  phospholipids are lost in formalin,  and i t  is 
possible t ha t  several  of the lipid const i tuents  of the  bra in  
are leached dur ing f ixation.  KIYOTA 9 suggested t h a t  the  
hydrophi l ic  propert ies  of the  bra in  are greater  in younger  
animals  where the a lbumen conten t  is higher;  soluble 
proteins decrease wi th  age and these proteins have  a ve ry  
high hydra t ion ,  so tha t  young  brains m a y  retain more 
water .  Each  region of the  CNS showed individual  var ia-  
t ion in capac i ty  to swell or shrink following formal in  
f i x a t i o n %  W i t h  higher  concentra t ions  of formalin there  
is less weight  increase, and weight  change is a funct ion of 
t ime of f ixat ion and f ixa t ive  s t rength~l ;  no marked  dif- 
ferences in cell densi ty  or vo lume  of similar cort ical  areas 
fixed in different  concentra t ions  of formal in  was found. 
MANN ~2, in discussing the effects of formal in  on serum 

I ~\ '~x~'x~..... ~ AdUlt a lbumen,  repor ted  t h a t  af ter  long exposure a lbumen will  
~ \  " - . ~ x ' " "  precipi ta te  on heat ing  instead of coagulating,  bu t  if 

. . . . . . . . . .  ~ " ~  wate r  is then  added to this  precipi ta te  it  will dissolve (i.e. 
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d~\ " ,.~", 16 Weok~ 
, , \  reversible effect wi th  hydrat ion) .  The effects of formal in  

" . , ~ . ~  on proteins  must  be considered;  proteins swell and then  
~ ~lWeek shrink, also there  is considerable exchange of water  f rom 

. - , , ,x~_12Weeks \ \6--'.'..-_.,.,.~__ "~-2Weeks cell and tissue spaces. Thus,  the  in vi t ro  edema propert ies  
of the  developing brain and swelling and shrinkage effects 

~ . _  "'=--~2L'~ . . . .  , 10ay of formal in  decrease wi th  age, reflecting changes in to ta l  
-15 ~---------~--222z~,a~4Weeks prote in  and hydrophi l ic  a lbumen.  

3Weeks 
! , , I , , I 

-t80 1 ~ 7 Zusammen/assung. Die Wi rkung  des Formals  (40%) auf  
Days immersion in 40~ 24A_MF_15 spezifische Areale der Gehirnr inde van  Hunden  verschie- 

denen Alters  wurde in den ersten 7 Tagen  der F ixa t ion  
Fig. 1. Age differences in effect of formalin on dog cerebrum, studiert .  Die Gewichtszunahme nach E in tauchen  in For-  

mol  und in diverse physiologische LOsungen war  al ters-  
abh/~ngig. E x t r e m  hydrophi le  Na tu r  ist fiir unreife Ner-  
vengewebe in v i t ro  typisch. 
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Fig. 2. Weight differences with age of cerebral edema in vitro. 
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