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recording.  T h e  song  of t h i s  insec t  ha s  a f r e q u e n c y  spec- 
t r u m  of a b o u t  7 -80  kHz.  

The  songs  of C. parallelus a n d  M. brachyptera were  
n e x t  r eco rded  a t  37.5 i.p.s. (95 cm/sec)  t h r o u g h  a condense r  
m i c r o p h o n e  a n d  p l ayed  b a c k  to  t h e  p r e p a r a t i o n  t h r o u g h  
t h e  s ame  mic rophone .  I n  t h i s  w a y  r eco rd ing  a n d  r ep roduc -  
t i on  of song e l e m e n t s  w i t h  f requenc ies  up  to  a t  l eas t  150 
k H z  was  achieved .  S t i m u l a t i o n  w i t h  a wide  f r e q u e n c y  b a n d  

• . / 

was n o t  a lways  e f fec t ive  as t he  p r e p a r a t i o n  was  f o u n d  
to  be h i g h l y  sens i t ive  to  a n y  h igh  f r e q u e n c y  b a c k g r o u n d  
noise g e n e r a t e d  b y  r ep roduc t ion ,  a n d  t h e  r e sponse  to  
t h i s  s w a m p e d  responses  to  t h e  song.  W h e n  t h e  song  was  
p l a y e d  b a c k  t h r o u g h  e lec t ron ic  f i l ters  se t  to  give a n a r r o w  
f r e q u e n c y  b a n d  of emiss ion  w i t h  slopes of 24 d B / o c t a v e  
e i t he r  side of se lec ted  f requencies ,  r e sponses  c o m p a r a b l e  
w i t h  those  o b t a i n i n g  f rom t he  song  of a caged insec t  
were  e l ic i ted w i t h i n  t h e  r ange  of cen t r e  f requenc ies  f rom 
35-100 kHz.  A b o v e  t h i s  f r e q u e n c y  t h e  f i l te rs  were  re la-  
t i v e l y  ineffec t ive ,  wh i l e  be low 25 k H z  t h e  s igna l  to  
noise  r a t i o  of t h e  n e r v o u s  r e sponse  was g r ea t l y  d imin i shed .  

T h e  h i g h  f r e q u e n c y  t r a n s i e n t s  in  t h e  songs  were  
iden t i f i ed  b y  m o n i t o r i n g  w i t h  a t u n e d  u l t r a son ic  d e t e c t o r  
o p e r a t i n g  over  a 5 k H z  b a n d .  A d i r ec t  c o m p a r i s o n  was  
poss ib le  b e t w e e n  these  records  a n d  t h e  sequence  of 
ac t ion  p o t e n t i a l s  on  t h e  n e r v e  (F igure  2). T h e  r e l a t i onsh ip  
b e t w e e n  t he  two  was  assessed b y  c o u n t i n g  t he  n u m b e r  of 
large  u l t r a son ic  ' sp ikes '  in  a sound  pulse  a n d  c o m p a r i n g  
these  w i t h  t h e  n u m b e r  of ac t ion  p o t e n t i a l s  ove r  a n  

Correlations between ultrasonic 'spikes' in song pulses and numbers 
of large action potentials 

Stimulus Corr. No. of 
coefficient pulses 

Chorthippus song, caged insect 0.97 15 
audio tape recording 0.74 24 
tape recording at 25 kHz 0.98 .7 

Metrioptera song, caged insect 0.75 27 
audio tape recording 0.03 14 
tape recording at 65 kHz 0.73 18 

a r b i t r a r i l y  chosen  b u t  c o n s i s t e n t  he igh t .  The  resu l t s  are  
s h o w n  in t h e  Tab le .  

I t  is e v i d e n t  f rom t h e  co r re la t ions  a n d  f rom v i sua l  
i n s p e c t i o n  of h i g h  speed  osc i l lograms t h a t  a t  f requenc ies  
w i t h i n  t h e  r a n g e  of t h e  species song  t h e  t y m p a n a l  o rgan  
r e sponds  w i t h  a h i g h  s igna l  to  noise  r a t i o  a n d  t h a t  t h e  
r e sponse  ref lec ts  t h e  n u m b e r  of t r a n s i e n t s  in  t he  song  
pulse.  A t  aud io- f requenc ies ,  o n  t h e  o t h e r  h a n d ,  t h e  o r g a n  
r e sponds  w i t h  a low s ignal  to  noise  r a t i o ;  t h e  r e sponse  
is r e l a t i ve ly  d i sordered  a n d  ref lec ts  t he  a p p r o x i m a t e  
d u r a t i o n  of t he  pulse  (or a m p l i t u d e  m o d u l a t i o n  envelope)  
b u t  no t  i t s  t r a n s i e n t  s t ruc tu re .  

I t  is c lea r ly  essent ia l ,  in  phys io log ica l  or  b e h a v i o u r a l  
e x p e r i m e n t s  on  insec t  hear ing ,  to  ensure  t h a t  t he  t r a n -  
s i en t  cha rac t e r i s t i c s  of t h e  species song  are  ade~iuate ly  
p r o d u c e d  a t  t h e  a p p r o p r i a t e  f requencies ,  o the rwise  t h e  
resu l t s  m a y  h a v e  l i t t l e  b iological  s ignif icance.  The  t h e o r y  
t h a t  t h e  n e r v o u s  response  follows t h e  a m p l i t u d e  m o d u l a -  
t i o n  enve lope  shou ld  now be  d is regarded ,  for  our  ev idence  
ind ica t e s  t h a t  t h e  response  n o r m a l l y  mi r ro r s  t h e  suc- 
cession of t r a n s i e n t s  w i t h i n  the  n a t u r a l  song  pulse.  

Rdsumd. Les r6ponses  du  ne r f  t y m p a n i q u e  des T e t t i -  
gonides  s o n t  confo rmes  ~, la  s t r u c t u r e  ac tue l l e  des  t r a n s -  
m c t t e u r s  du  c h a n t  n a t u r e l  ma i s  n o n  pas  si le c h a n t  es t  
r e p r o d u i t  p a r  e n r e g i s t r e m e n t  m a g n 6 t i q u e  ord ina i re .  On  
a m o n t r 6  que  les c o n s t i t u a n t s  u l t r a s o n i q u e s  s o n t  essen-  
t ie ls  e t  que  les r6ponses  pa r f a i t e s  n e  son t  o b t e n u e s  quc  
l o r s q u ' o n  a p u  p r o d u i r e  des  f r6quences  trSs hau te s .  
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The A n t i m i c r o b i a l  Act iv i ty  of Citral 

T h e  a n t i m i c r o b i a l  a c t i v i t y  of essen t ia l  oils h a s  been  
t h e  sub j ec t  of n u m e r o u s  pub l i ca t ions ,  a n d  m a n y  of t h e  
c o n s t i t u e n t s  of t he se  oils h a v e  been  t e s t e d  for  a c t i v i t y .  
I n  pa r t i cu l a r ,  c i t ra l  has  b e e n  c i ted  b y  m a n y  a u t h o r s  
as h a v i n g  s u b s t a n t i a l  a n t i m i c r o b i a l  ac t iv i ty .  BALAKHOV- 
SKI1 a n d  MEISEL X in  1945 r e p o r t e d  on  some f r a g m e n t a t i o n  
p r o d u c t s  of v i t a m i n  A, one  of w h i c h  was  ci t ra l .  T h e y  
s t a t e d  t h a t  c i t r a l  h a d  a n t i m i c r o b i a l  a c t i v i t y  a n d  sug- 
ges ted  some  poss ib le  uses  in  c l in ical  medic ine .  T h e  a c t i v i t y  
of c i t ra l  i so la ted  f r o m  l e m o n  grass  oil a g a i n s t  Bacillus 
typhosus was r e p o r t e d  b y  B o s e  e t  al.  ~, i n  1949. Of t h e  
c o m p o u n d s  t es ted ,  c i t ra l  was  t h e  m o s t  effect ive,  h a v i n g  
a R i d e a l - W a l k e r  coeff ic ient  3 of 20.0. T h e  s a m e  a u t h o r s  4 
s t a t e d  in 1950 t h a t  t he  ge rmic ida l  power  of l e m o n  grass  
oil was  d i rec t ly  p r o p o r t i o n a l  to  t h e  c i t ra l  con t en t .  
MASHIMO, SERISAWA, a n d  KURODA 5 h a v e  s h o w n  t h a t  
c i t ra l  s t rong ly  i n h i b i t e d  Micrococcus pyogenes var .  aureus 
b u t  was  ineffect ive  aga i n s t  Salmonella enteritidis a n d  
Pseudomonas aeruginosa. Likewise,  OKAZAKI a n d  OSHIMA s 

r e p o r t e d  t h a t  c i t r a l  (a long w i t h  o t h e r  c o m p o u n d s )  was  
e f fec t ive  a g a i n s t  fungi .  T h e y  t e s t e d  Epidermophyton 
inguinale, Achorion gypseum, a n d  Trichophyton inter- 
digitale. I t  was  fa i r ly  ac t ive  a g a i n s t  Mycobacterium 
tuberculosis ( av ian  type)  b u t  inef fec t ive  a g a i n s t  Eschet- 
ehia coli, B. dysenteriae, a n d  Staphylococcus aureus. 
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I n  a s e a r c h  fo r  a n t i m o l d i n g  a g e n t s  fo r  s y r u p s ,  LORD 
a n d  HUSA 7 f o u n d  t h a t  1 s a m p l e  o f  c i t r a l  w a s  e f f e c t i v e  
a g a i n s t  m o l d s  g r o w i n g  o n  s y r u p  a t  a d i l u t i o n  f a c t o r  
b e t w e e n  1 : 2 0 0 0  a n d  1 : 5 0 0 0 .  A n o t h e r  s a m p l e  o f  c i t r a l  
w a s  f o u n d  t o  b e  e f f e c t i v e  b e t w e e n  1 : 5 0 0 0  a n d  1:10,o00. 
KELLNER a n d  KOBER 8' 9 a l s 0  s u g g e s t e d  t h a t  c i t r a l  c o u l d  
b e  u s e d  a s  a r o o m  d i s i n f e c t a n t .  T h e y  f o u n d  i t  t o  b e  
f a i r l y  a c t i v e  a g a i n s t  Neisseria, Streptococcus ]aecalis, S. 
aureus, B .  megatherium, a n d  Oidium albicans. C i t r a l  w a s  
l e s s  e f f e c t i v e  i n  c o n t r o l l i n g  E .  coli, Eberthella typhosa, 
S. pyrogenes, a n d  Corynebacterium dipMheriae. 

A n  e x t e n s i v e  e x a m i n a t i o n  w a s  m a d e  b y  M 6 s E  a n d  
LUKAS x0 in  1957 i n t o  t h e  a n t i b a c t e r i a l  a c t i o n  o f  s o m e  
e s s e n t i a l  o i l s .  T h e y  t e s t e d  c i t r a l ,  a m o n g  o t h e r  c o m p o u n d s ,  
a g a i n s t  34 s p e c i e s  a n d  s t r a i n s  o f  b a c t e r i a .  O f  t h e  c o m -  
p o u n d s  t e s t e d ,  c i t r a l  w a s  f o u n d  t o  b e  t h e  m o s t  a c t i v e ,  
b e i n g  p a r t i c u l a r l y  p o t e n t  a g a i n s t  14 o f  t h e  b a c t e r i a  
t e s t e d .  

M o r e  r e c e n t l y ,  Z ImTSKER ~x in  1960 t e s t e d  c i t r a l  
a g a i n s t  12 s t r a i n s  o f  Candida. F u n g i s t a t i c  a c t i v i t y  w a s  
f o u n d  a g a i n s t  7 o f  t h e  Candida s t r a i n s  a t  s e r i a l  d i l u t i o n s  
o f  10 -6 t o  10 -8. F u n g i c i d a l  a c t i v i t y  w a s  f o u n d  a t  d i l u t i o n s  

o f  10 -4 t o  1 0 - L  MARUZELLA e t  al.  xi f o u n d  t h a t  t h e  v a p o r s  
o f  c i t r a l  ( a l ong  w i t h  s e v e r a l  o t h e r  c o m p o u n d s )  w c r e  
a c t i v e  a g a i n s t  C. albicans, Phoma betae, Geotrichum can- 
didum, a n d  Oospora lactis. 

I n  g e n e r a l ,  c i t r a l  in  v a r i o u s  a n d  u n d e f i n e d  s t a t e s  o f  
p u r i t y  w a s  f o u n d  t o  b e  f a i r l y  a c t i v e  a g a i n s t  f u n g i  a n d  
l e s s  a c t i v e  a g a i n s t  b a c t e r i a  a l t h o u g h  i t  d o e s  s h o w  s t r o n g  
a c t i o n  a g a i n s t  s o m e  s t r a i n s .  

I n  o u r  s t u d i e s  o f  t h e  a n t i m i c r o b i a l  a c t i v i t y  o f  e s s e n t i a l  
o i l s  a n d ,  in  p a r t i c u l a r ,  o f  t h o s e  c o m p o u n d s  w h i c h  a r e  
r e s p o n s i b l e  fo r  t h e  a c t i v i t y ,  we  h a d  o c c a s i o n  t o  r e - e x a m i n e  
t h e  a c t i v i t y  o f  c i t r a l .  C i t r a l  ( F r i t z s c h e  Bros . ,  r e c t i f i cd )  
w a s  p u r i f i e d  b y  f o r m a t i o n  o f  t h e  b i s u l f i t e  a d d i t i o n  

7 C. F. LORD JR. and W. J. HUSA, J. Am. pharm. Ass. ,f3, 438 (1954). 
s W. KRI.LN~R and W. KOBeR, Arzneimittel-Forseh. 5, 224 (1955). 
9 W. KELLNER and W. KOBER, Arzenimittel-Forsch. 6, 768 (1956). 

10 j .  R. M6sE and G. LUKAS, Arzneimittel-Forsch. 7, 687 (1957). 
it D. E. ZmlTSKER, Zh. Mikrobiol. ~pidem. Imunobiol.  31, 15 (1960). 
~2 j .  C. MXRUZ~LLA, J. S. CmAgUMONT~ and M. M. GAROFALO, 

J. pharm. Sei. 50, 665 (1961). 

Table I. Activity of citral against bacteria 

Compound Bacillus Sarclna Staphylo- Strepto- Acali- E s c h e -  Pseudo- Salmo- Serratia Conditions 
cereus lutea coccus coccus genes richia monas nella matte- ppm 

aureus elactis ]aecalis eoti aerugi- typhi- scens 
nosg~ ~v~uriurt~ 

Citral + + + + + . . . .  500 48 
Citral + =k ± 4- + 4- :k 4- 250 48 
Geranial - -  - -  - -  0 . . . . .  500 48 
NeraI . . . . . . . . .  500 48 
Neral/Geranial - -  - -  - -  0 . . . . .  500 48 
50:50 

+ ,  total inhibition; - - ,  no inhibition; ± ,  slight growth of microbe; 0, control did not grow. 

Table II. Activity of citral against yeast 

Compound Zygosaccha- Candida Pichia HansenuIa Saccha- Torula Conditions 
romyces tropicalls chodati anomala romyces ppm 
japonicas cerevisiae 

Citral + + + + + + 250 48 
Citral + + -4- q- -4- + 62.5 48 
Geranial + + + + + + 250 48 
Neral + + -4- -4- + 4- 250 48 
Neral/Geranial + + + + + + 250 48 
50:50 

Table III.  Activity of citral against mold 

Compound Aspergillus Aspergillus Penicillium Rhizopus Botrytis Bysso- Alternaria Conditions 
oryzae niger chrysogenum senti cinerea chlamys [ulva ppm h 

Citral + + + + + + + 500 96 
Citral 4- 4- + - -  + + + 125 96 
Geranial . . . .  + + + 500 96 
Neral - -  - -  - -  + + + + 500 96 
Neral/Geranial - -  - -  + - -  + + + 500 96 
50:50 
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c o m p o u n d ,  rec rys ta l l i za t ion ,  r e g e n e r a t i o n  of t h e  ci t ra l ,  
a n d  d i s t i l l a t ion  a t  r educed  pressure .  T h e  pur i f i ed  m a t e r i a l  
was  t h e n  t e s t e d  a g a i n s t  bac te r i a ,  yeas ts ,  a n d  mo lds  
(Tables  I, I I ,  a n d  I I I ) .  

T h e  pur i f i ed  c i t ra l  shows a c t i v i t y  aga i n s t  al l  t h e  g ram-  
pos i t i ve  b a c t e r i a  a t  5 0 0 p p m  13 a n d  one  of t he  g ram-  
n e g a t i v e  bac te r i a .  T h e  effect  d rops  off s o m e w h a t  a t  
250 p p m  as i n d i c a t e d  in  Tab le  I. Howeve r ,  w h e n  one  
s e p a r a t e s  t h e  c i t ra l  i n to  i t s  c o m p o n e n t s  (nera l  alad gera-  
nial ,  geomet r i c  isomers)  b y  p r e p a r a t i v e  gas - l iqu id  chro-  
m a t o g r a p h y  a n d  t e s t s  these  u n d e r  t h e  s a m e  cond i t ions ,  
b o t h  a re  essen t i a l ly  i nac t i ve  a g a i n s t  al l  of t h e  b a c t e r i a  
t e s ted .  To e l i m i n a t e  t h e  poss ib i l i ty  of a synerg i s t i c  effect,  
a 50 :50  m i x t u r e  of ne ra I  a n d  ge ran ia l  w as  p r e p a r e d  a n d  
t e s t e d  u n d e r  i den t i ca l  condi t ions .  T h e  re su l t s  were  t h e  
s ame  as t hose  o b t a i n e d  w i t h  t h e  p u r e  c o m p o n e n t s .  

A s imi l a r  e x p e r i m e n t  was  c o n d u c t e d  w i t h  r e p r e s e n t a -  
t i v e  s t r a i n s  of y e a s t s  a n d  mo lds  a n d  t h e  s ame  p a t t e r n  
emerged  (Tables  I I  a n d  I I I )  b u t  t h e  r e su l t s  were  n o t  
q u i t e  as d r a m a t i c .  

T h e  a c t i v i t y  of c i t ra l  a g a i n s t  t h e  species of yeas t s  
does  n o t  beg in  to  d rop  off u n t i l  a c o n c e n t r a t i o n  of 
62.5 p p m  is reached .  I n  con t r a s t ,  n e r a l  beg ins  to  b e  
ine f fec t ive  a t  250 ppm.  I t  is  of i n t e r e s t  to  n o t e  t h a t  
ge ran ia l  is s o m e w h a t  d i f f e ren t  t h a n  ne ra l  s ince t o t a l  
i n h i b i t i o n  of y e a s t  g r o w t h  is obse rved  a t  250 p p m .  T h e r e  
does n o t  a p p e a r  to  be  a n y  d i f fe rence  b e t w e e n  ge ran ia l  
a n d  n e r a l  w i t h  r e spec t  to  b a c t e r i a  a n d  molds .  

T h e  ef fec t  of c o n c e n t r a t i o n  of c i t r a l  a g a i n s t  va r ious  
species of molds  is s u m m a r i z e d  in T a b l e  I I I .  A t  125 p p m  
c i t r a l  beg ins  to  lose e f fec t iveness  a g a i n s t  Aspergillus 
oryzae, d .  niger, and  Rhizopus senti. A t  125 p p m ,  i t  is 
s t i l l  e f fec t ive  a g a i n s t  t h e  4 r e m a i n i n g  molds .  G e r a n i a l  
was  found  to  be  inef fec t ive  a t  500 p p m  a g a i n s t  4 of t h e  
7 molds ,  whe reas  ne ra l  was  inef fec t ive  aga i n s t  3 of t h e  
7 molds .  I t  becomes  qu i t e  obv ious  t h a t  a n  i m p u r i t y  
ex is t s  in  t he  ' pu re '  c i t ra l .  

A n  i n t e r e s t i n g  o b s e r v a t i o n  is found  in t he  a c t i o n  of 
a 50 : 50 m i x t u r e  of ne ra l  a n d  geran ia l  aga i n s t  Penicillium 
chrysogenum. N e i t h e r  ne ra l  n o r  geran ia l  a lone  a t  500 p p m  

was  ef fec t ive  a g a i n s t  t h i s  species of m o l d ;  yet ,  a c o m b i n a -  
t i o n  of 250 p p m  of each  showed  ac t iv i ty .  I t  appea r s  t h a t  
t h i s  is one  i n s t a n c e  of synerg i sm.  Severa l  example s  of 
syne rg i s t i c  effects  are  r epor t ed ,  e.g., ZIBITSKER 11. 

These  da ta ,  t hen ,  cas t  d o u b t  on  t h e  a n t i m i c r o b i a l  
a c t i v i t y  of c i t r a l  as r e p o r t e d  in t h e  l i t e r a tu re .  The  ' p u r e '  
c i t r a l  used in t he se  e x p e r i m e n t s  was  as pu re  or  p u r e r  
t h a n  t h a t  used  b y  t he  p r ev ious  workers .  As c a n  be  seen, 
t h e  ' p u r e '  c i t r a l  showed  cons ide rab le  a c t i v i t y  b u t  t h e  
i so la ted  c o m p o n e n t s  fa i led  to  s u b s t a n t i a t e  t h e  p r ev ious  
f ind ings .  

I n  v iew of t he se  d a t a  one  m u s t  conc lude  t h a t  a n  im-  
p u r i t y  ex is t s  in  t h e  ' p u r e '  c i t r a l  w h i c h  h a s  s u b s t a n t i a l  
a c t i v i t y  a n d  w h i c h  also is ca r r i ed  t h r o u g h  t h e  pu r i f i ca t i on  
process .  A n  e x a m i n a t i o n  of a n  a n a l y t i c a l  gas  c h r o m a t e -  
g r a m  of t h e  pur i f i ed  c i t ra l  showed  i t  t o  be  a p p r o x i m a t e l y  
98% ci t ra l .  W o r k  is n o w  in  progress  to  i d e n t i f y  t h e  im-  
pu r i t i e s  a n d  d e t e r m i n e  w h i c h  of t he se  h a v e  a n t i m i c r o b i a l  
a c t i v i t y .  

Zusammen/assung. Be s tAt igung f r i ihe re r  Fe s t s t e l l ungen ,  
dass  C i t r a l  e ine a n t i b a k t e r i e l l e  A k t i v i t ~ t  bes i t z t .  D a  
N e r a l  n n d  Geran i a l  (al lein ode r  z u s a m m e n )  j e d o c h  wesen t -  
l ich  wen ige r  a k t i v  s ind,  muss  ffir d ie  C i t r a l a k t i v i t i i t  e ine  
b i s h e r  n i c h t  i den t i f i z i e r t e  S u b s t a n z  v e r a n t w o r t l i c h  sein. 
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M a c r o p h a g e  A c t i v i t y  o f  T h y m e c t o m i z e d  M i c e  I n f e c t e d  w i t h  L e i s h m a n i a  donovani  

A l t h o u g h  t h e  i m p o r t a n c e  of t h e  t h y m u s  in  cell- 
m e d i a t e d  i m m u n i t y  a n d  in t h e  p r o d u c t i o n  of some 
h u m e r a l  a n t i b o d i e s  is 6 s t ab l i shed  1, t h e r e  are  severa l  
c o n t r a d i c t o r y  r epo r t s  on  t he  a c t i v i t y  of m a c r o p h a g e s  in  
t h y m e c t o m i z e d  a n i m a l s  2-6. 

I n  mice  e x p e r i m e n t a l l y  in fec ted  w i t h  t he  i n t r a c e l l u l a r  
p r o t o z o a n  p a r a s i t e  of m ac r ophages ,  Leishmania donovani, 
t h e  n u m b e r  of pa r a s i t e s  in  t h e  l iver  a n d  spleen r e a c h  a 
p e a k  a f t e r  wh ich  n u m b e r s  of pa r a s i t e s  in t he se  o rgans  
decl ine  a n d  t h e  in fec t ion  becom es  ch ron ic  v. Thus ,  t h i s  
in fec t ion  in  mice  could  b e  a good s y s t e m  to  d e t e r m i n e  
t h e  effect  of t h y m e c t o m y  on  m a c r o p h a g e  a c t i v i t y  in  v i v o  
a n d  in  v i t ro .  

]3atb/c mice,  t h y m e c t o m i z e d  8 or  s h a m - t h y m e c t o m i z e d  
w i t h i n  24 h of b i r t h ,  were  used  in t h e  in v i v o  s tudies .  
E a c h  m o u s e  was  in j ec t ed  i.v. w i t h  107 a m a s t i g o t e s  ~ of 
t h e  3K s t r a i n  of L. donovani I° in  0.2 m l  of in fec ted  h a m -  
s te r  spleen suspens ion  25-30  d a y s  fol lowing t h y m e c t o m y .  
Mice f rom each  g r o u p  were  sacr i f iced 1 h a f t e r  i n fec t ion  
t o  d e t e r m i n e  t h e  in i t i a l  u p t a k e  of p a r a s i t e s  b y  spleen 
a n d  liver,  and  a t  i ,  8, I6  a n d  21 d a y s  to  d e t e r m i n e  r a t e  
of g r o w t h  or suppress ion .  T h e  m e d i a n  level  of i n fec t ion  

in l ivers  a n d  spleens  of 5-8  mice  of each  g roup  was  
d e t e r m i n e d  b y  a m e t h o d  of t o u c h  p r e p a r a t i o n  1°. A t  
necropsy ,  t h y m e c t o m i z e d  mice  were  e x a m i n e d  mac ro -  
scopica l ly  a n d  microscopica l ly  to  d e t e r m i n e  w h e t h e r  
t h y m e c t o m y  was  comple te .  Mice w i t h  r e m a i n s  of t h y m u s  
were  n o t  i nc luded  in  t h e  resul ts .  

P e r i t o n e a l  m a c r o p h a g e s  f rom 25- to  30-day-old  t h y -  
mec tomized ,  s h a m  t h y m e c t o m i z e d  a n d  i n t a c t  mice  were  
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