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t i on  and,  a f te r  wash ing  w i t h  isotonic  sal ine solut ion,  t h e y  
are r e suspended  in a v o l u m e  of sal ine s imi la r  to  t h a t  of t he  
in i t ia l  p lasma.  

To effect  t h e  e x t r a c t i o n  of phosphol ip ids ,  an  acidif ied 
organic  so lven t  is used once t he  p la t e l e t s  h a v e  been  
homogen ized  w i t h  perchlor ic  acid 0.6 M (V/V). Then ,  i t  is 
cen t r i fuged  a t  3000 r p m  for 15 mil l  (--~ 1500 • and  t he  
r e su l t ing  p rec ip i t a t e  is t r e a t e d  w i t h  a m i x t u r e  of chloro-  
form, m e t h a n o l ,  hydroch lo r i c  acid 0.1 N (20/10/0.1). 
Af te r  be ing  ag i t a ted ,  8 ml  of hydroch lo r i c  acid 0.1 N is 
added  a n d  t h e n  cent r i fuged .  T he  s u p e r n a t e  is t a k e n  a w a y  
a n d  t he  p la t e l e t  b u t t o n  undergoes  a n o t h e r  e x t r a c t i o n  
fol lowing t he  same  me t hod .  

T h i n  layer  c h r o m a t o g r a p h y  is used to  eva lua t e  t he  
phospho l ip ids  us ing  silical-gel a t  250 ~z. P r ev ious  to  t h e i r  
use t he  c h r o m a t o g r a p h i c  p la tes  are w a s h e d  w i t h  a 
m i x t u r e  of ch loroform,  m e t h a n o l ,  acetic,  w a t e r  (50/30/ 
8/4), a n d  i m m e d i a t e l y  a f t e r  t h e y  are dr ied a t  110~ for 
1 h. The  same  m i x t u r e  used to  wash  t he  p la tes  is used as a 
so lvent .  Af te r  t he  app l i ca t i on  of t he  sample  (0.1 ml), i t  is 
le f t  r u n n i n g  for 45 min,  t h e n  dried,  a n d  f ina l ly  deve loped  
w i t h  p h o s p h o m o l y b d i c  a t  20% or r h o d a m i n e  6G a t  0 .1% 
ill e t h a n o l  a t  960/o . 

To q u a n t i f y  f rac t ions  ob ta ined ,  t h e y  are  Separa ted  b y  
sc rap ing  a n d  t h e i r  c o n t e n t s  of p h o s p h o r u s  mul t ip l i ed  b y  
25 to o b t a i n  phosphol ip ids .  

Results and discussion. I n  our  exper iences  0.9 ml  of a 
n o r m a l  p lasma,  w i t h  i ts  p l a t e l e t s  a d j u s t e d  to  270,000 m m  3, 
was  i n c u b a t e d  w i t h  a d i py r i dam o l e  so lu t ion  in i sotonic  
sal ine solut ion,  g iv ing a f ina l  c o n c e n t r a t i o n  of 4 tzg/1. 

Af te r  10 m i n  i n c u b a t i o n  a t  r oom t e m p e r a t u r e ,  t h e  
p la te le t s  were s epa ra t ed  b y  d i f fe rent ia l  c en t r i f uga t i on  a n d  
t h e  c o n c e n t r a t i o n s  of t h e  t o t a l  phospho l ip ids  and  t he  
m a j o r  phospho l ip id  f rac t ions  were eva lua ted .  I n  t he  con- 
t ro l  sample  t he  0.1 ml  of d ipy r idamole  so lu t ion  was sub-  
s t i t u t ed  b y  0.1 ml  of sal ine solut ion.  The  assays  w i t h  and  
w i t h o u t  d ipy r idamole  h a v e  been  pe r fo rmed  on a l iquots  
of t he  same  p la t e l e t  r ich  p lasma.  

I t  was obse rved  (Table) t h a t ,  a f te r  t h e  p la t e l e t  i ncuba -  
t i on  w i t h  d ipyr idamole ,  a 38% r e d u c t i o n  in t he  con-  
c e n t r a t i o n  of t he  sph ingomye l in  and  a 21% increase,  
wh ich  is l ikely to  be  c o m p e n s a t o r y  for t he  reduc t ion ,  in 
t he  p h o s p h a t i d y l  choline,  were produced .  U n d o u b t e d l y ,  
an  a l t e r a t i o n  of t he  p la t e l e t  phospho l ip ids  could in- 
f luence t h e  m a i n t a i n a n c e  of t h e  ideal  cond i t ions  for  t he  
n o r m a l  func t ion ing  of t he  p l a t e l e t  m e m b r a n e s  12. All  th i s  
is more  sugges t ive  if i t  is t a k e n  in to  a c c o u n t  t h a t ,  as 
r ecen t ly  descr ibed b y  SCHICK 13, smal l  hydro lys i s  of t he  
p la t e l e t  phospho l ip ids  can  n o t a b l y  inf luence  t he  release 
react ion.  

I t  has  also been  possible  to  asse r t  in our  l a b o r a t o r y  t h a t  
aspir in,  a d rug  w i t h  a n  a n t i t r o m b o t i c  ac t ion  as well, 
reduces  in  v i t ro  as well  as in  v ivo  t h e  sph ingomye l in  
r a t e  14. The  possible  cor re la t ion  be tween  b o t h  ac t ions  is, 
for t h e  m o m e n t ,  u n k n o w n  to us. 

12 R. L. JACKSON and A. M. GOTTO, New Engl. J. Med. 3, 24 (1974). 
13 p. K. SCHICK and B. P. Yu, J. clin. Invest. 54, 1032 (1974). 
14 J. VALLES and J. AZIqAR, unpublished observations. 
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Summary. Dai ly  a d m i n i s t r a t i o n s  of t r y p t o p h o l  to  l a b o r a t o r y  roden t s  resu l ted  in s ign i f i can t ly  depressed  a n t i b o d y  
p r o d u c t i o n  to  he te ro logous  red  b lood  cell chal lenge,  b u t  d id  n o t  a l t e r  ce l lu la r -med ia ted  responses  to  oxazalone.  These  
resu l t s  sugges t  t h a t  t r y p a n o s o m e - p r o d u c e d  t r y p t o p h o l  m a y  a c c o u n t  for t he  i m m u n o d e p r e s s i o n  obse rved  du r ing  t r y p a n o -  
somiasis .  

The  p h e n o m e n o n  of t r y p a n o s o m e - i n d u c e d  i m m u n o -  
depress ion  ha s  been  r epo r t ed  to  occur  in  e x p e r i m e n t a l  
r o d e n t  infec t ions  3-~, a n d  in n a t u r a l  h u m a n  infec t ions  ~. 
The  m e c h a n i s m s  of such  i m m uno l og i c  a b b e r a t i o n s  are ill- 
unde r s tood .  One sugges t ion  is t h a t  t h e  t r y p a n o s o m e s  
e l abo ra t e  a p r o d u c t  which  is d i rec t ly  suppress ive  to  t he  
h o s t ' s  i m m u n e  a p p a r a t u s L  Indeed ,  LONGSTAFFE s re- 
p o r t e d  t h a t  l ive t r y p a n o s o m e s  added  to cu l tu res  of nor-  
ma l  l y m p h o c y t e s  depressed  mi togen ic  responses  to  p h y t o -  
hemagg lu t i n in .  

Th i s  p a p e r  r epor t s  u p o n  an  i nves t i ga t i on  in to  t he  im- 
m u n o s u p p r e s s i v e  p roper t i e s  of t r y p t o p h o l  (indole-3- 
e thanol ) .  This  s u b s t a n c e  ha s  been  d e m o n s t r a t e d  to  be 
syn thes i zed  b y  Yrypanosoma brucei gambiense o a n d  i t  has  
been  r epo r t ed  t h a t  t h e  m e t a b o l i s m  of t r y p t o p h a n  is 
s ign i f i can t ly  increased  in T.b. gambiense in fec ted  r a t s  TM. 
L a b o r a t o r y  an imals ,  mice a n d  field voles, were g iven  
r epea t ed  in jec t ions  of t r y p t o p h o l  a n d  t he  fol lowing im- 
munolog ic  p a r a m e t e r s  were i n v e s t i g a t e d :  1. h u m o r a l  
levels a n d  cel lular  p r o d u c t i o n  of an t ibod ie s  to  he te ro lo-  
gous e r y t h r o c y t e s ;  2. ce l l -media ted  responses  to  oxaza-  
lone ; 3. spleen cell t h y m i d i n e - u p t a k e ;  a n d  4. t he  course  of 
E h r l i c h ' s  asci tes  t u m o r  g rowth .  

Materials and methods. The  l a b o r a t o r y  an ima l s  used in 
t h i s  i nves t i ga t i on  cons is ted  of t he  field vole, Microtus 
montanus, a n d  wh i t e  mice. M. montanus were o b t a i n e d  
f rom our  co lony m a i n t a i n e d  a t  T u l a n e  U n i v e r s i t y  in  New 
Orleans,  Louis iana .  CD-1 mice were o b t a i n e d  f rom Charles  
R i v e r  Labora to r ies ,  Wi lming ton ,  Massachuse t t s .  Da i ly  
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Table I. The effects of tryptophol upon humoral responses of Micro- 
tus montanus to human type t3+ erythrocytes 

Group No. of Immunization Hemagglutinin Significance 
animals titer 

Control 12 Primary 1.8 4- 0.5 
TryptophoI 10 Primary 0.9 4- 0.4 p < 0.01 
Control 11 Primary + 2.7 4- 0.4 

secondary p < 0.005 
Tryptophol 12 Primary + 1.6 4- 0.2 

secondary 

~Titers are expressed as logi0 values of the geometric means 4- SE. 

doses of 150 mg t r y p t o p h o l  (Sigma Chemical  Co.) per  kg 
b o d y  weight  were admin i s t e red  via i.p. in ject ions  8 days  
prior  to  and  t h r o u g h o u t  the  immuniza t ion  schedule.  
T r y p t o p h o l  was suspended  in a 1 : 1 mix tu re  of p ropy lene  
glycol: wa te r  (PG : ~V) and controls  received equiva len t  
amo u n t s  of P G : W  w i t h o u t  t ryp topho l .  Other  animals  
received dai ly inject ions of e i ther  0.25 ml  P G : W  (controls) 
or 100 mg t ryp top t lo l  per  kg b o d y  weight  in 0.25 ml  P G : W  
for 5, 15 or 23 days  prior  to  sacrifice for t he  t hymid ine -  
up take  s t u d y  and for 5 days  prior  to t u m o r  cell challenge 
for Ehr l i ch ' s  ascites t u m o r  s tudy.  

A n t i b o d y  responses  were measured  in responses  to  
e i ther  a single i.p. in ject ion or p r i ma ry  and  secondary  i.p. 
in jec t ions  (separated by  7 days) of 108 thr ice  washed  
h u m a n  type  B+ e ry th rocy te s  suspended  in p h o s p h a t e  

Table II. The effects of tryptophol upon immune responses of mice to human type B + erythrocytes. 

Experiment 1: Primary immunization only 

Group No. of animals Hemagglutinin titer ~ Significance Immunoeytoadhering Significance 
cells per 5000 splenocytes 

Control 15 1.8 4- 0.4 
Tryptophol 15 1.2 4- 0.2 p < 0.05 

27.0 • 4.3 
12.8 4- 6.1 p < 0.005 

Experiment 2: Primary and booster immunizations 

Group No. of animals Immunization Hemagglutinin titer Significance 

Control 4 
Tryptophol 4 
Control 7 
TryptophoI 7 

Primary 1.8 4- 0.2 
Primary 1.2 4- 0.2 p < 0.05 
Primary + secondary 3.3 4- 0.4 
Primary + secondary 2.6 • 0.2 p < 0.05 

a See Legend to Table I.- 

Table III. The effects of tryptophol upon contact hypersensitivity 
to 0xazalone sensitization in mice: Changes in ear thickness 4- SE 
(in mm) 

Oxazalone Control Tryptophol- Significance 
sensitization treated 

1 ~ 0.11 4- 0.10 (12) ~ 0.28 4- 0.18 (12) none 
2 ~ 1.38 4- 0.13 (12) 1.20 4- 0.18 (12) none 
3 ~ 1.08 4- 0.11 (12) 1.06 4- 0.17 (12) none 

~Numbers in brackets represent number of animals tested. 

buffered  saline, p H  7.2. The procedures  for hemagglu t i -  
na t ion  test ,  immunocy toadhere l l ce  invest igat ions ,  and  
the  techniques  for s t imula t ing  and  measur ing  con tac t  
hype r sens i t i v i t y  responses  to oxazalone have  been re- 
po r t ed  by  ACKERMAN and  SEED4. All s ta t i s t ica l  analyses  
were pe r fo rmed  uti l izing the  s t u d en t s  t - tes t  and  were 
considered s ignif icant ly  d i f ferent  a t  the  95% confidence 
level. 

For  t he  spleen cell t h y m i d i n e - u p t a k e  s t u d y  spleens f rom 
t r y p t o p h o l - t r e a t e d  and  control  M i c r o t u s  were rap id ly  
r emoved  f rom cervical ly dis located animals  and  placed 
in cold (4 ~ Eagle ' s  m i n i m u m  essential  m e d i u m  (MEM, 
Microbiologic Associates).  Spleens were ground  th rough  

TabIe IV. The effects of tryptophol upon 8-H thymidine-uptake by splenocytes of Microtus montanus: 
Thymidine-uptake 4- SE (cpm/106 splenocytes) 

Experiment Days treated Control Tryptophol-treated Ratio of means Significance 

I 5 3864.2 4- 1182.5 (3) ~ 911.2 ~_ 130.2 (4) 4.2 p < 0.05 

II 15 1409.5 • 152.9 (6) 775.8 -L 50.3 (7) 1.8 p < 0.005 
23 1487.8 4- 189.6 (7) 694.1 :t_ 52.2 (7) 2.1 p < 0.001 

~Numbers in brackets represent number of spleens examined. 
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fine aluminium wire mesh, washed twice in minimum 
essential medium and resuspended in MEM plus 10% 
fetal calf serum (Grand Island Biologic Co.). 3 suspensions 
were prepared for each spleen and 1.0 ~Ci of thymidine- 
methyl-3H (New England Nuclear) was added per 106 
ceils. Cells were incubated at 37 ~ in 5% CO 2, humidified 
air atmosphere for 8 h, then solubilized with 0.1 N NaOH. 
DNA was precipitated with cold (4~ 20~ trichloracetic 
acid (TCA), and filtered onto Whatman glass fibre paper 
(GF/A) in a Millipore Filter apparatus with cold 5% TCA. 
Filter papers were dried overnight, transferred into scin- 
tillation fluid (toluene containing Liquifluor, New England 
Nuclear), and counted in a Beckman Model LS-230 
liquid scintillation counter. The final values, means of 
triplicate samples, are recorded in cpm per 106 spleno- 
cytes (cpm/106) plus or minus the standard error. 

Results and discussion. Daily tryptophol administrations 
significantly depressed both primary and secondary 
hemagglutinin responses of M. montanus to human 
erythrocytes (Table I). However, the increases in antibody 
levels after secondary immunizations rose similarly 
(3-fold) in both control and tryptophol-treated animals. 
In mice after a single antigen exposure (top of Table I), 
tryptophol-treated animals responded with hemagglutinin 
titers significantly below controls. Immune responses at 
the cellular level, measured by immunocytoadherence of 
erytbrocytes by spleen cells, were also depressed in tryp- 
tophol-treated mice. In a separate experiment (bottom of 
Table II), t ryptophol-treated mice responded to both 
primary and secondary antigen administrations with 
significantly depressed responses. However, the increases 
in average hemagglutinin titers following secondary im- 
munizations were nearly identical (5-fold) in both control 
and tryptophol-treated mice. 

Tryptophol administrations did not seem to impair the 
cell-mediated, contact hypersensitivity responses of mice 
to oxazalone (Table III). After primary, secondary and 
tert iary oxazalone treatments there were no significant 
differences observed between tryptophol-treated and 
control mice. However, it was found that  in preliminary 
investigations in mice, daily administrations of trypto- 
phol depressed (p < 0.1) survival times of animals chal- 
lenged with Ehrlich's ascites tumor cells compared to 
controls. Tryptophol-treated mice survived an average 
of 12.9 -t- 1.1 days following tumor challenge, whereas 
controls survived an average of 15.5 • 0.9 days. 

Table IV depicts the effects of i.p. injections of trypto- 
phol upon the in vitro incorporation of tr i t iated-thymi- 
dine into DNA by spleen cells of M. montanus. In two 

separate experiments after 5, 15 and 23 days of trypto- 
phol-treatment, the uptake of thymidine over an 8-h 
period was significantly lower in tryptophol-treated 
animals than in controls. However, the degree of depres- 
sion in thymidine-incorporation into DNA did not seem 
to be enhanced by longer periods of t ryptophol-treatment 
(see tile ratio of means). 

The results of this investigation suggest that  daily i.p. 
administrations of tryptophol in mice and Microtus 
depress humoral responses to heterologous erythrocytes, 
but do not affect cell-mediated reactions to oxazalone. 
The mechanism of this immunosuppressive effect is not 
fully understood. In a series of papers D~VOlNO et al. 11-1a 
report that  t ryptophan metabolites, such as serotonin 
or 5-hydroxytryptophan, depressed immune function, 
possibly by suppressing protein synthesis or cell division. 
In this investigation it was noted that  spleen cells of 
tryptophol-treated animals incroporated lower amounts 
of thymidine into DNA, than did controls. This suggests 
that  t ryptophol administrations may depress rates of 
cellular replication. Hence, it may be postulated that  one 
cause for the observed immunosuppressive effects of 
tryptophol may be the inhibition of clonal proliferation 
following antigenic stimulation. 

Further, ill preliminary experiments it was suggested 
that  tryptophol administrations decreased the mean 
survival times of mice challenged with Ehrlich's tumor 
cells. A similar result was seen in Microtus infected with 
Trypanosoma brucei gambiense ~. I t  is suggested that  in 
both of these situations, enhanced pathogenesis of the 
cancerous growth may be due to depressed immune activ- 
ity in the host. Tryptophol has been slown to be metabo- 
lized from tryptophan in T.b. gambiense 9 and in trypano- 
some-infected laboratory animals 1~ Furthermore, para- 
site production of high levels of t ryptophol in the host 
have been postulated do account for the characteristic 
neurologic abnormalities (sleep, depression, torpor and 
convulsions) seen in African trypanosomiasis 9. The results 
of this investigation suggest that  trypanosome production 
of tryptophol may account for the immunosuppression 
observed during infection 14. 

11 L. V. DEVOlNO, L. S. KoRovI~* and R. ILYUTCHENOK, Eur. J. 
Pharmae. 4, 441 (1968). 

12 L. V. DEVOINO and R. ILIJTCHE~OK, Eur. J. Pharmac. 4, 449 (1968). 
1~ L. V. DEVOINO, 0. F. EREMINA and R. ILUTCHENOK, Neurophar- 

macology 9, 67 (1970). 
14 S. B. AeKERMAN and J. R. SEED, Infect. Immun. 73, 1 (1976). 
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Summary. Pretreatment  of donor lymphoid cells with cortisone has been shown to depress the T-cell subpopulation 
responsible for cellular proliferation in the GVH reaction. A quanti tat ive assay as well as the histological criteria of 
the GVH reaction have been used in this study to demonstrate the presence of cortisone-sensitive T-cells within the 
Peyer's patches as well as in the spleen and mesenteric lymph nodes in the rat. 

The presence of T-cells within the Peyer's patches was 
demonstrated first by the use of T-cells markers2-5 and 
subsequently by the study of migratory patterns of 
thymocytes in the small bowel6, v. There have been 
conflicting reports about the immunocompetence of these 
T-cells s-l~ Nevertheless recent data involving in vitro 
culture with specific mitogens 11, the mixed lymphocyte 

reaction 1~, and graft versus host (GVH) reactivity 12 14 
have confirmed the thymus-dependent function of this 
gut associated lymphoid tissue. CAN~OR, TIGELAAR and 
ASOFSKu have shown that  the GVH reactions are 
mediated by an interaction among different subpopula- 
tions of T-lymphocytes with different sensitivities to 
corticosteroid treatment,  anti-lymphocyte serum or 


