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Since severa l  h e a v y  metals ,  d rugs  and  toxins ,  as well  as 
o the r  factors,  such  as h e m o d y n a m i c  a l te ra t ions ,  d a m a g e  
t he  r ena l  t ubu l e s  i t  is a t t r a c t i v e  to specula te  t h a t  such  
i n j u r y  m a y  lead to release of one or more  t u b u l a r  an t igens  
resu l t ing  in a n t i b o d y  fo rmat ion .  A n t i b o d y  m a y  induce  
t u b u l a r  d a m a g e  resu l t ing  in t u b u l o i n t e r s t i t i a l  disease or 
fo rm i m m u n e  complexes  w i t h  an t i gen  in the  c i rcula t ion.  
Depos i t ion  of a n t i g e n - a n t i b o d y  complexes  m a y  resu l t  in 
an  i m m u n e  complex  g lomeru lonephr i t i s .  The  morpholog ic  
and  immunoh i s to log i c  a l t e r a t ions  a p p a r e n t l y  are r e l a t ed  
to the  n a t u r e  of t he  t u b u l a r  an t igen  or an t igens  involved .  

I n  these  s tudies ,  mercur ic  chlor ide a d m i n i s t r a t i o n  was 
associa ted  w i th  an  i m m u n e  complex  nephr i t i s  a p p a r e n t l y  
seconda ry  to depos i t ion  of R T E - a n t i - R T E  i m m u n e  com- 
plexes. A l t h o u g h  an t ibod ies  to T B M  were de tec ted  in the  

se rum of these  animals ,  t u b u l o i n t e r s t i t i a l  disease usua l ly  
associa ted  w i t h  th i s  an t i gen  was no t  p r o m i n e n t  a n d  T B M  
could n o t  be imp l i ca t ed  in  t he  pa thogenes i s  of t h e  
g lomeru la r  lesions. 

These  s tud ies  s u p p o r t  t he  hypo thes i s  t h a t  t u b u l a r  in-  
j u ry  induced  b y  mercur ic  chlor ide  m a y  be  fol lowed b y  
release of r ena l  p r o x i m a l  t u b u l a r  an t igen ,  s u b s e q u e n t  for- 
m a t i o n  of a n t i b o d y  to  th i s  an t igen ,  followed b y  f o r m a t i o n  
and  g lomeru la r  depos i t ion  of i m m u n e  complexes  of R T E -  
a n t i - R T E  resu l t ing  in a n  au to logous  i m m u n e  complex  
g lomeru lonephr i t i s .  This  e t iopa thogen ic  m e c h a n i s m  m a y  
occur  in m a n  and  m a y  also be  a fac tor  in t h e  d e v e l o p m e n t  
of severa l  cases of n e p h r i t i s  assoc ia ted  w i th  agen t s  wh ich  
p roduce  t u b u l a r  a l t e ra t ions .  The  s ignif icance of T B M  in 
th i s  s t u d y  is unclear .  

Ultrastructural  Identif icat ion of H u m a n  Tons i l  T - L y m p h o c y t e s  by  Perox idase -Conjugated  Ant i -  
H T L A  S e r u m  1 
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Summary. A horse  a n t i - s e r u m  rende red  specific for h u m a n  T - l y m p h o c y t e s  was c o n j u g a t e d  w i t h  perox idase  and  used 
for u l t r a s t r u c t u r a l  iden t i f i ca t ion  of h u m a n  tons i l  T - lymhocy tes .  W i t h  T- and  B-en r i ched  suspensions,  v i r t ua l l y  all 
T - l y m p h o c y t e s  were label led w i t h  P o - a n t i - H T L A ,  whereas  no B-ceils were s t a ined  w i t h  th i s  conjugate .  The  labe l l ing  
was found  to  be  i r regular ly  d i s t r i bu t ed  on t he  p l a s m a  m e m b r a n e  of T-cells. Di rec t  iden t i f i ca t ion  w i th  specific Po -an t i -  
H T L A  c o n j u g a t e  conf i rm t he  u l t r a s t r u c t u r a l  charac te r i s t i c s  of t h y m u s - d e p e n d a n t  cells. 

H u m a n  T - l y m p h o c y t e s  are of ten  ident i f ied  b y  t he  for- 
m a t i o n  of rose t t es  w i t h  sheep e r y t h r o c y t e s  5 (E), a l t h o u g h  
t he  m e c h a n i s m s  and  specif ici ty  of the  b ind ing  are sti l l  un-  
clear. D e m o n s t r a t i o n  of an  an t i gen  specific for the  T-cell  
l ineage b y  us ing  specific an t i s e ra  6 provides  a new a p p r o a c h  
for e n u m e r a t i o n  a n d  cha rac t e r i za t i on  of T - l y m p h o c y t e s  
in cell suspens ions  of var ious  origins.  W e  h a v e  p r epa red  a 
horse  a n t i s e r u m  specific :for h u m a n  T - l y m p h o c y t e  a n t i g e n  
(HTLA).  Cr i ter ia  of specif ic i ty  of th i s  se rum are descr ibed  
in a n o t h e r  pub l i c a t i on  7. W e  r epo r t  here  its use for u l t r a -  
s t r u c t u r a l  s tudies  of T - l y m p h o c y t e s  a f te r  con j uga t i on  
w i t h  peroxidase .  

Material and Methods. L y m p h o c y t e  suspens ions  : tons i l s  
f reshly  o b t a i n e d  f rom ope ra t ion  were teased  w i t h  forceps 
in to  Hanks ,  washed  twice, cen t r i fuged  (20 min,  400 g, 
4 ~ on  Ficoll-I  sopaqu  e (6.3 % - 9 . 9  % final  c o n c e n t r a t i o n  ; 
dens i ty  1.080) and  washed  3 t imes.  T- and  B-en r i ched  
suspens ions  were p r epa red  b y  cen t r i fuga t ion  on Ficoll-  
I sopaque  a f te r  T-cells h a d  been  al lowed to form E rose t t es :  
T -enr i ched  cells were recovered  a t  the  b o t t o m  and  used 
a f t e r  E lysis b y  NH~C1 (0.87%, 10 min) and  B-en r i ched  
cells a t  t h e  interface.  

A n t i - H T L A  se rum:  a n t i - H T L A  serum was p r e p a r e d  
f rom a n t i - h u m a n  t h y m o c y t e  g lobul ins  ( I n s t i t u t  M6rieux, 
Lyon)  sequen t i a l ly  abso rbed  on A B  red  ceils, po lymer ized  
Ig, p l a c e n t a l  t i ssue  and  l y m p h o b l a s t o i d  cell l ines 7. Cyto-  
t ox i c i t y  t es t s  were pe r fo rmed  as p rev ious ly  describedS. 

Perox idase - labe l l ing  of a n t i - H T L A  Ig:  pe rox idase-con-  
j u g a t e d  a n t i - H T L A  (Po -an t i -HTLA)  Ig were p r epa red  
accord ing  to AVRAMEAS' t e c h n i q u e  9. L y m p h o c y t e s  were 
f ixed in 2% p a r a f o r m a l d e h y d e  (20 rain, 4~ w a s h e d  
w i th  P B S  and  i n c u b a t e d  w i th  P o - a n t i - H T L A  Ig for 3 h 
a t  37 ~ Af te r  wash ing  w i t h  PBS ,  cells were f ixed aga in  
w i t h  2% g lu t a ra ldehyde ,  washed  w i th  P B S  and  i n c u b a t e d  
w i th  G r a h a m - K a r n o w s k y  m e d i u m  for 30 ra in  a t  37~ 

Cells were washed  w i t h  tris-HC1 buffer  (0.2 M,  p H  7.6), 
pos t - f ixed  w i t h  OSO 4 1% in cacodyla te  buffer,  and  in-  
c luded in epoxy  med ium.  Sect ions  were obse rved  un-  
s t a ined  u n d e r  the  e lec t ron  microscope (Phil ips  E M  300). 

O t h e r  t e chn iques  for T- and  B-cell  iden t i f i ca t ion :  T-  
cells were also cha rac t e r i zed  b y  t he  E rose t t e  t e s t  1~ a n d  
B - l y m p h o c y t e s  b y  t h e  de t ec t ion  of m e m b r a n e  Ig (S Ig) 
w i t h  a f luoresce ina ted  a n t i - h u m a n  Ig (Behring).  I n  ad-  
d i t ion  a B - l y m p h o c y t e  and  m o n o c y t e  c o m m o n  an t i gen  
(HBLMCA) was ident i f ied  b y  m e a n  of a r a b b i t  a n t i s e r u m  
as p rev ious ly  descr ibed 7. I n  e lec t ron  microscopy  s tudies ,  
B-cells were ident i f ied  b y  reac t ion  w i th  perox idase-con-  
j uga t ed  F a b  a n t i - h u m a n  Ig ( I n s t i t u t  Pas teur ,  Paris)  ac- 
cord ing  to t he  t e c h n i q u e  descr ibed  above.  

Table I, Percent of T- and B-cells in tonsillar lymphocytes 

Anti-HTLA G rosettes Anti- S Ig 
HBLMCA 

No. of donors 47 14 40 7 
Cells • SE (%) 47.1 ~ 1.7 42.8 ~ 4.0 47.4 -c 1.8 40.7 • 5.4 

Table II. Percent of T- and B-lymphocytes in purified suspensions 

Anti- Po-anti- Anti- Po-Fab 
HTLA HTLA HBLMCA anti-Ig 

T-enriched ( % ) 91 96 4 5 
B-enriched (%) 5 3 93 90 
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Resul t s .  Dis t r ibu t ion  of T- and B- lymphocy te s  in ton-  
sils (Table I) showed an app rox ima te ly  equal  n u m b e r  of 
B- and  T-cells and  a few pe rcen t  of null cells depending  
on the  techniques  used for ident i f icat ion,  some of these  
null cells possibly being monocytes .  Bo th  P o - a n t i - H T L A  
and P o - F a b  an t i - Ig  p repa ra t ions  s ta ined near ly  50% of 
cells; when  t h e y  were mixed  and  allowed to react  wi th  
tonsi l lar  lymphocy tes ,  v i r tua l ly  all cells were s tained.  
Similar s tudies  were u n d e r t a k e n  using B- and T-enr iched 
suspensions:  each suspension was con t amina t ed  by  abou t  
5% of t he  o ther  t y p e  of cells (Table II).  Very  similar re- 
sults  were observed using peroxidase  conjugates .  

Po lymorphonuc lea r  cells and monocy tes  represen ted  
less t h a n  3% of the  cells observed.  B-cells were easily 
ident i f ied by  the  e lectron dense th in  ring dispersed along 
the  cy toplasmic  membrane .  In  a few small  lymphocytes ,  
in t racy top lasmic  Ig as well as SIg were s ta ined wi th  Po- 
Fab  ant i - Ig .  Typical  p l a sma  cells accounted  for abou t  5% 
of all tonsi l lar  cells. Vi r tua l ly  all T l ymphocy te s  were 
labelled wi th  P o - a n t i - H T L A  (Table II), whereas  no B- 
cells were s ta ined wi th  th is  conjugate  (Figure 1). The 
s ta in ing was only found  on the  cy top lasmic  m e m b r a n e  as 
irregular  small  spots  (Figure 2) all over  the  cell surface. 

Most  T - lymphocy te s  appeared  as small  round  cells (5-8 
#m) wi th  dense nuclear  h e t e ro ch ro ma t i n  and a cyto-  
plasmic ring th inne r  t h a n  t h a t  of B cells. 

D i s c u s s i o n .  A n t i - H T L A  used in this  s t u d y  has a l ready 
been shown to  reac t  specifically wi th  T- lymphocytesV:  
using e i ther  cy to tox ic i ty  t e s t  or indirect  immunof luo-  
rescence, it  de l inea ted  to  a p la teau  a subpopula t ion  of 
l ymphocy te s  which  were found d is t inc t  f rom Ig-bear ing  
ceils and  monocytes ,  which  formed E bu t  no t  EAC ro- 
settes.  This subpopu la t ion  was p resen t  in T-enr iched and  
absen t  f rom B-enr iched cell suspensions.  The present  re- 
por t  d e m o n s t r a t e s  tha t ,  af_ter conjuga t ion  wi th  peroxidase,  
this  se rum binds  specifically to T-cells and, consequent ly ,  
confi rms its specificity.  Similar s tudies  have  been done in 
the  mouse wi th  Po-an t i - Ig  ~ and  Po-anti-012 sera. Our 
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Fig. 1. Staining of the membrane tonsillar lymphocytes by Po-anti- 
ttTLA sermn (circle). a) B-enriched lymphocyte population. • 6, 
400. b) T-enriched lymphocyte population. • 6, 400. 

Fig. 2. Typical aspect of a T-lymphocyte stained by Po-anti-HTLA 
serum. N, nucleus, a) • 15,000; b) • 
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p re l iminary  results  show tha t ,  s imilarly to mouse  iympho-  
cytes,  the  ma jo r i t y  of h u m a n  T-cells are charac ter ized  by  
a round  shape and a high nucleoplasmic  ratio.  Po-an t i -  
H T L A  conjuga te  was found to be i r regular ly d i s t r ibu ted  
on the  p lasma membrane ,  in small  spots,  con t ras t ing  wi th  
the  cont inuous  d i s t r ibu t ion  of P o - F a b  an t i - Ig  stain.  Par -  
tial r ed i s t r ibu t ion  of H T L A  does no t  account  for th is  dif- 
ference since cells were pre-f ixed before addi t ion  of Po-  
a n t i - H T L A  Ig. Moreover,  no spon taneous  capping  could 

be evidenced by  a n t i - H T L A  serum unless a second ant i -  
b o d y  layer  was added~3. Direct  ident i f ica t ion of T-cells 
wi th  specific P o - a n t i - H T L A  conjugate  will allow an ex- 
tens ive  s t u d y  of the  u l t r a s t ruc tu re  of T - lymphocy te s  a t  
d i f ferent  s tages of m a t u r a t i o n  in var ious  lymphoid  tis- 
SHeS. 

13 H. P. FRIEDMAN, J. BROCHIER and J. P. REVILLARD, Inirnunology, 
in press (1976). 
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Summary. Plasma  free t r y p t o p h a n  was higher  dur ing prooes t rus  and early oestrus  t h a n  at  me toes t rus  or in ovar iect -  
omized or male rats.  In  contras t ,  to ta l  t r y p t o p h a n  was higher  in ovar iectomized and male ra ts  t h a n  at  any  t ime in 
cycling females. 

The ra te- l imi t ing  s tep in the  synthes is  of 5-hydroxy-  
t r y p t a m i n e  (5-HT) appears  to  be t r y p t o p h a n  hyd rox y -  
la t ion ~, the  concen t ra t ion  of t r y p t o p h a n  (T) in the  bra in  
being much  lower t h a n  t h e  Michaelis cons t an t  of the  
enzyme for its subs t ra te  2. The avai labi l i ty  of T in bra in  
depends  pr imar i ly  on the  ra te  of t r a n s p o r t  into the  bra in  8, 
b u t  also on the  avai labi l i ty  of T in p lasma in the  free 
form, as mos t  T is bound  to p lasma  a lbumin  4. Al though  
under  m a n y  exper imenta l  condi t ions  changes  in the  
a m o u n t  of free T m a y  influence brain  T and 5 H T  tu rn -  
overS, 6, changes  in 5HT metabo l i sm do no t  a lways lead 
to easily in te rpre tab le  changes  in free TL as would be 
expec ted  in a 'closed loop' feedback system.  The easy 
pharmacologica l  s, 9 and d ie ta ry  1~ manipu la t ion  of free T 
indica tes  t h a t  a s t u d y  of changes  in per iphera l  and centra l  
T me tabo l i sm dur ing a ' na tu ra l '  r hy thm,  such as the  
d iurnal  n or the  oestrus  cycle, m a y  provide  more infor- 
ma t ion  as to the  regula tory  role of free T in cerebral  
serotoninergic  metabol ism.  

The presen t  s t u d y  repor ts  changes  in p lasma  free and 
to ta l  T at  d i f ferent  t imes  dur ing the  oestrus  cycle. Paral lel  
analyses  of regional brain  T, 5HT, ca techolamines  and 
monoamineox idase  ac t iv i ty  were also carried out  ~2. As a 
compar ison  to cycling rats,  p lasma free and to ta l  T was 
measured  in ovar iec tomized and in male rats.  

Experimental. Adul t  female albino Wis t a r  ra ts  (210- 
240 g) were ma in t a ined  for a t  least  3 weeks in an animal  
room Controlled for l ight (from 05.00 h to 19.00 h) and 

t e m p e r a t u r e  (24 • 1.5~ fed ad l ibi tum, and observed 
by  means  of dai ly vaginal  smears  a t  08.00 h for the  pre- 
sence of 2 consecut ive  4-day oestrus  cycles. Male ra t s  
(210-240 g) were s tudied  af ter  a similar 3 week per iod in 
the  same l ight  re'gimen, ovar iec tomized  ra ts  (250-280 g) 
6 7 weeks af ter  operat ion.  Groups  of 5 ra t s  in the  ident ical  
phase  of the i r  oestrus cycle were decapi ta ted ,  and t r u n k  
blood collected in 1/10 vo lume 5~o EDTA.  P lasma  was 
immedia te ly  separa ted .  Free  T was ob ta ined  by  ul t ra-  
f i l t ra t ion of 4 ml p lasma (combined f rom 2-3 rats) as 
previous ly  descr ibed for h u m a n  plasma~3; bo th  free and 
to ta l  t r y p t o p h a n  concen t ra t ions  were de te rmined  fluoro- 
metr ica l ly  ~4. 

Results and discussion. U n d e r  control led condi t ions  of 
light, t empera tu re ,  and feeding ad l ibi tum, bo th  the  
gender  and the  endocrinological  s ta te  of an animal  were 
found to be associated wi th  changes  in free and to ta l  
p lasma T (Table). 

A possible diurnal  r h y t h m  mus t  be considered before 
defining the  hormone- re la t ed  changes.  A pre l iminary  in- 
ves t iga t ion  in male ra ts  had  indica ted  t h a t  p lasma free 
T did no t  va ry  grea t ly  be tween  10.00 h and 18.00 h, b u t  
doubled  at  n igh t  (light phase :  1.54 • 0.08 #g/ml  (mean 
_+_ SEM), n = 6; dark  phase :  3.53 • 0.68/~g/ml, n ~ 7; 

p < 0.02). A detai led s t u d y  of the  diurnal  r h y t h m  11 has 
shown t h a t  free and to ta l  T in rats  have  a m i n i m u m  at  
m i d d a y  and a m a x i m u m  at  midnight .  We have found  a 
similar  d iurnal  r h y t h m  in free T in man~3. 

Plasma tryptophan in various eudocrinological states �9 

EndocrinologicaI state Free tryptophan ([zg/Inl plasma) Free:total tryptophan (%) Total tryptophan ([xg/inl plasma) 

Prooestrus 10.00 h (12) 2.70=c0.33 c,g 24.6~2.4 a,~ 10.77i0.61 d,e,g 
Prooestrus 15.00 h (6) 2.87~ 0.48 ~ 22.9:~3.5 ~ 12.51i0.47 b,~l 
Oestrus 10.00 h (6) 2.24-~0.21 ~ 25.0il .7 a'f 8.92-E0.46 a,r 
Oestrus 15.00 h (10) 1.96~ 0.22 18.1:~1.1 a lO.67• 
Metoestrus 10.00 h (9) 1.63d=0.21 19.5• 8.54~-0.59d, * 
Ovariectomized 17.00 h (6) 1.92d-0.12 14.5~_1.4 b 13.57i0.85 
Male 17.00 h (8) 1.46i0.16 9.6-[=1.5 17.53~-1.55 

~Mean Jz SEM for the number of determinations given in brackets. Significance calculated with Student's t-test: bp % 0.05; op < 0.01; 
ap < 0.001 compared with male rats. ~p < 0.05; ~p < 0.001 compared with ovariectomized rats. g p % 0.05; hp % 0.001 compared with 
metoestrus. 


