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Prel iminary Studies on Mouse Macrophage Cultures Infected with Trachoma Agents  

Cells f rom the  hematopo ie t i c  and re t iculo-his t iocyt ic  
sy s t em have  been  cu l t iva ted  in vi t ro  by  m a n y  authors ,  
and  used for the  s t u d y  of the  hos t -pa ras i t e  re la t ionship  
in bacter ia l  1-8 and  viral  infect ions 4-~. 

Recent ly ,  mac rophage  cul tures have  been  demon-  
s t r a t ed  to be suscept ible  to orni thosis  agent  ~ and leuco- 
cy tes  have  been  successfully infected wi th  the  meningo-  
pneumoni t i s  agentS, suggest ing t h a t  c i rculat ing cells can 
p lay  a role in the  infect ion by  Chlamydiae .  

In  the  case of an imal  and h u m a n  infect ions caused by  
viruses or by  Chlamydiae,  the  impor t ance  of c i rculat ing 
cells has  scarcely been studied.  

Inves t iga t ions  carried out  using mouse  macrophage  
cul tures  infected in vi t ro  wi th  2 d i f ferent  s t ra ins  of 
t r a c h o m a  agen t  are descr ibed in this  paper .  

Mouse per i toneal  macrophage  cul tures  were ob ta ined  
according to ORFILA and LEPINAY 7, f rom pa thogen- f ree  
adu l t  whi te  Swiss mice (Charles River,  Paris) and  cul- 
t i va t ed  in Le igh ton  tubes,  in H Y L S  med ium (Hanks + 
lac ta lbumine  hydro l i sa te  0.5% + calf serum 10% + yeas t  
ex t r ac t  0.1% + penicil l in 1 0 0 U / m l  + s t r e p t o m y c i n  
100 ~g/ml). Usually,  l0 s cells/ml were used. 2-3 days  
a f te r  the  inoculum, the  cells, con ta in ing  some vacuoli  
and  granules,  are a t t a ched  to the  glass and s t a r t  to 
elongate.  At  the  f i f th to  s ix th  day, the  ma jo r i ty  of the  
cells have  a f ibroblast ic  shape,  and the  in t racv top lasmic  
granules  and vacuoli  d i sappear  (Figure 1). At  this  point ,  
the  macrophage  cul tures  were infected wi th  t r a c h o m a  
agents,  s t ra in  As 3 ( T R I C / E A E / A s m - 3  (1960) OT) 9 or 
s t ra in  T ' ang  (TRIC/China/Peking-2/OT)10.  

B o t h  s t ra ins  were cu l t iva ted  in yolk sac of chicken 
e m b r y o n a t e d  eggs; yolk sac pools (YSP) were p repared  
by  di lu t ing the  yolk sac up to 50% in H Y L S  medium.  

Cell infect ion was carried out  wi th  1 ml / tube  of Y S P  
di lu ted  in H Y L S .  After  adsorp t ion  at  37~ for 3 h 
(except  when otherwise  s ta ted) ,  inoculum was removed,  
cell cul tures were washed once and 2 ml / tube  of med ium 
were added.  

Af te r  d i f ferent  t imes  of incuba t ion  at  37 ~ cul tures 
on coverslips were fixed and s ta ined wi th  MGG (May 
Gri inwald-Giemsa) or wi th  AO (Acridine Orange). 

In  mouse macrophage  cul tures inoculated wi th  Y S P  
from non- infec ted  eggs, no CPE was observed.  

Af te r  infect ion wi th  t r a c h o m a  agent  suspensions,  e i ther  
s t ra in  T ' ang  or As 8, typica l  t r a c h o m a  inclusion bodies 
can be observed.  The morphological  changes  connec ted  

wi th  the  deve lopmen t  of the  t r a c h o m a  inclusion bodies,  
were par t i cu la r ly  s tudied  on mac rophage  cul tures  infec- 
ted  wi th  As 8 t r a c h o m a  s t ra in  a t  d i f fe rent  t imes  af ter  the  
infection.  

At  the  4th h af ter  the  infection,  no inclusion bodies 
could be observed.  At  the  8th h, the  AO sta in  revealed 
in a few cells the  presence of a small  orange-red in t racy to-  
p lasmic  area t h a t  can p ro b ab l y  be ident i f ied wi th  the  
f i rs t  s tep  toward  the  ' red ball '  stage, a l ready  descr ibed 
in cell cul tures  infected wi th  t r a c h o m a  agents  11,12. Cyto- 
pa th ic  effect  becomes more  in tense  the  24th h. A t  this  
t ime, typica l  in t r acy top lasmic  t r a c h o m a  inclusions are 
seen, consis t ing of a vacuo lum conta in ing  small  dark  
bodies (MGG stain), which cor responded  for the i r  size 
to  the  ' ini t ia l  bodies '  (Figure 2). 

The AO s ta in ing revealed t h a t  a lmos t  every  cell cyto-  
p lasm con ta ined  red bodies (Figure 3). 

At  the  48th h, the  to ta l  n u m b e r  of cells p resen t  in the  
cul ture  was s t rongly  decreased,  because of the  lysis 
caused by  the  t r a c h o m a  infection,  and  the  in t r acy to -  
plasmic vacuoli  conta ined  inclusion bodies cor responding  
for the i r  size to bo th  ' in i t ia l '  and ' e l emen ta ry  bodies ' .  

Also those  cells which were devoid of inclusion bodies 
appeared  to be deeply  al tered,  being rounded  and dark  
s tained.  These effects increase a t  72 h af ter  the  infection.  
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Fig. 1. Five days old non-infected macrophages culture. M.G.G. Fig. 2. Infected macrophages culture 24 h after infection. Vacuoli 
x 450. containing large and initial bodies. M.G.G. X 450. 
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The large in t r aey top la smic  vacuoli  in some cases appeared  
to d i s rup t  and  l ibera te  e l emen ta ry  body  par t ic les  ; besides,  
in some cells, vacuol i  con ta in ing  ' ini t ial  bodies '  could be 
observed,  suggest ing the  poss ibi l i ty  of a second g rowth  
cycle (Figure 4). 

Af ter  AO staining,  b o t h  green and  yel lowish ma t u r e  
' e l emen ta ry  bodies '  and  ' red balls '  could be observed,  
in d i f fe rent  ceils (Figure 5). 

The in t ens i ty  of CPE,  ca lcula ted  as percen tage  of inclu- 
sion con ta in ing  ceils (ICC) depends  on the  inoculum dose 
and  on the  adsorp t ion  t ime  at  37 ~ 

A direct  logqog l inear re la t ionship  exis ts  be tween  the  
inoculum size and  the  pe rcen tage  of ICC, e i ther  w i th  As 3 
or T ' a n g  s t ra in  (Figure 6). The pe rcen tage  of ICC increases 
along wi th  the  increase of t he  adsorp t ion  t ime,  f rom 
30 min  up to  3 h a t  37 ~ The cellular lysis caused b y  
t r a c h o m a  infect ion can be eva lua ted  b y  count ing  the  
cell number /mic roscop ic  field in uninfec ted  and  infected 
cul tures :  96 h af ter  t he  infection,  in the  infected cul tures  
t he  cell n u m b e r  is reduced  of abou t  32%. On the  contrary ,  
t he  per  cent  of ICC increases dur ing  the  t ime  af ter  the  
infection.  

The da t a  given in th is  paper  d e m o n s t r a t e  t h a t  t r a c h o m a  
agen t  can  develop on in vi t ro  cu l tured  mouse  macrophages .  
The morphologica l  p ic ture  and  the  sequence of develop-  

m e n t  of t r a c h o m a  inclusion bodies  in macrophages  are 
similar  to  those  observed  in cul tures of o ther  k inds  of 
cells 1 1 - ~ 5 .  

The final  s tage of t r a c h o m a  agent  d e v e l o p m e n t  is 
cons t i tu t ed  by  d i s rup t ion  of the  vacuo lum conta in ing  
the  e l emen ta ry  bodies,  followed by  cellular lysis. This  
even t  has  been  observed  also by  o ther  au thors  using 
d i f ferent  cell cul tures  15,~e. A second g rowth  cycle is 
d e m o n s t r a t e d  by  the  presence of in t r acy top lasmic  ' ini t ia l '  
and ' large '  bodies  a t  72 h af ter  t he  infection,  and by  the  
increase of the  ICC percen tage  a t  the  same and  at  following 
t imes.  

In  our  hands ,  t he  suscept ib i l i ty  of macrophage  cul tures  
to t r a c h o m a  infect ion seems to  be 5 t imes  lower t h a n  
t h a t  of H e L a  cell cultures.  

The possible role of macrophages  in the  h u m a n  t racho-  
ma tous  diseases has  no t  been  inves t iga ted ,  main ly  be- 
cause the  mos t  usual  m e t h o d  of observa t ion  is the  con- 
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Fig. 3. Infected macrophages ettlture 24 h after infeetiou. Vacuoli 
contail~ing red bails. A.O, • 450. 

Fig. 5. Infected macrophages culture 72h after iilfeetion. Vatuoli 
containing elementary or initial bodies. A.(). • 1000. 

Fig. 4. Infected maerophages culture 72 h after infection. Several 
vacuoli filled with elementary bodies; 1 vacuolum is disrupted and 
spreading out elementary bodies. 3 ceils contain initial bodies. 
M.G.G. x 450. 
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Fig. 6. Dose-effect relationship between the concentration of infecting 
inoculum and per cent ICC in macrophages culture. On the abscissa, 
inoculum dose; on the ordinate, inclusion containing cells (ICC) 
per cent. 
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junc t iva l  smears  examina t ion ,  in which  a d i f fe ren t ia t ion  
be tween  epithel ial  and  re t iculo-endothel ia l  ceils becomes  
par t icu lar ly  diff icult  if based,  as c o m m o n l y  performed,  
solely upon morphological  criteria. I t  c anno t  be excluded,  
however ,  t h a t  t he  macrophages  p re sen t  in the  sub- 
epitheliaI  layers of t he  conj unct iva,  as normal  cons t i tuen t s  
or evoked b y  the  phlogis t ic  process,  can  p lay  a role in 
t he  infect ious process as well as in t he  mechan i sm of 
i m m u n i t y .  

Riassunto. L' infezione di cul ture in v i t ro  di macrofagi  
di  topo  con due diversi  ceppi  di agente  del t racoma,  

de t e rmina  la compar sa  di t ip iche  inctusioni in t rac i top la -  
smat iche,  e, in seguito, di lisi cellulare. Lo svi luppo delle 
inclusioni 6 s t a to  s tud ia to  a t e m p i  diversi  dal l ' infezione.  
Sulla base del l 'osservazione morfologica,  si suppone  che 
l ' agente  del t r a co ma  possa mol t ipl icars i  in tal l  cul ture  
cellulari, d e t e r m i n a n d o  un secondo ciclo di  infezione.  

A. M. CASAZZA, C. INTINI, 
M. A. VERINI and M. GHIONE 
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201d6 Milano (Italy), 1 November 1968 

A n t i v i r a l  A c t i v i t y  of  s o m e  D e r i v a t i v e s  o f  2 - S t y r y l q u i n o l i n e  

Various s tyry lquinol ines  have  been shown to possess 
an t imicrob ia l  ac t iv i ty  agains t  n e m a t h e l m i n t h e s  1, pro to-  
zoa ~,~, fungi 3, and  bacter ia  3. In  addi t ion,  inh ib i t ion  of 
t umor s  has been repor ted  f rom t ime  to t ime  4-~. These 
s tudies  and the  recen t  f inding t h a t  chloroquine  inh ib i ted  
repl icat ion of a D N A  bac te r iophage  7 have  encouraged  
us to  inves t iga te  the  ant iv i ra l  ac t iv i ty  of th is  b road  
group of compounds .  Two 4-d ie thy laminoa lky lamino  
der iva t ives  of 7-chloro-2-s tyrylquinol ine a (I, II) were 
s tud ied  in our  s t anda rd  v i rus-assay sys tems  and  found 

CH3--CH--(C H2) 3--N(C 2H5)2 

NH 
I 

/~ R = o-chlorostyryl I) (Compound 
C 1 / ~ J ~ N  ~ R  R = p-chlorostyryl (Compound II) 

In vivo activity of 2 styrylquinolines against Senfliki Forest Virus 

Experi- Corn- Drug dose Treatment Challenge Antiviral 
ment pound (rag/mouse regimen ~ dose of activity 
No. at stated Virus (% SIT) c 

times) (LDs0 / 
mouse) b 

I 1 2.5 A 2.0 50 
0.25 0 
0.025 0 

2 2.5 A 2.0 50 
0.25 0 
0.025 0 

control - - 2.0 0 

II 1 1.0 B 2.5 100 
2 1.0 B 70 
control - - 2.5 10 

III 1 1.0 C 3.5 30 
control - - 3.5 0 

IV 1 1.0 D 16 54 
control - - 16 0 

a Animals were treated by s.c. injection: (A) 2 h before, and then 
24 and 48 h after infection; (B) 24 and 4 h before, and at 4, 24 and 
72 h after infection; (C) at 30 min; 24, 48 and 72 h after infection; 
(D) same protocol as B except that last dose was given 48 h after 
infection, b Route of infection was i.p.; LDs0 = lethal dose, 50% 
endpoint, e Per cent surviving animals 2 weeks after challenge. 

to possess s ignif icant  ac t iv i ty  agains t  Semliki  Fo res t  
Virus (SFV). 

The  drugs were solubilized in dist i l led wa te r  and in jec ted  
s.c. using mul t ip le  dosage schedules  as summar ized  in t he  
Table.  At  non- tox ic  concent ra t ions ,  bo th  c o m p o u n d s  
p ro tec ted  s ignif icant  n u mb er s  of mice f rom the  le thal  
effects  of S F V  infect ion especial ly when  t r e a t m e n t  regi- 
mens  included prechal lenge drug  doses. W h e n  c o m p o u n d  I 
was incuba ted  in v i t ro  wi th  ap p ro x i ma t e l y  3.5 LDs0 
(mouse) of S F V  pr ior  to  in jec t ion  in to  mice by  the  i.p. 
route,  more  t h a n  85% of the  t e s t  animals  survived.  
2 weeks af ter  challenge, survivors  f rom all expe r imen t s  
appeared  to be h ea l t h y  and free f rom the  signs of para lys is  
so charac ter i s t ic  of SFV infect ion in th is  species. The 
small  skin lesion, which  occurred at  the  site of inject ion,  
was grossly resolved a t  th is  t ime.  

Since SFV is a neuro t rop ic  virus,  bu t  a t  the  same t ime  
is an u n c o m m o n  na tu ra l  h u m a n  or an imal  pa thogen ,  
it  would be of in te res t  to  see w h e t h e r  these  or o the r  
s tyry lquinol ines  would act  agains t  h u m a n  neuro t rop ic  
viruses.  P re l imina ry  da t a  f rom this  l abora to ry  sugges t  
t h a t  compound  I and I I  m a y  have  marginal  ac t iv i ty  
agains t  inf luenza virus ( type A, PRs) in mice, b u t  no t  
in eggs. Nei ther  co mp o u n d  appears  to possess s ignif icant  
ac t iv i ty  agains t  vaccinia  v i rus  in eggs or in rabbi ts .  

The mode  of an t iv i ra l  ac t ion of these  2 s tyry lquinol ines  
remains  to be elucidated.  

Zusammenfassung. In  M/iuseversuchen wurde  gezeigt,  
dass  gewisse S tyry lquinol ine  in vivo eine Wirkung  gegen 
Semlik i -Fores t -Virus  haben.  
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