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asp i ra ted  back  into t he  syringe. The second filling was 
asp i ra ted  back  f rom the  lungs af ter  a 10 rain interval .  
Af ter  mix ing  b o t h  reasp i ra ted  fluids we coun ted  the  
alveolar  macrophages  (MAXWELL et al. 7, MYRVIK et  al.S). 

Results. By lava t ion  of t h e  lungs of the  f i rs t  group in 
which  full metabol ic  acidosis had  been  evoked (pH 7.04), 
we ob ta ined  on an average 149,813 =E 31,426 alveolar  
cells/1 ml. F r o m  the  lungs of the  second group, where  only 
the  control  opera t ion  was performed,  i.e. l igat ion of b o t h  
kidneys,  ca the te r i za t ion  of t he  a r te r ia  carot is  commu n .  
sin. and  of the  vena  renalis  sin. (pH 7.40), we ob ta ined  on 
an average  144,500 • 21,451 of alveolar  cells per  1 ml. 
B y  lava t ion  of t he  lungs of the  to ta l ly  hea l t hy  animals  
(pH no t  measured)  we gained on the  average 161,500 • 
25,464 alveolar  cells/1 ml. As i t  can be seen f rom the  
Figure,  there  is no s ta t i s t ica l ly  s ignif icant  difference be- 
tween  the  a m o u n t  of del ivered alveolar  ceils gained by  
lava t ion  f rom the  lungs of animals  in the  3 par t i cu la r  
expe r imen ta l  groups.  
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lungs. II, acidosis; 1///[, control operation; O, control. 

Conclusion. The expe r imen t s  showed t h a t  t he  e n t i r e  
metabol ic  acidosis evoked by  the  infusion of I N  I-IC1, 
which  produces  the  decrease of p H  on the  average  to 
7.04, could ne i the r  increase nor  decrease the  a m o u n t  of 
t he  cells del ivered into alveolar  spaces owing to  t he  
inf luence of dena tu red  calf p l a sma  dissolved in the  saline. 
So we can say  t h a t  metabol ic  acidosis itself does no t  
influence the  abi l i ty  of the  alveolar  cells to enter  in to  t he  
alveolar  spaces. 

Zusammen/assung. Tie rexpe r imen te l l  wurde  festge- 
stellt ,  dass  die metabol i sche  Azidose keinen Einf luss  auf 
die F/ihigkeit  der  Alveolarzellen hat ,  in die Alveolen 
auszuwandern .  

J. SEDL2{CEK 9, J .  MRA~Z 1~ 
P. 21)2kNSKS~ and V. BERKA 

Department of Pathological Physiology, 
Charles University School of Medicine, 
Hradec Krdlovd; Department of Forensic Medicine, 
School of Medicine, University of Brno, and 
7st Medical Clinic, Faculty Hospital of 
Charles' University, 
Hradec Krdlovd (Czechoslovakia), 3 June 1969. 

7 K. W. MAXWELL, T. DIETZ and S. MARCUS, Am. Rev. resp. Dis. 
89, 579 (1964). 

8 Q. N. MYRVIK, E. S. LEAKE and B. FARISS, J. Immun. 86, 128 
(1961). 

9 Present address: J. SEDLX(~EK, Department of Pathological 
Physiology, Charles' University, gimkova 870, Hradec Kr~lov6 
(Czechoslovakia). 

10 Present address: J. MRAZ, Department of Forensic Medicine, 
University of Brno, Tvrd6ho 2a, Brno (Czechoslovakia). 

R a d i o p r o t e c t i v e  Effect  of P h y t o h e m a @ g l u t i n i n  in 

P h y t o h e m a g g l u t i n i n  (PHA) has  been  found to induce 
blas to id  t r ans fo rmat ions ,  mi toses  1, and  rad iores i s tance  ~ 
in h u m a n  blood l y m p h o c y t e s  in vi tro.  Similar  morpho-  
logic t r ans fo rma t ions  have  also been  observed in suspen-  
sions of blood and  t issue l y m p h o c y t e s  ob ta ined  f rom 
labora to ry  animals  3. MEKORI et  al. 4 hold  the  view t h a t  
p h y t o h e m a g g l u t i n i n  (PHA) acts in vivo in a m a n n e r  
s imilar  to its es tab l i shed  act ion in vi tro,  i.e., by  s t imula t -  
ing the  change  of l y m p h o c y t e s  in to  d iv id ing  b las t  ceils 
which  can in i t ia te  l y m p h o i d  colonies in t he  spleen of an 
i r rad ia ted  host .  Moreover,  HUMBLE s observed  regenera-  
t ion  of bone  m ar row  func t ion  in 6 pa t i en t s  w i th  aplas t ic  
anemia,  t r e a t ed  wi th  repet i t ive,  i.v. in ject ions  of PHA.  
HUMBLE holds  the  view t h a t  the  smal l  l y m p h o c y t e s  of the  
blood normal ly  en te r  t he  bone  mar row and become t rans-  
fo rmed into precursor  cells of the  red and  whi te  series, as 
Max imow claimed.  Based on these  observat ions ,  a series 
of expe r imen t s  was  des igned to t e s t  w h e t h e r  P H A  had  
any  p ro tec t ive  effect  on mice exposed  to dosages of 
i r rad ia t ion  wh ich  no rma l ly  cause dea th  f rom bone  
mar row  failure. 

Methods. Twelve-week-old  CF I mice (Carworth,  Inc.) 
weighing 20-25 g were used in these  exper iments .  Vials 
con ta in ing  100 rag of p h y t o h e m a g g l u t i n i n - P  (Difco) were  
d i lu ted  wi th  33.3 ml  of isotonic saline. This resul ted  in a 
f inal  P H A - P  concen t r a t ion  of 3000 ~xg/ml. For  t he  serial 
dosage exper iments ,  d i lu t ions  were m a d e  f rom th is  pre-  

M i c e  

para t ion .  Two groups of control  and  P H A - t r e a t e d  
an imals  received i.p. 1 ml  of saline or di luted P H A ,  
respect ively .  Two o ther  groups  wi th  t he  same n u m b e r  of 
animals  in each, t r ea t ed  w i t h  e i ther  saline or P H A  alone, 
were  re ta ined  as non- i r r ad ia ted  controls .  "Whole body  
i r rad ia t ion  was per fo rmed  by  a 300 KeV, 20 ma  X - r a y  
mach ine  wi th  t a rge t :mouse  d is tance  of 50 cm, H V L  2 m m  
Cu and 150 R per  rain dose rate .  

Results. Table  I p resen t s  the  pe rcen t  survival  of the  
mice exposed  to  600 R whole -body  i r rad ia t ion  as a func- 
t ion  of P H A  dose. The drug  was in jec ted  30 rain before  
i r radia t ion.  The degree of r ad iopro tec t ion  appears  to be a 
l inear func t ion  of the  P H A  dose used. A t  the  h ighes t  dose 
of 3000 ~g or ap p ro x i ma t e l y  120 mg/kg,  53.3% versus  
16.7% survival  was observed in favor  of the  expe r imen ta l  
group. This  dose was used in t he  addi t iona l  exper iments .  
Subsequen t ly  t e s t ed  was the  rad iopro tec t ive  effect  of 
P H A  as a func t ion  of t ime  be tween  drug  inject ion and  
i r rad ia t ion  (600 R). Table  I I  shows t h a t  the  p ro tec t ion  
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was mos t  m a rked  when  P H A  was in jec ted  30 min  af ter  
i r radiat ion.  Some rad iopro tec t ion  was also observed  when  
P H A  preceded  i r radia t ion  by  24 h or 30 min.  Several  ex- 
pe r imen t s  (20-30 animals  in each group) were  Mso per- 
fo rmed  to  t e s t  the  rad iopro tec t ive  effect  of P H A  wi th  
var ious  doses of i r rad ia t ion  (Figure). The P H A  (3000 tzg) 
was  in jec ted  30 rain before X - r a y  exposure.  I r r ad ia t ion  

Tab le  I. Su rv iva l  of 12-week-old CF 1 ~ mice  a f t e r  600 R who le -body  
X - i r r a d i a t i o n  a n d  p h y t o h e n i a g g l u t i n i n  (PHA)  

Dose of P H A  S u r v i v o r s / t o t a l  % su rv ivo r s  Mean su rv iva l  
n u n l b e r  �9 a t  30 d a y s  t ime  (days) of 
a t  30 days  n o n - s u r v i v o r s  

None  (saline) 10/60 16.7 9.3 
3 [xg 18/60 30.0 9.5 

10 [xg 22/60 36.7 10.1 
30 [xg 21/60 35,0 10.5 

100 [xg 25/60 41.7 9.8 
300 ~g 24/60 40.0 12.2 

1000 [zg 28/60 46.7 12.8 
3000 [xg 32/60 53.3 11.0 

P H A  in jec ted  30 ra in  before  i r r ad i a t i on .  ~ 3 s e p a r a t e  e x p e r i m e n t s  
wi th  20 mice  in each  group .  

Tab le  I I .  S u r v i v a l  of 12-week-old CF 1 (~ ufice a f t e r  600 R whole-  
b o d y  X - i r r a d i a t i o n  as a func t ion  of t ime  of in jec t ion  of p h y t o -  
h e m a g g l u t i n i n  ( P H A - P ,  3000 [zg) 

Time of No. surv ivors /  % su rv ivo r s  Mean s u r v i v a l  
in jec t ion  of P H A  to t a l  n u m b e r ~  a t  30 d a y s  t ime (days) of 

n o n - s u r v i v o r s  

None  (saline) 20/90 22.2 10.8 
2 days  before  9/60 15.0 11.2 
X-ray 
1 day before 28/59 47.5 8.1 
X-ray 
30 nfin before 28/60 46.7 9.1 
X-ray 
30 min after 34/60 56.7 11.1 
X-ray 
1 day after 17/60 28.3 8.5 
X-ray 
2 days after 19/60 31.7 11.3 
X-ray 

Three  s e p a r a t e  e x p e r i m e n t s  wi th  20 mice  in each  g roup ,  
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R a d i o p r o t e c t i v e  effect  of a single i .p. in jec t ion  of P H A - P  (3 m g  i.p.) 
o n  12-week-old CF 1 female  mice, P H A  was  a d m i n i s t e r e d  30 ra in  be-  
fore who le -body  i r r ad ia t ion .  Open  f igures  co r r e spond  to P H A -  
t r e a t e d  g roups ;  d o s e d  f igures  co r r e spond  to sa l ine - t r ea t ed  groups .  
E a c h  p o i n t  r ep resen t s  a g r o u p  of 20 -30  an imals .  

doses r anged  f rom 500-800 R. A cer ta in  degree of radio-  
p ro tec t ion  could be de tec ted  a t  any  dose level t h r o u g h  
750 1R. A t  800 R no mice in e i ther  group surv ived  30 days ;  
mos t  of t h e m  died before the  12th day,  the  ma j o r i t y  w i t h  
signs of recta l  bleeding.  A single i.p. in ject ion of 3000 t*g 
of P H A - P  was no t  le thal  wi th in  30 days  to  any  of t he  
P H A - t r e a t e d  non- i r r ad ia ted  contro l  animals .  

Discussion. The resul ts  p re sen ted  above indica te  t h a t  
P H A - P  exhib i t s  p ro tec t ive  effect  on mice exposed  to  near-  
le thal  doses of whole -body  i r radia t ion,  the  effect  be ing 
more  pronounced w h e n  P H A  was admin i s t e red  30 min 
af ter  i r radia t ion.  W h e t h e r  this  c o m p o u n d  could be used to  
res tore  the  bone  m a r r o w  of h u m a n s  exposed to acc identa l  
or t he rapeu t i c  doses of i r rad ia t ion  remains  to  be demon-  
s t ra ted .  P re l imina ry  inves t iga t ion  of the  effect  of 50 mg 
of P H A  (Burroughs-Wel lcome and  Company)  given by  
i.v. infusion 5 t imes  in t he  week preceding  local i r rad ia t ion  
in 2 pa t i en t s  wi th  bronchogenic  ca rc inoma has  shown a 
mark ed  increase in the  re la t ive pe rcen tage  of bone-  
ma r ro w  l y m p h o c y t e s  6. P h y t o h e m a g g l u t i n i n  has also been  
used in pa t i en t s  w i th  aplast ic  anemia  for res tor ing  the i r  
bone -mar row func t ion  wi th  d i sco rdan t  resul ts  5,~. One 
exp lana t ion  for th is  incons is tency  could be t h a t  t he  doses 
a rb i t ra r i ly  selected (usually 50 mg  i.v. dai ly for 5 days) 
m a y  have  been suff ic ient  to  help only  some of the  pa t i en t s .  

The mechan i sm of the  observed rad iopro tec t ion  is not  
well unders tood .  P re sen t  f indings in th is  l abo ra to ry  sug- 
gest  t h a t  P H A ,  at  the  dose used to  induce rad iopro tec t ion ,  
has  a cy to tox ic  effect  on the  hemopoie t i c  organs8. The 
exhib i t ion  of th is  hematologic  depress ion and  associa ted 
rad iopro tec t ion  recalls s imilar  observa t ions  w i th  var ious  
mi to t ic  inhib i tors  9, when  they  are i n t roduced  before irra- 
diat ion.  In  view of this,  t he  r ad iopro tec t ion  could be 
expla ined  as a c o m p e n s a t o r y  mechan i sm involv ing  an 
increase in n u m b e r  of the  re la t ively  r ad io res i s t an t  ceils 
involved in myelopoiesis .  However ,  th is  t h eo ry  does no t  
seem to be cons i s ten t  wi th  the  r ad iopro tec t ion  observed  
when P H A  was in jec ted  af ter  i r radia t ion.  A rad iopro tec-  
r ive effect  wi th  in jec t ions  of bac ter ia l  ex t rac t s  e i ther  be- 
fore or af ter  i r rad ia t ion  has been observed  by  SMITH et  
al. 1~ One m a y  suspec t  t h a t  the  r ad iopro tec t ive  effect  of 
PIKA is of a s imilar  na ture .  W h e t h e r  the  p ro tec t ion  of mice 
by  P H A  occurs t h r o u g h  s t imula t ion  of the i r  l y m p h o c y t e s  
still r emains  to be answered  11. 

Zusammen/assung. Es wird  ein b e m e r k e n s w e r t e r  
S t r ah lenschu tz  d u t c h  Phytoh~Lmagglutinin (PHA-P ,  
Difco) bei  mi t  nahezu  t6dl ich wi rkenden  R6 n t g en s t r ah l en -  
dosen expon ie r t en  M/iusen beobach te t .  Der  Grad  des 
S t rah lenschutzes  sche in t  eine L inea r funk t ion  der  ange- 
w a n d t e n  Dosis zu sein. 
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