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of defini te  m e m b r a n e  were the  cr i ter ia  used). Only those  
ceils wi th  obvious  degenera t ive  changes  were considered 
necrotic.  Counts  w e r e  correc ted  b y  Aberch rombie ' s  
m e t h o d  to e l iminate  errors due to va r ia t ion  in nuclear  
d iameter .  
Results and discussion. The var ia t ions  in the  popu la t ion  
dynamics  of spe rma t ids  in contro l  and  MPG- t r ea t ed  mice 
5 days  af ter  exposure  to 500, 1000 and  1500 R are pre-  
sen ted  in the  table.  At  5-day- interval ,  the  number s  of 
spe rma t id s  in control  mice are found to be 60.50, 43.00 
and  30.00 a t  500, 1000 and 1500 R respec t ive ly  whereas  
in M P G - t r e a t e d  mice the  counts  observed  are 84.00, 65.45 
and  50.00 respect ive ly  and these d a t a  are s ta t i s t ica l ly  
h igh ly  significant:  Our observa t ions  on the  n u m b e r  of 
spe rma t id s  clearly show t h a t  MPG largely p ro tec t s  the  
rad ia t ion- induced  lesions p roduced  in the  p r i ma ry  
spe rmatocy tes .  Our da t a  are h ighly  s ignif icant  as s tudied  
up to  1500 R dose. His topa tho log ica l  s tudies  a t  500 R, 
reveal  t h a t  a h igher  n u m b e r  of necrot ic  spe rma tocy te s  
was observed in diakinesis  m e t a p h a s e  1 in nonp ro t ec t ed  

Etfect of MPG on the survival of spermatids* 5 days after whole 
body exposure of Swiss albino mice to different doses of gamma- 
radiation ** 

Doses Total No. of Total number Mean number of 
tubule cross- of spermatids spermatids i SE 
section 
counted 

Control 20 1210 60.50 Jr 3.10 
500 R Drug- 20 1560 84.00 :t= 2.50 

treated p < 0.001 

1000 R Control 20 871 43.00 Jr 2.00 
Drug- 20 1389 65.45 =L 3.30 
treated p < 0.001 

1500 R Control 20 560 32.25 -- 2.00 
Drug- 20 1005 50.00 =t- 2.80 
treated p < 0.001 

* No. of spermatids in normal nonirradiated mouse testis = 104 4- 3 
per tubule cross-section. 
** Sensitivity of primary spermatocytes scored by counting the 
number of spermatids in stage I and II of tubules, 5 days after post- 
irradiation. 

groups,  as compared  wi th  cont ro l  mice s. I r rad ia t ion  
d a m a g e  of p r i m a r y  spe rma tocy t e s  remain  l a t en t  unt i l  
t he  cell en ters  meiot ic  m e t a p h a s e  and  anaphase .  Many  
abnorma l  figures typ ica l  of ch romosomal  aber ra t ions  
t hus  occur, and nuclei of resul t ing  spe rma t id s  show 
ab n o rma l  size var ia t ions  (giant  cells). These g ian t  
spe rma t id s  are fo rmed by  s p e rma t o cy t e s  i r rad ia ted  in 
pacyh tene ,  and  are grea te r  in n u m b e r  in n o n p r o t e c t e d  
mice wi th  increased doses of i r rad ia t ion  of 1000 R and  
1500 R (unpubl ished data) .  There  is considerable  evidence 
t h a t  DNA is the  major  t a rge t  of ionizing rad ia t ions  in 
t he  living cells g, 1~ Signif icant  chemical  p ro tec t ion  of 
DNA-molecule  provide  s ignif icant  p ro tec t ion  against  
rad ia t ion  d e a t h  ~. I t  is no t  known  w h e t h e r  these  chemical  
p ro tec to r s  p ro t ec t  DNA di rec t ly  or ind i rec t ly  (by pre-  
ven t ing  rad ia t ion- induced  release of DNA-des t ruc t ive  
enzymes)  or p ro t ec t  aga ins t  r ad ia t ion- induced  des t ruc t ion  
of D N A  repair  sys tem.  
The mos t  plausible  exp lana t ion  wi th  regard  to the  
mechan i sm of p ro tec t ion  relates  to  t h e  poss ibi l i ty  t h a t  
some - S H  c o m p o u n d s  par t i a l ly  or comple te ly  inhibi t  the  
deleter ious act ion of tile free radicals  normal ly  found in 
X- i r r ad i a t ed  t issue;  or t h e y  m a y  even modi fy  the  na tu re  
of these  radicals  in such a man n e r  as to render  t h e m  less 
harmfull t-~3.  I t  is also t h o u g h t  possible  t h a t  t he  effective 
- S H  carry ing  compounds  m a y  combine  t empora r i ly  wi th  
some radiosens i t ive  enzymes,  mak ing  t h e m  radio-resis-  
t a n t  n.  The exac t  mechan i sm of MPG pro tec t ion  is no t  
known;  however ,  these  exp lana t ions  m a y  also apply  to  
our  f indings.  
The p re sen t  resul ts  indica te  t h a t  MPG very  likely pro-  
t ec t s  the  ch romosomes  in t he  p a c h y t e n e  of meiosis, 
t hus  allowing more  spe rma tocy t e s  to  survive and  become 
no rma l  spermat ids .  This  is possible e i ther  b y  reducing 
the  n u m b e r  of rad ia t ion- induced  ch romosome  breaks  or 
b y  causing a res t i tu t ion  of the  b roken  chromosomes .  
Fu r the r ,  inves t iga t ions  w i th  a v iew to  u n d e r s t an d ing  
th is  mechan i sm is in progress  in our  labora tory .  
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Histochemical  studies on two types of cells containing catecholamines  in 
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Summary: The exc i ta t ion /emiss ion  spec t ra  m a x i m a  ob ta ined  f rom orange f luorescing small  cell clusters  and  greenish 
yellow fluorescing ganglion cell bodies  were a t  400-410/490-560 nm and  at  400-410/470-500 rim, respect ively.  

A z u m a  et  al. 3 r e p o r t e d  f rom a v iewpoin t  of b iochemical  
de t e rmina t i on  t h a t  the  s y m p a t h e t i c  ganglion chain  of the  
bullfrog con ta ined  ca techolamines ,  such as noradrena l ine  
and  adrenal ine,  in a re la t ive ly  large quan t i t y .  
On the  o ther  hand ,  Ko j ima  ~, using fo rma ldehyde- induced  
f luorescence microscopy  s, men t ioned  t h a t  there  were 2 
t ypes  of cells, name ly  the  smal l  cell c lus ters  and  the  or- 
d ina ry  ganglion cell bodies  showing specific f luorescences 

in the  s y m p a t h e t i c  ganglia of the  bullfrog. According to  
his work,  i t  was suggested t h a t  the  smal l  cell clusters  and 
the  ganglion cell bodies  would  con ta in  ma in ly  a p r i ma ry  
ca techolamine  (dopamine  or noradrenal ine)  and a se- 
condary  ca techo lamine  (adrenaline),  respect ively .  
A fu r the r  e x p e r i m e n t  was a t t e m p t e d  to demons t r a t e  the  
cellular ca techolamines  in bullfrog s y m p a t h e t i c  ganglia 
by  means  of f luorescence m i c r o s p e c t r o p h o t o m e t r y  ~ and  
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the  chromaf f in  reac t ion  wi th  po tass ium iodate  for h is to-  
chemical  demons t r a t i on  of noradrena l ine  7. 
The isolated fresh s y m p a t h e t i c  ganglia of the  bullfrog 
(Rana catesbeiana) were used. The specimens  were t h e n  
freeze dr ied and processed according to the  Fa lck-Hi l la rp  
m e t h o d K  The fo rma ldehyde  vapour  t r e a t m e n t  was per-  
fo rmed a t  80~ for 3 h using p a r a f o r m a l d e h y d e  equili-  
b r a t ed  a t  75% relat ive humid i ty .  All sect ions (8 ~xm) were 
m o u n t e d  in l iquid paraf f in  af ter  removal  of paraff in .  Sev- 
eral  f resh spec imens  were t r e a t ed  wi th  a 10% po ta s s ium 
iodate  solut ion for 5 min  according to Hi l larp  and 
H6kfel t  ~ in order  to d e m o n s t r a t e  noradrena l ine -con ta in -  
ing chromaff in  cells. A fluorescence mic rospec t ropho to -  
me te r  (Nikon, S P M - R F L  SYSTEM) was used for mea-  
su remen t s  of f luorescence (exci tat ion and emission) 
spect ra  and  f luorescence in tens i ty .  
When  the  bullfrog s y m p a t h e t i c  ganglia were examined  
by  means  of f luorescence mic rospec t ropho tome t ry ,  the  
small  cell c lusters  showing an orange f luorescence and the  
ganglion cell bodies  showing greenish yellow fluorescence 
showed exc i ta t ion /emiss ion  spec t ra  wi th  peaks  a t  400-  
410/490-560 nm and a t  400-410/470-500 nm, respect ively.  
Typical  exc i ta t ion  and emission spect ra  ob ta ined  f rom 
these  2 t ypes  of ceils are shown in figure 1. The solid and 
the  d o t t e d  lines r ep resen t  exc i ta t ion /emiss ion  spec t ra  
ob ta ined  f rom an orange f luorescing small  cell c luster  and 
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Fig. 1. Typical excitation and emission spectra obtained from the 
small cell cluster ( - - )  and the ganglion cell body (---), showing 
excitation/emission maxima at 410/490-540 nm and 4101500 nm, 
respectively. The specimen was treated with formaldehyde vapour of 
75% humidity equilibration at 80~ for 3 h. 
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Fig. 2. Both the orange fluorescing small cell cluster A and the 
greenish yellow fluorescing ganglion cell body B exhibited a photo- 
decomposition upon irradiation with blue-violet light. 

a greenish yellow fluorescing g an g l i o n  cell body,  respec- 
t ively.  These spec t ra  m a x i m a  ob ta ined  f rom the  orange 
f luorescing small  cell c lus ter  and  the  greenish yel low 
fluorescing ganglion cell b o d y  were a lmos t  s imilar  to  
those  ob ta ined  f rom the  noradrena l ine -con ta in ing  chro-  
marl in  cell cluster  s and  the  adrena l ine-conta in ing  acido- 
philic summer cell 8 observed in sections of bullfrog 
adrenals treated with formaldehyde vapour of 75% 
humidity equilibration at 80~ for 3 h, respectively. 
The photodecompositions of these 2 types of cells showing 
different catecholamine fluorescences in bullfrog sym- 
pathetic ganglia were observed by means of fluorescence 
microspectrophotometry (figure 2). Both the orange 
fluorescence in the small cell cluster (figure 2, A) and the 
greenish yellow flum-escence in the ganglion cell body 
(figure 2, B) decreased upon exposure to blue-violet light. 
After the treatment with a solution of potassium iodate 
for 5 rain, the small cell clusters were coloured dark 
brown, while the ganglion cell bodies developed either no 
colour or a very weak yellow-brown one. 
These results obtained from the present experiment in- 
dicate that 2 types of specific fluorescences in the sympa- 
thetic ganglia of the bullfrog are derived from catecho- 
famines. The orange fluorescing substance in the small 
cell clusters appears to be a primary catecholamine 
(mainly, noradrenaline), because it has been confirmed 4 
that it easily appears after the formaldehyde vapour 
treatment at reduced temperature (50~ and of short 
duration such as 30 min, and because they are intensely 
positive to the chromaffin reaction. The fact that the 
emission maximum obtained from the orange fluorescing 
small cell cluster shifted 40 60 nm to the long emission 
spectrum side as compared with that obtained from dried 
protein microdroplets containing noradrenaline (I rag/ 
ml) 6 suggests that a primary catecholamine, particularly 
noradrenaline, would be localized in high concentrations 
in the small cell clusters in the sympathetic ganglia of the 
bullfrog. 
Fu r the rmore ,  concerning  a greenish yellow f luorescence in 
the  ganglion cell bodies, it was shown by  the  measure-  
men t s  of the  exc i ta t ion /emiss ion  spec t ra  t h a t  this  fluo- 
rescence was der ived  from ca techolamine .  Besides, the  
r epor t  4 t h a t  the  gangl ion cell bodies  in the  s y m p a t h e t i c  
ganglia of the  bullfrog developed a greenish yellow fluo- 
rescence when the  fo rma ldehyde  vapour  t r e a t m e n t  was  
pro longed a t  h igh t e m p e r a t u r e  (80~ for 3 h, suggests  
t h a t  mos t  of f luorescing subs tance  in the  ganglion cell 
bodies would be a secondary  ca techo lamine  (adrenaline).  
However ,  the  fact  t h a t  some gangl ion cell bodies  were 
cotoured a very  weak yel low-brown af ter  the  t r e a t m e n t  
wi th  a solut ion of po tas s ium iodate  indica tes  t h a t  t h e y  
also con ta in  a small  a m o u n t  of noradrenal ine .  
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