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T h e  C h r o m o s o m e s  of  t h e  G r e a t  I n d i a n  R h i n o c e r o s  

A skin b iopsy  was ob t a ined  f rom a female  grea t  Ind ian  
rhinoceros  (Rhinoceros unicornis L.) a t  the  Na t iona l  
Zoological P a r k  in Wash ing ton ,  D,C. The spec imen was  
cu l tu red  in Eag le ' s  basa l  m e d i u m  wi th  10% calf serum. 
Af te r  subcu l tu re  in Carrel  flasks, t he  ceils were t r e a t ed  
wi th  a h y p o t o n i c  solut ion of Ear l e ' s  ba lanced  sa l t  solu- 
t ion (1:3), f ixed in acetic  a c id -me thano l  f ixa t ive  (1:3), 
a n d  a i r -dr ied  on slides. Some cul tures  were  t r e a t e d  wi th  
Ha - thymid ine  to  allow s t u d y  of t he  rep l ica to ry  p a t t e r n  
wi th  special  reference to  t he  X-ch romosomes .  The  deta i ls  
of t he  above  procedures  have  been publ i shed  elsewhere 1,~. 

F r o m  e x a m i n a t i o n  of 41 adequa t e ly  sp read  cells the  
diploid n u m b e r  was  d e t e r m i n e d  to  be 82. 10-12 pairs  of 
ch romosomes  appea r  to  have  sub t e rmina l  and  all t he  res t  

on nn t o  
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t e rmina l  cen t romeres .  The  au t o r ad i o g rap h s  showed  one 
of t he  largest  chromosomes ,  and  the  m o s t  m e t a c e n t r i c  of 
the  complemen t ,  to be late  labeling.  This  pai r  of ch romo-  
somes  is there fore  t a k e n  to  be the  X - c h r o m o s o m e s .  A 
k a r y o t y p e  is shown in the  Figure,  

The  whi te  rh inoceros  (Ceratotherium sinum Burchel t  
1817) has  also been  found to  h a v e  a diploid  n u m b e r  of 823. 
The  k a r y o t y p e s  of b o t h  the  species of rh inoceros  a p p e a r  
to  be similar,  a l t hough  the  Ind ian  rh ino  m a y  possess  
several  more  sub t e rmina l  and  several  less t e rmina l  ele- 
m e n t s  t h a n  the  whi te  rhino.  In  Diceros bicornis Gray,  
HUNGERFORD et al.4 have  found  a diploid n u m b e r  of 84. 

The Rh inoce ro t ids  have  the  h ighes t  diploid c h r o m o s o m e  
n u m b e r  of all t h e  species of m a m m a l s  so far i nves t iga t ed  5. 

Zusammen/assung. Die C h r o m o s o m e n  des ind ischen  
Rh inoze ros  wurden  un te r such t .  Es  wurden  82 Chromo-  
somen  gefunden,  die auch  in ihrer  S t r u k t u r  den Chromo-  
somen  des a f r ikanischen  B r e i t m a u l n a s h o r n s  ~hnlich sind. 
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T h e  Effect  of  C i g a r e t t e  S m o k e  I n h a l a t i o n  on  S p e r m a t o g e n e s i s  in  R a t s  

Large  scale epidemiological  s tud ies  car r ied  ou t  r ecen t ly  
have  unan imous ly  p roved  the  ha rmfu l  effect  of smoking  
on hea l t h  1. Spermato log ica l  inves t iga t ions  showed t h a t  
pro longed h e a v y  smoking  induces  a decrease  in the  overall  
n u m b e r  of spermia,  pa thogen ic  forms are more  of ten  
encoun te r ed  and  smoking  has  an unfavourab le  effect  on 
the  mot i l i ty  of spermia  too ~. 

The  p r e sen t  e x p e r i m e n t s  were  a imed  to  find ou t  which  
phase  of spe rmatogenes i s  is ac tua l ly  a f fec ted  by  smoking.  

Method. F o u r t e e n  m a t u r e  wh i t e  male  r a t s  of W i s t a r  
s t ra in  weighing 160-200 g were  kep t  for 6 weeks in a 
so-called smoking  c h a m b e r  3. The an imals  inha led  ciga- 
r e t t e  smoke  for 15 min  8 t imes  daily.  Dur ing  the  inhala-  
t ion per iods  n icot ine  concen t r a t i on  in the  c h a m b e r  was 
8-23 m g / m  3. Af te r  every  15 min  of ' smoking '  t he  c h a m b e r  
was  c leared  of t he  smoke.  The  an imals  were k e p t  on a 
s t a n d a r d  d ie t  and  were  Mlowed to  d r ink  freely. 

The  t r e a t m e n t  las ted  for  6 weeks  a f te r  which  body  
weight  of t he  ra t s  was  t a k e n  and  the  an imals  were  killed 
by  decap i ta t ion .  The ra ts  were  t h e n  dissected,  the  tes tes  
removed ,  weighed  and  f ixed in 4% formaline.  Paraf f in  
e m b e d d i n g  followed, of which  6 # sect ions  were p repa red  

and  dyed  wi th  hema toxy t in -eos in  and  azan.  Af te r  a 
qua l i t a t ive  his tological  examina t ion ,  t h e  q u a n t i t a t i v e  
reg is t ra t ion  of spe rma togenes i s  was a t t e m p t e d  as follows: 

(1) Using the  m e t h o d  of ROOSEN-RUNGE and  GIESEL 
(RRG) the  f requency  of the  spe rma togene t i c  phases  was 
de te rmined4 ;  (2) the  vo lume of the  ind iv idua l  cell t ypes  
co r respond ing  to each of the  R R G  phases  was measured  
b y  k a r y o m e t r y  using a × 3000 p ro jec t ion  magni f ica t ion  ~; 
(3) y o u n g  and  old p r i m a r y  s p e r m a t o c y t e s  as well as t he  
spe rma t ide s  of each R R G  phase  were coun ted .  A d iv ided  
field ocular  was used and  only  the  tubul i  wi th  round  
lumina  were counted .  
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D a t a  o b t a i n e d  w i t h  t h e  a b o v e  p r o c e d u r e  were  c o m p a r e d  
to  t h e  c o r r e s p o n d i n g  h is to logica l  f ind ings  a n d  va lues  of 
8 con t ro l  r a t s  of t h e  s ame  s t ra in ,  age a n d  weight .  

Resu l t s .  D u r i n g  t h e  6 weeks  of t r e a t m e n t  t h e r e  was  a 
10 to  - - 1 5  g c h a n g e  in t h e  b o d y  w e i g h t  of t h e  an imals .  
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Fig. 1. Frequency of spermatogenetic phases in the testes of cigarette 
smoke treated and control rats. Values of controls are shown in the 
horizontal lines with 5% confidence limit. 

Dissec t ion  showed  no macroscop ic  lesions.  W e i g h t  of t h e  
t es tes  p r o p o r t i o n e d  to  b o d y  w e i g h t  s h o w e d  n o  d i f ference  
in t h e  e x p e r i m e n t a l  a n d  co n t ro l  groups .  

His to log ica l  e x a m i n a t i o n  of t h e  t e s t e s  s h o w e d  m o r e  
p r i m a r y  s p e r m a t o c y t e s  a n d  more  a b n o r m a l  m i t o t i c  fo rms  
w i t h  a n  e n l a r g e m e n t  of t h e  nucle i  in  t h e  e x p e r i m e n t a l  
group.  

D e t e r m i n a t i o n  of s p e r m a t o g e n e t i c  p h a s e s  w i t h  t h e  
R R G  m e t h o d  revea led  a s ign i f i can t ly  inc reased  f r e q u e n c y  
of p h a s e  I V  a n d  a cons ide rab l e  decrease  of p h a s e  V 
(Figure  1). 

K a r y o m e t r i c  e x a m i n a t i o n  p r o v e d  t h a t  whe reas  nucle i  
of t h e  p r i m a r y  s p e r m a t o c y t e s  a re  cons ide rab ly  en l a rged  
p r io r  to  mitosis ,  n u c l ea r  v o l u m e  of s p e r m a t i d e s  is con-  
s i de r ab ly  r ed u ced  as c o m p a r e d  to  f ind ings  in  t h e  con t ro l s  
(F igure  2, Table) .  

F igu re  3 shows m e a n  va lues  a n d  s t a n d a r d  d e v i a t i o n s  in  
t h e  s p e r m a t o g e n e t i c  phases .  I t  could  be  p r o v e d  t h a t  t h e  
n u m b e r  of o ld  s p e r m a t o c y t e s  inc reased  before  mitos is ,  t h e  
n u m b e r  of s p e r m a t i d e s  was, however ,  s ign i f i can t ly  lower  
t h a n  t h a t  of t h e  cont ro ls .  
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Fig. 2. Nuclear volume of spermatogenetic cells according to the 
RRG phases. I, control rats; II, cigarette smoke treated rats. 
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Fig. 3. Number of old and young spermatoeytes and of spermatides 
in each of the RRG phases. 

Nuclear volume of spermatogenetic cells in the testes of control and cigarette smoke treated rats 

I I I  III  IV V VI VII VIII 

Young Control 
spermatocytes I Smoking 

Young Control 110.1 107.6 
spermatocytes I Smoking 137.5 134.9 

Old Control 
spermatocytes I Smoking 

Old Control 224.0 262.0 
spermatocytes I Smoking 218.0 251.0 

Spermatides Control 
Smoking 

Spermatides Control 97.3 68.5 
Smoking 74.7 52.8 

120.3 130.1 132.3 148.0 
130.4 124.3 135.3 136.7 

301.4 
347.0 

106.2 100.9 
118.8 111.1 

163.3 209.3 
166.0 186.4 

102.2 100.1 103.9 107.5 
76.6 69.8 79.3 80.0 
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Discussion. The p re sen t  expe r imen t s  have  unan imous ly  
p roved  t h a t  c igare t te  smoke  inha la t ion  induces  charac te r -  
istic lesions to  spe rmatogenes i s  in rats .  The p r i m a r y  
s p e r m a t o c y t e s  appea r  to  be the  t a rge t  of t he  noxa  as 
c igare t te  smoke  inha la t ion  induces  a swelling of t he  nuclei  
and  an  increase in t he  n u m b e r  of old s p e r m a t o c y t e s  pr ior  
to  mitosis.  B u t  a mi to t ic  inh ib i t ion  of t h e  s p e r m a t o c y t e s  
can also be  p roved  as an  a b n o r m a l  increase of R R G  phase  
IV and  a f requency  of abno rma l  mi to t ic  forms was  found.  
Mitot ic  inhib i t ion  induces  a decrease of spe rma t ide s  wi th  
a r educed  nuclear  vo lume  which  is respons ib le  for a low 
f r equency  of phase  V. 

Cigare t te  smoke  inha la t ion  damages  the  process  of 
spe rmatogenes i s  by  af fec t ing  mitosis  in the  spe rma to -  
cytes .  Noxae  of spe rmatogenes i s  (e.g. ionising rad ia t ion  6) 
genera l ly  e x e r t  the i r  ha rmfu l  effect  ma in ly  on p r i m a r y  
spe rma tocy te s .  These cells seem to be the  m o s t  suscept ible  
to  e n v i r o n m e n t a l  noxae.  

Several  inves t iga to rs  have  r epo r t ed  lesions to  the  tes tes  
induced  b y  smok ing  or  n ico t ine  t r e a t m e n t  7-9, o the r s  have  
ques t ioned  such an effect  10-~, Q u a n t i t a t i v e  inves t iga t ions  
in to  t he  process  of spe rmatogenes i s  have,  however ,  p roved  
t h a t  c igare t te  smoke  inha la t ion  causes  specific lesions in 
t he  d e v e l o p m e n t  of spe rmia  b y  inh ib i t ing  mi tos is  of t he  
spe rma tocy te s .  

Zusammenlassung. Durch  die E i n a t m u n g  von Zigaret-  
t en r au ch  wurden  bei R a t t e n  S t6 rungen  der  Spermio-  
genese beobach te t .  Es  kam zu einer  H e m m u n g  der  Zell- 
te i lung yon  Sp e rma t o cy t en .  
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Salivary Chromosome-Like Structure of a Coccid Chromosome 

Cytological  researches  in recen t  years  have  accumula t ed  
a wea l th  of in fo rma t ion  on the  morphologica l  and  s t ruc-  
tu ra l  o rganiza t ions  of b o t h  an imal  and  p l a n t  ch romo-  
somesL2. In  add i t ion  to  those  ch romosomes  which  are 
usual ly  seen in  t he  mi to t ic  and  meiot ic  cells, t he re  are 
also a few special  t y p e s  of chromosomes ,  t h e  chief  a m o n g  
t h e m  be ing  (1) the  l a m p  b r u s h  ch romosomes  of the  
a m p h i b i a n  oocytes,  (2) t he  sa l ivary  gland ch romosomes  
of t h e  d ip t e r an  insects  like Drosophila, Chironomous, 
Camptomya, Sciara and  Rhyncosciara and  (3) t he  accessory 
or s u p e r n u m e r y  or "B' chromosomes ,  whose  n u m b e r  v a r y  
f rom one to  many .  

Whi le  r epor t s  are avai lable  on the  occurrence  of super-  
n u m e r y  ch romosomes  in Coccids s,4, t he re  is no reference 
for t he  occurrence  of ch romosomes  which  resemble  those  
of t he  sa l ivary  g land  in species such as coccids where  the  
ch romosome  is holokinet ic .  The  sa l ivary  ch romosomes  so 

far s tud ied  are  all f rom the  d ip t e ran  insects.  These  
ch romosomes  are  t he  larges t  ones  a n d  the i r  i m p o r t a n c e  
in t he  field of cy togene t i c s  has  been  s t ressed  b y  m a n y  
earlier workers  s-% Along wi th  the i r  g i an t  size, the  sa l ivary  
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Fig. 1. The haploid compliment of 2 chromosonles 
from an embryo; 1 long and another short (bent) 
chromosome. Note the chromatic and achromatic 
banding pattern. Ca. × 2910. 

Fig. la. Enlarged portion of a long chromosome. 
Ca. × 4365. 

Fig. 2. Similar type of chromosome from a different 
embryo. Ca. × 4365. (All Figures are stained with 
ScmFF's reagent.) 


