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Ultras truc tura l  Observat ion  of L y s o s o m a l  Act ivat ion  as  a Poss ib le  Cause  of Incisor  Mal format ion  
in C y c l o p h o s p h a m i d e - T r e a t e d  Rat 

In  a p i lo t  u l t ras t ruc tu ra l  s t udy  of the  acu te  effects of 
cyc lophosphamide  on the  incisor p r imord ium  in ra t ,  an  
appreciable  a m o u n t  of au tophagic  vacuoles  were  found in 
the  denta l  pulp  and  in the  odontoblas ts .  Autophag ic  
vacuoles  are  general ly  considered to  be re la ted  to  t he  
lysosomal  sys tem,  and  i t  is possible t h a t  lysosomes were 
increased in amount .  

In teres t ingly ,  a su rvey  of t he  l i t e ra ture  showed t h a t  per-  
haps  t he  mos t  cons tan t  fea ture  in t r e a t m e n t  of experi-  
m e n t a l  t umours  wi th  cyc lophosphamide  was the  appear-  
ance of au tophag ic  vacuoles  and ac t iva t ion  of the  lyso- 
somal  system. The possible significance of this  observa-  
t ion  is discussed. 

One of the  la te  effects of a single sub le tha l  dose of 
cyc lophosphamide  in ra ts  is i rreversible damage  to  t he  
incisors 1, ~, appa ren t ly  due to  effects on the  den ta l  pulp  s. 
I t  was therefore  considered to  be of in teres t  to examine  
the  ini t ial  u l t r as t ruc tu ra l  changes of t he  incisor pr imor-  
d ium in ra t  fol lowing cyc lophosphamide  t r ea tmen t .  

Experiments. The exper iments  were pe r fo rmed  wi th  
new-born  and 3-week-old Sprague-Dawley  rats.  2 rats,  
weighing 55 g each, were g iven  a single i.p. in jec t ion  of 
110 mg  cyc lophosphamide]kg  body  weight ,  and 2 new- 
born  ra ts  were g iven 40 mg /kg  body  weight  s.c. They  were  
ki l led 7 or  24 h later.  Control  ra ts  were g iven  the  same  vo- 
lume of dist i l led water .  Cyclophosphamide  ( 'Sendoxan ' )  
was k ind ly  suppl ied by  A B  Pharmac ia ,  Sweden.  

At  sacrifice, pieces of t he  den ta l  pulp  were  f ixed in 
1.7% g lu ta ra ldehyde  in 0 . 1 M  phospha te  buffer,  p H  7.4, 
for 3 h, r insed in 0 . 1 M  phospha te  buffer  w i t h  7.5% suc- 

rose overnight ,  post f ixed in 1% OsO 4 in 0 . 1 M  phospha t e  
buffer  for 5 h, and embedded  in Epon .  Sect ions  were  cu t  
w i th  an  L K B  u t t ramicro tome,  con t ras ted  wi th  u rany l  
ace ta te- lead  c i t r a t e  and  examined  in a Zeiss e lectron 
microscope.  

Observations. In  al l  cyc lophosphamide- t r ea ted  rats,  es- 
pec ia l ly  those  kil led af ter  24 h, au tophag ic  vacuoles  and  
an appa ren t l y  increased a m o u n t  of lysosomes were  found 
in the  pulp cells and in the  odontoblas t s  (Figure).  The  
Golgi  sys tem was prominent .  Lamel l a r  bodies  were  of ten  
seen, bu t  t h e y  occurred also in the  controls.  ( I t  is a com~ 
mon  f inding t h a t  mye l in  figures occur  in increased a m o u n t  
in a ldehyde-f ixed  material . )  The  mi tochondr ia  were some- 
t imes  s l ight ly  swollen wi th  de rangemen t  of the  cristae, b u t  
t h a t  was also seen in several  of the  controls.  Therefore  this  
observa t ion  canno t  be ascr ibed to  the  cyc lophosphamide  
t r ea tmen t ,  bu t  m a y  be a f ixa t ion  ar tefact .  Au tophag ic  
vacuoles  were no t  found in the  controls.  The  rough-sur-  
faced endoplasmic  re t iculum,  nuclei  and nucleoli  showed 
no changes. The  enamel  organ showed less p ronounced  
changes t h a n  the  denta l  pulp .  

i V. BORCH~RS, Vergleichende Untersuchungen fiber akute, anti- 
biotika-modifizicrte und sprite Sch~digungen dutch die Zytosta- 
tika Cyclophosphamid und Ibenzmethyzin bei verschiedenen 
Rattenstganmen. Dissertation Kiet 1969. 

2 H. NORDLINDER, Acta Soc. Med. upsal., in press (1971). 
a G. PLIESS, Frankf. Z. Path. 69, 437 (1958). 

Dental pulp cell of adult rat given 110 mg 
cyclophosphamide/kg body weight 7 h prior 
to death. Autophagie vacuoles, lysosomes and 
lameUar figures are seen. Mitochondria, 
rough-surfaced endoplasmic reticulum, cel- 
lular membrane and nucleus are essentially 
normal. Uranyl acetate-lead citrate. × 18,000. 
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Discussion. Though  the  animals  s tudied are few, i t  is 
qui te  ev iden t  t h a t  au tophagic  vacuoles  appear  fol lowing 
cyc lophosphamide  t r ea tmen t ,  and there  m a y  be a hyper-  
t r o p h y  of the  Golgi  sys tem.  There  thus  appear  to be 
changes in t he  lysosomal  sys tem,  which is general ly  con- 
s idered to  be responsible  for the  au tophagic  vacuoles.  
F u r t h e r  studies, including lysosomal  enzymes,  are desir- 
able. E a r l y  changes were no t  observed in the  rough-sur-  
faced endoplasmic  re t iculum, free r ibosomes and poly-  
somes and  the  nuclei  inc luding nucleoli .  

I t  is in te res t ing  to  no te  t h a t  lysosomes h a v e  been found 
in odontoblas t s  in large numbers  and have  been considered 
to t ake  pa r t  in the  fo rmat ion  of dent ine  4. 

The  l i t e ra ture  on the  u l t ras t ruc tu ra l  effects of cyclo- 
phosphamide  is scant  and ma in ly  consists of a few studies 
on t u m o u r  cells. Most  of these  papers  s-s describe a hyper -  
t r ophy  of t he  lysosomal  sys tem and]or  appearance  of 
au tophagic  vacuoles ,  t hough  the  re la t ionship  be tween  
these  a l te ra t ions  is no t  a lways stressed. V i t amin  A, a lyso- 
somal  labilizor,  po ten t i a t ed  this  effectS, L Interes t ingly ,  
hyperv i t aminos i s  A has been described as decreasing the  
apposi t ional  g rowth  of the  ra t  incisor den t ine  8, bu t  this 
change  was la te r  considered to  be due  to  decreased food 
in take  xo. 

These  observa t ions  suggest  t h a t  the  effects of cyclophos-  
phamide ,  or  some of them,  m a y  be exer ted  v ia  the  lysoso- 
mal  sys tem.  Mitoses are  found dur ing  t r ea tmen t ,  and i t  
m a y  be the  in terphas ic  cells t h a t  are  sensi t ive  e The  ques-  
t ions  arise, p r imar i ly ,  whe the r  t u m o u r  cells r ich in lyso- 
somes are  especial ly sensi t ive to cyc lophosphamide ,  and 
if t h a t  is of impor t ance  in t he  t r e a t m e n t  of h u m a n  mali-  
gnancies;  and secondly,  if the  use of lysosomal  labilizors, 

for example  in perfusion t r ea tmen t ,  m a y  po ten t i a t e  the  
the rapeu t i c  effect  of cyclophosphamide.  A th i rd  ques t ion  
is to  w h a t  ex ten t  the  deleter ious effects of cyclophospha-  
mide  on normal  cells (cf. z) are  media ted  v i a  the  lysosomal  
sys tem,  and  if t he  effects  can be coun te rac ted  by  lysoso- 
mal  stabil izors.  F ina l ly ,  i t  should be emphas ized  t h a t  even  
if lysosomes are  invo lved  ear ly  by  cyc lophosphamide ,  t h e y  
are no t  necesseari ly the  p r ima ry  target .  

Zusammentassung. In  vorlAufigen Unte r suchungen  aku-  
te r  E f f ek t e  von Cyklophosphamid  wurden  in der  R a t t e n -  
zahnpu lpa  e lek t ronenopt i sch  au tophagische  Vakuoten ge- 
funden,  was auf  eine Ak t iv i e rung  der  Lysosomen  hinweist .  
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The Effect of Methyltestosterone and 17fl-Estradiol 
Frog Larvae 

Prev ious  s tudies trove ind ica ted  t h a t  frog l a rvae  can  be 
mascul in ized or  feminized  by  ho rmona l  t r e a tmen t s  1. I n  
Rana pipiens admin i s t r a t ion  of methy l tes te ros te rone  
(0.1 ~g to 5 mg/1 of a q u a r i u m  water)  masculinizes the  lar- 
vae.  Es t rad io l  (20 tzg to  500 tzg/1 of a q u a r i u m  water)  
feminizes,  bu t  above  500 t~g/l of a q u a r i u m  water ,  es t radiol  
mascul inizes  t he  la rvae  and in add i t ion  causes adrena l  
hyperp las ia  ~. I t  is also known t h a t  adrenal  hyperp las ia  
and sex reversa l  are independen t  responses to  es t radiol  
adminis t ra t ion .  According to WITSCHI 1, the  mesonephr ic  
tubules,  medu l l a ry  and efferent  par ts  of the  sex glands and 
the  cor t ica l  pa r t  of the  adrena l  have  a c o m m o n  origin f rom 
the  mesonephr ic  b las temae.  MlrrWOCH 3 has  suggested 
t h a t  sex d i f fe ren t ia t ion  m a y  be de te rmined  b y  a quant i -  
t a t i ve  difference in n u m b e r  of cell divisions of the  unde- 
t e rmined  gonads.  The  present  exper iments  were designed 
to learn if ho rmona l  t r e a t m e n t s  t h a t  cause sex reversal  in 

on DNA Synthesis of Mesonephric Blastemae of  

Rana pipiens affect  D N A  synthes is  of the  mesonephr ic  
b las temae.  

The  me thy l t e s tos t e rone  and 17/~-estradiol were prepared  
as s tock solutions in absolute  a lcohol  (5 mg  and 2.5 mg  per  
ml  of absolute  alcohol,  respect ively) .  Approx ima te ly  90 
la rvae  (stage 25 of SHUMWAY 4) were raised for a per iod of  
2 weeks in bubbled  t a p  water ,  me thy l t e s tos t e rone  ( i  mg]l) 
and 2 concent ra t ions  of es t radiol  (500 vg  and 250 ~g/1). 
The  solutions were changed  dai ly  and the  animals  fed each 
day  wi th  precooked high prote in  cereal. Concent ra t ions  
of es t radiol  above  500 ~g]l were no t  used since the  g rowth  
of the  la rvae  was reduced.  

The  l a rvae  were  s tage  27 a t  the  conclusion of  2 weeks. 
A t  th is  s tage t h e y  were  washed 3 t imes  wi th  boi led t ap  
wate r  and incuba ted  for 24 h a t  20°C in 2.5 ~g/ml  of H a- 
t hymid ine  wi th  the  respect ive  hormones  present  in the  
t ap  water .  The  la rvae  were washed 3 t imes  in boiled t ap  

DNA synthesis in mesonephric blastemae of hormone-treated larvae 

Treatments Biological effect (CHANG and WITSCHI 2) Total cpm DNA/Total cpm acid-soluble pool + Total ~tg DNA 

Controls 
Methyltestosterone (1 rag/l) 
17fl-Estradiol (500 ~g]l) 
17fl-Estradiol (250 ~g/1) 

Complete masculinization 
Partial maseulinization 
Complete feminization 

9.92 × 10 -~ :]: 1.84 × 10 -~ 
14.51 × 10 -s :[: 1.52 × 10 -~ 
9.05 x 10 -2 i 3.47 × 10 -s 
8.81 × 10 -s i 2.33 × 10 -~ 

3 separate experiments were performed and the average values are reported. 


