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Abstract 
In the germinal epithelia of mice (CFLP), sacrificed 

from one to twenty-one days after the administration of a 
single oral dose of phenylbutazone or cyclophosphamide, the 
relative frequency of spermatogonial and meiotic recta- 
phases was determined, and the chromosomes at diakinesis- 
metaphase I were examined for aberrations and univalents. 

After treatment with phenylbutazone (227 mg/kg), 
the findings were comparable with those made in the con- 
trois. In contrast cyclophosphamide (97 mg/kg) led to 
considerable shifts in the different types of metaphases and 
to a marked increase in the incidence of univaients and 
chromosomal aberrations; in this respect, resting spermato- 
eytes as well as spermatogonia of type B and especially 
intermediate spermatogonia proved to be the most sus- 
ceptible stages. 

Introduction 
The search for app rop r i a t e  exper imenta l  

models  in which to assess the poten t ia l  mutageni -  
city o f  chemical  substances has, as yet,  fai led to  
disclose any more  sui table  test  system than  in 
vivo studies in m a m m a l s  a imed  at  detect ing 
specific effects on somat ic  or  gonada l  cells. The 
results o f  cytogenet ic  invest igat ions  on somat ic  
cells, however ,  are no t  direct ly appl icab le  on  the 
germinal  cells. The possible  influence o f  drugs on 
the la t ter  can be done  within the  scope o f  tests 
for  d o m i n a n t  lethal  effects. Such studies afford a 
genera l  system tha t  is sufficient for  detect ing 
mutagenic  effects on the gametes :  bu t  an addi t io -  
nal,  compara t ive  system, permi t t ing  ch romoso-  
mal  changes in the  germ cells to  be de te rmined  
direct ly,  m a y  be desi rable  in special  cases. In  
o rder  to f ind out  whether  this  migh t  serve as a 
rel iable  quant i ta t ive  test,  a cytogenic  analysis  o f  
the germinal  epi the l ium of  the male  mouse  was 
unde r t aken  after  t r ea tment  with two known  
drugs,  pheny lbu tazone  and  cyc lophosphamide .  

The effect o f  pheny lbu tazone  on somat ic  

cells has a l ready  been invest igated in the Chinese  
hamste r  [4] and  in the d o m i n a n t  lethal  test  in the 
mouse  [3]. These studies fai led to br ing  to l ight  
any evidence indica t ing  tha t  the drug  might  exert  
mutagenic  effects. Cyc lophosphamide ,  on the 
o ther  hand,  is a known  mutagen  tha t  can induce 
c h r o m o s o m a l  a l tera t ions  o f  varying degree in the 
germ cells [7]. 

Material and methods 
(1) Animals 

9-week-old inbred male mice of strain (CFLP) 
(Laboratory Animals Carworth-Europe, Huntingdon, 
England), weighing 30-40 g, were given a single oral dose 
of phenylbutazone (Butazolidin | 227 mg/kg, i.e. 1/3 LDs0) 
or cyclophosphamide (Endoxan | 97 mg/kg, i.e. �88 LDs0) 
between 11.00 a.m. and 12.30 p.m. A control group receiv- 
ed only the vehicle, a 0.5% solution of sodium carboxy- 
methylcellulose. Two mice from each of the treated groups 
and one from the control group were killed at 11.30 a.m. 
on the I st, 4 th, 9 th, 11 th, 12 th, 13 th, 14 t~ and 21 st day after 
the administration of the substances. 3 hours prior to 
sacrifice, the animals were given 2 mg/kg of demecolcine 
(Colcemid | intraperitoneally. 

(2) Preparation of tissues 
The testes were prepared according to the technique 

described by SCHLEIERMACHER [6]. The parenchymal 
tissue was immersed for 20 minutes in a hypotonic 
solution of 1.0~ sodium citrate and 0.C05% hyaluroni- 
dase (ox testis, lyophilized, _~300 I.U./mg; FLUKA, 
Buchs, Switzerland) at a temperature of 37 ~ The prepa- 
rations were stained with a 1~/o solution of aceticacid- 
orcein. 

(3) Evaluation 
The percentages of spermatogonial metaphases and 

metaphase I and II were determined in relation to the 
total number of metaphases, 300 of these divisional stages 
being counted per animal. In addition, diakinesis-meta- 
phase I forms were examined as well for structural aber- 
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rations (Fig. 1-4) as for gonosomal and autosomal uni- 
valents (Fig. 5 and 6). Chromosomes were considered to 
be univalent if the distance between homologues was 
equal tO at least the diameter of a bivalent. 

The following aberrations were assessed: 
Translocations (Fig. 1 and 2); acentric frag- 

ments (Fig. 3) and unresolvable changes (e.g. 
'appendages' ,  Fig. 4) were recorded. 

Results 
(1) Determination of the relative incidence of 
spermatogonial and meiotic metaphases 
(Table 1) 

No particular deviations were observed 
among the control mice sacrificed at various 
times. The mean percentages of  metaphase forms 
were as follows: spermatogonial metaphase (SM): 
21.6; metaphase I (MI): 27.0; metaphase I I  (MII):  
51.4. Among the mice treated with phenylbuta- 
zone only one sacrificed on the 14 th day after 
medication showed a slight reduction in SM's. 

Treatment with cyclophosphamide led to a 
clear-cut shift in the distribution of metaphase 
forms. In the animals killed on the 1 st and 2 ~a 
day after medication, a slight to pronounced 
reduction in the percentage of  SM was evident; 
in those killed on the 12 th day, MI ' s  accounted 
for only 2 and 4 % of the total, while the percen- 
tage of MI I  forms was still relatively high (44 and 
46%). In the mice sacrificed on days 13 and 14, 
on the other hand, the metaphase forms consisted 
almost exclusively of  SM's. On the 21 st day after 
medication, however, the distribution of SM: 
MI:  MI I  corresponded very closely to that found 
in the controls. 

(2) Incidence of unpaired homologous chromoso- 
mes (univalents) 

The incidence of  gonosomal and autosomal 
univalents is shown in Table 2, which also indi- 
cates the number of  metaphases examined in 
each case and the stage of development the 
diakinesis-metaphase I (Dia-MI) had reached 
from the time of medication. 

In the control group, the incidence of gono- 
somal univalents ranged from 0 to 4 %, with an 
average of  1.57 %; the average of the autosomal 
univalents was 0.42 % and ranged f rom 0 to 1%. 
After treatment with phenylbutazone in the 16 
mice examined (2 per stage) the mean incidence 
of gonosomal univalents was 2.5 %, of  the auto- 
somal univalents was 0.5% in the individual 
stages; however, the incidence of gonosomal and 

autosomal univalents was never exceeding 4 and 
2 %, respectively. 

In the mice treated with cyclophosphamide 
incipient changes were noted in those killed on 
the 9 th and I 1 th day after medication. A consi- 
derable increase in the incidence of univalents 
was observed on the 12 th (18 % gonosomal and 
6% autosomal univalents) and 13 th (15% gono- 
somal and 11% autosomal univalents) day. In 
the animals killed on the 14 TM day, no MI ' s  were 
found and univalents therefore could not be 
recorded. Finally, on the 21 st day after medica- 
tion, the incidence of univalents was again 
reduced (6% gonosomal univalents and 0% 
autosomal univalents). 

(3) Analysis of chromosomes at diakinesis-meta- 
phase I 

In the control mice and in the group treated 
with phenylbutazone, no chromosomal aber- 
rations were detectable at any time after medica- 
tion. 

The number of  metaphases examined at 
each of the appointed times and the type and 
incidence of  the chromosomal aberrations observ- 
ed in mice treated with cyclophosphamide are 
shown in Table 3. No aberrations were found in 
the animals killed on the 1 st or on the 9 TM day 
after medication, but in those killed on day 4 
one unresolvable change was noted in one Dia- 
MI  examined. On the 11 th day, changes were 
detected in 2.5 % of the cells examined. On days 
12 and 13, the number of  Dia-MI was consider- 
ably reduced and on the 14 th day these were 
completely absent. The percentage of chromoso- 
mal aberrations amounted to 18 on day 12 and 
20 on day 13, acentric fragments and unresolv- 
vable changes predominating. On the 21 st day 
after medication, only one aberration - a trans- 
location - was observed among the 100 meta- 
phases examined. 

Discussion 
In these cytogenetic investigations, meta- 

phase I was selected for the assessment of  struc- 
tural aberrations. Since the durations of  the 
various phases of  spermatogenesis are known [5], 
the changes observed can be related to the corre- 
sponding stages of  development at the time of 
medication. 

In addition, provided the duration of treat- 
ment with colchicine and hyaluronidase is held 
constant, conclusions concerning cytotoxic chan- 
ges and, possibly, potentially mutagenic effects 



182 Rathenberg and Muller 

Figures 1-6: Taken from the cyclophosphamide experiment. 

Figure 1 
Treatment during Type B spermatogonial stage: arrow 
1 indicates a trivalent configuration, arrow 2 indicates 
the univalent. 

Figure 3 
Treatment during preleptotene; arrow indicates an 
acentric fragment. 

Figure 5 
Gonosomal univalent (arrows). 

Figure 2 
Treatment during leptotene; arrow indicates chain- 
type quadrivalent. 

Figure 4 
Treatment during preleptotene; arrow indicates a so 
called 'appendage', classified as an unresolved change. 

Figure 6 
Autosomal univalent (arrows). 
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Table 1 
Relative incidence of spermatogonial and meiotic metaphases (Spermatogonial metaphases = S M; Meiotic, metaphase 
I = MI, metaphase II = MII; n = 300 per percentage). 

Interval Treat ment: 
between 
treatment and Controls Cyclophosphamide (97 mg/kg) Phenylbutazone (227 mg/kg) 
sacrifice (days) SM MI MII SM MI MII SM MI MII SM MI MII SM MI MII 

1 26.0 32.7 41.3 14.7 31.3 54.0 4.7 37.0 58.3 19.7 30.4 49.8 23.7 26.0 50.3 

4 18.7 28.3 53.0 9.6 34.2 56.2 11.3 32.0 56.7 18.0 23.3 58.7 23.3 27.0 49.7 

9 22.7 26.7 50.7 11.0 34.0 55.0 21.7 24.3 54.0 26.0 25.3 48.7 25.0 27.0 48.0 

11 20.3 19.0 60.7 16.3 21.0 62.7 18.3 24.3 57.3 20.3 25.0 54.7 23.0 31.0 46.0 

12 18.3 32.7 49.0 51.2 4.1 44.7 52.0 2.0 46.0 18.3 28.0 53.7 24.3 21.0 54.7 

13 22.5 25.0 52.5 96.0 3.3 0.7 97.3 2.0 0.7 20.0 23.0 57.0 26.3 25.7 48.0 

14 22.5 25.0 52.5 100 0 0 98.0 0 2.0 13.3 31.055.7 21.7 27.3 51.0 

21 - - - 38.0 20.3 41.7 40.0 22.0 38.0 24.0 25.0 51.0 25.3 22.3 52.3 

Table 2 
Incidence of unpaired homologous chromosomes (univalents) in diakinesis-metaphase I. 

Interval between 
treatment and 
sacrifice 
(days) 

Stages of development Number of diakinesis-meta- Incidence of univalents in 
at time of treatment phase I stages examined 

Controls Phenyl- Cyclo- Controls PhenyI- Cyclophos- 
butazone phos- butazone phamide 

phamide X-Y auto- X-Y auto- X-Y auto- 
somal somal somal 

I Diplotene 10~ 100 100 1 0 3 1 2 0 

4 Pachytene 100 100 100 2 0 0 2 0 1 

9 Zygotene 100 100 100 0 1 4 0 2 3 

11 Leptotene 100 100 200 3 1 2 0 5.5 0.5 

12 Preleptotene 100 100 50 1 1 3 1 18 6 

13 Spermatogonia type B 100 100 80 4 0 3 0 15 11 

14 Interm. type 100 100 0 0 0 2 0 - - 
spermatogonia 

21 Spermatogonia type A - 100 100 - - 4 0 6 0 

a t  a g i v e n  s tage  o f  d e v e l o p m e n t  c a n  b e  d r a w n  
f r o m  t h e  p e r c e n t a g e  d i s t r i b u t i o n  o f  t h e  m e t a -  
p h a s e  f o r m s  ( S M ,  M I ,  M I I ) ,  w h i c h  is e a sy  to  
d e t e r m i n e .  N o  a t t e m p t  w as  m a d e  in  t h e s e  s t ud i e s  
to  r e c o r d  t h e  a b s o l u t e  f r e q u e n c y  o f  m e t a p h a s e  
f o r m s .  T h e  r e l a t i ve  v a l u e s  e x p r e s s e d  in  p e r c e n t  
a re  n o  f e a t u r e s  t h a t  c a n  b e  d e t e r m i n e d  i n d e p e n d -  
en t ly  o f  o n e  a n o t h e r ;  t h i s  f ac t  r e n d e r s  a de f in i t e  
c o r r e l a t i o n  i m p o s s i b l e .  A l t h o u g h  i n t e r p h a s e  cells  
c o u l d  b e  t a k e n  as  a b s o l u t e  r e f e r e n c e  va lues ,  t h e i r  

u s e f u l n e s s  as  a s y s t e m  o f  r e f e r e n c e  is l i m i t e d  b y  
t h e  f ac t  t h a t  t h e y  m a y  a l so  suf fer  d a m a g e .  

T h e  i n c i d e n c e  o f  u n i v a l e n t  c h r o m o s o m e s  
m a y  se rve  as  a c r i t e r i o n  in  a s s e s s i n g  m u t a g e n i c  
effects.  T h e y  were  f o u n d  to  be  s i gn i f i c an t l y  m o r e  
n u m e r o u s  fo r  i n s t a n c e ,  a f t e r  m e d i c a t i o n  w i t h  t he  
m u t a g e n i c  a l k y l a t i n g  a g e n t s  t r i a z i q u o n e  a n d  
c y c l o p h o s p h a m i d e  [7];  a n d  we re  a l so  e n c o u n t e r e d  
in  g r e a t e r  n u m b e r s  a f t e r  t r e a t m e n t  w i t h  ac r i -  
f l av in  [1]. 
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Table 3 
Chromosomal aberrations in diakinesis-metaphase I after treatment with cyclophosphamide (97 mg/kg). 

Interval Stage of No. of MI 
between development analysed 
treatment and at time of 
examination treatment 
(days) 

Number of different types of chromosomal Total Percentage 
structural changes: number of MI with 
Translocations Acentric Unresolv- of MIwith aberrations 
Trivalents Quadr i -  fragments able aber- 

valents changes rations 
(17II+III (18II+CIV) 
+ I) 

1 Dip 100 

4 P 100 1 1 1 

9 Z 100 

11 L 200 2 2 1 5 2.5 

12 R 50 3 6 9 18.0 

13 B 80 2 1 7 7 17 20.0 

14 In 0 

21 A 100 1 1 1 

Dip = Diplotene; P = Pachytene; Z = Zygotene; L = Leptotene; R = Resting; B = Spermatogonia Type B; 
In = Intermediate types spermatogonia; A = Spermatogonia Type A. 

In mice treated with phenylbutazone (227 
mg/kg) no significant shifts in the distribution of  
the various metaphase forms were observed at 
any time after medication. The incidence of 
gonosomal and autosomal univalents showed no 
significant difference against the control, and 
no chromosomal changes were detectable. 

Cytogenetic studies in vivo have already 
been carried out with phenylbutazone on soma- 
tic cells derived from the bone marrow of Chinese 
hamsters; in this species, oral doses of 400 mg/kg 
(i.e. approx, half the LDs0) did not give rise to 
any specific cytogenetic changes [4]. In a domin- 
ant lethal test carried out in mice of the CFLP 
strain no signs of mutagenic activity were observ- 
ed after the administration of intraperitoneal 
doses of 100 mg/kg phenylbutazone (i.e. approx. 
one third of the LD~0) [3]. The results of the 
present cytogenetic investigation confirm these 
earlier findings. 

Medication with a dose of 97 mg/kg (i.e. 
V4 LDs0) of the active reference compound, cy- 
clophosphamide, led to clear-cut changes in all 
three parameters studied. (Relative incidence of 
spermatogonial and meiotic metaphases, inci- 
dence of unpaired homologous chromosomes 
[univalents] in diakinesis-metaphase I, and num- 
ber of chromosomal aberrations.) 

The shifts in the metaphase ratio observed 
on the 1 st and 4 TM day after administration were 
due to a decrease in the proportion of SM's, from 
which it may be inferred that the development 
of various spermatogonial stages was impaired. 
This is confirmed by the changes seen on the 11TM, 
12 th, 13 TM and 14 th day after medication. The 
proportion of MI's was reduced on the 11 th day, 
and on the 12 th, 13 TM and 14 TM day virtually none 
of these forms was to be found. The MII  
proportions followed the same pattern with a lag 
of one day, which corresponds to the time taken 
by meiotic cells to pass from MI to MII. From 
the durations of the various stages of spermato- 
genesis it may be concluded that these shifts 
indicate interference with the leptotene, prelep- 
totene and Type B and intermediate spermatogo- 
nial stages. On the 12 th day after medication the 
distribution was not yet quite normal; MlI ' s  in 
particular were still slightly reduced in number. 
This would appear to indicate that the first stages 
of Type A spermatogonia were also affected by 
cyclophosphamide. 

With respect to the changes noted on the 
13 th and 14 th day after medication, these findings 
are consistent with the results of similar investi- 
gations, in which interphase nuclei were taken as 
a reference system for MI and MII  [7]. 
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Histological studies performed in C3H mice 
treated with cyclophosphamide at a dose Of 
200 mg/kg [8] suggest that resting spermatocytes 
as well as Type B and especially intermediate 
spermatogonia are particularly susceptible. The 
same has also been found in the rat [3]. 

These observations raise the question whe- 
ther it may be legitimate to infer potentially cyto- 
toxic or mutagenic effects from shifts in the 
percentage distribution of the meiotic stages. In 
fact, the analysis of chromosomes at Dia-MI 
revealed aberrations coinciding with reductions 
in the percentage of MI. The determination of 
the relative percentages of SM, MI and MII  
forms, therefore, could serve as a general indica- 
tor of damage to the germinal epithelium. 

On the 9 th day after medication with cyclo- 
phosphamide, the incidence of gonosomal and 
autosomal univalents was 2 and 3 ~ respectively, 
on the i1 th day 5.5 and 0 . 5 ~  respectively, i.e. 
they altogether were slightly more numerous than 
in the controls. On the 12 th day they accounted 
for 18~  gonosomal and 6 ~  autosomal univa- 
lents, on the 13 th day 15 ~ gonosomal univalents 
and 11 ~ autosomal univalents. This increase 
clearly coincides with the other abnormal find- 
ings, which lends support to the conclusion that 
a rise in the incidence of univalents may be taken 
as a criterion of potential mutagenicity. 
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