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SUMMARY 

Oxybutyn in  hydrochloride,  an anti-cholinergic/anti-spasmodic agent, was 
examined for its effect  on fertility and peri-post natal development  in the rat 
and its embryotox ic  potential  in the rat and rabbit. In the rat effects on 
reproductive performance included a slight increase in the incidence of foetal 
malformations,  extended gestation period and impaired post natal perform- 
ance of  offspring. These findings occurred at dosages clearly associated with 
maternal toxici ty.  Oxybutyn in  hydrochlor ide did not  exert  an effect  on 
reproductive processes in the rat at lower dosages or on embryonic  and foetal 
development  in the rabbit. 

Key words: Oxybutyn in ;  Anti-cholinergic/anti-spasmodic; Reproduct ion;  
Toxici ty;  Rat / rabbi t  

INTRODUCTION 

Oxybutyn in  hydrochlor ide  is a tert iary amine with the chemical name 4- 
diethylamino-2 butynylphenyl-cyclohexylglycola te  hydrochloride.  Besides 
showing a moderate  anti-cholinergic action it also shows a papaverine-like 
spasmolytic action and in this respect differs from atropine and quaternary 
ammonium anti-cholinergic compounds  [1,2]. Like certain other  tertiary 
amines oxybu tyn in  hydrochlor ide  possesses local anaesthetic activity [3],  
but  it has been found to be relatively free from central nervous system and 
cardiovascular side effects [1].  Clinically its intended usage is for t rea tment  
of  smooth muscle disorders, in particular of  the urinary tract, that  is, neuro- 
genic bladders and enuresis. 

In the present investigation potential  effects on reproduct ion were assessed 
by means of  ferti l i ty and peri-post natal studies in the rat and by embryotox-  
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icity studies in the rat and rabbit. The studies were performed during 1983. 
The study designs employed were based on concurrent  requirements of  the 
Japanese Ministry of Health and Welfare. 

MATERIALS AND METHODS 

1. General 
Sprague--Dawley (CD) specific pathogen free rats and New Zealand White 

rabbits were maintained in a laboratory environment  with controlled tem- 
perature,  relative humidi ty ,  airflow and lighting. Diet (Spratts Laboratory 
Diet No 1 for rats and SDS Rabbit  Diet SQC for rabbits) and water were 
freely available. Rabbits were housed individually. Rats were housed either 
individually, in pairs, or 4 per cage depending on study design and phase of 
study. Throughout  the studies rout ine observation of parent  animals com- 
prised daily clinical signs, food consumpt ion measurements and frequent  
recording of body weight on specified days; additionally in rat studies water 
consumption was recorded. At terminat ion all animals were subject to macro- 
scopic autopsy.  

Days of gestation were designated taking the day on which a positive 
vaginal smear was detected (rat studies), or the day of observed mating 
(rabbit study),  as Day 0 of  gestation. 

Oxybutyn in  hydrochlor ide  was administered by gavage, as oral intake was 
the intended clinical route.  The Sponsor had previously established that  a 4% 
weight/volume aqueous solution was physically and chemically stable over 7 
days. In the present studies dosing solutions were prepared daily using dis- 
tilled water and were graded by serial dilution to allow use of  constant  dosage 
volumes of  10 ml/kg in all rat studies and 5 ml/kg in the rabbit study. The 
concentra t ion of  all solutions used was less than 4% weight/volume. Control  
animals were dosed with distilled water. 

On one occasion in each of  the main studies samples of  the dosing solu- 
tions were sent for analysis by high performance liquid chromatography,  
with ultra violet detect ion at 220 nm, to confirm concentrat ion of oxybuty-  
nin hydrochloride.  Structural deviations among foetuses were categorized 
according to their severity and frequency of  occurrence using the system 
evolved in these laboratories [4].  Namely, extremely rare and/or  obviously 
detrimental  deviations were classified as malformations,  rare but  not  ob- 
viously detr imental  deviations as anomalies, and common minor deviations 
as variants. Litter data were analysed statistically using the litter as the basic 
sample unit  and non-parametric methods [5].  Analysis of variance was used 
for weekly body weight data and Fisher's Exact  test [6] where appropriate.  

2. Fertility study (Segment I design) in the rat 
Twenty-four  males/group were dosed for 9 weeks prior to mating through 

to termination,  and 24 females/group were dosed for 2 weeks prior to mating 
and thereaf ter  up to and including Day 7 of  gestation. The animals were 
mated on a one to one basis. Females were killed on Day 20 of  pregnancy. 
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Observations relating to reproductive capacity included mating performance, 
pregnancy rate, litter data at Day 20 of  gestation and examination of foetuses 
for both visceral [7] and skeletal abnormalities [8] .  

3. Embryotoxicity study (Segment 2 design) in the rat 
Thirty-six t ime-mated females/group were dosed from Day 7 to 17 of 

gestation inclusive. On Day 20 of  gestation two-thirds were killed while the 
remaining animals were allowed to give biTth and rear their young. Observa- 
tions relating to reproductive capacity included litter data at Day 20, examin- 
ation of foetuses, gestation period, pre-weaning development (incisor erup- 
tion, startle response, eye opening, air righting reflex, pupil reflex) and litter 
data through to weaning. Also, an F~ generation was derived and reared to 
maturi ty with observation of  growth, behaviour (Hole-board [9], Inclined 
Plane [ 10] and Passive Avoidance tests [ 11 ]) and reproductive performance. 

4. Embryotoxicity study (Segment 2 design) in the rabbit 
Sixteen time-mated females/group were dosed from Day 6 to 18 of  gesta- 

tion inclusive. On Day 29 they were killed, litter values determined and 
foetuses examined for macroscopic visceral abnormalities. All foetuses were 
processed for subsequent  skeletal examination. 

5. Peri-post natal study (Segment 3 design) in the rat 
Twenty-four  t ime-mated females/group were dosed from Day 17 of  gesta- 

tion through to Day 21 post  partum. All females were allowed to litter. 
Observations relating to reprodtictive capacity included gestation period, 
litter data through to weaning, pre-weaning development and performance 
of  an untreated F1 generation. 

6. Dosage selection 
Preliminary investigations were performed initially in both species with 

t reatment  periods based on the duration of  t reatment  in the main studies. 
Only females were used in the rabbit preliminary s tudy whereas in the rat 
both sexes were employed;  effects on pregnancy were not  investigated. 

Based on findings in the rabbit preliminary study it was anticipated that 
50 mg/kg per day, or thereabouts,  would elicit an appropriate degree of  
maternal toxicity for use as the high dosage in the main study. Based on the 
rat preliminary investigation 100 mg/kg per day was selected as the high 
dosage for the Segment 2 and 3 studies and 75 mg/kg per day for the Seg- 
ment 1. The lower top dosage was selected for the longer Segment 1 study 
as body weight retardation in the preliminary s tudy persisted throughout  
treatment.  The high dosage for the Segment 3 study was subsequently revised 
to 50 mg/kg per day due to findings at parturition in the rat Segment 2 
study. 

Low and intermediate dosages were selected for the main studies bearing 
in mind the anticipated clinical dosage (approx. 0.2 mg/kg per day) and that 
body  weight differences in the rat preliminary s tudy indicated a shallow dose- 
effect  curve. The dosage sequences used are indicated in Table I. 
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TABLE I 

DOSAGE SEQUENCES 

Species Study Dosages (mg/kg/day) 

Rabbit Segment 2 0, 3, 12 and 48 

Rat Segment 1 0, 3, 15 and 75 
Segment 2 0, 4, 20 and 100 
Segment 3 0, 4, 20 and 50 (100) a 

al00 mg/kg per day originally selected but subsequently revised. 

RESULTS 

1. Segment  1 s tudy in the rat 
Dosages: O, 3, 15 and 75 mg/kg per day. At 75 mg/kg per day signs of 

reaction to t reatment  comprised of mydriasis, which was consistent with 
oxybutynin  hydrochloride showing anti-cholinergic activity, and increased 
salivation. Males also showed brown facial staining. Three males died, com- 
pared with one in the control group, but no consistent macroscopic changes 
were observed at autopsy. Among both males and females water consumption 
was increased and food consumption slightly increased. Mean body weight 
gain among males was retarded throughout  (Fig. 1), while females were un- 
affected other than for a slight impairment during early gestation (Table II). 
Mating performance and pregnancy rate were unaffected by treatment.  A 
single female showed total resorption but in isolation there was no obvious 
t reatment  relationship. There were no effects upon litter data (Table III) or 
incidences of malformations (Table IV). Although incidences of visceral and 
skeletal anomalies and of sternebral variants were higher than in the con- 
current control group there were no statistically significant differences. Also, 
all values were within the control range derived from 6 closely contempor- 
aneous studies performed in these laboratories using the same strain of rat. 
In contrast to these negative findings, however, the incidence of litters with 
one or more foetuses showing supplementary thoraco-lumbar ribs (i.e. uni- 
lateral or bilateral 14th rib) was significantly increased (Table IV). 

At 3 and 15 mg/kg per day mean weight gains of males were marginally 
lower than among control animals but differences were not statistically 
significant. Increased salivation and mydriasis were observed among males at 
15 mg/kg per day, and occasional males at 3 mg/kg per day showed increased 
salivation. There were no effects upon reproduction at either dosage that  
were considered attributable to treatment.  

2. Segment  2 s tudy in the rat 
Dosages: O, 4, 20 and 100 mg/kg  per day. Treatment at 100 mg/kg per 

day induced increased salivation, mydriasis and brown facial staining, increased 
water consumption (Fig. 2), marginally reduced food consumption and 
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Fig. 1. Group mean weekly body weights, rat Segment I study, aweight gain of males 
significantly reduced, Anovar P < 0.01. b'CCommencement of treatment, respectively, for 
males and females. 

reduced body weight gain (Table II). Among dams sacrificed on Day 20 of 
gestation there were no adverse effects upon litter size, post implantation 
loss, litter and mean foetal weights (Table III), incidences of visceral and 
skel~al anomalie~ or of sternebral variants (Table IV). However, the incidence 
of malformed foetuses was increased, mainly due to the occurrence in separ- 
ate litters of 3 foetuses with interventricular septal defects (Table V). The 
incidence of litters with one or more pups showing extra thoraco-lumbar ribs 
was also significantly increased (Table IV). Among dams allowed to litter the 
mean duration of  gestation was increased (Table VI). Four dams showed 
dystocia as indicated by delayed birth in conjunction with signs including 
prolonged vaginal bleeding and pallor of eyes and extremities. Of these 4 
dams, 1 died, 1 was killed and 2 that  survived showed total litter loss at birth. 
Among other dams pup mortali ty at birth was increased and further losses 
occurred between birth and Day 4 post partum although to a lesser extent. 
Reflecting these losses, litter size and litter weight were reduced (Table VI). 
Among surviving young there was no adverse effect upon pup weight which 
at birth was slightly greater than the control value, probably reflecting the 
longer gestation period. There were no adverse effects upon pre-weaning 
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TABLE II 

MEAN BODY WEIGHT CHANGES OF FEMALES DURING PREGNANCY AND POST 
PARTUM 

Weightchangeinterval,  Weightchange(g) at dosage(mg/kg/day) b 
Days a 0 3 15 75 

Rat Segment1 study 
0--8G 31 33 32 28 
0--20G 131 121 123 135 

0 4 20 100 

Rat Segment2 study 
7--10G 19 18 15 0 
7--17G 78 79 70 55 
7--20G 122 126 116 104 

7G--0P 55 54 48 33 
7G-21P 70 67 72 57 

0 3 12 48 

Rabbit Segment 2 study 
6--10G 74 80 72 7 
6--19G 292 278 284 210 
6--29G 471 540 435 467 

0 4 20 50 

Rat Segment3 study 
17--20G 33 31 28 20 

17G--0P 39 42 48 55 
17G--14P 4 6 6 21 
17G--21P 7 15 - 2 0  29 

aG = Days of gestation; P = Days post partum. 
bAnimals showing total litter loss excluded from calculations. 
Baseline for weight change calculations corresponds to the start of treatment. 

d e v e l o p m e n t  as i n d i c a t e d  by  va lues  fo r  spec i f i ed  d e v e l o p m e n t a l  stages,  o r  o n  
p o s t  w e a n i n g  d e v e l o p m e n t ,  b e h a v i o u r  a n d  s u b s e q u e n t  r e p r o d u c t i v e  c a p a c i t y  

of  the  se l ec t ed  an ima l s .  
A t  20 m g / k g  per  day  i nc r ea sed  sa l iva t ion  a n d  m y d r i a s i s  were  o b s e r v e d  a n d  

f o o d  c o n s u m p t i o n  a n d  w e i g h t  gain of  d a m s  were  s l igh t ly  l ow e r  t h a n  a m o n g  
c o n t r o l  an ima l s .  A t  4 m g / k g  per  d a y  t he  m a t e r n a l  r e s p o n s e  was l i m i t e d  to  

i n c r e a s e d  s a l i v a t i o n  a f f e c t i n g  o c c a s i o n a l  an ima l s .  
A t  a n d  b e l o w  20 m g / k g  pe r  day  t he r e  were  n o  adverse  e f fec t s  u p o n  t he  

g e s t a t i o n  pe r i ods  o f  d a m s  a l l o w e d  to  l i t t e r  or  u p o n  t he  l i t t e r  p a r a m e t e r s  
e i t h e r  a t  Day  20 of  g e s t a t i o n  or f r o m  b i r t h  t h r o u g h  to  w e a n i n g .  T h e r e  were  
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T A B L E  III 

L I T T E R  V A L U E S  A T  G E S T A T I O N  S A C R I F I C E S  

Observa t ion  Mean values a at  dosage (mg /kg /day )  

0 3 15 75 

Ra t  Segmen t  1 s tudy  
No of  p r e g n a n t  dams 21 
L i t t e r  size 13.7 
Losses (%) 

p r e - i m p l a n t a t i o n  4.8 
pos t  i m p l a n t a t i o n  4.2 

Li t te r  we igh t  (g) 45 .90  
Foe ta l  weight  (g) 3.35 

21 23 
12.5 12.3 

13.4 12.4 
4.4 6.7 

41 .34  40 .62  
3.24 3.32 

18 
13.2 

8.4 
6.7 

43 .92  
3.34 

(19)  
(12 .5 )  

(12 .2)  
(11 .6)  

0 4 20 100 

Ra t  Segmen t  2 s tudy  
No. of  p r e g n a n t  dams 23 22 22 
Li t t e r  size 11.5 11.5 11.8 
Losses (%) 

p r e - i m p l a n t a t i o n  7.9 9.5 5.7 
pos t  i m p l a n t a t i o n  1.3 5.6 4.3 

L i t t e r  we igh t  (g) 40 .80  39.88 40 .54  
Foe ta l  we igh t  (g) 3.55 3.49 3.43 

23 
10.8 

7.8 
6.2 

39.51 
3.69 

0 3 12 48 

R a b b i t  Segmen t  2 s tudy  
No. of  p r e g n a n t  dams 14 16 13 15 
L i t t e r  size 7.1 8.1 7.5 9.3 
Losses (%) 

p r e - i m p l a n t a t i o n  15.5 14.5 10.5 9.3 
pos t  i m p l a n t a t i o n  19.8 14.7 15.6 4.9 

L i t t e r  we igh t  (g) 304.4  342.0  310.8  365 .9  
Foe ta l  we igh t  (g) 44.0 44.0  43.4 39.9 

(16) 
(8.8) 

(9 .3)  
(10.9) 

No sta t is t ica l ly  s ignif icant  di f ferences ,  Kruskal-Wallis and  J o n c k h e e r e  tests,  P > 0.05.  
aValues in pa ren theses  ca lcu la ted  including single females  showing" to ta l  r e so rp t ion  or  

abo r t i on .  

no obvious t rea tment  related effects upon the incidence of  foetal malforma- 
tions although 1 foetus at 20 mg/kg per day showed interventricular septal 
defect  and single foetuses at both dosages showed situs inversus {Table V). 
There was no adverse effect  upon incidences of  anomalies or skeletal variants, 
or upon pre-weaning development  and the performance of  the F1 generation 
reared to  matur i ty .  

3. Segment 2 study in the rabbit 
Dosages: O, 3, 12 and 48 mg/kg per day. Animals dosed at 48 mg/kg per 
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T A B L E  IV 

F O E T A L  E X A M I N A T I O N  D A T A  

Observa t ion  Percen tage  inc idences  at  dosage ( m g / k g / d a y )  

0 3 15 75 

Ra t  Segmen t  1 s tudy  
M a l f o r m a t i o n s  

l i t ters  a f fec ted  a 
foe tuses  a f fec ted  

Visceral anomal ie s  
b a c k g r o u n d  prevalence  b 

Skeletal  anomal ies  
b a c k g r o u n d  prevalence  b 

S te rnebra l  var iants  
Foe tuses  wi th  ex t ra  ribs a'c 

5.0 ( 1 / 2 0 )  0.0 ( 0 / 2 1 )  0.0 ( 0 / 2 3 )  0.0 ( 0 / 1 8 )  
0.3 0.0 0.0 0.0 
2.3 6.0 3.5 6.6 

Mean  5.5, Low range 0.0,  High range 10.1 
8.8 8.5 16.7 20.9 

Mean  13.6, Low range 8.3,  High range 21.3 
58.2 86.2 63.3 72.1 

0.0 ( 0 / 1 9 )  2.8 ( 2 / 1 7 )  0.6 (1 /22 )  4.6 ( 4 / 1 8 " )  

0 4 20 100 

Ra t  S e g m e n t  2 s tudy  
M a l f o r m a t i o n s  

l i t ters  a f fec ted  a 0.0 ( 0 / 2 3 )  9.1 ( 2 / 2 2 )  9.1 ( 2 / 2 2 )  21.7 ( 5 / 2 3 * )  
foe tuses  a f fec ted  0.0 0.8 0.8 3.6 

Visceral  anomal ie s  3.3 3.3 3.3 3.0 
Skeleta l  anomal ies  13.4 7.6 17.9 11.0 
S te rnebra l  var iants  58.7 59.2 65.4 47.0 
Foe tuses  w i t h  e x t r a r i b s  a 0.0 ( 0 / 2 3 )  0.9 ( 1 / 2 2 )  0.0 (0 /22 )  6.6 ( 7 / 2 2 * * )  

0 3 12 48 

R a b b i t  Segmen t  2 s tudy  
M a l f o r m a t i o n s  

l i t ters  a f fec ted  a'd 14.3 (2114) 0 . 0 ( 0 / 1 6 )  46.2 (6 /13 )  13.3 (2 /15 )  
foe tuses  a f fec ted  2.2 0.0 5.3 1.4 

Visceral anomal ies  2.8 1.8 0.8 5.3 
Skeletal  anomal ie s  29.5 8.4 19.4 15.2 
S te rnebra l  var iants  16.0 22.1 25.7 17.1 
Foe tuses  w i t h  ex t r a  ribs 50.0 32.2 43.8 49.7 

a N u m b e r s  of a f fec ted  l i t ters  ind ica ted  in paren theses .  
bData  der ived f rom 6 recen t  pr ior  e m b r y o t o x i c i t y  studies.  
CSome l i t ters  exc luded  f rom analysis  - -  cor rec t  day of  sacrifice no t  p red ic ted  due to 

a m b i g u o u s  vaginal smear  data.  
dData  no t  s ta t is t ica l ly  ana lysed  in absence  of  dosage re la t ionship .  
Di f ference  f rom con t ro l  s ta t is t ica l ly  s ignif icant  at  F i sher ' s  Exac t  test :  *P < 0.05,  **P < 
0.01.  

day showed mydriasis and lethargy, and food consumption and weight gain 
(Table II) were reduced. At 12 mg/kg per day occasional animals showed 
mydriasis and lethargy. Treatment had no apparent adverse effect upon litter 
values (Table III) or upon embryonic and foetal development as assessed by 
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Water [] Control 
consumption 

Dosing period: 
(g/r%t/day) [] 4 mg/'kg/day Days 7 to 17 of gestation 

60 [] 20 mg/kg/day 

50 i 100 mg/kg/day 
- 

20 

10 

' I-2 ' ' 3-6 7-9 I0-13 ' 14-16' 17-19 
Food Days 

consumption 
(g/rat/day) 

.40 I 

1 
'I-2 i , 3-6 ' 7-9 ' ' 10-13' ' 14-16' i 17_19 i 

Days 
Fig. 2. G r o u p  m e a n  food  and  wa te r  c o n s u m p t i o n ,  rat  Segmen t  2 s tudy.  

the incidence of malformations, anomalies and skeletal variants (Table IV), 
at any dosage. 

4. Segment  3 s tudy in the rat 
Dosages: O, 4, 20 and 50 mg/kg  per day. Treatment at 50 mg/kg per day 

was associated with increased post dosing salivation, mydriasis and brown 
facial staining. Water consumption,  food consumption and weight gain (Table 
II) were reduced but there was no effect on the mean duratien of gestation 
(Table VI). A single dam showed total litter loss at birth and among other 
dams pup mortali ty between birth and Day 4 post partum was slightly 
increased. Post partum weight gain to weaning was reduced and the occur- 
rences of  pinna unfolding, startle response and eye opening were all m~rginally 
delayed (Table VII}. Following weaning the body weight of selected males 
remained lower than that  of  the controls and at 6 weeks of age, although 
there were no adverse effects on values for the inclined plane or passive avoid- 
ance tests, they showed reduced mobility and rearing activity in the hole- 
board test. However, when the latter test was repeated at 9 weeks of age 
their performance was similar to that  of controls. Following weaning, selected 
females showed body weight recovery and performed similarly to controls 
in all three post weaning behaviour tests. 

39 



T
A

B
L

E
 V

 

C
O

M
P

A
R

IS
O

N
 O

F
 M

A
L

F
O

R
M

A
T

IO
N

S
 O

B
S

E
R

V
E

D
 I

N
 R

A
T

 S
E

G
M

E
N

T
 2

 S
T

U
D

Y
 W

IT
H

 B
A

C
K

G
R

O
U

N
D

 C
O

N
T

R
O

L
 D

A
T

A
 

M
al

fo
rm

at
io

n
 

P
re

v
al

en
ce

 o
f 

li
tt

er
s 

w
it

h
 i

> 
1 

p
u

p
 a

ff
ec

te
d

 a 

B
ac

k
g

ro
u

n
d

 d
at

a 
b 

A
t 

do
sa

ge
 o

f 
o

x
y

b
u

ty
n

in
 h

y
d

ro
ch

lo
ri

d
e 

(m
g

/k
g

/d
ay

) 

0 
4 

c 
20

 
10

0 
c 

A
n

y
 m

al
fo

rm
at

io
n

 
3

4
/4

5
4

 (
7

.5
) 

ra
ng

e 
(0

.0
--

1
3

.6
) 

In
te

rv
en

tr
ic

u
la

r 
se

pt
al

 d
ef

ec
t 

(I
V

S
D

) 
5

/4
5

4
 (

1.
1)

 
ra

ng
e 

(0
.0

--
4

.3
) 

S
it

us
 i

nv
er

su
s 

(S
I)

 
3

/4
5

4
 (

0.
7)

 
ra

ng
e 

(0
.0

--
4

.5
) 

IV
S

D
 o

r 
S

I 
7

/4
5

4
 (

1.
5)

 
ra

ng
e 

(0
.0

--
4

.5
) 

0
/2

3
 (

0.
0)

 
2

/2
2

 (
9.

1)
 

2
/2

2
 (

9.
1)

 
5

/2
3

*
 (

2
1

.7
) 

m
 

0
/2

2
 (

0.
0)

 
1/

22
 (

4
.5

) 
3

/2
3

*
 (

13
.0

) 

1/
22

 (
4.

5)
 

1
/2

2
 (

4.
5)

 
1

/2
3

 d
 (

4.
3)

 

1/
22

 (
4.

5)
 

2
/2

2
 (

9.
1)

 
3

/2
3

*
*

 (
1

3
.0

) 

aV
al

ue
s 

in
 p

ar
en

th
es

es
 i

n
d

ic
at

e 
p

er
ce

n
ta

g
e 

o
f 

af
fe

ct
ed

 l
it

te
rs

. 
bD

at
a 

de
ri

ve
d 

fr
o

m
 2

0 
em

b
ry

o
to

x
ic

it
y

 s
tu

di
es

 p
er

fo
rm

ed
 b

et
w

ee
n

 J
an

u
ar

y
 1

98
2 

an
d 

M
ar

ch
 1

98
3.

 
C

N
on

-c
ar

di
ac

 m
al

fo
rm

at
io

n
s 

o
b

se
rv

ed
: 

4 
m

g
/k

g
 p

er
 d

ay
, 

o
n

e 
fo

et
u

s 
sh

o
w

in
g

 g
as

tr
os

ch
is

is
 a

n
d

 m
u

lt
ip

le
 s

ke
le

ta
l 

d
ef

ec
ts

; 
10

0 
m

g
/k

g
 p

er
 d

ay
, 

o
n

e 
fo

et
u

s 
sh

o
w

in
g

 h
y

d
ro

ce
p

h
al

y
 a

nd
 m

ic
ro

p
h

th
al

m
ia

, 
se

co
n

d
 f

o
et

u
s 

sh
o

w
in

g
 b

il
at

er
al

 f
o

re
li

m
b

 f
le

x
u

re
. 

d
A

ff
ec

te
d

 f
o

et
u

s 
al

so
 s

h
o

w
in

g
 I

V
S

D
. 

D
if

fe
re

n
ce

s 
fr

o
m

 b
ac

k
g

ro
u

n
d

 c
o

n
tr

o
l 

da
ta

 s
ta

ti
st

ic
al

ly
 s

ig
ni

fi
ca

nt
 a

t 
F

is
h

er
's

 E
x

ac
t 

te
st

: 
*P

 <
 0

.0
5,

 *
*

P
 ~

 0
.0

1.
 



T A B L E  VI 

G E S T A T I O N  P E R I O D S  A N D  L I T T E R  V A L U E S  A T  W E A N I N G  

Observa t ion  Mean values a at  dosage ( m g / k g / d a y )  

0 4 20 100 

Ra t  Segmen t  2 s tudy  b 
No. of  p r e g n a n t  dams  12 12 12 
Ges t a t i on  per iod  (days)  21.5 21.7 21.8 
L i t t e r  size 10.6 11.6 10.3 
Cumula t ive  pup  loss (%) 4.0 3.5 3.0 
L i t t e r  we igh t  (g) 471.8  503.2  490.4  
Mean  pup  weigh t  (g) 44.8 43.6  48.3 

7 
23.2* 

7.4 
3 1 . 1 " *  

350.8  
48.4 

(9)  

(5.8*) 
(46.4***) 

0 4 20 50 

Ra t  S e g m e n t  3 s tudy  
No. of  p r e g n a n t  dams  24 25 24 (25)  24 (25)  
Ges t a t i on  pe r iod  (days)  21.5 21.8 21.7 21.3 
L i t t e r  size 10.9 11.2 10.5 (10 .0)  9.7 (9 .3)  
Cumula t ive  pup  loss (%) 6.9 3.6 5.8 (9 .5)  19.2 (22 .4)  
L i t t e r  weight  (g) 435.1 456 .9  403.7  327 .8**  
Mean pup  we igh t  (g) 40.2 41.5 39.1 33.8* 

aValues in pa ren theses  ca lcu la ted  including females  showing  to ta l  l i t ter  loss. 
bExcludes  2 dams at 100 mg/kg  per  day showing  dys toc i a /dea th .  
Dif ferences  f rom con t ro l  s ta t is t ica l ly  s ignif icant  at  Kruskal-Wallis tes t  ( l i t ter  da ta )  or  
F isher ' s  Exac t  tes t  (ges ta t ion  per iod  data) :  *P < 0 .05,  **P <7 0.01,  ***P < 0 .001.  

At 20 mg/kg per day animals showed increased post dosing salivation and 
mydriasis. Lower values for water and food consumption were recorded but  
not  consistently;  body weight gain was slightly reduced. At 4 mg/kg per day 
the only evidence of  reaction to t rea tment  was increased post dosing saliva- 
tion among occasional parent  females. 

At and below 20 mg/kg per day there were no obvious adverse effects 
upon the durat ion of  gestation, upon the litter parameters from birth through 
to weaning, including the a t ta inment  of the specified pre-weaning develop- 
mental  stages, or upon post weaning growth and behaviour. In the absence 
of any general effect  upon litter data, the occurrence of  a single total litter 
loss at 20 mg/kg per day was considered coincidental. 

At all dosages investigated, pregnancy rate and litter data of the F1 genera- 
tion appeared unaffected by the t rea tment  of  the F0 dams. 

DISCUSSION 

In the rat Segment I s tudy there was no effect  on mating performance or 
pregnancy rate and differences among offspring were confined to an increased 
incidence of  foetuses with extra thoraco-lumbar ribs at the high dosage of 
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TABLE VII 

DATA FOR F~ GENERATION IN RAT SEGMENT 3 STUDY 

Observation Mean values at dosage (mg/kg/day) 

0 4 20 100 

Age (days) a for: 
pinna unfolding 25.0 25.1 25.2 25.4* 
startle response 35.0 34.9 35.1 35.6* 
eye opening 36.3 36.2 36.5 36.9*** 

Holeboard test (counts); males at 6 weeks ageb: 
hole explorat ion 29 31 30 28 
open field activity 124 138 127 107" 
rearing 41 47 39 33* 

Holeboard test (counts); males at 9 weeks ageb: 
hole explorat ion 11 10 8 10 
open field activity 108 131 101 107 
rearing 48 52 40 44 

Weights (g) at week of ageb: 
4, males 78 79 77 66 

females 74 73 71 63 
12 c, males 451 443 432 409** 

females 252 255 258 252* 

aFor pre-weaning developmental stages post coital age was used in these studies in view of 
longer gestation period in the rat Segment 2 study. 

bAges quoted refer to nominal post partum age. 
CStatistical analysis performed using weight gains between nominal weeks 4 and 12. 
Differences from control  statistically significant at Kruskal-Wallis test (developmental/  
behavioural data) or at Anovar (weight gain): *P < 0.05, **P < 0.01, ***P < 0.001. 

75 m g / k g  p e r  d a y .  A l t h o u g h  t h e  o c c u r r e n c e  o f  e x t r a  r ib s  has  b e e n  r e p o r t e d  
f o r  a l a rge  n u m b e r  o f  c h e m i c a l  a g e n t s  t h a t  d o  n o t  c a u s e  m a l f o r m a t i o n ,  t h e i r  
o c c u r r e n c e  has  b e e n  d e m o n s t r a t e d  f o r  s eve ra l  c o m p o u n d s  t h a t  d o  [ 1 2 ] .  In  
t h e  s t u d y  d e s i g n  t h a t  was  e m p l o y e d ,  a l t h o u g h  t r e a t m e n t  was  d i s c o n t i n u e d  
o n  D a y  7 o f  g e s t a t i o n ,  t h e  p o s s i b i l i t y  o f  d i r e c t  c o m p o u n d  e f f e c t s  o n  o r g a n o -  
genes i s  c a n n o t  be  e x c l u d e d ,  e s p e c i a l l y  as  in  t h e  S e g m e n t  2 s t u d y  e f f e c t s  
u p o n  t h e  p a r e n t  f e m a l e  ( d y s t o c i a / e x t e n d e d  g e s t a t i o n )  w e r e  a p p a r e n t  4 - - 5  
d a y s  a f t e r  t r e a t m e n t  c e a s e d .  H o w e v e r ,  in t h e  p r e s e n t  S e g m e n t  I s t u d y  n o  
m a l f o r m a t i o n s  w e r e  o b s e r v e d  a t  75  m g / k g  p e r  d a y  a n d  t h e  i n c r e a s e d  inc i -  
d e n c e  o f  e x t r a  r ibs  o c c u r r e d  in a s s o c i a t i o n  w i t h  m a t e r n a l  e f f e c t s  a n d  h e n c e  
c o n c e i v a b l y  m a y  have  b e e n  an  i n d i r e c t  r a t h e r  t h a n  a d i r e c t  e f f e c t  o f  t r e a t -  
m e n t .  I r r e s p e c t i v e  o f  w h i c h  m a y  b e  t h e  case ,  t h e r e  was  n o  c l e a r  i n d i c a t i o n  o f  
t h e  f o e t u s  b e i n g  a d v e r s e l y  a f f e c t e d  b y  t r e a t m e n t  a t  a l o w e r  d o s a g e  t h a n  was  
t h e  a d u l t .  

In  t h e  r a t  S e g m e n t  2 s t u d y  e f f e c t s  o n  r e p r o d u c t i v e  p e r f o r m a n c e  w e r e  
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observed at the high dosage of 100 mg/kg per day. Possibly reflecting a 
spasmolytic action of  oxybu tyn in  hydrochlor ide on the uterus, some dams 
showed dystocia, and the mean durat ion of gestation was extended.  As 
might be expected with such an effect, immediate post natal mortal i ty was 
increased; however, whether  or not  the effect  of gestation was the sole cause 
of the increased losses was uncertain. Among dams sacrificed during gesta- 
tion there was no adverse effect  upon post-implantation loss or foetal weight 
but  there was an increased incidence of  foetuses with interventricular septal 
defect  and of foetuses with extra thoraco-lumbar ribs. However, these find- 
ings occurred at a dosage associated with a clear retardation in maternal 
weight gain. At 4 and 20 mg/kg per day there were no clear effects on repro- 
ductive performance.  One possible discrepancy was the low incidence of 
foetuses with malformation involving the heart, which was of interest due to 
the increased incidence at 100 mg/kg per day. However, the incidences at 4 
and 20 mg/kg per day of both total malformations and individual types of 
malformation were within the background control  range, and the incidence 
of interventricular septal defect  was confined to a single affected foetus at 
20 mg/kg per day. The absence of  an effect  upon the foetus at these 2 
dosages was further  supported by the absence of  other  structural changes, 
such as supplementary ribs as observed at 100 mg/kg per day, and by the 
absence of  any adverse effect  upon the survival and growth of offspring. 

In the corresponding Segment 2 study in the rabbit there was no obvious 
indication of  an effect  upon embryo-foetal  development,  despite the occur- 
rence of  maternal effects at the high dosage of  48 mg/kg per day. 

At the high dosage of  50 mg/kg per day, animals in the rat Segment 3 
study showed no evidence of  dystocia or extended gestation period as was 
observed in the rat Segment 2 study. The absence of  this effect  probably 
reflected the lower dosage used, although the difference in dosing period 
may also have been a factor. Pup mortal i ty in the Segment 3 study was 
slightly increased at 50 mg/kg per day and pup weight gain clearly reduced. 
Possibly correlating with the lower pup weights, 3 of  the pre-weaning develop- 
mental parameters were slightly delayed; selected male offspring, but not  
females, also showed a cont inuat ion of  the lower weight gain beyond wean- 
ing. Once again, however, all of  these findings occurred in association with 
effects upon the maternal animal. Also, at the intermediate dosage of  20 rag/ 
kg per day there was no apparent  effect  on litter data despite a slight retard- 
ation in maternal weight gain. 

From the various studies with oxybu tyn in  hydrochlor ide the overall weight 
of evidence suggested that  the effects on reproductive processes observed in 
the rat only occurred at dosages associated with obvious indications of a 
general reaction to t rea tment  such as effects upon food and water consump- 
tion, and body weight gain. Effects on reproductive processes were judged to 
be absent at lower dosages despite the occurrence of  signs of pharmacological 
activity (mydriasis). The no observable effect  levels for reproductive processes 
in the rat and, more specifically, for embryo-foetal  development  in the 
rabbit were therefore  considered to be 20 and 48 mg/kg per day respectively. 
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