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Summary. Trimethoprim and rosamicin (a new basic macrolide antibiotic) were administered to normal 

and oophorectomised female dogs by constant intravenous infusion before and after oestrogen and 
androgen administration. Their concentrations in plasma and in urethral and vaginal secretions were 
determined by bioassay and correlated with the pH values of vaginal and urethral secretions. Both 
compounds were concentrated in the vaginal and urethral secretions in reverse correlation with the pH 
of these fluids. Trirnethoprim and rosamicin have antimicrobial spectra well suited for the treatment 
of bacterial urethritis and vaginitis and require further clinical investigation. 
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The mode of drug secretion by the urethral 
epithelium as well as by the female paraurethral 
glands, referred to as Skenels glands (6) or 
the female prostate (9), a terminology sup- 
ported by embryological studies (3), seems to 
have many analogies with prostatic secretion in 
the male (2). Lipid solubility and a basic pKa 
are the necessary requirements for the secre- 
tion of antibacterial agents into the acid urethral 
and prostatic secretions in concentrations ex- 
ceeding the simultaneous plasma concentrations 
(4). Protein binding appears to be of less 
importance. 

The mechanism of diffusion and concentra- 
tion of drugs in the acid vaginal secretion is 
similar and also occurs by nonionic diffusion 
across the vaginal epithelium. The difference 
between theoretical and true concentration 
gradients (vaginal secretion/plasma) may be 
explained by the lack of permanent trapping of 
vaginal secretion in the compartment since 
continuous seepage of vaginal secretion occurs 
(7). The influence of partial cervical excretion 
cannot be excluded (5). 

In view of the nonionic diffusion of anti- 

biotics with basic pKa into acid secretions, we 
were interested in investigating the influence 
of pH-changes of urethral and vaginal secre- 
tions on the antibacterial concentration ratios 
between these secretions and plasma. It was 
expected that with decreasing pH, the ratios 
would increase, resulting in higher antimicro- 
bial substance concentrations in the vaginal 
and urethral mucosa. 

In this study, we have investigated the distri- 
bution of trimethoprirn (pKa 7.3) ~ and rosamicin 
(pKa 8.7) 2 (a new macrolide antibiotic with 

activity against gram-positive as well as gram- 
negative bacteria, chlamydia and mycoplasms) 
in plasma and urethral or vaginal secretions in 
dogs in relation to varying pH-values, induced 
either by oophorectomy of hormone applica- 
tion, or both. 

i Trimethoprim, RO 5-6846, was supplied 
by Hoffrnan-LaRoche Inc., Nutley, NJ. 

2 Rosarnicin was supplied as Rosamicin 
sodium dihydrogen phosphate by Schering Corp., 
Bloomfield,. NJ. 

0300-5623/78/0006/0035/$01.60 
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Fig. i. Vaginal smear: Clusters 

of parabasal cells in autolysis; 
atrophic pattern 

Fig. 2. Vaginal smear: Large 
intermediate and some superficial 

cells. Most of the cells are crowd 
ed, but flat. Good response to 
combined hormonal treatment 

MATERIALS AND METHODS 

Six adult female dogs weighing 17.6 + 4.4 kg 
(mean + 1 SD) were anaesthetised with sodium 
thiopental intravenously and a bilateral 
oophorectomy was performed. After a period 
of at least 42 days, studies were carried out as 
described below and the results compared to a 
control group of six other adult female dogs 
not being in oestrus and weighing 15.8 + 2.6 kg. 
Three dogs from each group received either 
trimethoprim or rosamicin. 

For the collection of specimens of urethral 

and vaginal secretions the dogs were anaesthetiz- 
ed with sodium thiopental intravenously, and the 

urethra was occluded at the bladder neck by 
a tourniquet to prevent urine entering the 
urethra. The bladder was drained by a supra- 
pubic Foley catheter. The vaginal wall was then 
exposed with a speculum and cytological 

specimens were obtained, fixed, and stained 
according to the Papanicolaou technique for the 
purpose of evaluating the hormonal status of 
the vaginal mucosa. When sufficient fluid was 
available, the pH of urelhral and vaginal mucosa 
was measured by a BMS 3 Mk 2 Blood Micro 
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Table i. Vaginal and urethral pH (mean + 1 SD) in dogs with and without oophorectomy 

before and after hormone application (n = 6 in each group). 

Before After pH 
hormone hormone Change 
application application 

Oophorectomised Urethra 7.11 + 0.30 6.98 + 0.29 p <0.5 
dogs 

Vagina 7.16 + 0.33 6.94 + 0.18 p <0.2 

Control dogs U r e t h r a  7.04 + 0.20 7.08 + 0.25 p < 0 . 8  

V a g i n a  7.04 + 0.25 7.04 + 0.23 p < 0 . 7  

S y s t e m  c o n n e c t e d  wi th  a PHM 72 Mk 2 D i g i t a l  
A c i d - B a s e  A n a l y s e r  ( R a d i o m e t e r ,  C o p e n h a g e n ,  
D e n m a r k ) .  If on ly  a m i n i m a l  a m o u n t  of f lu id  
was  p r e s e n t ,  the pH was  e s t i m a t e d  u s i n g  pH 

3 p a p e r .  
B l a n k  p a p e r  d i s k s ,  6 m m  in  d i a m e t e r ,  for  

b a s e l i n e  b i o a s s a y  d e t e r m i n a t i o n s  w e r e  i n s e r t e d  
wi th  f o r c e p s  in to  the u r e t h r a  and v a g i n a  wi th  
a s m a l l  t h r e a d  a t t a c h e d  m a k i n g  t h e m  e a s i l y  
r e t r i e v a b l e .  A f t e r  5 m i n u t e s  in  s i t u  t h e y w e r e  
r e m o v e d  and  the d r u g  c o n c e n t r a t i o n s  w e r e  
d e t e r m i n e d  by  d i sk  d i f f u s i o n  m e t h o d s  as fo l lows :  

R o s a m i c i n  d i s k  c o n t e n t  was  d e t e r m i n e d  by  
p l a c i n g  the s a t u r a t e d  d i sk  d i r e c t l y  on a 
S t r e p t o m y c i n  A s s a y  A g a r  i n o c u l a t e d  wi th  B a c i l l u s  
s u b t i l i s  as  t e s t  o r g a n i s m .  

T r i m e t h o p r i m  d i s k  c o n t e n t  was  d e t e r m i n e d  
by  f i r s t  w a s h i n g  out the c o n t e n t  in  0.5 m l  s t e r i l e  
i ce  coo led  w a t e r  and  b i o a s s a y  was  c a r r i e d  out 
w i t h i n  24 h on a M u e l l e r - H i n t o n - A g a r  i n o c u l a t e d  
wi th  B a c i l l u s  p u m i h s  as t e s t  o r g a n i s m .  At the 
s a m e  t i m e  b lood  s a m p l e s  w e r e  o b t a i n e d  for  
b i o a s s a y  d e t e r m i n a t i o n s  of the r e s p e c t i v e  d r u g s .  
P i l o c a r p i n e ,  4 m g ,  was  g iven  i n t r a v e n o u s l y  
i m m e d i a t e l y  b e f o r e  the d r u g  a d m i n i s t r a t i o n  in  
o r d e r  to s t i m u l a t e  the v a g i n a l  and u r e t h r a l  s e c -  

r .e t ions .  
In e a c h  e x p e r i m e n t ,  an  i n t r a v e n o u s  b o l u s  of 

the a n t i m i c r o b i a l  agen t  was  a d m i n i s t e r e d  
( R o s a m i c i n  10 m g / k g b o d y  weigh t ,  T r i m e t h o p r i m  
4 m g / k g )  fo l lowed  by  a c o n t i n u o u s  i n f u s i o n  
( R o s a m i c i n  3 m g / k g / h  body  weigh t ,  T r i m e t h o -  
p r i m  0.5 m g / k f f / h )  for  4 h. 

B lood  s a m p l e s  w e r e  o b t a i n e d  and d i s k s  
a p p l i e d  i m m e d i a t e l y  fo l l owing  the b o l u s  i n j e c -  
t ion  and  a f t e r  30, 60, 120, 180 and  240 ra in .  

3 Fisher Alkacid Tester, Range pH 
6.0-8.5. 

The pH values were measured again after 
90 rain. 

Following these studies, all dogs received 
an injection of Gynodian Depot intramuscularly 
(I mi/65 kgbody weight) 4, containing 200 mg 
3 f~-Heptanoyloxy-androst-5-en-17-one and 4 mg 
Oestradiol-17-valerianate in 1 ml solution. 

Five to seven days later, the experiments t 
described above were repeated. 

RESULTS 

The vaginal smear in the six oophorectomised 
dogs confirmed the hormonal deficiency and 
the effect of oestrogen and androgen applica- 
tion (Figs. 1 and 2). The normal dogs, in all 
phases of their cycle, showed a clear tendency 
toward pyknotic, superficial and large inter- 
mediate cells in response to hormone applica- 
tion. 

The pH values obtained by the "Radiometer" 
system showed that the values obtained by pH 
paper were satisfactorily accurate. The differ- 
ences never exceeding 0.2 units in either 
direction. The means of all values in each dog 
are shown in Table i. In the oophorectomised 
dogs, the pH in vagina and urethra decreased 
slightly but not significantly, following hormone 
application (paired t-test, vagina: p < 0.2, 
urethra: p < 0.5). The difference between both 
groups before hormone application was also 
not significant (student t-test, vagina: p<0.6, 
urethra: p<0.2). In all experiments, the pH 
became more basic following pilocarpine ad- 
ministration. 

4 Gynodian Depot, Schering AG, Berlin/ 
Bergkamen~ Germany. 
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TRIMETHOPRIM 
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3 

60 120 180 240 
TIME (MIN) 

F i g .  3. T r i r n e t h o p r i r n  s e c r e t i o n / p l a s m a  r a t i o s  
during constant intravenous infusion, before 
and after hormone treatment 

ROSAMICIN 
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Fig. 4. Rosarnicin secretion/plasma ratios 
during constant intravenous infusion, before 
and after hormone treatment 
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Fig. 5. Correlation between pH and vaginal 
and urethral secretions/plasma ratios for tri- 
rnethoprirn and rosamiein 

The ratios between vaginal and urethral 
secretion respectively and plasma are high and 
fairly constant for both drugs, during the last 
180rain in most of the series (Figs. 3 and 4), 
but without significant differences (student 
t-test) between the drugs or the groups, and 
also no significant differences between the 

hormone treated and non-treated animals as 
well as no differences between the ratios in 
vagina and urethra. 

Table 2 and Figure 5 illustrate the relation 
between pH and antirnicrobial agent ratios to 
plasma of vaginal and urethral secretion during 
the last 180 rain of the experiments in all dogs. 
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T a b l e  4. R a t i o s  b e t w e e n  p l a s m a  and  v a g i n a l  and  u r e t h r a l  s e c r e t i o n s  ( m e a n  + 1 SE) 
d u r i n g  l a s t  180 m i n u t e s  of c o n s t a n t  i n t r a v e n o u s  i n f u s i o n  of T r i m e t h o p r i m  or  
R o s a m i c i n  in  r e l a t i o n  to pH of t h e s e  s e c r e t i o n s .  

A n t i b i o t i c  - dog g r o u p  V a g i n a  U r e t h r a  
VS US 

pH r a t i o :  P L  pH r a t i o :  P L  

Trimethoprim 
Oophorectomy 7.40+0.08 1.15+0.25 7.30+0.10 1.31+0.29 

Oophorectomy+ hormones 7.02+0.02 1.31+0.41 7.16+0.18 1.33+0.49 

Control 7.08+0.17 2.80+0.58 7.04+0.15 1.77+0.64 

Control+ hormones 7.12+0.19 1.08+0.23 6.94+0.15 1.17+0.24 

R o s a m i c i n  
O o p h o r e c t o m y  6 . 9 1 + 0 . 1 7  3 . 6 6 + 0 . 7 7  6 . 9 1 + 0 . 1 7  3 . 6 4 + 0 . 7 6  

O o p h o r e c t o m y +  h o r m o n e s  6 . 8 2 + 0 . 1 2  2 .80+  1.24 6 . 7 9 + 0 . 0 4  2 . 9 2 + 0 . 7 6  

Control 7.00+0.15 2.47+0.88 7.04+0.11 2.40+0.46 

Control+ hormones 6.96+0.04 1.81+0.45 7.20+0.11 2.20+0.50 

Assuming a linear relationship and for both 
drugs, equal distribution in the narrow pH 
range investigated, we found significance for 
the vagina (r = 0.6363, p<0.05). 

DISCUSSION 

O u r  e x p e r i m e n t s  i n v e s t i g a t e d  the b a s i c  s u b s t a n c e s  
r o s a m i c i n  and  t r i m e t h o p r i m  in  the ac id  c a n i n e  
v a g i n a l  and  u r e t h r a l  s e c r e t i o n s  in  r e l a t i o n  to 
the pH of t h e s e  f lu ids .  The  m e c h a n i s m  c o n c e r n -  
ing  d i f f u s i o n  and c o n c e n t r a t i o n  of d r u g s  in to  the 
v a g i n a  to l e v e l s  e x c e e d i n g  the s i m u l t a n e o u s  
p l a s m a  v a l u e s  a r e  d e s c r i b e d  by  S t a m e y  (7) as  
o c c u r r i n g  by  n o n i o n i c  d i f f u s i o n  a c r o s s  the 
v a g i n a l  e p i t h e l i u m .  The  b e h a v i o u r  of the u r e t h r a l  
m u c o s a  is  v e r y  s i m i l a r  to the v a g i n a l  m u c o s a  
wi th  r e g a r d  to h o r m o n a l  i n f l u e n c e  (1). In a dd i -  
t ion ,  the d r u g  s e c r e t i o n  m a y  a l s o  o c c u r  in  the 
p r o s t a t e - l i k e  p a r a u r e t h r a l  g l ands .  

O o p h o r e c t o m y  was  e f f ec t i ve  in  c r e a t i n g  a 
d i f f e r e n t  pH m i l i e u  on v a g i n a l  and u r e t h r a l  
m u c o s a ,  a l t hough  the i n f l u e n c e  of the a d r e n a l s  
cou ld  not  be  exc luded .  The  d i f f e r e n c e s  b e t w e e n  
the r o s a m i c i n  and  t r i m e t h o p r i m  g r o u p s  fo l low-  
ing  o o p h o r e c t o m y  and  a l so  fo l l owing  h o r m o n e  
a p p l i c a t i o n  cou ld  be e x p l a i n e d  by  a l o n g e r  i n t e r -  
va l  (at l e a s t  14 days)  b e t w e e n  o o p h o r e c t o m y  
and  e x p e r i m e n t  in the r o s a m i c i n  g roup  l e a d i n g  
to b e t t e r  r e c o v e r y  by  the a n i m a l  and p o s s i b l y  
h o r m o n e  s u b s t i t u t i o n  by the a d r e n a l s .  The 
v a g i n a l  s m e a r s ,  h o w e v e r ,  p r o v e d  the e f f i c a c y  

of oophorectomy and hormone application in all 
dogs.  

In t h e s e  e x p e r i m e n t s ,  we w e r e  ab le  to p r o v e  
the d e p e n d e n c e  upon  pH of the  s e c r e t i o n  of two 
b a s i c  d r u g s  wi th  s l i g h t l y  d i f f e r e n t  ) K a  in to  
m o r e  o r  l e s s  ac id  v a g i n a l  and  u r e t h r a l  s e c r e -  
t i o n s .  T h i s  he ld  t r u e  a l though  the p l a s m a  s e c r e -  
t ion  r a t i o  did not  i n c r e a s e  in  a l l  e x p e r i m e n t s  
f o l l ow i ng  pH d e c r e a s e  a f t e r  h o r m o n e  a p p l i c a t i o n .  
T h i s  m a y  have  b e e n  due to e x h a u s t i o n  of the 
a n i m a l  by  the f i r s t  e x p e r i m e n t  c a r r i e d  out 
5-7 days  e a r l i e r .  

The  r a t i o s  for  t r i m e t h o p r i m  b e t w e e n  p l a s m a  
and  v a g i n a l  s e c r e t i o n  a r e  c o m p a r a b l e  to r a t i o s  
found in  h u m a n s  (4). T h i s  o c c u r s  a l t hough  the 
v a g i n a l  pH in  dogs i s  c o n s i d e r a b l y  h i g h e r  than  
in  h u m a n s ,  e v e n  h i g h e r  t han  in  p o s t m e n o p a u s a l  
w o m e n ,  p o s s i b l y  due to the l a c k  of D 6 e d e r l e i n ' s  
f l o r a  in  dogs.  High c o n c e n t r a t i o n s  of a n t i -  
m i c r o b i a l  a g e n t s  on the v a g i n a l  m u c o s a  of w o m -  
en  have  b e e n  found c a p a b l e  of e r a d i c a t i n g  or  
p r e v e n t i n g  c o l o n i z a t i o n  of the v a g i n a l  v e s t i b u l e  
wi th  f a e c a l  b a c t e r i a ,  u s u a l l y  p r e c e d i n g  u r i n a r y  
t r a c t  i n f e c t i o n s  (7, 8). The  c o r r e s p o n d i n g  
r a t i o s  for  the u r e t h r a  w e r e  a l so  in  the s a m e  
r a n g e .  The r a t i o s  fo r  r o s a m i c i n  w e r e  s l i g h t l y  
h i g h e r ,  r e s u l t i n g  f r o m  the m o r e  b a s i c  pKa.  
A n t i m i c r o b i a l  s u b s t a n c e s  wi th  a b a s i c  pKa,  
s e c r e t e d  by the p a r a u r e t h r a l  g l a n d s ,  m a y  be 
e f f e c t i ve  in the t r e a t m e n t  of b a c t e r i a l  u r e t h r i t i s ,  
s i n c e  t hey  cou ld  r e a c h  the depth  of the 
p a r a u r e t h r a t  g l a n d s  and  duc t s  in  b a c t e r i o c i d a l  
c o n c e n t r a t i o n s .  
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Trimethoprim and rosamicin may be effec- 
tive in the treatment of colonisation of the 
vaginal vestibule with faecal bacteria, usually 
preceding urinary tract infections as well as in 
the treatment of non-gonococcal chronic 
urethritis. Rosamicin also has the advantage 
of being effective against chlamydia and myco- 
plasms, and of having a higher secretion/ 
plasma ratio than trimethoprim. A clinical 
study appears to be indicated following these 
animal studies. 
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