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DAVITIYANANDA, DANIS and FaLKE RASMUSSEN: Mammary
and renal excretion of sulphadoxine and trimethoprim in cows. Acta
vet . scand. 1974,13, 34·0-355. - In 21 experiments on 5 healthy, non
pregnant cows are sulphadoxine and trimethoprim infused intra
venously for maintenance of constant levels of the drugs through the
experimental periods. The experiments show that both sulphadoxine
and trimethoprim are bound to the proteins in blood plasma and milk.
Further it is demonstrated that sulphadoxine (an acid) is excreted
into milk in concentrations lower than in blood plasma while trime
thoprim (a base) is excreted into milk in concentrations higher than
in blood plasma. Both results are consistent with the theory that drugs
are excreted through the mammary gland by passive diffusion.

Glomerular filtration and back-diffusion are both involved in the
renal handling of sulphadoxine and trimethoprim. For trimethoprim
active tubular secretion is also demonstrated. Both the mammary and
renal handling of sulphadoxine as well as trimethoprim are influenced
by the pH of milk and urine, respectively. The exper-iments underline
that it is the unionized, non-protem-bound fraction of the drugs which
diffuses through biological membranes.

sulphadoxine; trimethoprim; mammary
excretion; renal excretion; cow.

In earlier publications it has been shown that only the non
protein-bound and unionized fraction of weak electrolytes dif
fuses through the mammary gland epithelium. This means that
acids are excreted into milk in concentrations equal to or lower
than those in plasma. while bases are excreted into milk in con-
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centrations equal to or higher than those in plasma (Rasmussen
1958, 1959, 1966, 1971, 1973, Sisodia &: Stowe 1964, Stowe &: Piaa
1968, Ziv &: Risenberq-Tirer 1969, Ziv &: Sultnan 1973 a, b). Fur
ther, it has been shown that the unionized fraction of chemo
therapeutics in renal tubular fluid is responsible for the back
diffusion from tubular lumen to blood circulation (Beyer et al ,

1944, Dolqaard-Mikkelsen 1951, Dalqaard-Mikkelsen &: Poulsen
1956, Sharpsione 1969, Rasmussen 1970, &: Rasmussen
1972) . The ionization of the acid sulphadoxine and the base tri
methoprim is changed in opposite directions when the pH in the
medium is changed. These drugs are normally used in fixed com
binations and it seemed, therefore, to be of interest to investigate
the mammary and renal handling of simultaneously infused
sulphadoxine and trlmethoprim.

EXPERIMENTAL

Twenty-one experiments were conducted on 5 healthy, non
pregnant cows with individual milk yield varying from 3 to 8 kg
per day. The kidneys and udders were clinically normal. In each
experiment an initial intravenous infusion of sulphadoxine"
(4-sulphanilamido-5,6-dimethoxy-pyrimidine) and/or trimetho
prim * * (2,4-diamino-5- (3,4 ,5-trimethoxybenzyl) -pyrimidine) was
given, and subsequently, the concentration in blood plasma was
kept constant by continuous intravenous infusion of sulpha
doxine through a plastic catheter (Intracath®) placed in the left
jugular vein and by infusion of trimethoprim through another
plastic catheter in the same vein. The lowest and highest priming
doses of sulphadoxine used were 7 and 55 mg/kg b.wt. followed
by maintenance doses of 2 and 15 mg/kg b.wl. per hr., respec
tively. For trimethoprimthe priming doses were 3 and 6 mg/kg
b.wt, followed by maintenance doses of 0.7 and 1.6 mg/kg b.wt.
per hr. The priming dose of sulphadoxine was dissolved in 75 ml
distilled water by adding 5N-NaOH (0.7-1 ml 5N-NaOH per g
sulphadoxine) and infused in 10 min. The solutions of sulpha
doxine used for the continuous intravenous infusion were pre
pared in the same way and diluted with 0.9 % sodium chloride
solution. The priming dose of trimethoprim was dissolved in

• Sulphadoxine was generou sly supplied from the Wellcome
Research Laboratories, Beckenham, Kent, England, and
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50 ml distilled water added laetic acid (1 ml lactic acid per g
trimethoprim ) . The solution of trimethoprim used for the con
tinuous intravenous infusion was diluted with distilled water.

Blood samples were laken at intervals of 30 min. through a
plastic cannula (Brauniile 2 R ) placed in the right jugular vein .
The bladder was emptied at 30-min. intervals via a balloon cathe
ter (Riisch no. 28, 75 ml), Before the start of the infusion the
mammary glands were milked out completely. During the experi
ment the glands were milked out at intervals of 30 min. In each
experiment 5 or 6 blood, urine and milk samples were taken for
determination of sulphadoxine, trimethoprim and creatinine. The
sampling was started 30 min. after establishment of the conti
nuous intravenous inf'usion,

Sulphadoxine in blood plasma, urine and milk was measured ad
modum Bratton &:- Marshall (1939) modified for milk by Rasmussen
(1958). Tnimethopr-im was estimated according to the method of
Schwartz et al. (1969).

The protein binding of sulphadoxine and trimethoprim in blood
plasma and milk was determined by ultrafiltration by the method of
Poulsen (1958). The cellophane membrane used was "Kalle" dialysing
tube, diameter 32 mrn, pore size 20-80 A, which should permit mole
cules with a molecular weight up to 5,aOO to pass through.

The endogenous creatinine clearance was used to express the
glomerular filtration rate. Creatinine was estimated by the method
described by Bonsnes &:- Taussky (1945).

The pH of the blood, milk and urine samples was measured im
mediately after each experiment by means of a potentiometer with
glass electrode (Radiometer, Copenhagen) at 37°C.

The pKa value of sulphadoxine is 6.1 (Struller 1968) and of tri
methoprim 7.6 (Rasmussen

Calculations of the theoretical distribution (R) of non-protein
bound drug between milk (M. Ultr.) and plasma (P. Ultr.) were made
on the basis of the pKa value of the drug and the pH in blood (pHb )

and milk (pHm ) , by means of the formula (Rasmussen 1958, 1966):

R
__ M.Ultr. 1+ 10 (l'Hm - pK a)

- for acids andP.Ultr. - 1+10 (pHb - pK a>

R =
M.uu-, 1 + to (pKa - pHm>

- for bases.P.Ultr. - 1+ 10 (pK a - pHb)

The statistical calculations were done in accordance to stand
ard methods (Kemp 1955) and the results are given as average
± s.e.m. The relationships between the renal clearance of each
drug, and the concentration of drug, urine pH, urine flow-rate
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were examined by means of correlation matrices and multiple
regression analyses (Dix on 1967 ) .

RESULTS
Protein-binding

In Tables 1 and 2 are listed the concentrations of sulpha
doxine and trimethoprim in pl asma and milk and in ultrafiltrates
of plasma and milk. The protein-binding of sulphadoxine was
highest (66 ± 2 %, n = 6 ) a t concentrations of su lphadoxin e in
plasma lower than 100 ILg/m l and lowest (48 ± 1 %, n = 9 ) at
concentrations higher than 150 ILg/ml, this difference is signi
ficant (P < 0.05 ) . The binding of sulphadoxine to the plasma
proteins was not influenced by the presence of trimethoprim. The
binding of trimethoprim to plasma proteins was in average 57 ±

2 % independent of the concentration of trimethoprim, and the
binding of trimethoprim was not influenced by sulphadoxine in
plasma. Both sulphadoxine and trimethoprim were bound to the
proteins in milk 4 ± 2 % and 41 ± 2 %, respectively.

Tab Ie 1. The concentration of sulphadoxin e in pla sma and milk
and in ultrafiltrate of plasma and milk.

Ex perl- Theore-
Cow Expert- Plasma Milk Ratio Ult ra rf ttrates men tal Blood Milk ti cal
no. ment /lll/mi Itg/ml M/P of ra tio pH pH ratio

no.
pl asma milk

M. Vlt r . M. Vlt r .

/lll/ mi Itg/ml r-. uu-. P. Ult r .

3 1 29 2 0.1 7.50 6.80 0.2
2 2 34 6 0.2 7.55 7.15 0.4
2 3 34 5 0.2 12 5 0.5 7.50 7.10 0.4
2 4 37 6 0.2 12 6 0.5 7.50 7.1 5 0.5
5 5 43 4 0.1 12 4 0.4 7.45 6.95 0.3
4 6 53 7 0.1 16 7 0.5 7.60 7.10 0.3
4 7 56 8 0.2 13 8 0.6 7.50 7.1-1) 0.4
1 8 82 9 0.1 28 9 0.3 7.45 7.00 0.3
2 9 84 19 0.2 39 14 0.4 7.65 7.30 0.5
1 10 88 15 0.2 32 15 0.5 7.50 7.05 0.4
3 11 96 14 0.2 35 12 0.4 7.50 7.20 0.5
2 12 157 28 0.2 87 28 0.3 7.55 7.05 0.3
3 13 218 64 0.3 108 63 0.6 7.45 7.20 0.6
5 14 232 74 0.3 126 72 0.6 7.45 7.25 0.6
5 15 248 39 0.2- 132 35 0.3 7.45 6.90 0.3
4 16 254 68 0.3 129 65 0.5 7.45 7.15 0.5
4 17 263 63 0.2 130 62 0.5 7.45 7.15 0.5

- too low to calculate the ratio.
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Tab I e 2. The co ncentr atio n of trimethoprim in plasma and milk
and in ultrafiltrates of plasm a and milk.

Experl- T heore-
Cow Experl- P lasma Mil k Ra tio Ult ra f lltrates m ent al Blo od Mil k ti ca l
no. m ent I' g/ml I' ll / m l M/P of ratio pH pH rati o

no. - - _.----- M. uu-, M.uu-.
plasma milk
I'g /ml I' g/ml P .uu-, P. uu-,

3 1 0.6 1.7 3.2 0.2 1.0 5.0 7.50 6.80 3.2
2 18 0.6 0.9 1.4 0.3 0.6 1.9 7.55 7.20 1.7
2 3 0.9 1.4 1.6 0.3 0.9 2.5 7.50 7.10 1.4
5 5 0.9 .1.9 2.0 0.3 1.0 3.0 7.45 6.95 2.3
2 2 1.2 1.3 1.1 0.6 0.9 1.5 7.55 7.15 1.8
3 19 1.2 2.2 1.8 0.6 1.0 1.7 7.50 7.00 2.2
2 9 1.5 1.7 1.1 0.7 0.9 1.3 7.65 7.30 1.6
3 11 1.6 2.8 1.8 0.7 1.5 2.1 7.50 7.20 1.6
1 8 1.7 4.0 2.4 0.7 2.6 3.6 7.45 7.00 2.1
4 16 1.8 2.3 1.3 0.8 1.7 2.2 7.45 7.1 5 1.6
1 10 1.9 3.7 1.9 1.0 2.5 2.6 7.50 7.05 2.0
4 6 2.0 4.3 2.1 0.8 2.1 2.5 7.60 7.10 1.6
2 12 2.1 2.6 1.2 0.6 1.4 ') 7.55 7.05 2.1-. ;)

5 20 2.5 3.6 1.4 1.1 2.1 1.9 7.40 7.20 1.4
5 21 3.7 4.6 1.2 1.6 2.8 1.8 7.40 7.GO 1.9
5 14 7.8 9.3 1.2 3.7 5.1 1.4 7.45 7.25 1.3

Mammary ex cr etion

The mammary excr eti on of su lphadoxine and trimethoprim
was examined in 17 and 16 exper iments, r especti vely. The results
in Table 1 show that th e concen trations of su lphadoxine were
much lower in milk than in plasma (ratio M/P and M.Vltr./
P. VUr. ). The exp erimenrtally found ratios between the concen
tration of non-protein-bound sulphadoxine in milk and plasma
(ra tio M.VLtr./P.Ultr.) are given in column 8 of Table 1. Further
more, the pH of the blood and milk, together with the theore
tically calculated ratios between the concentration of non-protein
bound sulphadoxine in ultrafiltrates of milk and plasma, can be
seen from the last 3 columns.

The concentrations of trimethoprim in milk were 1.1-3.2
times higher than in plasma (Table 2, ratio M/P ). The experi
mentally found ratios between ·til e concentration of non-protein
bound trimethoprim in milk and plasma (M.Vltr'/P.Ultr. ) are
sh own in Table 2. They varied from 1.3 to 5.0. The pH of blood
and milk and the theoretically calculated ratio between the con-
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centralion of drimcthoprim in ullrafiltrates of milk and plasma,
can be seen from the last 3 columns.

From Tables 1 and 2 it is seen that an increase in the pH of
milk means an increase in the ratio M.Ultr.jP. Vltr. for sulpha
doxine and a decrease in the ratio M.Vltr.jP.Ultr, for trimetho
prim. This is also illustrated in Fig. 1 demonstrating the results
obtained in an experimerut with nearly constant levels in ultra
filtrate of plasma of sulphadoxine (14-17 ltg/ml ) and trirnetho
prim (0.7-1.0 f.1g/ml) and with rather big variation in pH of the
milk samples during the experimental period. The concentrations
of drug in the milk samples varied appreciably, but the concen
trations of sulphadoxine were in all cases lower dhan in plasma,
while the concentrations of trimethoprim in milk in all cases
were higher than in plasma.
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Fig u r e 1. Concentrations of non-protein-bound sulphadoxine and
non-protein-bound trimethoprim in plasma and milk at different pH

values in milk.
Ordinate on the left: Concentration of sulphadoxine (0-15 f.1g/ml)

and of trimethoprim (0-3 ug/rnl).
Ordinate on the right: pH of the milk.
Abscissa : Time in min utes.
x - - - - - - x : Sulphadoxine in ultrafiltrate of plasma.
x --- x: Sulphadoxine in ultrafiltrate of milk.
o - - - - - - 0: Trimethoprim in ultrafiltrate of plasma.
0--- 0: Trimethoprim in ultrafiltrate of milk.
---------: pH of the milk.
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Renal clearance

Clearance of endogenous creatinine, sulphadoxine and trime
thoprim was determined in 21, 17 and 16 experiments, respec
tively, and the average results of each experiment are shown in
Table 3.

Sulphadoxine

From Table 3 it is seen that the plasma clearances of sulpha
doxine and even non-protein-bound sulphadoxine (Clears.ult r . )
were much lower than the clearance of endogenous creatinine
(ratio columns 9 and 10).

By means of multiple regression analysis 2 regression equa
tions have been calculated. Both equations give the influence of
the concentration of non-protein-bound sulphadoxine (Cs.ultr)'
the urine pH and the urine flow rate (V) on the renal clearance
of sulphadoxine in comparison to the clearance of creatinine.
The regression equations are

. Clear s 1Clearance ratio = . u tr. _
Clear Cr. -

- 1.74 -0.00012 C S.ultr. + 0.2.'> pH + 0.023 V (1)

and

__ log. Clear S.ultr.log . clearance ratio
Clear Cr.

-6.29 - 0.00062 Cs.ultr. + 0.70 pH + 0.044 V (2)

Correlation analysis showed significant correlation between
clearance ratio and both the concentration of non-protein-bound
sulphadoxine (C S. ult r ) and the pH of the urine, while clearance
ratio and the urine flow rate were not significarutly correlated
(Table 4). The regression equations show that the pH of the
urine is by far the most important of the above mentioned fac
tors which influence the renal clearance of sulphadoxine.

The first regression equation (1 ) explains about 55 % of the
variations in the clearance ratio while the second one (2) ex
plains about 73 % of this variation.

The found relation between the renal excretion of non-pro
tein-bound sulphadoxine and the pH of the urine is further
demonstrated in Fig. 2 giving the results of 5 experiments on 2



T
a
b

I
e

3.
R
en

al
cl
ea
ra
nc

e
of

en
d
og

en
ou
s
cr
ea

ti
n
in
e,

su
lp
h
ad

o
x
in
e
an

d
tr
im

et
h
o
p
ri
m
.

C
le
ar
n
nc
e
o
f
n
OI
1-

E
xp

er
l-

K
I(

U
ri
n
e
pH

P
la
sm

a
c1
ea
ra

n
ce
/1

00
kg

b
.w

t,
p
ro
te

in
-b
o
u
n
d

R
al

io
R
at
io

H
at
io

R
at
io

m
en

l
b
.w

t,
(m

in
.-
m
ax

.)
._
_
_
.

__
...

d
ru

g
(C

le
a
ru
lt
r.
l
/

C
le
a
rS

.
C
le
a
rS

.u
lt
r.

C
le
a
rT

M
P

C
le
ar

fM
P
u
lt
r.

11
0
.

10
0
kJ
l

__
C
le
a
rC

r.
-

C
le
a
rC

r.
-'

cr
ea
-

su
lp
h
a
-

T
M
P

su
lp
h
a
-

T
M
P

tl
n
in

e
d
o
x
ln
e

d
o
x
in

e
m
t/
m

in
.

m
f/

rn
ln

.
I1
II
/m

ln
.

m
l /
m
in
.

m
l/
m

ln
.

1
45

()
8.
(}{

)
17
9

16
9l
i

53
27
6

{)
.0
9

0.
3

0.
5

1.
5

(8
.0
0
-8

.1
0)

2
34

7
7.
25

20
8

6
14
1

29
26
2

0.
03

0.
1

0.
7

1.
3

f.l
(7
.1
0
-7
.5
0
)

'".,
3

34
7

7.
85

24
4

21
72

6{
)

18
4

0.
09

0.
2

0.
3

0.
8

(7
.8
0
-7
.9
0
)

0
4

34
7

8.
20

24
1

28
85

0.
1

0.
4

:::I

(8
.2
0
-8
.2
2
)

0 .....
5

39
0

8.
2Q

13
4

13
34

45
10
2

0.
09

0.
3

0.
3

0.
8

'"
(8
.0
9
-8
.2
9
)

l:

6
40

0
8.
15

13
0

8
47

28
11
0

0.
07

0.
2

0.
4

0.
8

oS
(8
.1
0
-8

.2
5)

::r l:l
7

40
0

7.
60

17
4

4
19

0.
03

0.
1

l:l.
.

0
(7
.4
4
-7

.7
6)

f.l
8

50
5

7.
10

14
2

2
43

6
1(
}{
)

0.
,0
1

0.
04

0.
3

0.
7

:::I
(6
.5
{)
-7

.5
{)

l:l
9

34
7

8.
15

2,0
3

19
35

40
74

0.
09

0.
2

0.
2

0.
4

:::I
(8
.H

I-
8
.2
0
)

l:l.
.

10
50

5
7.
40

14
9

4
82

12
16
3

0.
03

(l
.0
8

0.
6

1.
1

:;
(7
.1
6
-7

.9
1)

3'
11

45
{)

8.
15

15
0

22
34

61
72

0.
2

0.
4

0.
2

0.
5

(8
.1
2
-8

.2
2)

S
12

34
7

8.
25

15
6

26
24

48
91

0.
2

0.
3

0.
2

0.
6

0

(8
.2
1
-8

.2
9)

.,
13

47
5

8
.W

13
2

30
se

0.
2

0.
5

3'
(8
.1
8
-8
.2
0
)

5'
14

39
0

8.
15

12
5

17
5

32
10

0.
1

0.
3

0.
04

0.
08

(8
.1
3
-8

.2
3)

'"0
15

39
0

8.
15

15
2

24
45

0.
2

0.
3

E
(8
.1
0
-8

.2
{)

'"
16

40
0

8.
2{
l

15
4

24
35

47
80

0.
2

0.
3

0.
2

0.
5

(8
.1
7
-8

.2
2)

c:.=
17

40
0

8.
25

15
3

14
30

0.
1

0.
2

If>
.

(8
.2
2
-8

.2
6)

-.
..J

18
35

0
7.
00

19
6

83
16

9
0.
4

0.
9

(7
.8
&
-8
.0
0
)

19
47

5
8.
15

14
4

59
12
0

0.
4

0.
8

(8
.{
)8
-8
.1
6)

20
40

0
8.
04

11
8

27
62

0.
2

0
.5

(8
.0
1
-8
.0
8
)

21
40

0
8.
15

11
2

19
44

0.
2

0.
4

(8
.1
1
-8
.1
9
)

A
v
p
r$

lu
P

-+
-
x.
e.
rn

.
11

}4
-+
-
R

1/
l
-t
-
2

5
4

-+
-
!}

41
-+
-:
;

1
2
5

-+
-
1!
}



348 D. Davitiyananda & F. Rasmussen
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Tab I e 4. Correlation coefficients (I') between variables i.e . clear
ance ratio and the concentration of non-protein-bound drug in blood
plasma (CS•ult r . and CTMP ultr. ), the pH of the urine and the urine

flow rate (V) .

Variables r P

Clear Soultr. CSoultr, 0.26 0.01 < P < 0.05
------_. __ .

pH 0.71 < 0.001
Clear c-.

V -0.02 n.s.

Clear Soultr. e 0.27 0.01 < P < 0.05
Log. Soultr,. ._--_. ._...

pH 0.83 < 0.·001
Clear Cr.

V --0.08 n.s.

Clear TMP ultr, CTMP ultr. -0.55 < 0.001

Clear c-. pH - -0.42 < 0.001
V 0.42 < 0.001

Log. Clear TMP ultr, CTMP ultr. -0.83 < 0.001
- - - - -- pH -0.38 < 0.001
Clear Cr .

V 0.36 0.001 < P < 0.01

COWS excreting urine with pH between 7.1 and 8.3. It will be seen
that the excretion of sulphadoxine was highest in relation to the
excretion of endogenous creatinine when the pH of the urine
was high.

o

'<> 00
o 0

0<0 0

..
Fig u r e 2. Ratio of the clearance of non-protein-bound drug to

endogenous creatinine clearance in relation to urine pH.
Ordinate: Clear of non-protein-bound drug/Clear of creatinine.
Abscissa: Urine pH.
x Sulphadoxine.
o Trimethoprim.
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As mentioned above the correlation analysis showed that the
clearance ratio and the plasma concentration of non-protein
bound sulphadoxine (CS•u ltr ) were significantly correlated. The
regression equations show, however, that the clearance ratio was
only to a very small degree influenced by this factor in the con
centration interval obtained in these experiments. This is further
demonstrated in Fig. 3 giving the results from experiments with
nearly constant pH in the urine (pH 8.0--8.3).

J() '20 '$0

'0
0

IS

0

'0 0

0000
o 00
<9>

0 0

Q$ 0

0 00

\x.

xX
)( Xx x

Il' • x
x

O@O 0

Fig u r e 3. Ratio of the clearance of non-protein-bound drug to
endogenous creatinine clearance in relation to the concentration of
non-protein-bound sulphadoxine and non-protein-bound trimethoprim

in plasma.
Ordinate : Clear of non-protein-bound drug/Clear of creatinine.
Abscissa above : Cone. of non-protein-bound sulphadoxine in plasma.
Abscissa below : Cone. of non-protein-bound trimethoprim in plasma.
x Sulphadoxine.
o Trimethoprim.

Trimethoprim

The clearance of trimethoprim from plasma was also lower
than the clearance of creatinine, while the clearance of non-pro
tein-bound trimethoprim varied from 8 to 150 % of creatinine
clearance (last column in Table 3) .

As in the case of sulphadoxine, 2 regression equations were
calculated as follows
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Clear TMP ultr.

Clear Cr.

2.89-0.24 CT MP ultr. - 0.26 pH + 0.102 V (3)

and

log. clearance ratio Clear TMP ultr.log. - - - ---
Clear Cr.

1.32-0.29 CT MP ultr. - 0.17 pH + 0.06 V (4)

Correlation analysis showed that the clearance ratio (Table
4) was significantly correlated with the concentration of non
protein-bound trimethoprim (Cn-u>ult,.) . the pH of urine and the
urine flow rate (V) .

The first equation (3) explains about 49 % while the second
one (4) explains more than 81 % of the observed variations in
the clearance ratio. Variations in the concentration of non-pro
tein-bound trimethoprim influence the clearance ratio much
more than urine pH, and the variations in the urine flow rate
are of less importance. The excretion of trimethoprim in relation
to clearance of creatinine diminishes when the concentration of
non-protein-bound trimeLhoprim in plasma increases (Fig. 3 ) .
In the experiments included in this figure, the pH of the urine
was constant (between 8.0 and 8.3 ) and has not influenced the
renal excretion of trimethoprim. The influence of variations in
urine pH on the renal excretion of trirnethoprim is further de
monstrated in Fig. 2, which reveals that the ratio ultraf'iltrate
clearance of trimethoprimjfiltration clearance was lowest when
the pH of the urine was high.

DISCUSSION

The binding of sulphadoxine to the plasma proteins in cows
is 66 % at plasma levels below 100 ltg/ml and 48 % at plasma
levels above 150 I!gjml. A similar relationship between the bind
ing of sulphadoxine to the proteins in plasma and the plasma
level of sulphadoxine is seen in goats (J f'rgensen Rasmussen
1972 ). The binding of trirnethoprim to the plasma proteins in
cows is a little higher than in goats (Rasm ussen 1970) and is
of the same order as found by Craig & Kunin (1973 ) in humans.
However, Bushby & Hitchings (1968 ) and Schwarlz & Ziegler
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(1969) found that only between 30 and 46 % of trimethoprim
was bound to proteins in human plasma. The binding of sulpha
doxine to plasma proteins is not inf'luenced by trimethoprim
and vice versa and this resembles Schwartz & Ziegler's finding
with trimethoprim and sulphamethoxazole in human plasma.

The binding of sulphadoxine to milk proteins in cows is
lower (4 %) than in goats (16 %) (J¢rgensen 1972) , while the
binding of trimethoprim to milk proteins in cows (42 %) is
higher than in goats (12 %) (Rasmussen 1970) .

According to the finding that only the non-protein-bound
and unionized fraction of drugs can diffuse into milk and estab
lish equilibrium across the mammary gland epithelium (Ras
mussen 1958, 1966, 1971, 1973) sulphadoxine should give lower
concentrations in milk than in plasma. In accordance to this
the results in Table 1 show that the concentrations in milk were
constantly lower than in plasma. During equilibrium conditions
the experimen.tally found distribution (exp. M.Ultr./P.Ultr.) and
the calculated distribution of sulphadoxine between the ultra
filtrates of milk and plasma show good agreement. Similar re
sults were obtained with sulphadoxine in goats (J¢rgensen).
The concentrations of the base trimethoprim in milk should

be equal to or higher than in plasma (Table 2) . The experiment
ally found distribution (exp. M.Ultr.jP.Ultr.) and the calculated
distribution of trimethoprirn between ultrafiltrates of milk and
plasma prove this hypothesis, which also is confirmed in ex
periments on goats (Rasmussen 1970) . The fact that the union
ized fraction of sulphadoxine and trimethoprim is important for
concentrations of drug in milk compared with the concentration
in plasma is further strengthened by the results shown in Fig. 1.
A similar dependence between the pH of milk and the concen
tration of drug in milk is seen for other partly ionized drugs
i. e. sulphadiazine (Rasmussen 1958, 1966), penicillin and ery
thromycin (Rasmussen 1959) and lincomycin (Gyrd-Hansen &
Rasmussen 1967, Ziv & Sulman 1973 b) .

The renal clearance of endogenous creatinine in cows express
the glomerular filtration (Poulsen 1956) . The renal clearance
of endogenous creatlnine in these experiments was found to be
164 ± 8 ml/min./100 kg b. wt. (Table 3) and resembles the re
sults (168 ml/min./100 kg) obtained by Poulsen.

As the protein-bound fraction of drugs cannot filter through
the glomeruli of the kidneys the excretory mechanism must be
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determined on the basis of the comparison between glomerular
filtration rate and the clearance of non-protein-bound sulpha
doxine and trimethoprim. The clearance of non-protein-bound
sulphadoxine was always much lower than the clearance of
creatinine, which indicates in addition to Iiltration, a high degree
of back-diffusion of sulphadoxine dependent on the pH of the
urine (F ig. 2, Table 4 ). This back-diffusion is most pronounced
in urine of low pH when sulphadoxine is more unionized (dif 
fusible) than in urine of high pH. A similar influence of urine
pH on the back-diffusion of sulphadoxine is seen in goats (J¢r
gensen & Rasmussen ) and in humans (Portw ich & Buttner
1964). The clearance of sulphadoxine is only to a small degree
dependent on the variations in the concentrations of non-pro
tein-bound sulphadoxine in plasma (equations 1 and 2). There
fore it is not possible from these experiments to decide whether
an active tubular secretion is involved in the renal handling of
sulphadoxine as seen in goats (J¢rgensclI & Rasmussen ) and in
humans (Reber ei al. 1964, Portuiicli & Buttner 1964 ). However,
the high degree of back-diffusion might sh adow an active se
cretion.

The clearance of non-protein-bound trimethoprim varies from
8 to 150 % of the clearance of creatinine. This indicates that,
in addition to filtration, both active tubular s ecretion and back
diffusion are involved in the renal handling of trimelhoprim
corresponding to observations in goats (Rasm ussen 1970 ) and
in humans (Sharpstone 1969, Bergan & Brodurall 1972 ).

The variations in the clearance of trirnethoprim are related
to the concentration of trimethoprim in plasma and the pH of
the urine. High concentrations diminish (F ig. 3 and Table 4 )
drastically the renal excretion of trimethoprim, and ,these results
indicate selfdepression and support the assumption that active
tubular secretion is involved in the renal handling of trimetho
prim.

The clearance of non-protein-bound trimethoprim is higher
at low pH than at high pH in the urine (F ig. 2, Table 4 ). At
high pH of the urine trimethoprim is more unionized (diff u s
ible ) than at low pH and back-diffusion is pronounced as also
seen in goats (Rasm ussen 1970 ) and in humans (Sharpstone,
Bergan & Broduiall, Craig & Kunin ).
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SA:\fMENDRAG

Mommser og renal ekskretion af suljodoxin og trimethoprim hos keer.

I 21 forseg pa normale, ikke drsegtige keer er der ved intravenes
infusion af sulfadoxin og trimethoprim opretholdt konslante koncen
lrationer af disse Ieegemldler. Forsogene viser, at bade sulfadoxin og
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trimethoprim bindes til proteinerne i blodplasma og mrelk. Det frem
gAr endvidere af forscgene, at sulfadoxin, som er en syre, udskilles
i mrelken i koncentrationer, del' er lavere end i blodplasma, mens
trimethoprim, som er en base, udskilles i mrelken i koncentrationer,
del' er hejere end i blodplasma. De opnaede resultater er i overens
stemrnelse med teorien om, at Ieegemidler udskilles med mrelken ved
passiv diffusion.

Den renale udskillelse af sulfadoxin og trimethoprim involverer
glomeruleer filtration og tilbagediffusion. Hertil kornmer, at trimetho
prim tillige udskilles ved aktiv tubuleer sekretion, SAvel den mam
meere som den renale ekskretion af sulfadoxin og trimethoprim er
pAvirkelig af pH i mrelk og urin. Forsegene hal' vist, at det er den
ikke-ioniserede og ikke-proteinbundne fraktion af leegemldler, del'
diffunderer gennem biologiske membraner,
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