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Abstract

Simunek]J., A. B. Siddique, E. Hegerova: Placental Transfer of Sulfamethazine
in Mice and Rats. Acta Vet. Brno, 47, 1978: 145—151.

Placental transfer of sulfamethazine in mice was investigated in the second half
of their pregnancy. The transfer was not free but only a part of the drug admunstered
to mothers was found to pass from the maternal circulation to the fetus.

Placental transfer of sulfamethazine in rats was investigated at two stages of ge-
station — early (8th to 10th day) and late (18th to 20th day of gestation). Theré was free
and rapid passage of the drug from the maternal circulation to the fetus at the early
stage of gestation. But the passage was found to be greatly reduced at the late stage of
gestation. The drug also appeared in the amniotic fluid.

Mice, rat, placenta, fetus, transfer, sulfamethazine.

The placenta in unique is its function. Its life time is short relative to the fetus, and its size and
function change contmually during the course of gestation (Wynn 1968). The study of the placental
transfer of drugs is of paramount importance because much of intrauterine fetal welfare depends
on the exchange processes of these substances through the placenta.

Sulfonamides have been reported to easily pass through both human and animal placenta (Lee,
Anderson and Chen 1938; Friesen 1951; Siddique and Simunek 1977). The possible use
of these drugs for intrauterine therapy as well as for fetal prophylaxis and their effects on the fetus
and newborn make it necessary to know and understand the degree and extent of transplacental
passage of these drugs.

The present paper reports on the placental transfer of sulfamethazine in mice in their second
half of pregnancy and in rats at two stages of pregnancy.

Materials and Methods

. White mice and Wistar rats were obtained from the Biological Research Center, Konirovice near
Prague. Sulfamethazine used was a product of Czechoslovak national pharmaceutical enterprise,
Spofa.

Procedure for mice

13 mice which were 15 to 18 days pregnant were divided into two groups and injected intra-
muscularly a freshly prepared 2 % solution of sodium-sulfamethazine at the dose of 0.2 g/kg body
mass. One group of mice was killed after 2 hours and the other group after 24 hours of drug admi-
nistration. Samples of blood, placenta and fetus of each group of mice were collected and their
sulfamethazine concentrations measured. In all there were 70 fetal samples. Simultaneous control ex-
periment with 5 nonpregnant adult female mice was carried out.

Procedure for rats
Two independent experiments were done. In both cases, transfer was studied at two stages of
gestation.
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Experiment 1:

22 rats were on the 8 th to 10 th day of pregnancy and 15 on the 18th to 20th day of pregnancy.
At each of these two stages of pregnancy the rats were divided into 4 groups and injected intraven-
ously a freshly prepared 10 9%, sodium-sulfamethazine solution at the dose of 0.15 g/kg body mass.
Rats were decapitated and samples of their blood and fetuses collected at intervals of 10, 30, 60
and 120 minutes from the time of drug administration; one group being decapitated at each of
the time periods. Placental samples of only 18 to 20 days pregnant rats were collected because pla-
centas of 8 to 10 days pregnant rats could not be separated from their fetuses. Simultaneous control
experiments with 15 nonpregnant adult female rats were done on each occasion.

Experiment 2:

Placental transfer of sulfamethazine was investigated on the 10th day and on the 20th day of
gestation. On each of the 10th and 20th day the rats were divided into 4 groups with at least 6 preg-
nant rats in each group. They were injected intramuscularly a freshly prepared 10 % sodium-
sulfamethazine solution at the dose of 0.15 g/kg body mass and were killed after 15, 60, 120 and
240 minutes of drug administration; one group of rats being killed at each time period. Rest of
the procedure was same as in the case of Experiment 1.

Sulfamethazine concetrations of all samples of mice and rats were determined according to the
method of Bratton and Marshall (1939), modified by Wagner (1950). The mean, S. E. and

level of confidence were determined

mg, /100 ml according to Czechoslovak Pharmacopqea
30 - (Ph Bs-3, 1970). Mean sulfamethazine
level was expressed as mg/100 ml.
x4 Maternal Blood Results
3 Control . .

2 - é — Mice experiments
== Placenta Results including the blood
— B Fetus levels of nonpregnant control mice
5 4 3 are illustrated in Fig. 1. There
— was no significant difference of
10 - blood levels of pregnant mice
—] from those of nonpregnant ones.
— Sulfamethazine levels of 25 plac-
51 [ entas from 9 mice, out of the total
— of 70 placentas from 13 mice, were
0 - higher than those of the corres-
Fig.1. ponding maternal blood. Sulfa-

Sulfamethazine levels (mg/100 ml) in blood, placentas methazine levels of rest of the plac-
and fetuses of pregnant mice and in blood of non- ental samples were lower than
pregnant control mice after 2 hours of intramuscular  those of the maternal blood. How-
administ;ation of a 2 %, sodium-sulfamethazine solu- ever, the difference between the
tion at the dose of 0.2 g/kg body mass. mean maternal blood level (2 4,57+

+ 2.03 mg/100 ml) and the mean

placental level (22.95 -+ 1.18 mg/100 ml) was not statistically significant (for 90 %
possibility or even for 50 9, possibility) as was determined by t-test according to
Myslivec (1957). Fetal levels were always found to be considerably lower than
both maternal blood and placental levels. Highest and lowest fetal levels were 84 %,
and 48 9, respectively of the corresponding maternal blood level (=100 %).

Rat experiments

Experiment 1. )
Results including the blood levels of nonpregnant control rats are shown in

Fig. 2. Usually the blood levels of 8 to 10 days pregnant rats were lower than

those of the 18 to 20 days pregnant ones.
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As is evident from the graph, there appeared to be no significant barrier to
the passage of the drug from the maternal circulation to the fetus on the 8th to
10th day of pregnancy.
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Fig. 2.
Sulfamethazine Icvels (mg/100 ml) at different time periods after i. v. administration of a 10 %
sodium-sulfamethazine solution to pregnant (on the 8 —10 day and on the 18 —20 day of pregnancy)
and nonpregnant (control) rats at the dose of 0.15 g/kg body mass. (Blood levels of pregnant rats
and their placental and fetal levels after 10 and 120 minutes of drug administration are connected
by lines.)

However, on the 18th to 20th day of gestation only a part of the total sulfa-
methazine administered to mothers could be found to pass through the placenta
to their fetuses. Both placental and fetal levels were lower than the corresponding
maternal blood levels and the absolute fetal level was always found to be lower
than the corresponding placental level. Both maternal blood and fetal levels
were found to fall as time elapsed after drug administration. But the placental
level was found to rise even after 120 minutes of drug administration.

Experiment 2.

10th day of gestation:

‘Data including the blood levels of nonpregnant control rats are shownin Fig. 3.
After 15 minutes of drug administration, the maternal blood level was 11.40
mg/100 ml while the corresponding fetal level was 6.62 mg/100 ml which repre-
sented about 58 9, of the maternal blood level. After 60 minutes, the maternal
blood level rose to 15 mg/100 ml and the fetal level to 12.18 mg/100ml. After
120 minutes of drug administration, the maternal blood level further rose to
18.73 mg/100 ml and the fetal level to 15.45 mg/100 ml which represented about
82 9, of the maternal blood level at that time period. Both maternal blood and fetal
levels were found to have considerably dropped after 240 minutes of drug admini-
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stration. The maternal blood level dropped to 15.81 mg/100 ml, and the fetal

level to 14.44 mg/100 ml and this was about 92 9, of the matenal blood level at
that time period.
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- . Fig. 3.
Sulfamethazine levels (mg/100 ml) at different time periods after i. m. administration of a 10 %,
sodium-sulfamethazine solution to pregnant rats on the 10th day of pregnancy and to nonpregnant
(control) rats at the dose of 0.15 g/kg body mass.
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Fig. 4.

Sulfamethazine levels (mg/100 ml) at different time periods after i. m. administration of a 10 %,
sodium-sulfamethazine solution to pregnant 1ats on the day 20 of gestation and to nonpregnant
(control) rats at the dose of 0.15 g/kg body mass.

20th day of gestation:

Results including the blood levels of nonpregnant control rats are illustrated
in Fig. 4. After 15 minutes of drug administration, the maternal blood level was
12.15 mg/100 ml, and the fetal level was 4.33 mg/100 ml which was about 36 %,
of the maternal blood level. After 60 minutes, the fetal level was 8.42 mg/100 ml
while the maternal blood level was 15.17 mg/100 ml. After 120 minutes, the mater-
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nal blood level rose to 19.15 mg/100 ml and the corresponding fetal level to
10.23 mg/100 ml which was about 53 9; of the maternal blood level. After 240 mi-
nutes of drug administration, the maternal blood level dropped to 15.59 mg/100 ml
while the fetal level dropped to 9.13 mg/100 ml which amounted to about 59 9,
of the maternal blood level.

The placental level was always found to be lower than the corresponding ma-
ternal blood level but higher than the corresponding fetal level. After 15 minutes
of drug administration, the placental level was found to be 9.49 mg/100 ml. The
highest placental level of 14.66 mg/100 ml which was reached after 120 minutes
of drug administration was about 76 9, of the corresponding maternal blood
level. The drug also appeared in amniotic fluid. After 15 minutes, the amniotic
fluid level was 2.36 mg/100 ml. The level further rose to 6 mg/100 ml and
7.37 mg/100 ml after 60 and 120 minutes respectively. Even after 240 minutes the
amniotic fluid level did not drop but was found to rise slowly to 7.55 mg/100 ml.

Discussion

Since the first observation on the placental transfer of sulfanilamide in rabbit by
Lee et al. (1938), it has been repeatedly shown that all commonly used sulfonami-
des readily cross the placenta into the fetal circulation, in some cases within 15 mi-
nutes of intravenous administration, equilibrium being reached with maternal
blood level in approximately 3 hours with the fetal level about 10 to 30 9, below
that. in the mother (Speert 1938, 1940; Anderson and Simesen 1942; Frie-
sen 1951). However, the stage of gestation has been suggested to be a factor of
great importance in placental transfer (Snyder and Speert 1938). Different
studies made in our laboratory have demonstrated that the stage of gestation and
the species of animals are factors of great importance in placental transfer processes
(Kubikov4, Lenhartovd and Hegerova 1976; Siddique and Simtnek
1977, 1978). : o v

The present report is in agreement with other reports on the placental transfer
of sulfonamides in animals and it particularly confirms that the stage of gestation is
a great factor in placental transfer. Our present data on mice show that there was no
free transplacental passage of sulfamethazine on the 15th to 18th day of pregnancy
indicating the presence of a relative barrier to the transfer of this drug through the
placenta of mice at this stage of gestation. Our present data on rats show significant
difference in placental permeability to sulfamethazine at different stages of gesta-
tion. There was free and rapid transfer of the drug on the 10th day of gestation.
Equilibrium between the maternal blood level and the fetal level appeared to have
reached 2—4 hours after drug administration. But this transfer became greatly
reduced on the 20th day of gestation indicating the presence, and as such, gradual
emergence of a relative placental barrier to sulfamethazine with the advancement
of pregnancy. This apparent difference in permeability to sulfamethazine at
different stages of gestation may be due to morphological or physiological alter-
ations or limitations of the placenta during the course of gestation in rats.

There is considerable variation in membrane thickness within an individual
placenta as well as significant change is placental histology as gestation proceeds
(Wynn 1968). Number of effective placental layers vary in the same species from
week to week even in the corresponding portion of the same placenta (Longo
1972). Kiryushenkov et al. (1971) reported that the placental permeability
to oxacillin decreased as gestation progressed in rat.
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Regarding the appearance of drug in amniotic fluid, Goodman and Gilman
(1955) stated that sulfadiazine appears more slowly in amniotic fluid than in
fetal blood. Buniatova (1974) reported the passage of sulfapyridazine to the
amniotic fluid of rat fetuses.

Prostup sulfadimidinu placentou mysSi a krysy

Prostup sulfadimidinu placentou mysi byl sledovin ve druhé poloviné jejich
biezosti. Prostup sulfadimidinu nebyl tplny, nebot jen ¢ist mnozstvi podaného
matkidm prostoupila z krevniho obéhu matek do fetu.

Prostup sulfadimidinu placentou krys byl sledovidn ve dvou stadiich bfezosti,
a to na konci prvé jeji poloviny (8. az 10. dne) a ke konci bfezosti (18. az 20. dne).
V prvém pfipad¢ byl zaznamenin téméf tplny a rychly prostup sulfadimidinu
z ob&hu matek do fetd. Ve druhém pfipad€, tedy koncem bfezosti bylo zjiSténo,
ze prostup sulfadimidinu placentou je vyrazné omezen. Sulfadimidin byl téz
zjistén v amniové tekutiné.

IIponunaeMocTs cynsdaluMHAMHA IIAEHTOH MBIMM U KPBICH

IIporunaeMocTe cynbdanuMuAMHA ILJIALIEHTOM MEBIIEH MCCJIENOBajach BO BTO-
poit mosoBuHe ux 6epeMenHocTH. IIpoHuItaeMocTs cyabpamuMuanHa 6blia HEIOJ-
HOi1, 160 JHIIb YacTh BBOZMMOTO KOJMYECTBAa Il€pemja u3 KpoBoobpalieHUs Ma-
Tepeil B 3apomsuuu. IIpoHuniaeMocTs cynbdaiuMHUAMHA ILTALIEHTOH KPHIC HCCIE-
IoBaJaCh Ha ABYX CTaZusaXx GepeMEHHOCTH, a MMEHHO B KOHIE ee IIepBOil II0JIO-
BuHbl (8 —10 menn) u B xouue Gepemennoctu (18 —20 nmenn). B mepBoM cayuae
HabJonanach IOYM MOJHasi ¥ GHICTpas NPOHHUIAEMOCTH CyabPafUMUANHA M3 KpO-
BooOpalleHUs MaTepeil B 3apoisiid. Bo BTOpoM ciydae, ClIeNOBaTeJbHO, B KOHIlE
6epeMeHHOCTH, OBLIO yCTAaHOBJIEHO, YTO INPOHHUIAEMOCTH CyJabaiUMHAMHA ILIA-
LIEHTOH CcyljecTBeHHO orpaHmudeHa. Cynbdamumupun 6Bl Takxke OOHapy)keH
B aMHHOTHYECKOM >XHIKOCTH.
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