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Abstract

Siddique, A. B., J. Simtinek, E. Hegerova: Eﬂ’ect of Carbadox on the Passage
of Sulfamethazine through the Blood-Bram Barrier-in Rat. Acta vet. Brno, 48, 1979:
79—84.

A relatively strong blood-brain barrier to sulfamethazine was observed in preg-
nant rats at two stages of gestation as well as in their non-pregnant countérparts.
Passage of sulfamethazine from blood to brain was found to be slow and difficult.
Carbadox, a non-antibiotic synthetic growth promotant, did not appear to influence
this blood-brain barrier to sulfamethazine in any significant way. Sulfamethazine
concentrations in the blood and brains of rats which were fed the carbadox-medicated :
diet did not differ “significantly from those in the blood and brains of rats which
did not receive it:

Sulfamethazine, carbadox, passage, blood-brain barrier, rat.

The blood-brain barrier has been defined as a mechanism, unique to central nervous system
(CNS), for exchange of substances between plasma and intercellular fluid. This barrier is gene-
rally believed to consist of the selectively permeable layer of CNS capillary endothelium (Ti-
mirag et al. 1968;-Crone and Thompson 1970). However, a number of tissue layers other
than the capillary endothelium have been proposed as the site of the blood-brain barrier (Wil-
son 1968). The exchange processes across the blood-brain barrier have been discussed by Wood-
bury (1965).
~ The rate of growth of mammalian brain is most rapid before birth; but, in species like rats,
rabbits and mice which are born in an immature state, myelination of the brain begins a week
or two after birth (Widdowson 1968).

Entry of many drugs into the fluid environment of CNS cells is significantly restricted by their
failure to penetrate the blood-brain barrier. Passage of substances through the blood-brain barrier
depends on their physicochemical properties. According to Ariéns et al. (1964), the blood-brain
barrier appears to behave as a lipid membrane. Therefore, a lipid-insoluble substance will pass
the barrier with difficulty, but a lipid-soluble drug will reach the same free concentration on
both sides of the barrier. However, the blood-brain barrier represents a unique example of
unequal distribution of drugs (Brodie and Hogben 1957). Even if injected intravenously, many
drugs fail to penetrate into the CNS (Goth 1970). The blood-brain relationship for each and
every substance is different (Dobbing 1961).

Sulfonamides are believed to penetrate the blood-brain barrier in variable degrees (Goldsworthy
et al. 1954). Physico-chemical properties of sulfonamides especially of lipid-solubility, protein
binding, molecular configuration and acidic properties have been reported to bear an important
relationship to the permeability of these compounds through the blood-brain barrier (Goth
1970; Oldendorf 1974). Sulfamethazine, a lipid-soluble, and poorly ionized drug of low mole-
cular weight has been found to penetrate the blood-brain barrier differently in various species
of animals and at different stages of brain development (Siddique and Simunek 1977).

Carbadox [methyl 3-(2-quinoxalinylmethylene) Carbazate N!, N* dioxide], a non-antibiotic
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synthetic growth promotant for animals, has been extensively used in many countries of the world.
It is also widely used for the prevention and treatment of some of the animal diseases. Carbadox
is effective against a wide variety of both gram-positive and gram-negative bacteria. The spectrum
activity of carbadox along with its efficacy in systemic use for the control of artificially induced
infections in laboratory animals have been described by English and Lynch (1971).

The present paper reports of the effect of carbadox on the passage of sulfamethazine through
the blood-brain barrier of rat. This study was undertaken primarily to find out a probable basis
on which to consider the effect on the sulfamethazine therapy by the carbadox in premedicated
farm animals.

Materials and Methods

Carbadox was supplied by the Czechoslovak National Chemical Industries, Lachema, Brno.
Sulfamethazine was a product of Czechoslovak National Enterprise, Spofa. Wistar rats were ob-
tained from the experimental animal farm of the Slovak Academy of Sciences, Dobra Voda.

Pregnant rats were divided into two groups. One group was fed the Larsen diet (standard feed
mixture for rat) mixed with carbadox powder at the rate of 50 mg/kg Larsen. The second group
of rats was fed only the Larsen diet. On the 10th day and on the 20th day of pregnancy each of
these two groups was again divided into 3 sub-groups (each sub-group containing at least 5 preg-
nant rats) and were injected i. m. a freshly prepared 10%, sodium-sulfamethazine solution at the
dose of 0.3 g/kg body mass. The rats were decapitated at intervals of 60, 120 and 240 minutes from
drug administration, one sub-group being decapitated at each of the three time periods. Samples
of blood and brain from each animal were collected at each time period. Simultaneous identical
experiments (as control against pregnant rats) with adult non-pregnant female rats were carried
out on each occasion following identical procedures. )

Sulfamethazine concentration of each sample was determined according to the method of
Bratton and Marshall (1939), modified by Wagner (1950). The mean, S. E. and the level of
confidence were calculated according to Czechoslovak Pharmacopoea (Ph Bs-3, 1970). Mean sulfa-
methazine levels are expressed as mg/100 ml.

Results

Rats which received carbadox medicated diet:

Sulfamethazine level in the blood of pregnant rats, on the day 10 of gestation,
was found to be 17.27 4- 0.35 mg/100 ml after 60 minutes of drug administration.
The corresponding brain level was 5.71 4 0.45 mg/100 ml and this amounted
to about 33 9, of the blood level. Both blood and brain levels rose to peak after

25- 120 minutes of drug administra-
tion. The peak blood level was
22.23 4 0.30 mg/100 ml. The
peak brain level was 8.30 -
4 0.35 mg/100 ml which repres-
:ﬂ ented about 37 %, of the peak
blood level. After 240 minutes
of drug administration, both
blood and brain levels were
found to havedropped. Theblood
level dropped to 1555 4+
4+ 0.35mg/100 ml and the brain
0- ) level dropped to 5.11 -+ 0.35 mg/
Time (min)- 60 120 240 60 120 240 /100 ml representing about 32 %,
BLOOD BRAIN of blood level. Similar data were
found in case of non-pregnant
ESN Pregnant [] Nonpregnant  apjmgals, Results are illustrated
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Sulfamethazine levels in blood and brains of pregnant rats, on the 20th day
of gestation, were 23.44 + 0.45 mg/100 ml and 7.35 4 0.35 mg/100 ml respectively
after 60 minutes of drug administration. The brain level mounted to about 31 %,
of the blood level. Both levels reached their peak after 120 minutes. The peak
blood level was 31.51 4- 0.55 mg/100 ml and the peak brain level was 11.11 4
+ 0.45 mg/100 ml which amounted to about 35 %, of the blood level. Both blood
and brain level dropped after 240 minutes. The blood level dropped to 25.20 4
4 0.55 mg/100 ml while the brain level dropped to 8.30 + 0.55 mg/100 ml

amounting to about 329, of the
blood level. Data of non-pregnant
female rats were found to be
approximately similar. Blood and
brain levels of both pregnant
and non-pregnant animals are
shown in Graph 2.

Rats which did not receive
carbadox medicated diet:

In pregnant rats on the 10th
day of pregnancy, the blood level
was 17.24 + 0.50 mg/100 ml
after 60 minutes. The corres-
ponding brain level at that time
period was 5.15 + 0.45mg/100ml
amounting to about 309, of the
blood level. As in previous cases,
both blood and brain levels rose
to their peak after 120 minutes of
drug administration. The peak
brain level of 8.25 4 0.55 mg/
/100 ml was about 36 9, of the
corresponding peak blood level of
22.75 + 0.55 mg/100 ml. After
240 minutes,theblood level drop-
ped to 15.80 4 0.55 mg/100 ml
while the brain level dropped

“to 5.15 4+ 0.55 mg/100 ml and
this amounted fo about 32 9,
of the corresponding blood level.
Similar results were found in
non-pregnant rats. Results are
shown in Graph 3.

Blood and brain levels of preg-
nant rats, on the day 20 of gesta-
tion, were 23.78 4 1.06 mg/
/100 ml and 8.05 4 0.78 mg/
/100 ml respectively after 60 mi-
nutes of drug administration.
The brain level was about 33 9,
of the blood level. After 120
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minutes, the peak brain level of 10.83 - 0.57 mg/100 ml amounted to about
359, of the peak blood level of 30.72 + 0.56 mg/100 ml. After 240 minutes,
the blood level was found to have dropped to 25.68 4 0.68 mg/100 ml. The brain
level dropped to 8.77 4+ 0.97 mg/100 ml which was about 34 9, of the brain
level at that time period. Similar findings were observed in non-pregnant females.

Results are illustrated in Graph 4.
Blood levels of pregnant animals were, in general, little higher than those of
their non-pregnant counterparts. Blood levels of 20 days pregnant rats were higher
than those of 10 days pregnant

351 ones.
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_}‘ Discussion

. The present investigation was

‘IT carried out within the scope of
the study of the effect of carbadox
on the placental transfer of
sulfamethazine at two stages of
gestation in rat. Our present data
have demonstrated the existence
of significant blood-brain barrier
to sulfamethazine in adult rats,
both pregnant and non-pregnant.
N Sulfamethazine concentrations
\ in the brains were always found
0 to be significantly lower than
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BLOOD BRAIN groups of rats irrespective of the

X Pregnant 3 Nonpregnant fact that one group of rats was

Graph 4. fed carbadox-medicated diet

while the other group did not

receive this diet. Sulfamethazine

levels in the blood and brains of rats which received carbadox-medicated food
did not differ significantly from those in the blood and brains of rats which
did not receive carbadox in their food. In all cases, sulfamethazine appeared to
pass from blood to brain with difficulty. The passage was found to be slow and °
restricted indicating the presence of a relatively strong blood-brain barrier to
sulfamethazine in adult rats. Carbadox did not appear to influence this barrier

to sulfamethazine in rat in any significant way.

It is known that permeation of membranes by drugs is facilitated by lipid solu-
bility of the nonionized molecules (Scholtan 1961). Yet various sulfonamides
show a relatively wide dispersion within this general trend which suggest that the
described relationship is influenced by a number of factors not sufficiently known
(Struller 1968).

The present findings as regards the passage of sulfamethazine from blood
to brain are in conformity with our previous findings (Siddique and Siminek
1977) as well as with other reports. Distribution of sulfonamides from blood to
brain is the lowest in comparison to other tissues of the body (Schipper 1964;
Staib 1967). According to Ariéns et al. (1964), sulfamethazine is one of those
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sulfonamides which do not easily penetrate the blood-brain barrier. Golds-
worthy et al. (1954) found no correlation between the lipid solubility of sulfon-
amides and their permeability through the blood-brain barrier.

The disparity between the rapid rate of blood flow to the central nervous sys-
tem, and the slow entry of many substances, provides the most convincing evi-
dence of unusual permeability properties in these tissues (Sherman 1970).

Our present findings indicate that carbadox has practically no effect on the
therapeutic use of sulfamethazine in animals.

Vliv carbadoxu na prostup sulfadimidinu hematoencefalickou bariérou

V pokusech byla zji§téna pomérné mald propustnost hematoencefalické bariéry
pro sulfadimidin u krys ve dvou stadiich bfezosti i u krys kontrolnich — ne-
-bfezich, Ukézalo se, %e prostup sulfadimidinu z krve do mozku je pomaly.

Carbadox — neantibioticky stimuldtor ristu, nevykazal nijaky vyznamny vliv
na funkci hematoencefalické bariéry ¢i pruniku sulfadimidinu. Koncentrace sul-
fadimidinu v krvi a mozku krys, kterym bylo poddvino krmivo medikované
carbadoxem, se neliily vyznamné od koncentraci v krvi a mozku krys, kterym
carbadox poddvan nebyl.

Bausanne xap6amokca Ha HpollycKaHMe cyiabdamuMHIMHA reMaTo-
-3unedanmyeckuM GapbrepoMm

B xopme omeiToB 6Blia BHEIABJIEHA NOBOJIBHO HeGOJIbLIAsA IIPOHHUIIAEMOCTH IeMaTo-
sunedanuyeckoro Gaprepa miaa cyabdamuMHIMHA KpPBIC B ABYX CcTamuax Gepe-
MEHHOCTM ¥ KOHTDOJbHBIX, He OepeMeHHEIX KphIC. DBLIO yCTaHOBJEHO, YTO IpO-
nmycKaHue cyiabGaguMuIMHA U3 KPOBH B MO3T SABJSETCA MEINJICHHBIM.

Kapbanokc — HeaHTHOMOTHYECKHI CTUMYJATOP pPOCTa, He OKAa3HIBAJ HUKAKOTO
CyLIECTBEHHOTO BJIMAHMA Ha OQYHKUMIO TeMaTo-sHueparudecKoro 6apbepa MK
NpOHUKHOBeHHE cynabdamumuauHa. Kounertpanus cyapdaiuMUAMHA B KpPOBHU
M MO3Ty KpDBIC, IIOJYy4YaBIINX KOPM C KapOaZOKCOM, CYIIECTBEHHO HE OTJIMYaJacCh
OT KOHIIEHTPalXU B KPOBH M MOS3Ty KpHIC, He NPUHMMAaBIINX Kap6amoxca.
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