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INTRODUDCTION




INTRODUCTION

The evolution of chemotuerapy can be traced
turouzh three distinct periods; a pre Eurlich era before
1891, tne period of Paul-bhrlich and the period after 1935
whica was anighligutened by tue break turougn intruduction
of sulfonamides followed by antibiotics and nitrated furan

derivatives.

Tue pioneer work of Enrlicia establisaed the
imporiance of cellular chemistry and also opened the gateway
for the synthesis of 1life saving antimicrobials., However,
insplite of easy availability of effective antiblotics,
clinical usages of furan derivatives and sulfonamides are
very common, buta in uunan and veterinary medicine. In
veterinary medicine, especially the cost factor and compa-
ratively low superinfection problem has kept the use of

sulfonamides in an envious position even nuw.

Furtuer,tne reason for tune rapid popularity of
nitrofurans lies in the fact that besides their remarkable
antibacterial action, the resistance and cross-resistance

problem was deemed to be less than tue antibiotics.

With the wide spread use of such antimicrobials,
it has been imperative to identify tue diiferent puarmaco-

kinetic parameters involved with tuese antimicrobials in



different species of animals.

Stewart and Paris (1962) reported tue influence
of species variation in regard to the concentration and

duration of action of sulfonanmides following oral and intra-

venous administration.

with the wide use of artificial insemination
practices as also under the stall fed management of dairy
uerd including the anigh ylelding buffaloes, tne probability

of urinary tract infection uas increased.

The two broad spectrum antimicrobials, nitrofu-
rantoin and sulfamoxole are widely used for treating cases
of urinary tract infection in small animals and man. It
seems that no comprenensive effort bas been made so far to
explore tne physioclogical disposition of tnese two compounds
in buffaloes as also in cattle. In view of the above, the
present study was envisaged so as to identify the extent of

 ppodBoge of these two compounds in blood and also their
excretion tarough tne urinary tract, The result obtained
are expected to equip the veterinarians with sufficient
pharmacokinetic background so as to help them to evaluate

tue comprenensive clinical value of these compounds in

buffaloes.,

L & 3
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REVIEW OF LITERATURE

DISTRIBUTION OF SULPONAMIDES.

Plasma 3

The importance of analytical control of blood
concentration of sulfonamides in respect to their anti-

microbial action was studied by barsnal (1939).

kaclay and Slavin (1947) reported tuat & blood
concentration of 5 mg per cent may be considered as the
minimum effective therapeutic level of sulfonamide in the
domestic animals. The same observation has also been made
by ciowe et al. (1956) and Brander and Fugu (1971) . Scuelidy
and Tillson (1947) studied the blood concentrations of
sulfadiazine, sufamerazine and sulfamethazine in cattle
following oral and intravenous adminisiration. They observed
that sulfamethazine gave highest blood level while sulfa-
diazine the lowest. They further studiod the rate of '
absorption of these drugs from the digestive tract and
found that sulfametnazine and sulfamerazine were more

absorbed tnan sulfadiazine.

Stowe et al. (1956) investizated tae blood levels
atiained by various sulfonamides in dairy cattle. They

snuwo& that sulfamethazine had longer duration and



sulfathiazole shorter duration in blood while sulfapyridine,
sulfamerazine, sulfadiazine and sulfadimethoxine showed blood

levels internediate between sulfatniazole and sulfemethazine.

ctowe et al. (1958) furtuner repurted toat in
cattle an oral dose of sulfabromometnazine at the rate of
214 mz per kg body weignt gave tuerapeutic concentration for
about 40 - 48 hours. The drug diffused into the C.t.F., and
milk to the extent of about 20 per cent of the corresponding
blood level. A

Ltewart and Paris (1962) and Francis (1949)
reported that species variation influenced in the attainment
and persisiance of sulfonamide blood level after oral and
intravenous administration. PFrancis (1949) studied the blood
level of different sulfonamides in mouse, rabbit, cat, dog,

f ox, wman, sueep, calf, cow, uorse, plg and ouick-“ . He
observed tnat in man the level attained by different sulfo-
namides were muci higher than in other species of animsls. In
chicken, the levels were lowest and a higher dose of the drug

was required for optimal therapeutic concentration.

In sneep, sulfanilamide gave tue niguest blooud
1 evel followed by sulfamerazine, sulfametuazine and sulfa-
diazine wnile sulfatniazole and svitapyrldinn gave Insigni-
ficant blood levels. In calf, sulfamerazine showed the
nignest blood level followed by sulfamethazine, sulfapyridine
and sulfanilamide. In cow, the blood level was highest for

sulfamethazine followed by sulfamerazine, sulfanilamide,



dtteclaegs, sl et nee s e L S v A ol s i
s

sulfapyridine. In norse, the blood level was highest with
sulfamethazine followed by sulfamerazine, sultadiazine,

sulfapyridine, sulfanilamide and sulfathiazole.

vtewart and Paris (1962) studied tue blooud con-
centration of sulfametnoxypyridine in norse, dog, sheep,
cal® . and cow: following oral administration of 110 mg of
the drug per kg body waiéht and in calves and cows following
oralladministration of 220 mg per kg body weight. Lpecies
differences in the peak blood levels and the duration of
therapeutic concentration were observed. The rate of absor-
ption appeared to be more rapid in the species having simple
stomacn; and in catile, tune efficiency of absorption appeared
to be comparatively poorer than that of sheep. The highest
peak blood level and the longest duration of therapeutic

concentration was observed in sueep and dog.

Etowe and fisodia (1963) observed taat maximum
average sulfadimethoxine concentration in plasma af ter oral
administration of 214 mg per kg in cattle was 11,9 to 13.5
mg per cent between 12 to 24 hours post administration. Taey
furtuer observed tnat tne same dose of drug wuen given by
intravenous route, produced a maximum blood cuncentration
of 32.9 mg per cent at one hour post administration and
therapeutic concentration was maintained till 12 hours. They
reported that blological half-life of the compound was 5

nours and volume distribution of the drug was 50 per cent of

tue body weight.
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Ullrich (1963) reported that 1ntrav§nous injection
of sulfadimethoxine in horses at the rate of 100 ng per kg
body weigut yielded tuerapeutic blood concentration of at
least 5 mg per cent for 27 nours. After intravenous injec-
tion of 100 mg per kg into dogs, the drug persisted for 26
hours. In pigs, however, wioen the same dose was given intra-
peritoneally the same therapeutic concentration persisted

for 43 uours.

Linkenheimer and Stolzenberz (1965) reported that
a single oral dose administration of sulfadimethoxine at the
rate of 50 mg per 1b body welgut in swine produced maximum
blood concentration of 9.6 mg per cent at 6 aours, Tuo.
therapeutic concentration was maintained from 2 to 15 hours

post administration.

Reum and Rieder (1965) reported tnat trials with
sulfadimetnoxine in 550 cattle after intravenous dose of 25-
40 mg per kg gave a blood level of 2.84 mg per cent for about
11 anours. Taey further observed tuat a dose of 100 - 200 mg

per kg of sulfadimethoxine gave a bloud level of 5 mg per cent.

tilvestri et al. (1967) studied tue distribution
of sulfamethazine, sulfaethoxypyridazine, sulfamethoxydiazine,
sulfadimethoxine, sulfamethylphenazole and sulfaphenazole in
heifer and reported that all drugs attained peak concentration

in blood and plasma between 6 to 9 hours.

Banerjee (1971) investigated the plasma level of

spanbolets, sulfamethazine, sulfapyridine, sulfaphensazole,



sulfadiazine and sulfanilamide in goats., He reported that
sulfamethazine showed maximum plasma level while other
sulfonamides in order of tueir plasma concentrations were
spanbolets, sulfapyridine, sulfapnenazole, sulfadiazine

and sulfanilamide.

tingh (1974) repurted that in buffalo calves tue
mox imum plasma level of unchanged drug was attained by
sulfamethazine, followed by sulfaphenazole, sulfapyridine,

sulfadiazine and sulfanilamide.

Banerjee et al. (1977) investiguted tue blood
levels and tissue dispersion of sulfamoxole in poultry.
Tue mean blood level at 2, 6, 12 and 24 hours were 6.82 +
0.57, 4.05 + 0.27, 3.58 + 0.40 and 1.13 + 0.20 mg per cent
respectively. The drug residual concentration in the
kidney, lung, liver, spleen and yolk were comparatively
nigher than thouse in the brain and muscle. A mean concen-
tration of 1.81 mg per cent was obtained in the kidney.
The observation revealed tunat tue drug could not attain the
appreciable taerapeutic concentrations at any time. Tals
was in contrast to the observation in relation to sulfaquino-

xaline as reported by Banerjee et zl. (1974).



Jha et al. (1977) Studied tne blooud levels of
sulfamoxole and its biotransformation in guat. Tue study
revealed that tne highest free drug concentration was 6.23
mg per cent at 6 nours after a single oral administration
of drug at the ratéﬁées mg per kg body weight. The acety-
lated derivative was detected at 6 nours post adminisnration'
0of tone drug and the highest per cent acetylation (34.3 per

cent) was ohserved at 48 hours.

Urinary excretion :

Stowe (1966) and thepunerd (1970) reported varia-
tion in the reabsorption of non-acetylated sulfonamides in
dog as follows ¢ CsulfathiazZole 13 per cent, sulfadiazine
69 per cent, sulfapyridine 72 per cent, sulfanilamide 75 per
cent, sulfapnentzole 75 per cent, sulfametnazine 85 per cent

and sulfamerazine 80 per cent.

Baggot (1968, 1970) observed tuat tubular reab-
sorption of sulfonamides in dogs, cslves and pigs was depen=-
dent on pH-pka rationship.

Walker (1970) investigated tne metabolism and
excretion of sulfadimethoxine, sulfasomidine and sulfadi-

metuoxypyrimidine in man; and Osbaldiston and Walker (1972)

observed tnat at least 75 per cent of sulfisoxazole was rec-
overed in tue urine.

Bergan and Brodwall (1972) investigated the kidney
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transport of sulfamethoxazole and trimethoprim in man. They
concluded that trimethoprim is subjected to passive non-
ionic tubular diffusion in the kidney at a urinary pi value
below 6.2. Tuere is generally net tubular secretion wiereas
there is net tubular reabsorption above this point. Tune re-
absorptiun of active sulfamethoxazole was slightly influenced

by urinary pH.

tingh (1974) studied the urinary excretion of
certain sulfonamides namely sulfanilamide, sulfamethazine,
sulfaphenazole, sulfapyridine and sulfadiazine in buffalo
calves after a single oral dose of 200 mg per kg body weight.
He observed tuat excretion of sulfonamides in urine started
wituin one hour of their administration and councentration of
free form of the drugs remained unigner tusn 5 mg per cent
from 1 = 48 nours. Tne overall mean percentage of conjugated
form were found to be 59.44 for sulfanilamide, 27.06 for
sulfamethazine, 26.97 for sulfapyridine and 22.07 for sulfa-

diazine in urine.

Detoxication 3

The mé!n metabolic patuway for sulfonamides in
domestic animal is acetylation, wulch mainly occur in the
1iver but spleen of cat, leucocytes and erytnrocytes can also

acetylate these compounds (VanWinkle and Cutting, 1940; Stowe,

1966 and Mandel, 1971) .
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Stowe et al. (1956) studied the rate of acetyl-
ation of sulfanilamide, sulfapyridine, sulfadiazine and
sulfamethazine in cattle; and taey reported 37.8, 19.5,15.1
@nd 6.7 per cent acetylation in blovd and 72.7, 48.2, 36.2,
énd 26.00 per cent in urine of cattle.

Williams (1959) observed that acetylated deri-
vatives are tnerapeutically inactive and may cause renal
demage as they ere less water soluble than the purent drug

excepting the sulfapyrimidine.

Williems and Parke (1964) confirmed that acety-
lation is the major route of metabolism of sulfonamides
and may vary with tne individual, species and type of 5u1;

fonamide.

ihe acetylation of sulfonamides nave heen obser-
ved in most of the specles such as fish, toud, cuicken,
mouse, rat, guineapig, rabbit, cat, pig, cow,buffalo,shneep,
goat, horse and man (Marshall and Litchfield,1939; Northey,
1948; larshall, 1954; William, 1971 ; Banerjee, 19713and
tinga, 1974). Ahcetylation does not occur in dog and turtle
(5towe, 19663 William, 1967). ' :

Silvestri et al. (1967) found 20 per cent acety-
lation of sulfapaenazole and 9.62 per cent of sulfamezathine

in the plasma of heifer.

Banerjee (1971) . .. reported the acetylation of
sulfanilamide, sulfadiazine, sulfapyridine and sulfametnazine,
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spanbolets, sulfapnenszole and trinamide after oral adminis-
itration of eaca of the above drug at the rate of 130 mg per
1b body weight in goat plasma and milk.

“ingh (1974) studied the per cent acetylation of
sulfanilamide, sulfametuazine, sulfapuenazole, sulfapyridine
énd sulfadiazine in buffalo calves af ter single oral dose
of 200 mg per kg body weigut. He observed that overall mean
percentage of conjugated form of sulfonamides were found to
be 16.20, 59.44 for sulfaniladide, 8.34 and 27.06 for sulfa-
methazine, 9.64 and 54.80 for sulfaphenazole, 9.37 and 26.97
for sulfapyridine and 8.37 and 22.07 for sulfadiazine in

plasma and urine respectively.

ITROPURANTOIN .

Distribution 3

Paul and Bender (1946) studied the urinary excre-
tion of nitrofuran wpé7 in albino rats at oral dosages of 1,
2, 3, 5, 10 and 20 mg per animal. The spectrophotometric
examination of the urine samples indicated that the compound
Wus rapidly excreted during four uour period in concentration

proportvional to the dosages used.

Paul et al. (1949) observed the urinary excretion
of wvarious furan derivatives in laboratory animels. The

compound which were found to be metabolized to nitrofuroic



acid suowed little or no in vivo activity.

Riouqfds gi.g;. (1955) studied tue nitrofurantoin
level in the blood and urine af ter oral adainistration, in
clinical capea‘énd laboratory animals. Taherapeutically
effective concentration of the compound was excreted 1ﬁ

urine but no useful level in bloéh could be recorded.

Buzzard et al. (1956) determined colorimetrically
tae concentrations of nitrofurazone, nitrofurantoin and
furazolidone in the plasma of rat. The rats were adminise-
tered orally; various dos'—-es level of the drug. They
observed that the drug did not appear in the plasma af ter
an oral administration at the rate of 10 og per kz body
weight upto Bthuhourﬁ; However, a dose of 100 mg per kg
bodj welight prbduced a significant plasma level. The plasma

level of these oompounda v ore 1ncgrporated in the table.belouw.

Flasma level =

CTompound
Nitrofurantoin 10 e 0
100 2.6 1.6
N itrofurazone 10 0 0
100 4.5 1.5 ’
500 5.7 10.0 14.5 16.2
Furzgolidone 10 0 0

100 2.5 1.0
500 3.3 3.6 1.3 1.6
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Paul et al. (1959) investigated the renal clea-
rance of nitrofurantoin in albino rats atvarious plasma
levels. Tuey reported a recovery of 30 = 40 per cent of
the dose administered in tue urine of rats, after either
oral or intravenous administration. Tae low plasma concen-
tration following intravenous administration indicated rapid
distribution of the drug. Low blood level and high urinary
concentration nave been observed uniformly af ver nitrofu-
rantoln administration, bota in animal and uuman being. Tuey
found that 30 - 50 per cent of the orally administered drug
is excretved through the urine which suggests that both in
rat and dog the drug is well absorbed after oral administra-

tion.

Paul et al. (1960) determined the blood and urine
concentration and plasma protein binding values of nitrofu-
rantoin in dog and rat at different doscge level, wherein,
nitrofurantoin appeared atv & conceniration of about 2 to §
mg/litre after the usual oral dosage of 100 or 200 mg when
given 4 times daily. In rat, the blood levels of nitrofu-
rantoin have been reported to be 2.6 mg/litre wuen the drug
was given orally at the rate of 100 mg/kg body weight. They
further noted thet the excretion through urine in cese of

nitrofurantoin was 40 to 50 per cent. Nitrofuvrantoin was

':tound to be excreted to a similar exient by rat, dog or man.

Buzzard et al. (1961) studied tue absorption,

distribution and elimination of nitrofurantoin in the rat.
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They found that rapid absorption of drug from small 1ntestina
of rat takes place and 50 per cent of total administered drug

was recoverable in its urine.

Conklin and Hollifield (1965) studied tue urinary
concentration in rat, dog and human urine tolldwing an ofal
administration of drug at ‘O rate of 10 mg/kg body weight.
Urine samples of rat revealed a concentration of 400, 400,
200 and 113 mg per litre at 0-2, 2-4, 46 and 6-8 hours
respeciively wuereas in dog urine 970, 630, 284 and 143 mg/
litre; and in human urine 145, 49, 5 and O mg/litre of the

drug concentration was recorded at above time intervals.

Miura and Rockendorf (1967) studied structure
activity relationship, blood levels, urinary excretion,
plasma protein binding and chemotherapeutic efficacy of
nitrofurans. They reported low plasma concentration of
nitrofurantoin af ter oral administraiiun in rats. In tae
urine of rats and man 30 to 40 per cent of the administered
dosage of the drug was excreted. Tune inuibitory effect on
tne growth rate of bacteria was furtaer studied. Tue anti=-
bacterial activity of certain nmon-ionized nitrofurans
(nitrofuragone and furazolidone) was not affected by pH of

the medium, while ionized nitrofurans (nitrofurantoin) was

affected to some degree.

Cruine et al. (1972) studied tue metabolites of

£ uragolidone in urine of chicken. The authors reported
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that clostomized culcken were medicated witih single oral
dose of the antibacterial furazol idone. fv average 7.5 +
3.00 per cent of the dose was excreted in the urine within
12 hours. Chromatographic analysis detected four metabo-
lites containing a furan ring. Only one metabolite reacted
to form S-nitrofurfural phenyl-hydrozone. Elimination of
the metabolites with a furan ring was complete in 12 hours.
Unly traces of furazolidone wercdetected by curomatographic

procedure. '

Pandey (1975) studied thue blood level and urinary
exorotioﬁ of nitrofurantoin and furazolidone in goat. He
observed that no significant concentration of drug was found
in the plasma of goat after oral administration of drug at
tue rate of 10 mg per kg body weight. The peak concentration
was found 2.61 + 0,09 ug/ml and 1.86 + 0.83 ug/ml for fura-
zolidone and nitrofurantoin respectively, at 4 hours post
adrminisiration of the drug. In urine the peak conceniration
of nitrofurantoin and furazolidone was found to be 169.00 +
2.64 and 8.25 + 0.50 ug/ml. 45 per cent of nitrofurantoin
administered, excreted tarough urine whereas only 2 per cent

of furazolidone administered was detected in the urine of
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MATERIALS AND METHODS

SULPAMOXOLE AND NITROPURATOIN,

In tue present investigation, five and six normal
healuiny deshi buffalo calves between the age group of 6 montis
t0 one year were used for sulfamoxole and nitrofurantoin
respectively. Tue buffalo calves were maintained on green
grass and concentrates (Korai, Chokar and Dana) under stall
f eeding, during the period of experiment. Water was given

ad-11b,.

Collection of control samples.

Blood

For collection of the blood samples, the hairs
around the Jjugular veins of each experimental animals were
snhaved and the site was cleaned with ether. The blood
samples were always collected in test tubes containing sodium
oxalate orystals. Before administration of the drug, 30 ml
of blood was collecied from une of tae jugular vein from a
18 gauge needle, for use as control and for prepa;ring the
Tae blood sample was centrifuged at 5000 r.p.m.

standards.
for 15 minutes to separate the plasma. The plasma thus



obtained was stored in refrigerator for subseguent use .

Urine

To enable proper collection of urine samples and
total volume of urine, each animal was immobilised in a
8teel crate for 96 nours. BRefore administration of the drug,
urine sample was collected from each animal for use as con-

trol and for the preparation of standards.

Administration.

sulfamoxole

For the determination of blood level and urinary
excretion of sulfamoxole (5u1£unon), the drug was given
orally at the rate of 200 mg/kg body weight to each of the
five buffalo calves. The drugs were powdered and given with
mollasses. Care was taken that no drug was lost during

adminisctration.

Por intravenous administration, the drug was
powdered and dissolved in nurqgl saline solution. 7To make
the drug dissolved completely, a few ml of 1 per cent NaoH
solution was added and slightly warmed over water bath.When
the drug dissolved completely, it was injected sluwly into
jugular vein at the rate of 50 mg/kg body weight. The same

set of animals were only used for the second time after a

period of four weeks.



Nitrggurangg;g 3

The finally powdered drug (FuradantinR) was given
With mollasses to each buffalo calves orally at the rate 10
ng/kg body weight.

(Iollectigg of experimental samples.
Blood

sfver administration of drug, the animal was
immobilised in a steel orate. The blood samples were collec-
ted in test tubes containing sodium oxalate crystals at 1,3,
6, 9, 12, 18, 24, 48, 72 and 96 hour intervals from a jugular
vein punctured by 18 gauge ﬁeedla. The blood samples were
centrifuged at 5000 r.p.m. for 15 minutes and plasma separated
The plasma samples were tuen subjectedto cuemical determina-
tion at the earliest time. In the animals which were given
the drug intravenously, the jugular vein which was used for
the administration of drug was not used for the collection

of blood samples.

Uring s

Along with blood samples, urine samples were taken
in test tubes from the urine collected between 0-1, 1-3, 3-6,

6-9, 9-12, 12-24, 24-48, 48-72 and 72-96 hour interval, The



- A9 =

volume of the urine samples was measured eacu time and
Quantity noved. However, in some specific hours, urine

samples could not be collected as the animals did not

micturate. The urine samples were then subjected to che-

mical determination.

Blological nalf life and volume distribution

For determining the biological half life and
volume distribution of sulfamoxole, the drug was injected
intravenously in five buffalo calves, at the rate of 50 mg

per kg body weight.

Blood samples were collected at 30 minuves, 1,
2, 4, 8, 24 and 48 hours and the drug concentration in each
sample was determined. Tuhe drug concentration tuus obtaindd
was plotted against their time of concentration on semilog
scale and extrapolated to zero time. The Zero time concen-
tration taus obtained, tue blological hall life of the drug

was determined.

.hpparent volume distribution of tae drug was

deternined as follows 3 -

Apparent volume distribution (%)

total dose given : L 100
= Fero Lime plasma concentration of iree

drug x weignht of animal.




CHEMICAL METHOD.
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Determination of sulfamoxole ¢

Tne concentration of sulfamoxole (free and total)
was determined by Bratton and Marsanall feonniqvne (1939) .
For determination of drug concentration in the urine, the
experimental urine samples were at first diluted 25 times.
In such cases wuere these dilutions did not give colour re-
action, urine was diluted 10 times or undiluted urine was

used.

Free sulfonamide (bulfanoxole] H

Concentration of free sulfonamides were determined
by diagzotisation reaction before nydrolysis as described by
Bratton and Marsnall (1939). '

In tuis procedure, 1 ml of experimental sample
was taken. Then 14 ml of distilled water was added to
each tube and mixed thoroughly. After this, to each tube
5 ml of 15 per cent trichloro-acetic acid was added. Tae
contents in the test tube were thorougnly mixed and shaken.
The mixtures were allowed to stand for 10 minutes for
complete deproteinisation. Then the contents were filtered
and 5 ml of the filtrate was taken out. To this filtrate
0.5 ml of 0.05 per cent solution of sodium nitrate was

added. Tuis procedure formed diazo compound.



At this stage, the filtrate was thoroughly shaken and sodium
nitrate was allowed to react for exactly 5 minutes. This
reaciion was stopped by adding to it 0.5 ml of 0.5 per cent
ammonium sulfamate solution. The ammonium sulfamate was
allowed to act exactly for 2 minutes. after tnis, 0.5 ml

of 0.5 per cent solution of the coupling agent N-l-naputhyl-
ethylene-diamine-dihydrochloride was added. The time inter-
val in this enalytical procedure being eritical, each step

was followed very carefully to maintain the proper time

roactibn.

Af ter adding esch of the reagents, thorough

snaking and mixing of the mixture was done.

The resultant colour density was them measured
colorimetrically at 624 milli micron (mu). Tue readings of
the control samples were substracted from the unknown sam-
ples and the final colorimeter reading of the unknown sam-
ples were obtained. Tuese final readings were then compared
with the standard reading plotted in & graph and the plasma

and urine concentration in mg per cent were noted.

Total sulfonamide 3

Total sulfonamide are concentrations of sulfona-
mides which produced Bratton-Marshall colour reaction after
hydrolysis.

The procedure for determining the concentration
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of total sulfonamide was similar to the determination of

free sulfonamide procedure upto the stage of deproteinisa-
tion.

Tnen 5 ml of the filtrate obtained from the pre-
cipitated solution was taken in & dry and clean pyrex test
tube and 0.5 ml of 4N-HCl was added. Thae test tubes were
then kept in boiling water both for 1 hour. Care was taken
that all the test tubes were expused to uniform and equal
heating. After the process was completed, the test tubes
were taken out and allowed to cool. Waen cooling was com-
Plete, the 5 ml volume was restored with distilled water.
After this, for diazotisation, the same technique was adopted
as for free sulfonamide estimation and calorimetric reudings
were taken. Heading of control samples were substrated from

the reading of unknown samples.

A set of standards and control samples of plasma
and urine were run along with the unknown samples adopting
similar procedure and the concentration of total sulfonamide

of respective unknown samples were obtained.

Preparation of standard curve 3

Drug solution of 1.562, 3.125, 6.25, 12.5 and
25,00 mg per cent concentrations were prepsared in plasma
and urine (dilution 1 in 25). Tnese solutions were run in
the same way as in case of free and total sulfonamide esti-

mation. The results were expressed as optical density
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versus concentration. Tue opticel densities were plotted
against concentrations and standard curves obtained separa-

tely for plasma and urine.

Caloulationg s

c g Total drug - Free dru
Oonjugation per cent = Foers drug cuncentration A 1005
Total excretion per 100 ml x

Total excretion (urine) = M%‘

Apparent volume distribution (%)
- lotal dose given in mg X 100

gero time plasma concentration
of free drug x weight of animal.

N ITROPURANTOIN .

The concenirations of nitrofurantoin in plasma
and urine were determined colorimetrically by phenylhydra-
zone method, as described by Buzzard et al. (1956). PFor
determining the concentration of nitrofurantoin in the urine,
the experimental urine samples were diluted to 1:25 ml, if
the dilutions did not give colour reaction, urine dilutions

of 1310 or even undiluted urine was used.

Principle ¢ - The method of estimation of nitrofurans
as described by Buzzard et al. (1956) is based on the forma-

tion and colorimetric estimation of 5-Nitro-2-furfural-dehyde
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phenylhydragzone, which is the condensation product, conta-

ining the trivalent-N-N=C- group, resulting from tae action

0f phenyl-nydrazine HCl (Ph. NH., N s CHR) on tue aldenyde

or Ketone group of nitrofuran.

glaum H

btandard solutions of different concentrations of

nitrofurantoin in plasma were prepared as follows 3

Pinely powdered 100 mg of the compound was dis-
solved in 100 ml of N, Nedimethyl formamide in & measuring
cylinder. Then 2.5 ml of this solution was diluted to 25
ml with plasma, to obtain a concentration of 100 ug/ml.
From this plasma drug solution, 2.5 ml was taken and diluted
to 25 ml with the plasma, to obtain a concentration of 10 ug
per ml of plasma. Then 0.5, 1, 2 and 3 ml of 10 ug per ml
of solution was pipetted out and placed in separate pyrex
test tubes and each of these were made to 3 ml volume by
adding 2.5, 2 and 1 ml of plasma respectively. Tue standard
concentrations thus obtained were 1.67, 3.33, 6.667 and 10

vug/ml respectively.

Urine ¢

Stendard solution of urine was also prepared by

the above procedure excepting that urine in the dilution of

1 in 25 was used in place of plasma.,
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Three ml of each of the experimental sample of
plasma and urine collected at different intervals were
taken in separate sets of pyrex tubes. Three ml of control
and standard solution were also taken in separate pyrex
tubes. Tuen 1 ml of 1.5 per cent puenyl-aydrazine and 1 ml
of S5N=-HCl was added to each of the tubes. The tubes were
thoroughly stirred with the help of glass rods for complete
mixing the reagents and were neated at 70°C for 25 minutes.
The tubes were then kept for 5 minutes under running tap
water and subsequently 5 ml toluene was added to each of
these tubes. The tubes were vigorously shaken 30 times. The
content of each tube were transferred to centrifuge tubes and
was centrifuged for 15 minutes to get a clear toluene layer.
Waoenever, it was found that toluene layer was not clear re-
centrifugation was done. The clear toluene layer at the top
of the tubes was gently taken out and kept in clean.separate
tubes, which were plugged with cotton. The drug concentira-
tion were read in the Klett-Summersen Colorimeter by using

blue filter at 430 mu sgainst a toluene blank.

Standard solutions and unknown plasms and urine
samples of a particular buffalo calf were always carried out
by the same procedure at the same time. otandard curve for
each compound was prepared by plotting the absorbance of each

drug obtained at different concentrations.

The reading of the control samples were substracted

from the unknown samples and the final Klett-reading of the



unknuwn samples were obtained. Final readings were now
compared with the standard curve and the concentrations

in the original plasma and urine samples were obtained. By
dividing the concentrations, by tharee (the volume of plasma

and urine samples used), the concentration per ml of biolo-

gical fluid was obtained.

The final concentration of urine was derived by

multiplying witn diluting factor, woerever required.

* %%
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DISTRIBUTION IN PLabMA AND URINE.

vulfamoxole.

ﬂasma 3

The plasma concentration of free and conjugated
sulfamoxole in buffalo calves No . 1, 2, 3, 4 and 5 after a
single oral dose of 200 hg per kg body welgnt have been snown
in Table I. The mean concentration of free and conjugated

drug in plaesma have been presented in Table Il and Fig. I.

The free drug concentration in plasma of buffalo
calf Nos. 1, 2, 3, 4 and 5 at 1 hour was 3.75, 2.75, 2.50,
2.50 and 4.25 mg per cent respectively.

The peak plasma concentration of free drug was
observed to be 12, 12.50, 10.50, 11.25 and 12.50 mg per cent
in buffalo calf Nous. 1, 2, 3, 4 and 5 respectively between

9 - 12 hours.

The 96 nhours samples revealed a free drug concen-
gration of 1.75, 2.50, 1.75, 0.75 and 1 mg per cent in buifalo
calf Nos. 1, 2,3., 4 and 5 respectively. Tne mean free sulfa-
moxole concentration in buffalo plasma at 1, 3, 6, 9, 12, 18,
24, 48, 72 and 96 hours were 3.15, 5.35, 7.77, 11.60, 10.75,
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983, 7.60, 4.61, 2.82, 1.55 mg per cent.

The minimum therapeutic concentration of drug was

maintained in plasma from 3 to 24 hours, post oral adminis-
tration of drug.

TABLE - Io

individual plasma concentration of sulfamoxole af ter single
oral dose administration at the rate of 200 mg per
kg body weight.

All concentrations are expressed in mg per cent of plasma

Hour | Buffalo calf No. I, ffalo calf No, 2
| } §

1 3.75  3.75 0.00 2.75 3% JaiA8
3 4.75  5.25 9.52  6.00  6.75  11.19
6 9.00  9.75 7.69  8.12  9.50  14.52
9  12.00 13.75  12.72  12.50 15.25  18.03
12 11.25  12.25 8.16  9.50 11.75  19.14
18 10.75  12.00  10.41 - 11.00 3
24 7.00  8.25  15.15 9,00  10.50  14.28
48 3.80  4.00 5.00  4.75  5.00 5,00
72 2,50  2.50 0.00 35.25 3.25  0.00

96 1.75 1.7 - 0.00 2.50 2.50 0.00




TABLE - I (Cont'a)

]
Hnursi Bufifalo calf N Buff calf No. 4
C C
R S RN A 5.
1 2.50 2.50 0.00 2.50 2.75 9,09
3 6.50 7.00 T.14 3.75 4.00 6.25
6 8050 9.00 5.55 5.00 6000 16-66
9 10.50 13.25 20.75 10.50 11.75 10.63
12 9.75 10.50 7.14 11.25 12.50 10.00
18 - - - 7.00 7.75 9.67
24 6.25 6.75 7.40 7.00 T.75 9.67
48 6.25 6.50 3.83 3.50 3.75% 6 .66
72 2,75 2.75 0.00 2,25 2,25 0.00
96 1.75 1.75 0.00 0.75 0.75 0.00
Hour

1 4.2% 4,25 0,00

3 5.75 6.25 8.00

G 8.25 . 9.25 10.81

9 12.50 14.25 12.27

12 12.00 13,25 9.43

18 11.7% 13,00 9.61

24 8.75 10.00 12,50

48 4.75 5.00 5.00

72 337 %.50 BT

96 1.00 1,00 0.00

F = Free. T = Total.

¢ = Conjugated - expressed
of total.

as per cent
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TABLE - II.

Kean plasma concentration of free and to
3 tal sulfamoxole and
1ts conjugated percentage for five buffalo calves

All concentrations are expressed in mg per cent

of plasma.
BO\I!‘L F T l c

1 3.15 3.27 3.98
(0.35) {0.34) {(0.87)
3 5035 5'85 8040
(0.49) (0.55) (0.57)
6 777 8.70 11,04
(0.69) (0.68) (2.11)
9 11.60 13 .65 14.88
(0.45) (0.57) (1.88)
12 10.75 12,05 10.77
(0.48) (0.68) (2.13)
18 9.83 10.93 9.89
(1.44) (0.96) (0.26)
24 7.60 8.65 11.80
. (0.53) v (0.70) (1.17)
48 4.61 4.85 5.09
(0.45) : (0.51) (0.55)
72 2.82 ' 2.85 0.74
(0.21) : (0.23) (0.28)
6 1.55 | 1.55 0.00

2 (0.31) ' (0.31) |

P = Pree. T = Total. C = Conjugated - expressed as

per cent of total,
() = Values in the parentheses denote standard error.
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Urine 3

The excretion of sulfamoxole in the urine of buffalo
calves following a single oral dose of 200 mg per kg body
Welght nave been depicted in Table III. The mean urinary
concentration of the drug has been shown in Table IV.

The 0-1 hour concentration of free drug in the
urine of buffalo calf Nos. 1, 2, 3, 4 and 5 were 65.00,62.75,
72.00, 35 and 45 mg per cent respectively. The peak urine
concentrations of free drug were 307.50, 275, 287 and 475 mg
per cent in buffalo calf Nos. 1, 2, 4 and 5 respectively,
during at 12-24 nours. In buffalo calf No. 3 however the
peak level of 475 mg per cent was attained between 6-9 hours
post oral drug administration. The free drug was detected in
urine samples collected between 72-96 hours in the concentra-
tion of 37.50, 14.25, 12.75, 15.00 and 15.00 mg per cent in
buffalo calf Nos. 1, 2, 3, 4 and 5 respectively.

The mean concentration of free drug in the urine
at 0-1, 13, 3-6, 6=9, 9=12, 12-24, 24-48, 48-T72 and 72-96
hours were 55.95, 141.33, 332.83, 291.44, 266.75, 320.25,
202.95, 80.35 and 18.90 mg per cent respectively.

The urine samples at some hours could not be collec-

ted as the animals did not micturate between those time-

intervals.



TABLE - II1I.
Individual urinary concentration of sulfamoxole of five buffalo
calves after a single oral dose administration at the
rate of 200 mg/kg body weight.

(A1l concentrations are expressed as mg per cent).

. t ?ﬂ"a'ig o%! %9. 2

0=1 65.00 7.75 9.40 62.75 68.75 8.72
5‘6 168.50 218.50 22088 - - -

6=9  218.75 268.75 18.60  256.25 293.75 12.76
9-12  237.50 287.50 17.38  231.25 275.00 15.90
12-24 307.50 393.75 21.90  275.00 312.50 .12.00
24-48 262.25 337.50  22.29 206.25 275.00 25.00
48-72  75.25 84.25  10.68 55.50  62.50 11.20
72-96  37.50 37.50  0.00 14.25  15.00  5.00

Houry Eﬂai% call Ng. > falo ca 0. 4
ourl ?‘ #ﬁ _4

0=1 72.00 80.00 10.00 35,00 37.50 6.66
1-3 162.50 206 .25 21,21 135,50 148.50 8.75

3'6 455000 555000 18.02 - = -
6-9 475.00 560,00 15.18 215.75 251.75 14.29
9-12 = - E 248.25 303.25 18.13

12-24 256.25  306.25 16.32 287.50 400.00  28.12
24-48 240.00  280.00 14.28 156,25 193.75 19,30
48-72 58.25 66.25 12.07 112.50 125.00 19.38
72-96 12.75 13,25 3.77 15.00  15.00 0.00
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TABLE = III (Cont'd)

Hour i £ calf N
W By g

13 126.00  162.50  22.46
3-6  375.00  425.00  11.76
6-9 - - -
9=-12 350.00 400.00 12.50

12«24 475.00 525.00 9.52

24~48 150.00 1€8.75 11.11

F = Pree
= Total

¢ = Conjugated - expressed as mg
per cent.
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TABLE - IV,

lean urinary concentration of fr
ee and total sulfam
its conjugated percentages for five buffalo oagtgit o

(A1l concentration are expressed in mg per cent)

Hour i ¥ ‘ ‘ T c

0-1 55.95 61.85 9.36
1=3 141.33 172.41 17.47
3-6 332.83 399.50 17.55
6-9 291.44 343.56 15.20
9-12 266.75 316.43 15.97
12-24 320.25 387.50 17.41
24-48 202,95 251.00 18.39
48-T2 80.35 91.25 11.91
72-96 18.90 19.40 3.29
F = Free.
T = Total.
¢ = Conjugated - expressed as per cent
of total.

(Not taken for statistlcal analysis).
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Cunulative excretion in urine.

The aversge and individual cumulative excretion

of sulfamoxole has been shown in Table V and Fig. II.

It is evident from the results that & major
Quantity of drug was recoverable in urine between 12-24 nours.
The mean cumulative per cent excretion between 0-12, 12-24,
24-48, 48-T72, 72-96 hours were 8.08, 19.94, 29.14, 32.82,
33.56 per cent. Totel mean cumulatiive excretion of sulfamo-
xole in this species was found to be 33.56 per cent (at 0-96

hours post oral administration of drug).

Cunjugation (Plasma and urigg}.

Flasma

The result incorporated in Table I and Table II
jndicates tuat conjugated derivative of the drug appeared in
puffalo plasma after 1 kour of oral administration. The mesn
per cent conjugutions for five puffalo calves were found to
be 3.98, 8.40, 11.04, 14.88, 10.77, 9.89, 11.80, 5.09 and
0.74 at 1, 3, 6, 9, 12, 18, 24, 48, 72 and 96 nours respeotlvdh

The overall mean per cent conjugation in plasma was noted to

be 7.65.
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TABLE - V,

Average and individual cumulative excretion of sulfam
oxole in
buffalo calves urine after a single oral dose adminis-

tration at the rate of 200 mg per kg body weight
(0-96 hours).

Hour } P cent dos xerete
§ 0 0 0 alo alo Kverage
calf Nu.1{cal£ Ro.zgcllt No.B%oalt No.4ioal£ No.5{r SoE.
0-12 5.5 9.2 9.3 9.6 6.8 8.08
10083
12=24 13.2 19.7 22.7 25.6 18.5 19.94
:'.2.05
:-1 ¢6°
48-T72 28.8 29.5 30,1 %9.3 36.4 52.82
+2.11
72-96 30.0 30.0 30 .6 $9.9 373 33.56
+2.10
Total
cumulative
excretion 30.0 30.0 30.6 39.9 373 33.56
upto 96 . +2.10

hours.
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Urine :

The conjugation was evident in urine of all the
experimental buffalo calves during 1 to 96 hours post oral
administration of sulfamoxole (Table III and IV). The mean
conjugation per cent in urine were found to be 9.36, 17.47,
17.55, 15.20, 15.97, 17.41, 18.39, 11.91 and 3.29 in samples
collected at 0-1, 1-3, 3-6, 6-9, 9-12, 12-24, 24-48, 48-T2
and 72-96 hours respectively. The overall per cent conjuga~-

tion was 14.06 per cent in buffslo urine.

Listvribution of sulfamoxole in tue plasma
af ter intravenous administration.

The determination of piasma conceniration of sulfa-
moxole was carried out in five buffalo celves after a single
intravenous dose at the rate of 50 mg/kg body weight. The
result obtained has been presented in Table VI, VII and Pig.
111,

Tue peak concentrations of the free sulfamoxole in
the plasma were 13.25, 14.00, 15.25, 11.50, 11.00 mg per cent
at & hour in buffalo calf Nos. 1, 2, 3, 4 and 5 respectively.
The concentration declined to a level of 2.75, 4.00, 3.87,
2.50, 3.50 mg per cent at 8 hours.

No; significant unchanged drug concentration was evi-

dent at 48 hours sample. The mean # hour plasma concentration
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Individual plasma concentr
venous administration of

50 mg per kg body weight.
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TABLE - VI,

ation of sulfamoxole after intra-

a siggle dose at the rate of

(4All concentrations are expressed in mg per cent of plasma)

Hour i No, 1 ffalo calf No, 2
i P M Cc P T C
¥ 13.25 16.00 17.18 14.00 16.75 16.41
1 12.50 14.50 13.79 15.25 15,50 14.51
2 10.00 11.00 9.09 11.25 12,00 6.25
4 7.00 7.50 6.66 8.25 8.75 5.7
8 2.75 3.00 8.33 4.00 4.00 0.00
24 0.25 0.25 0.00 1.00 1.00 0.00
48 0.00 0.00 0.80 0.50 0.50 0.00
Hour g Buffalo %alt Wo. 3 ; . Bmftg;gToalf Ho,cg
1 I i 1 i
g 15.25 17.00 10.29 11.50 13.00 11.53
1 13.00 14.38 9.59 9.75 10.75 9.30
2 9.25 9.75 5.12 6.25 6.75 T.40
4 7.00 7.25 3.44 4 .00 4.25 5.88
8 3.87 3.87 0.00 2.50 2.50 0.00
28 1.75 1.75 0.00 1.50 1.50 0.00
48 0.50 0.50 0.00 0,00 0.00 0.00
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TABLE - VI (Cont'd)

Hour : Buffalo %gt No. g

i 5 L
& 11.00 12.50 12.00
1 8.25 9.25 10.81
2 7.25  8.00  9.37
4 4.75 5.00 5.00
8 3.00  3.00  0.00
24 2,00 2,00 0.00
48 1.00 1,00 0.00

F = Free
T = Total
C = Conjugation - expressed as

per cent of total.



TABLE -~ VII,

#ean plasme concentration of free and conjugated sulfamoxole
for five buffalo calves af ter intravenous administration.

; i 7 I
Hour | ) 4 | T | ¢
i i i
z 13.00 15 .05 13.48
(0.78) (0.82) (1.38)
1 11.35 12.88 11.60
{1.09) (1.21) (1.42)
2 8.80 9.50 7.44
(0.90) (0.95) (0.81)
4 6.20 6.55 5.33
(0.78) (0.83) (0.44)
8 5.22 3.27 1.66
(0.29) (0.28) (0.02)
24 1.30 1.30 0.00
(0.30) (0.30)
48 0.40 0.40 | 0.00
(0.01) (0,01)
P = Free.
T = Total.
C = Conjugated - expressed as per

cent of total,

() = Value in parenthesis denote
standard error.
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of free drug was found to be 13.00 Bg per cent wnich is also
the mesn peak of unchanged drug. The mean free plasma concen-
tration of drug at 2, 4, 8, 12 and 24 hours were 8.80, 6.20,
3.22, 1.30 mg per cent respectively.

The mean zero time concentration was found to be
16 mg per cent. The zero time concentration was derived by
Plotiing tne plusma concentration against time in semilogari~-
thmic scale and extrapolating it to zZero time. The mean bio-
logical nalf-life of the drug was calculated to be 2 hours

10 minutes.

The mean per cent apparent volume distribution of

sulfamoxole was 31.25 per cent. .

Conjugation

It would be evident from Table VII that conjugation
occurred between # to 8 hours only after intravenous adminis-
tration of drug. The mean peak conjugation was 13.48 per cent

at & hour in buffalo plasma.

i grof uran EQ;Q °

Plasma

Tue individual end mean plasma concentration of
nitrofurantoin following single oral dose of 10 mg/kg body

weight in six buffalo celves have been depicted in Table VIII



and Fig. 1V.

The drug concentration in plasra at 1 hour were
0.3, 0.7, 0.86, 0.36, 0.76 and 0.50 pg/ml in buffalo calf nos.
1, 2, 3, 4, 5 and 6 respectively. The peak drug concentra-
tion were 1.60, 2,60, 2,30, 2.80, 2.80, 2.10 pg/ml in buffalo
calf Fos. 1, 2, 3, 4, 5 and 6 respectively between 12-24

HOurs.

No drug molety was evident at 72 and 96 hours

samples in all tue six experimental buffalo calves.

The mean concentration in buffalo plasme were
found to be 0.58, 1.10, 1.30, 1.94, 2.28, 1.88, 0.25, at 1,
39 6, 9, 12, 24 and 48 hours samples respectively.

Urine 3

Mesn and individuazl urinary councentration of drug
have been incorporated in Table IX, following a single oral
administration of drug at the rate of 10 mg/kg body weight

in six buffalo calves.

The semples collected at O-1 hour revesled a con-
centration of 8075. 7-00. 8060, 8060. 8-60. 5.50 u‘/lﬂ. in
buffalo calf Nos. 1, 2, 3, 4, 5 and 6 respectively. The peak

concentration avtained between 6-12 hours were 47.75, 71.50,

75.00, 82.00, 87.50, 75.00, . . pg/ml respectively.



4 concentration of 10.30, 35.00, 13.00, 11.00,
9.00, and 10.00 pe/ml were noted at 24-48 hours in buffalo

calves Nos. 1, 2, 3, 4, 5 and 6 respectively.

Insignificant concentration of drug moiety was
found in the mrine samples of buffalo calves collected after

48 nours of administration.

The mean concentration of drug were T7.84, 24.00,
43.29, 51.30, 72.45, 49.00, 14.71, 2.08 and 0.36 pg/ml at
O0=1, 1=3, 3-6, 6-9, 9-12, 12-24, 24-48, 48-T72 end 72-96

hours respectively.
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Fean and individual plasma concentration of nitrofursntoin af ter an single oral dose adminis-
tration of drug at the rate of 10 mg per kg budy weight.

(411 concentiration are expressed in mg/ml).

[ i I ™1 T i |
Hour Buffalo § Buffalo { Buffalo { Buffalo i Buffsalo i Euffalo [ Kean + S.E.
calf No.1 “ calf %o.2 w calt No.3 ” calf No. 4 calf ¥o0.5 n calf ¥o.6

1 0.30 0.70 0.86 0.36 0.76 0.50 0.58 + 0.09
3 1.20 1.30 1.30 0.86 0.91 1.03 1.10 + 0.07
& 1.23 1.60 1.50 1.20 1.10 1.20 1.30 + 0.08
9 1.50 1.80 2.10 2.50 2.10 1.63 1,94 + 0.14
12 1.60 2.10 2.30 2.80 240 2.10 2,28 + 0.20
24 - 2.60 1.80 2.10 1.33 1.56 1.88 + 0.22
48 - - 0.20 0.30 0.25 08 0.25 + 0.06
72 0.00 0.00 0.00 0.00 0.00 0.00 0.00

9 0.00 0.00 0.00 0.00 0.00 0,00 0,00
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AVERAGE TIME CONCENTRATION GWRVE OF
NITROFWRANTOIN [N PLAsmA ofF Six Bwrraro-Catves
AFTER GinGLE ORAL DOSE ADMINSTRATION
AT -THE G(LATE OF ]O'ma, PER KiloGRAM BoDy WEGHT

TiME IN HowRS
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Average and individual urinary concentration of niirofurantoin af ter single oral administration
of drug at tue rate of 10 mg/kg budy weight.

(A1l concentrations are expressed in ug/ml).

Hour _~ Buffalo “ Buffalo M Buffalo M Buffalo M Buffalo ” Buffalo ?‘onu&m + &.E.
{ calf No.' § calf Ko. 2 § calf Ho. 3 | calf No. 4 § calf Ho. 5 § calf No. 5 §
i i A i i i ¥
0-1 .. 8.T5 7.00 8.60 8.60 8.60 5.50 7.84 + 0.54
1-3 19.50 17.50 30.00 27.00 20.00 30.00 24.00 + 2.28
3-6 43.75 53.75 50.75 37.00 27.50 50.00 43.29 + 3.85
6-9 47.75 56.25 65.00 33.75 - 53.75 51.30 = 5.19
9-12 . 43.75 71.50 75.00 82.00 §7.50 75.00  72.45 % 6.40
12-24 40.00 54.00 55.00 40.00 55.00 50.00 49.00 + 2.94
24-48 10.30 35.00 13.00 11.00 9.00 10.00 14.71 + 4.13
48-72 3.50 .50 0.00 4.50 0.00 0.00 2.08 + 0.94

.ﬂ”lg doom d!d o.g 008 008 008 o.ua H OO”N

14 4




Cumulative urin ary excretion.

The cumulative urinary excretion of nitrofurantoin
have been saown in Table X and Pig. II.

iotal cumulative urinary excretion of drug were
found to be 26.9, 27.00, 31.2, 30.2, 31.1 and 28.1 per cent
of the total dose administered in buffalo calves Nos. 1, 2,
3 4, 5 and 6 respectiively upto 72 hours post oral adminis-
ration of drug at tahe rate of 10 mg per kg body weight.

The mean cumulative excretion of drug were 9.6,
25.8, 28.6, 29.06 and 29.1 per cent of total dose aduinis-
tered at 0-12, 12-24, 24-48 and 48-72 hours samples.

It would be evident from the resulis that majority
of drug was excreted in the urine of buffalo calf between

12-24 hours post oral adminisiration.
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Average and individual cumulative excretion of nitrofurantoin in buffalo calves urine after a single

oral dose administration at the rate of 10 mg per kg body weighte

Per cent of dose excreted

i
|
Hour Mlﬂujl...u....uﬂmlﬁo | Buffalo | bBuffaloc | DBuffalo |

Buffalo

alo
—om.._.u No. Jomﬁ No. mnowwu No. wwomwu No. 4 u calf No. 5 “ calf No. 6 m Average + S.E.

Q'dw d”dm 4.@ d#.h QIQ m!q
aN’N* N*.d d@.m NW.ﬂ M@og MQOW
Nﬁiﬁm NO!M ”Wom. Wdom Mmoﬂ uﬂ.d
B #mlﬂn N@o@ Nm-m. uﬂoN WOON Waoa
72-96 26.9 27.0 31.2 30.2 31.1
Total
cumulative 26.9 27.0 31.2 30.2 31.1
excretion.

8.0
25.8
28.1"
28.1
2841

28.1

9.6 + 1.30

25.8 + 1.36 '
28.6 + 0.97 =
29.06+ 0.82 '

29.1 + 0.81

29.1 + 0.81

. T T —
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Plasma 3

i1t is evident from the resultus (Table I and II)
that sulfamoxole appeared in plasma of buffalo calves after
one hour of oral administration of drug. This provides an
evidence that absorption of drug takes place from the rumen

of buffalo calves.

Austin and Stowe (1962) confirmed that absorption
of various sulfonamides from calf rumen depends on pil=pka
relatiunship. osulfamoxole is @ newly introduced sulfonamide
and its pka value is not known. However, it would be expec-
ted thot at buffalo calf ruminal pH value (between 6.3 to 7)
tue drug remained mostly in unionized state. Tue unionized

molecules due to lipid soluble characteristics diffused

torough the ruminal mucosa and appeared in the plasma at con-

centrations ranging between 3,75 to 4.25 mg per cent (Table 1).
It WOIUIG be further seen from Table I that at 1

nour, the plesma drug concentiration of buifalo calf No. 5 was
?

ghtly nigher taan other experimen
peen either due ©o favourable ruminal pH variation

val buffalo calves which
sli

may have
1ower ruminal dilution facilitating a better absorption
or

te of tune drug from the rumen of this buffalo calf.
rate




Tue mean peak Plasma level of free drug (11.60 mg
Per cent) was attaineq between 9-12 hours in this species and

the free drug could be detected t111l 96 hours (Table II).

It would be evident from Table II that free drug
Plasma Concentration above 5 mg per cent was maintained till
24 uours post single douse oral administration. Tueéeafter,
the cuncentration declined slowly reacning 4.61 + 0.45 mg per
ceént at 48 hours. At 96 hour, the concentration was signifi-
cantly low. Tnese observations indicate that. between 24 hours
and 48 hours, tne disappearsnce rate of the drug from the
Plasma was slow. This relatively slower rate of disappearance
may have been due to renel reabsorption processes or saturated

drug metabulising capabilities.

A sulfonamide blood level of 5 mg per cent and more
has been reported to be essential for antimicrobial activity
against succesptible organisms (Baclay and tlavin, 1947;itowe
et 8l., 1956 and Erander and Pugh, 1971). In tue present
investigation it was found that a mean concentration of 5.35
to 7.50 mg per cent of free drug was maintained between 3 to
24 hour, after a single oral dose administration of sulfamoxole
at the rate of 200 mg per kg body weigut. Tous sulfamoxole
may prove to be an useful antimicrobial for sysvemic use in

pbuffaloes and will be redquired to be repeated every 24 hours.

The necessily to repeat administration at 24 hours interval

vides & distinct elinical advantage, thus obliviating the
pro

ity of short span frequent administration. The persistance |
necess i
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£
ol minimum tuerapeutic concentration for 24 hours may indi-

cate that Sulfamoxole is a long acting sulfonamide in buffaloes.

The observations further indicate that there is a svecies
variation in the distribution of sulfamoxole since Banerjee

£t 81l. (1977) nave reported that tunerapeutic concentration

in tue poultry could only be acnieved till & hours.

Urinarx excretion :

The resulis incorporated in Table III and IV showed
taat a therapeutic mean concentration of 18.90 to 332.83 mg
per cent in tue urine was maintained t1i1l 96 hours following
oral administration of sulfamoxole at tne rate of 200 mg per

kg body welgut.

The presence of sulfamoxole for a longer period in
the urine may indicate tnat at a urine pH of 7.5 (Gans, 1970),
tne ratio between ionized %0 unionized molicules was such that
would facilitate higher non-ionic tubular roabsoz:ption in the
kidney thus prolonging 1ts duration in the plasma which is
turn increased its urinary excretion time. Baggot (1968,1970)
observed taaiu renal tubular reabsorption of sulfonamides lln
dogs, culves and pigs was dependent on pl-pka relationship.

The prolonged therapeutic concentration of sulfa-
moxole maintained in the ‘urine of buffalo calves may be of
advantage in urinary tract infection where usually a long

term therapy 18 required.




in tue present investigution tue higher concen-
tration (18.90 to 332.83 mg per cent) ang persistance of sul-
fomoxole for g long period found in tne urine of buffalo
calves is well in “greement with the observations of Weinstein
(1970) taat Sulfonamides and nitrofurans may be cunsidered as
best among the antimicrobials for their use in urinary tract

infection wWithout abstructive uropathy.

It would be seen from Table III and 1V that minor
variations were evident in the time concentration of the drug
in tahe urine among the five experimental buffalo calves. Tuese
variations in tone urine concentrations may be due to the vari-
ation in tone volume output of urine and time and Quantity of

fluid intake by individual animals.

In the present study peak sulfamoxole level of un-
chonged drug was 332.83 mg per cent which was significantly
uilgner than the concentration obtained witn Sulfanilamide,
sulfapyridine, sulfadiazine, sulfadimidine and sulfapaenazole.
Un the basis of these findings it 1s inferred that sulfamoxole
was superior to sulfanilamide, sulfapyridine, sulfadiazine,
sulfadimidine and sulfaphenazole for its therapeutic use in

urinary tract infection in ruminants ipecially in buffaloes.

As shown in Table V, 33.56 per cent of free and
conjugated drug was excreted through urine %11l 96 hours post

single oral administration of sulfamoxole at the rate of 200

mz/kg body weignt. The rest 66.44 renained unaccounted for

$i11 96 nours. It is possible that a part of the drug was
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metablised and the other fraction excreted through urine and
Other routes subsequently. However, in ruminants, some drug
molecules are destroyed in the rumen during macerative pro-
cess. Furtuermore, drugs may be so mixed witn indigestible
fiber as to pass through the digestive tract largely un-
absorbed. In tne present investigation it was found that
majority of the drug (59 per cent of total excreted drug) was
excreted tarougn urine between 12224 hours, presumably saowing
a saturated reabsorption mechanism which augmented faster

renal excretion during the above said period.

Tue urinary concentration obtained with sulfamoxole
woen given orally at tue rate of 200 mg/kg budy weignt being
puch higher then the desired tnerapeutic level, iis dose rate
could be reduced specially in cases of specific urinary tract
infections, when higher blood level was not required. This
reduction of dose simultaneously will minimize the chances of

renal toxicity amd at tue same time reducing the cost of

treatment.

BLUTHABCE vithenT LU UP SULP aNUAULL.

Plasmé b

The rate and extent of blotransformation plays emn

important role {n the determination of duration of action of
arug. The metabolic degradation of sulfonamides in general,
a . .




takes place tarougn eonjugation reaction in wunicn acetylation

Plays tue MOst important role (ttowe, 1966). It would be

evident frop Table II that conjugated derivatives were present

in tae Plagma between 1 to 48 hours post administration. The

fié8n plasma conjugation Per cent was only 3.98 per cent of the

total drug at one hour at the corresponding plasma free drug

Concentration of 3.15 mg per cent.

The per cent conjugation increased with the inorease
of plasma free drug concentration. A% 9 nours the maximum
conjugation of 14.88 pér cent of the total drug was recorded,
at tue corresponding plasma peak free drug ﬁunoentration of
11.60 mg per cent. after 9 nours, per cent conjugation decl ined
and became insignificant at 72 hours. These findings advanced
evidence that cornjugation Quantitatively increased witn the
increase in plasma drug concentration ana thereaf ter declined

with the decrease in plasma drug concentration.

1t may be pussible tuat enzymatic reaction,increases
wita the increase in tue cuncentration of drug and with time
because whatever sulfonamide is present in the body has a
greater chance to pass through the liver and become metabolised.
The more tihe plasma concentration of the drug more molecules
of drug will be metabolised due to collision frequency al though
corresponding per cent conjugation may fall as would be evident
from Table II. The overall mean per cent conjugation was found

to 7.65 per cent in buffalo plasma.

Singh (1974) observed overall mean per cent acetylation
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of 8.34, 9:64, 9.37 ang s. 37 for sulfametnazine,sulfaphena~
Zole, sulfapyridine ang sulfadiazine respectively in buffalo
calves. Thus it Would be evident that extent of acetylation
Wita sulfamoxole (7.65 per cent) was very similar to the per |
cent aceiylation of sulfamethazine, sulphapnenazole, sulfa-

Pyridine énd sulfadiazine in buffalo plasma.

Urine

Table III and IV indicated that conjugation product
appeared in tne urine till 96 hours. Tae percentiage conjuga=-
tion range of sulfamoxole in tne‘ urine of buffalo celves was
3.29 to 18.39 between 1 to 96 hours. The overall mean per
cent conjugation was 14.06 per cent of the total drug excreted.
However, the presence of comparatively lower per cent of ace-
tylated drug in tue urine of buffalo calves as compared to
sulfanilemide, 72.7 per cent; sulfatuiazoule, 43.1 per cent;
sulfamerazine, 37.3 per cent as observed by Stowe et al.(1956)
in bovine urine, gives a distinct cliniocal advantage for its
use since the chances of nephro-toxicity becomes meagre. The
alkaline pi of buffalo urine further minimizes precipitation

of acetylated derivative in tue renal tubules.

DIL TRIBUTION OF SULPAMOXOLE IN THE PLACNA
INGLE INTRAVENOUS ADMINICTRATION .

AFTER O

Plasma concentration of sulfamoxole was studied
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affer a single iniravenous dose of 50 mg per kg body weignt
énd tae resulis have been presented in Table VI and VII. The
tuerapeutic concentration (5 mg per cent and ebove) was
present till 4 hours post administration of drug. The peak
conceniration of free drug in buffalo plasma was 13 mg per
cent at § nour. Inspite of the fact it maintained a good
therapuwutic concentration the administered dose of 50 mg per
kg body weight seems to be low as the therapeutic level (5 mg
per cent) was maintained till only 4 hours. To maintain a
therapeutic level for longerrper:lod end to avold frequent

repeatation, the present dose level needs to be saised .

Tuis experiment was cunducted cniefly for the
purpose of obtaining values so as to determine the biological
half-life and apparent volume distribution of the drug as such

hizher dose levels were not tried.

Apparent volume distribution indicates the degree
of localization of a drug in extracellular as well as in
{ntracellular compartments of the body. The concept of volume
distribution of drug can be help ful in understanding body
disposition of drugs and in devising optimal methods of using

drﬁgs in practical therapeutics. Tue mean apparent volume

distribution (per cent) of sulfamoxole in buffalo was calcula=-

ted to be 31.25 per cent.
en 15 to 20 per cent. As such, it may be

In ruminants the extracellular

space ranges betwe

Jncluded on tne pbasis of the present findings that sulfamoxole
c

§11 be distributed mainly to the extracellular space and may
w
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also diffuse into intracellular compartments to some extent.

It is worthwhile to mention here that degree of
localization of drug outside the plasma, would be associated
With the slow disappearance of drug from the budy a&s there is
de; inite relationship between volume distributiun to the
Kinetics of elimination of drugs. Thaus marginal diffusion of
sulf.anoxble into the intracellular space might have contribu-
ted to some extent for the slow elimination of sulfamoxole
from the buffalo urine (Table II and III). However, the role
of tubular reabsorption (as discussed previously) can not be
ignored for explaining the persistance and longer duration of

presence of tuils drug in buffalo urine.

The mean bilologlcal half-life of sulfamoxole in

buffalo calves was calculated to be 2 nours 10 minutes.




NITROPURANTOIN .

Plasma 3

The drug appeared within one hour post oral admi-
nistration in the plasma (Table VIII). This sugéested absor-
ption of nitrofurantoin irom rumen of buffalo calves as food
Lakes 3-5 hours to reach small intestine. Tue absorption of
drug seems to be pH-pka dependent. Nitrofurantoin being a
weak organic acid with pka of 7.2 (Paul et al., 1960), at a
buffalo ruminal pH of 6.3, about 90 per cent of the drug would
be expecied to remain in unionized form. The higher un-
ionization would have expectedly facilitated faster absorption
of the drug across the ruminal wall. The absorption of drug
across simple stomach mucosa as well as ruminal mucosa depen-
dent on pli-pka relationsnip nas been reported by several

workers (Schanker et al., 1957; Stowe et al., 1956 ;Banerjee

et al., 1977).
The peak plasma concentration of nitrofurantoin

(2.28 Pg/n]_) was observed at 12 hours pust single dose oral

sdministration of the drug at the rate of 10 mg per kg body
weight iowever, the peak plasma concentration in buffalo
calf No. 2 was observed at 24 hours, in tuls case the delayed
absorption may nave |

4 ruminal pH as well as wonich may have delayed the passage |
se 1

been occurred due to ruminal s_tasis whicn

ral

{ drug to tae small intestine the site of absorption.
of dr :
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The level of nitrofurantoin in plasma has been
Studied by many workers in different species of animals and
Ran. - Pavl e% al. (1959; 1960) ebssrvea niirofurantoin con-
centration in plasma of rat and found a concentration of 1.2
mg/1 ana 2.6 Bg/l at the dose level of 25 and 100 mg per kg
body weight. Schirmeister &t al. (1965) reported 1 to 4 mg
per litre of nitrofurantoin concentration in humen plasma atl
tnerapeutic dose level. Pandey (1974) reported a concentra-
tion of 1.7 pg/ml of nitrofurantoin in goat plasma at 12
hours post oral administration of drug at the rate of 10 mg/
kg body weignt. In this experiment however tue peak plasma

conceniration was nigher (2.28 ug/ml) at 12 uours as compared

to that in goat as reported by Pandey (1974).

on the basis of findings recorded by tne above
workers it is confirmed that nitrofurantoin did not achieve
an appreciable therapeutic concentration in plasma of different

species of animals. Low concentration recorded in plasma

inspite of good absorption of the drug may be dve to the rapid
plasma protein birding. Paul et al. (1960) reported tnat
nitrofurantoin was bound to the exient of 50-90 per cent in

rat plasma. The author also reportod the low blood level of

this drug following clinical use in dog end rat.
Ronald and Turk (1967) observed in a vitro study
ration of 16 ug/ml could inhibit the growth

that the conceni
nt of the sensitive strains of E. coli.

of about 100 per ¢€




It would pe eévident then that nitrofurantoin in buffaloes
8ave therapeutic Plasma concentration between 12 to 24 hours
it 2-8 FB/El is taken as minimal inhibitory concentration
(Vomel, 1963), Thus, this compound failed to give optimal
antimicrobial concentration in tae plasma between 0-12 nours

and after 24 nours besides giving a very merginal therapeutic

concentration between 12 to 24 hours.

These results thus indicate that mitrofurantoin may
not be of elinical usefulness in cases of systemic infection.
However, it mey be appreciated that a low dose level of only
10 mg/kg was used in this experiment, irrespective of the fact
that in buffaloes the ruminal dilution was apt to Play 1its
role of slow absorption. Actually in ruminants, the dosage
level of drug is generally unigher tuan in case of animals
having simple stomach. In this experiment however, establi-
shed dosage level was used to find out the plasma levels at

that dosage level. 4s such higher dosage were not used,

Urinary excretion s

Tae data depicted in Table IX indicates that 1 hour
of urine sample saoWwed & mean concentration of 7.84 pg/n:l.. The
mean’ peak concentration was 72.45 ug/ml at 12 hours in the
buffalo calves. However, in buffalo calf No. 1 the peak uri-

nary drug concentration was cbserved at 6-9 hours.

teveral investigations (Paul et al. 1959; Conklin
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and Hollifield (1965) advanced evidences that a species vari-
ation occurred in tne cuncentration, persistance and excretion
Of nitrofurantoin. In the present investigation, in buffaloes,
tue peak conceniration was observed at 12 nours waich persisted
till 24 hours wuereas in simple stomached animals like dog,
and rat the majority of drug was found at 0-8 hours (Paul

et al., 1959). This deviation might be due to slower rate

of absorption in buffalo. In ruminants usually food takes

3=5 hours to reach small intestine whereas in dog and humen
being digestion is complete in 3-5 hours. These situations
may lead to somewhat more variable responses to drug tuerapy

in ruminants than is noticed in simple stumacned animals.

In the present study only 29 per cent of tue orally
administered drug was detectable in buffalo calves till 96
nours. It may be quoted here tnat 30-50 per oent.of the
orally administered drug was recoverable in urine in aninmals
and human beings (Paul et al., 1959; lMiura and Rockendorf,
19673 Buzzard et al., 1961): The rest 71 per cent remained
unaccounted for upto taat perivd. It is poussible tuat tuis
amount of the drug was metabolised and a portion excreted
t urough other routes and through urine subsequently. The
ent study revealed that the porslatﬁnee of drug in the

pres

puffalo plasma was comparatively longer than in the dog, rats

and humen being. This persistances emhance the chances of

metabolism to & greater extent than in other species of animal

in which the drug is eliminated through the body more rapidly.



Nitrofurantoin a weak organic acid with pka of 7.2
&t tue alkaline urine pH remains mostly in ionized state (Paul
and Paul, 1964; 1966), in tubuler urine tue ionized drugs are
least absorbed across tubular membrane so it was excreted in

urine in high concentration.

It would be evident from the findings of present
investigation that effective tnerapeutic cuncentration was
maintained in the buffalo urine from 3 to 48 hours post oral
administration of drug. The high concentration of drug excre-
ted through the kidney is adventageous for its use in urinary
tract infection. Weinstein (1970) has preferred the use of
nitrofurans and sulfonamides in urinary tract infection without

ebstructive uropathy.

It has been reported that optimum therapeutic
effect of nitrofurantoin can only be acuieved in acidic urine
(Paul et 2l., 1960; Miura and Rockendorf, 19673 Schirmeister
et al., 1965). &0, in view of tue above findings alkaline
urine of buffsloes could be adjusted to some extent by the
administration of acidifying agents like ammonium chloride
to get optimum antimicrobial effect of this compound. FPuture,
pharmacokinetic investigation on the above line may throw

1ight on the extent of efficaoy of this drug in ruminants in

urinary tract infections.

#*% %
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BSU N N A R ¥

1. Tue present study revealed tuat in buffaloes after
an oral dose of 200 mg per kilogram body weight of sulfamoxole
therapeutic blood level was maintained $ill 24 hours. Thus
sulfamoxole can be considered as a longacting sulfonamide in
buffaloe. :

2. The longer duration of sulfamoxole in the buffalo
blood indicates its possible effective use in systemic infec-

tions succeptible to sulfonamide therapy.

3. Af ter a single intravenous administration of sul-
famoxole at the rate of 50 mg per kg body weight, therapeutic
blood level was observed between 30 minutes to 4 hours indi-
cating that the drug may be useful in acute infections.
However, the present dose (50 mg/kg body weight) seems to be
less as the drug will be required to be repeated at every 4

hours as such to minimize the frequency of administration the

dose rate could be increased.

4 Contrary to the sulfamoxole, the nitrofurantoin -

¢ ailed to acnieve an appreciable therapeutic concentration

in plasma of buffalo calves (0.58 %o 2.28ug/ml) after an

single oral dose of 10 mg per kg body weight. Thus nitrofu-

rantoin may be ineffective as an antimicrobial in systemic
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infections, particularly at the recommended dose level of
10 mg per kg body weignt. “

5. 4 therapeutically effective sulfamoxole urinary
concentration in buffaloes was observed from 1 to 96 hours
after a single oral dose administration at the rate of 200
B¢ per kg body weight. The higher and sustaining rate of
éxcretion of sulfamoxole in the buffaloe urine makes it a
potential good choice for urinary tract infection where
usually a long term therapy 1s required. Further, the pre-
sent dose level (200 mg per kg body weight) could be confor-

tably slasined down tous decreasing tue cost of medication.

6. 4 tanerapeutically effective urinary concentration
of nitrofurantoin was observed in the buffaloe between 3 to
48 hours after a single dose oral administiration of the drug
at the rate of 10 mg/kg body weight. Thus in buffaloes,

nitrofurantoin may be fruitfully used in urinary tract infec-

tions along with a urine acidifier.

7. In buffaloes also conjugation was found to be tae

chief route of sulfamoxole biotransformation. In buffalo

plasma and urine the overall conjugation was 7.65mg per cent

and 14.06 mg per cent respectively. Thus the comparatively

1ower rate of acetylation involved with this drug gives it an

added advantage in regard to its possible minimal nephrotoxic

side effects.



8. The apparent volume distribution of sulfamoxole

Was found to be 31.25 per cent indicating that the drug would

diffuse into the extracellar space and to a small extent into
intracellular space.

9. The mean biological half-life of sulfamoxole was
determined,

%9 %
LA 2
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