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INTRODUCTION

The current century has witnessed the replacement of
emperical therapy with more potent and specific drugs in
the armamentarium of modern physicians particularly with
regard to cure for infectious diseases. The development of
tetracyclines as chemotheraputic agent was a landmark for
the prevention and cure of various infections caused by
gram=positive and gram~negative bacteria, rickettsiae,
mycoplasma, spirochetes, actinomyces and certain protozoa
(Jones gt al., 1977). Among the tetracyclines, Oxytetracycline
and Tetracycline are most widely and routinely used to treat
a variety of bacterial infections in veterinary practice. In
recent years, newer tetracyclines like Demeclocycline and
Doxycycline have attained an important place in human therapy
due to their high bioavailability, prolonged maintenance of
therapeutic concentration and greater efficacy against many
infective organisms. However, only a few reports of sysiematic
pharmacokinetic study of these drugs are available in animals
particularly in goat and hence, the drugs are yet to find a
suitable place in veterinary proctice.

The goat which is considered as a "poor man's cow"
contributes significantly to the meat and leather industries
in India and deserves proper attention for its adequate health

- coverage.
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The level and persistance of an antimicrobial agent
in plasma alone had been relied upon till last decade in
determining the therapeutic efficacy. It is now proved and
well appreciated that the concentration of an antibiotic in
serum does not necessarily reflect its antimicrobial activity
at the site of infection (Tan, 1978). The distribution
patterns of a drug vary considerably in various body fluids
such as plasma, milk, urine, interstitial fluid etc. because
of the specialised nature of the membranes at each site
{Varvey et al., 1965). Physico=-chemical propextiesrof an
antimicrobial agent such as molecular weight, 1lipid solubility,
degree of lonization, protein binding etc. are found to
influence the pattern and extent of distribution as well as
rate of elimination. In addition to individual variations in
organ function and enzyme activity, there are distinct
anatomical and physiological differences among the species of
animals (Baggot, 1977)e In any clinical situation, dosage of
the appropriate drug product should be based on relevant
pharmacokinetic data. Pharmacokinetic studies give proper
perspective for efficent use of an antibiotic in man and
animals. Levels of routinely used antibiotics in body fluids
such as plasma, milk, urine, interstitial fluid etc. are
required to be known while preparing dosage regimen.

To be effective in a particular affection, the drug
should reach the target organ in desired concentration. The
estimation of antibiotic in milk, urine and interstitial fluid




following oral/parenteral administration will be more
convincing proof of anticipated therapeutic success by
systemic route(s) for treating local affections such as
mastitis, urinary tract infections as well as systemic
infections. Besides, contamination of antibiotic in milk is a
public health problem and requires withdrawal of milk from
human consumption for sufficient period of time after cessation
of therapy. A detailed knowledge of the residual persistance
of the drug in various biological fluids will enable us to
suggest the time limit for withdrawal of milk and meat from
human ¢onsumptione. _
Keeping in view of the aforesaid aims and objectives,
detailed pharmacokinetics of doxycycline and demeclocycline
with reference to their distribution in plasma, milk,
interstitial fluid and urine, as well as biocavailability,
elimination half life, appartnt'voluma of distribution etc.
have been studied in the present investigation since such
informations are lacking in goat. Based on the kinetic
parameters, appropriate dosage regimen have been determined.
such informations would definitely lead to the judicious use of
these drugs in veterinary practice particularly in goat.
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REVIEW COF LITERATURE

The modern era of the chemotherapy of bacterial
infection started with the clinical use of sulfonamide in
1936. The "golden age" of antimicrobilal therapy began with
the accidental discovery of penicillin by Alexander Fleming
in 1928 and establishment of its clinical success against
streptococcal and staphylococcal infections which were
refractory to all other drugs then used in therapy. The advent
of streptomycin in 1944 by prof. Waksman and his collegues from
the soil organism gireptomvces griseus led to the isolation of
many poient antibiotics by a thorough systematic search of
nicroorganisms. One such group of antibiotics is tetracyclines,
with a broad spectrum of activity against many organisms. The
first of these compounds, chlortetracycline was obtained from

Streptomyces gureofaciens and ¢linically used in $948.
Oxytetracycline which was isolated from gtreptomyces rimosus,

became available two years later. Tetracyecline, was produced
semisynthetically from chlortetracycline in 1952.
Demethylchlortetracycline {Demeclocycline), obtained from a
mutant of the strain of Streptomyces gureofaciens in 1957,
became available for general use in 1959. Methacycline,
Doxycycline and Minocycline which were introduced in 1961, 1966
and 1972, respectively, are all semisynthetic derivatives of

tetracycline molecules



CHEMISTRY 3

The tetracyclines are close congeneric derivatives of
the polycyclic naphthacenecarboxamides Their structural
formula are shown in Fig. 1.

All tetracyclines are crystalline bases and faintly
yellow, odourless and slicghtly bitter compounds. They are only
slightly soluble in water at pH 7 (0.25 to 0.5 mg/ml), but
they form soluble sodium salts and hydrochlorides, The bases
and the hydrochlorides are quite stable as dry powders, but
these agents loose their activity relatively rapidly when

present in solution.
ANTIMICROBIAL EFFICACY 3

The tetracyclines possess a wide range of activity
against gram-positive and gram-negative bacteria. Besides,
they are also effective against some microrganisms innately
insensitive to many chemotherapeutic agents, such as
rickettsiae, Mycoplasma, Chlamydia, some atypical mycobacteria,
and amoebae. Individually, they have litile activity against
true fungi although they may exert an antifungal action when
combined with amphotericin {(Lew et al., 1977).

These drugs are primarily bacteriostatic and in
higher concentrations, they are frequently bactericidal. The
sensitivity or resistance of a particular microorganism to
each of the congeners is similar. However, minocycline is

usually the most active, followed by doxycycline and



Name R1 R2 R3 Ry
Tetracycline H OH CH3' H
Chlortetracycline | H OH CH3 !
Demeclocycline H OH I Gl
xytetracycline OH OH CHs H
'ethacycline OH =CH - H
Minocycline H H " H ~N(CH;),
Doxycycline OH H CH H




demeclocycline. Tetracycline and oxytetracycline are the least
active (Goodman Gilman gt al., 1980). The therapeutic
concentration required for antibacterial action is found to
be 0,5 to 1.0 ug/ml in veteiinary practice (Brander and Pugh,
1977).

GENERAL PHARMACOKINETICS 3

Wagner (1968) described the aim of pharmacokinetics
as to study the time concentration course of drugs and their
metabolites in various body fluids, tissues and excreta and
interpretation of such data based on suitable pharmacokinetic
models (compartment models).

The compartment model is a hypothétiral structure which
can be used to characterise with reproducibility of behaviour
and fate of drugs in a biological system, when given by a :
certain roule of administration, in a particular dosage forme
Compartment is an entity which has a definite volume and
concentration of a drug in that volume at any time. An open
compartmant‘mndnl indicates free movement of drugs from one
compartment to another compartment (i.e. blood to tissue &
vice=versa).

The one compartment open model fits well when the
drug distribution is instantaneous between the blood and tissues.
Any change in drug concentration in the blood reflects directly
the quantitative change in its tissue levels. The rate of drug
elimination from the body is proportional to the concentration




in the blood reflects directly the quantitative change in its
tissue levels. The rate of drug elimination from the body is
proportional to the concentration of the drug in blood
(Baggot, 1974). The drug concentration in plasma, in this
model, is expressed by the following mathematical formula as a

function of time.
Cp = Be-Pt ssssessssessse EJe Vs

‘ihere Cp is the concentration of drug in plasma, B is the
extrapolated zero time intercept of monoexponential curve,

P is the overall elimination rate constant, t is the time
elapsed after drug administration and e represents the base of
natural logarithm. The one compartment open model is particularly
useful in describing the time course of most drugs in plasma
after oral or i.m. administration (Baggot, 1977).

A two compartment open model accurately describes the
pharmacokinetics of most drugs after i.v. administration. In
this model drug distribution is instantaneous and homogeneous
into the central compartment {(blood and other readily accessible
tissues like liver and kidney) and more slowly into the
peripheral compartment, comprising of less perfused organs and
tissues, such as muscle and fats (Baggot, 1974). The two
compartiment open model specifices that distribution and
elimination processes follow the first order kinetics and
elimination takes place exclusively from central compartment
after an i.v. injection. A biexponential expression frequently
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describes the drug concentration in plasma, which is given by
the following equation 2

=<t

Cp = AQ- + Ba.pt ssssssssevsse EQe 2s

Where Cp represents plasma concentration of the drug, A and B
are the zero time intercept of distribution and elimination
phasesy, o and P are the distribution and elimination rate
constants, respectively, e is the base of natural logarithm
and T is the time elapsed after drug administratione.

To calculate the other pharmacokinetic rate constants
(Kyp9 Koy and Kgy) associated with two compartmentopen model,
the value of A, Buand B are essentiale. The value of these rate
constants give an idea of the relative contribution of
distribution and elimination processes to the drug concentration
time data (Baggot, 1977).

The disposition kinetics of some drugs may also follow
three or multiple compartment model, where plasma drug
concentrations after single i.v. administration are described

by a triexponential expression :

Cp = Ae-cxt*l‘ B.‘Pt'l" Gﬁ-ﬂoto--...oq Eqge 3e

The residual methods are employed to estimate the additiocnal
constant G and %/. Gibaldi and Perrier (1973) reported that

above constants can be used to calculate Kts and K31;
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RELEVANCE OF KINETIC PARAMETERS TO CLINICAL PRACTICE 32

The clinical application of pharmacokinetic studies
comprises of determination of drug bioavailability following
different routes of administration, calculation of dosages
regimen of a drug in a particular species of animal and
estimation of the drug withdrawal period for drug residues in
milk and tissues of food producing animalse.

Baggot (1977) reported that the overall elimination
rate constant (BP) is the most important pharmacokinetic
parameter as it is used to ealculate the half life (ty.p),
volume of distribution by area method (Vd area) and body
clearance {Clg). It is also used to predict the drug withdrawal
period for drug residues in milk and tissues of food producing
animzls (Mercer et gl., 1977).

Gibaldi and Weintraub (1971) described the elimination
half life as time required to reduce the drug concentration in
plasma or sexrum to its half during the elimination phase of
the drug concentration time profile. The half life is
inversely proprtional to the overall elimination rate constante
Half life is of prime importance in determining the duration
of drug action in the body. The half life of a first orxrder
process ig independent of the route of administration and
the dose. This means that doubling the dose, does not double
the duration of action of drug but increases it by one half
life. Knowledge of the half life of a drug is extremely
helpful in predicting the design of rational dosage regimen,
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The apparent volume of distribution is an important
parameter in the pharmacokinetic characterization of drugse.
The apparent volume of distribution (Vd) is a hypothetical
volume of body fluid that would be required to dissolve the
total amount of the drug to attain the same concentration as
‘that found in the bloode. The calculated value of volume of
distribution is not dependent upon the method used for its
calculation, if the drug distributes truely according to one
compartment model (Riecgelman et al., 1968). Baggot (1977)
stated that apparent volume of drug distribution gives an
idea of the extent or magnitude of distribution without
providing any clue whether the drug is uniformly distributed
or restricted to certain tissues. A large volume of
distribution indicates wide distribution throughout the body
or extensive tissue binding or rapid excretion of a drug or
combination of all the above. The small volume of distribution
means, that the drug is resirigted to certain fluid
compartments, namely plasma water, extracellular fluid etc.
This is due to the high protein binding or low lipid
solubility of a druge.

After 1.ve. administration, whole of the drug is
available for distribution, metabolism and excretion processes
and its peak level in blood is attained immediately. The peak
plasma concentration following extravascular administration
is delayed and 1t§ magnitude decreases. The bloavailability
refers to both, the rate of drug absorption and the extent of
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absorption of a drug in pharmacologically active form. The
extent of absorption (F), commonly called bioavailability, is
determined experimentally from the ratio of the area under
the plasﬁa concentration time curve following extravascular
and 1l.ve. administration (Baggot, 1977: Sams, 1978). The
extent of bioavailability is the main factor that determines
the relation between drug dosage and intensity of action.

Some drugs have affinity to plasma protein, mainly
albumin and gets bound with them. Binding of drugs with
plasma protein affect drug distribution (high molecular
weight of plasmz protein prevents bound drug from diffusing
out of capillaries into tissues), drug effects (free drug
fraction is alone pharmacologically active, since it can
penetrate to the region of target organ) and drug elimination
{free drug is alone filtered at the glomerulous and also
excreted into saliva, milk etc.). Besides that the protein
bound drug can act as a reservoir.

Another parameter, total body clearance (ClB) indicates
the sum of the clearance of each eliminating organ, mainly
liver and kidney. For most of the drugs, the half life is a
complex function which depends upon the process of drug
distribution, biotransformation and renal excretion. The
parameter, body clearance, on the other hand is independent of
these processes and gives a proper expression of the rate of
drug removal from the body. Unlike B and ty2 B which are
hybrid constants and depend upon Kyns K21 and Kel, the body




13

tlearance changes exactly in proportion to Kel (Jusko and
Gibaldi, 1972; Rowland et gl., 1973).

Jusko and Gibaldi {1972) indicated that the various
constant ( , Bs As By _;'ty2°<, tmﬁ and Vdaraa
disproportionally with the magnitude of the elimination rate
constant {(Kel) and therefore, should not be used individually

etec. change

as a direct or #afe measure of a change in drug elimination ox
distributions = _ '

Dose is a quantitative term estimating the amount of
drug which must be administred to produce a particular

L]

biological response, 1.e. to establish a certain effective
concentration of drug in the body fluids. Maintenance of
therapeutic concentration of a drug in the body requires the
administration of maintenance dose at a particular dose
interval after administering the priming or loading dose, so
that concentration must be above a minimum effective level and
below a level producing excessive side effects and toxicity.
Thus, the objective of a multiple dosage regimen is to maintain
the plasma concentration of the drug within the limits of the
maximum safe concentration and the minimum effective levels.

DOXYCYCLINE 32
Doxyeycline, a semisynthetic derivatives of

tetracycline was introduced in 1966 (Goodman Gilman gt gl.,
1980). Pharmaccokinetic study of doxycycline is mainly reported
in human beings. However, a few literature are avallable in

different species of animalse.
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Blood and tissue level 3

Steigbigel et agl., (1968) reported the serum
concentration of doxycycline in normal human beings after a
single oral dose of 300 mé. They found the mean peak serum
concentration of 3.64 ug/ml at 8 hr. and at 48 hr the drug
concentration was found to be 0,64 ug/ml. Nielsen gt al. (1971)
conducted 2 multiple dose trial in normal human subjects with
an initial dose of 400 mg doxycycline and subsequent doses of
200 mg every 24 hr oéally and found an average minimum
serum <¢oncentration of between 1 and 2 ug doxycycline per ml
of serum. Leibowitz gt g1l. (1972) found the peak plasma
concentration of 3 ug/ml at 2 hr and the drug concentration
was maintained above | ug/ml for 8 to 12 hr after an oral
dose of 200 mg of doxycycline in man. Klastersky et gl. (1972)
observed the mean peak level of 1.3 ug/ml and 5 to 6 ng/ml of
doxycycline in serum, when éiven in the same dose (200 mg) by
oral and i.v. routes, respectively, in human patients. KMardh
et al. {1975) studied the concentration of doxycycline in serum
and in thoracic duct lymph after oral and i.ve. administration
of 200 mg {doxycycline) in human patients. He found the mean
peak serum concentration of 2.4 mg/ml at 3 hr after oral and
4.5 ug/ml just after i.v. administration. The mean peak
concentration of drug in thoracic duct lymph were 1.6 ug/ml
at 3-6 hr and 3.26 ug/ml at 1 hr after oral and i.v.
administration, respectively. Heaney and Eknoyan (1978)
reported a peak concentration of 9.68 ug/ml of doxycycline in
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serum of noramlhuman volunteers just after the i1.ve infusion
in dose of 200 mg. Thadepalli gt al. (1980) measured the
concentration of doxycycline in the human lung and pleural
tissues following i.v. administration. The average serum
levels were 9.3, 7.0 and 3.2 ug/ml at 1, 2 and 3 hr. The lung
tissue levels were 6.8, 3.5 and 2.3 ug/g while the pleural
tissue levels were 2.5, 1.5 and 1.5 ug/g at the corresponding
time intervals. i

Ranade gt al. (1981) estimated the doxycycline levels
in serum, milk, saliva and interstitial fluid of lactating
goats after single i.v. injection in the dose of 200 mg/animal «
The peak level in serum, milk, saliva and interstitial fluid
was found to be 8.2 ug/ml, 0.63 ug/ml, 0.43 ug/ml and 0.8 ug/ml

at Y2 hr, 2 hr, Y2 hr and 1 hr, respectively.

B;ggvaglgggligx 3

The percentage of an oral dose that is absorbed
(oral bioavailability) is reported to be 93% (Fabre et al.,
1971), 95% (Barza and Scheife, 1977) and 93% (Neu, 1978) for
doxycycline in human subjects.

Protein binding =

The plasma protein binding in human beings was noted
to be 82% (Schach Von Wittenau and Yeary, 1963), 93%
(Rosenblatt gt gl., 1966), 80 to 95% (Kunin, 1967; Neu, 1978)
and 90.8 # 3.52% (Raghuram and Krishnaswamy, 1982).

|
|
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Schach Von Wittenau and Yeary (1963) reported canine
serum protein binding of doxycycline to be 80% after i.ve
administration of the drug to dogs whereas Schach Von Wittenau
and Delahunt (1966) observed the same to be 82%. Ziv and
Sulman {(1974) found the protein binding of doxycycline in
serum of cows and ewes upto 90.2 + 2.4%.

Elimination half life 3

_ The mean elimination half life of doxycycline in
human beings was repai-ted to be 15 hr (Migliardi and Wittenau,
1967), 151 hr (Rosenblatt et gl., 1967), 8.3 hr (Doluisio
and Dittert, 1969), 20 hr (Merier et al., 1969/70), 11.6 hr
(Nielsen et als, 1971), 16+4 hr (Lee gt al., 1972), 17 to 20 hr
(Leibowitz et ale., 1972), 15.5 hr (Curtis et al., 1973),
13.8 hr (Heaney and Eknoyan, 1978), 15 to 22 hr {(Neu, 1978)
and 163 hr (Raghuram and Krishnaswamy, 1982).

Ziv and Sulman (1974) reported the mean elimination
half life of doxycycline to be 24.75 hr in cows and ewes after
a single i.ve. injection in the dose of 20 mg/kg body weighte.
Michael et gl. {(1979) observed the half life of doxycycline
phosphate as 11.5 hr in dogs after oral administration of the
drug at the dose rate of 10 mg/kg body weight.

The volume of distribution of the tetracyclines are
generally found to be higher, denoting that the drugs are
well distributed in different tissues and body fluids
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(Goodman Gilman gt al., 1980). Ceccarelli et al. (1971)
reported the volume distribution of doxycycline between 0.9 to
18 L/kg in children. Raghuram and Krishnaswamy (1982) noted
the volume distribution of doxycycline in adult human beings
to be 0475 * 0.089 L/kg. |

Ziv and Sulman (1974) found the volume of distribution
of doxycycline as 2.285 + 0.31 L/kg in cows and ewes. Michael
et al. {1979) observed the volume distribution of doxycycline
to be 3.25 L/kg in dogs. The higher value for volume of
distribution noted by the above workers, denotes a good
distribution of the drug which is supported l?? the ovservation
of Neu (1978), who showed the highest distribution of
doxycycline in liver, kidney, brain and sputum.

cent ion in urine d urinarv exc io te

Steigbigel gt al. (1968), after a single oral dose of
300 mg of doxycycline in a normal young man, reported that the
concentration of drug in urine varies between 5.7 to 93.7 ug/ml
with a peak value of 93.7 ug/ml at 0=8 hr and minimum value of
5.7 ug/ml between 72 to 96 hr. Merier et al. (1969/70) found
the urinary excretion of doxycycline to be 40 + 4% after oral
ingestion of 200 mg of the drug followed by 100 mg every 24 hr
in normal subjects. Nielsen gt al. (1971) reported that 42% of
the drug administered was excreted in the urine in an active
form after a multiple dose irial, with an initial dose of 400 mg
and subsequenti doses of 200 mg every 24 hr of doxycycline in

normal human subjects. They further reported that the average
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urine concentration of doxycycline varied between 100 and 200
ug/ml of urine. Neu (1978) observed the urinary excretion of
doxycycline in human beings as 35% after parenteral
administration. Heaney et al. (1978) noted that 57% of the
drug was excreted in urine after a single i.v. infusion of
200 mg doxyeycline in humanjvolunteers. Raghuram and
Krishnaswamy (1982) observed the percentage of dose excreted
upto 48‘hr after l.v. administration of doxycycline at the
dose rate of 3 mg/kg body weight in mormal subjects, to be
40,6 + 5.28. '

OTHER KINETIC PARAMETERS 32

Raghuram and Krishnaswamy (1982) conducted the
detailed pharmacokinetic study of doxyecycline in human by
giving a dose of 3 mg/kg body weight in 200 ml of 5% dextrose
solution in water through i.v. infusion over a period of
0.5 + 0409 hrs The authors reported the AUC as 87.7 + 9.10
ug/ml.hr, distribution half life (ty,o<) as 0.87 & 04293 hr,
extrapolated zero time concentration in plasma {Co=A+B) as
6.9 + 0,70 ug/ml, the rate constant for drug transfer from
central to peripheral (K;,) as 0.50 % 0.140 he~1, peripheral
to central compariment (Kzt) as 0,74 + 0,163 hf", elimination
from central compartment (Kel) as 0,074 + 0,0083 hr™', total
body clearance {Clp) as 28.9 & 2.65 ml/kg/min, renal clearance
as 14.7 + 1.44 ml/kg/min  and non-renal clearance as 13.9 +

3.30 ml/kg/min.
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Ziv and Sulman {1974) reported similar kinetic
pattern of doxycycline after a single i.v. injection of 20 mg/kg
body weight in lactating cows and ewes and pharmacokinetic
parameters of the drug were found to be A = 38.0 + 6.9 .ug/mil,
B = 21+4 & 3.7 ug/ml, o= 1.248 + 0.11 hr™!, B = 0.028 + 0,006
he™!, Ky, = 0.734 £ 0.08 hr™?, K,y = 0.468 £ 0.07 hr™!, Ke1 =
0.075 + 0,008 hr™', and Fc = 0,37 + 0.09. Michael. et al. (1979)
studied the serum kinetics of doxycycline phosphate {(DPP) in
dogs after oral administration at the dose rate of 10 mg/kg
body weight and the kinetic parameters were reported as,

A = 6487 ug/ml, B= 3.19 ug/ml, Ka = 1.645 hr™', Ke = 0,061

he !, typos= 0Oud hr, t = 2.6 hr and Cp max = 2,6 ug/ml.

DEMECLOCYCLINE 32

Demeclocycline, which was obtained from a2 mutant of
the strain of gtreplomyces gureofeciens from which
chlortetracycline was originally produced, was initially
described by McCormick gt gl. (1957). The pharmacokinetic
parameters of this drug are mainly reported in human beings

whereas very scanty literature is available in animals.

Serum concentration 3

Finland and Garrod {1960) reported the peak serum
concentration around 2.5 ug/ml at 6 hr after oral administration
of 500 mg of demeclocycline in normal subjects. They noted that
the drug concentration was greater than 1 ug/ml upto 24 hr.
The drug was even detectable beyond 72 hr. The mean peak serum
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concentration around 22 ug/ml was obtained immediately after
i.ve infusion of same dose in normal subjects (Kunin gt al.,
1959). steigbigel et al. (1968) observed peak serum
concentrations of 1.74 mg/ml and 1.20 ug/ml at 4 hr while the
concentrations were 0.17 ug/ml and 0.10 ug/ml at 48 hr after
oral administration of 300 mg and 150 mg of demeclocycline,
respectively, in normal young man. Miller et gl. (1980) found
a mean plasma level of 2.7 + 0.25 ug/ml of demeclocycline
after oral administration of the drug in the dose of 900=-1200
mg daily for a period of 7 days in normal human volunteers.

Bioavailability :

Barza and Scheife {1977) noted that the percentage
of an oral dose that is absorbed (oral bicavailability) was
similar for three tetracyclines viz. oxytetracycline,
demeclocycline and tetracycline, ranging between 60 to 80% in
human beings. Neu (1978) reported the oral biocavailability of
demeclocycline as 66% in normal mana.

Protein binding :

Kunin et gl. (1959) and Finland and Garrod (1960)
observed the human serum protein binding of demeclocycline by
equilibrium dialysis method to be 41X whereas Kunin (1967)
reported a higher value (90.8%) by ultracentrifugation method.
Schach Von liittenau and Yeary (1963) noted the human serum
protein binding as 75% by UV-determination. Neu (1978) found
the plasma protein binding of demeclocycline to be 80 to 90%
in human beings. :
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Schach Von Wittenau and Yeary (1963) reported the
¢anine serum protein binding of demeclocycline as 77%, while
it was reported to be 75% by Schach Von Wittenau and
Delahunt (1966). Ziv and Sulman (1974) observed the protein
binding of demeclocycline to 72.6 + 8.5% in the serum of
lactating cows and ewes.

Elimination half life s

Kunin and Finland (1958) reported the mean
elimination half life of demeclocycline as 11.8 hr in human
beings, while it was observed to be 118 hr and 12.7 hr after a
single oral dose of 250 mg and 500 mg, respectively, in
human beings (Kunin 2% al., 1959). Sweeny ot ale {1959)
reported the elimination half life as 10 hr in normal subjects.
Rosenblatt gt al. (1967) noted the elimination half life to be
12.7 hr and more or less a similar value of 12.3 hr was also
reported by Kunin {1967), afier a single oral dose in normal
young man. Doluisic and Dittert (1969) found the serum
elimination half life of the drug to be 9 hr after repetitive
oral dosing in man. Neu (1978) observed the serum half life of
demeclocycline as 15 hr in normal human subjects. Goodman
Gilman et gl. (1980) reported the half life of demeclocycline
about 16 hr in man.

Ziv and Sulman (1974) reported the mean serum
elimination half life of 18.24 hr after a single i.v. injection
of demeclocycline at the dose rate of 20 mg/kg body weight in '

lactating cows and ewes.



Apparent velume of distribution 3

The apparent volume of distribution of demeclocycline
was reported to be 1.79 L/kg and 1.48 L/kg in human beings
after an oral dose of 500 mg and 250 mg, respectively {Kunin
gt gl., 19593 Finland and Garrod, 1960). Kunin and Finland
(1959) showed the concentration of demeclocycline in bile to
be 20 to 32 times higher than in the serum 7 to 24 hr after
an intravenous dose. Lichter and Gobel {1960) recorded the
concentration of drug in synovial fluid equal to that of
serum in patients under going treatment with deneclocyclines
It is observed that the penetration of all the tetracyclines
into most tissues and fluids is excllent {Goodman Gilman
et al., 1980). However, the drug was detected in low
concentration (/20th to ¥50th of the serum) in cerebrospinal
fluid of uninflammed meninges (Boger and Gavin, 1959/60).
Similar is the observation in cases of meningitis (Fujii gt al.,
1959/60; Lichter and Gobel, 1960).

Ziv and Sulman {1974) reported the volume of
distribution as 1.996 * 0.22 L/kg in cows and ewes after

i.v. injection of demeclocycline at the dose rate of 20 mg/kg
body weight.

Various workers had shown that the excretion of
demeclocycline is of same order and found to be 39 to 43% in
96 hr (Finland and Garrod, 1960), 42% (Kunin, 1967) and 40%
(Neu, 1978) in human beings.
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The mean concentration of demeclocycline in urine of
normal subjects at various time intervals after oral
administration of 300 mg was found to be 105, 59.7, 27.2,

947 and 3.8 ug/ml at 0=8, 8~24, 24=~48, 48=72 and 72-96 hr,
respectively (Steigbigel gt al., 1968).

OTHER KINETIC PARAMETERS 3

Ziv and Sulman (1974) reported a detailed
pharmacokinetic study of demeclocycline in dairy cows and ewes
after a single i.v. infusion of the drug at the dose rate of
20 mg/kg body weight. The value of the kinetic parameters
obtained by them was as follows: A= 41.0 & 3.8 ug/ml,

B = 2346 + 2.0 ug/ml, of= 1.196 & 0.21 hr™', p = 0.038 + 0,01
he!, Ky, = 0,674 % 0,06 hr™', Kyy = 0,461 £ 0,05 hr™',

Kel = 0,098 + 0,01 hr™! and Fe = 0,39 % 0.05,

OTHER TETRACYCLINES 3

The newer tetracyclines like Demeclocycline,
Methacycline, Doxycycline and Minocycline possess certain
advantages over older tetracyclines like Chlortetracycline,
Oxytetracycline and Tetracycline (Goodman Gilman et gl., 1980),
They are 3
(1) High bioavailability.

{2) Higher biological half life and hence exert longer duration

of action.
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{3) The sensitivity of a particular microorganism to each of
the tetracyclines is similar. However, the antibacterial
potency is of the order of Minocycline > Doxycycline >
Methacycline and Demeclocycline > Tetracycline and
Oxytetracycline.

The purpose of the present study is restricted to
the pharmacokinetic study of doxyeycline and demclocycline,
but for the comvenience of the readers the important kinets.c;
: data of all the common tetracyclines cbtained from the
literature are given in Table 1.




TABLE~{

Some of the important kinetic data of tetracyclines

Kinetic Chlortetra- Oxytetra- Tetra~- Demeclo~ Metha~ Do Mino-
data cycline cycline c¢yecline cycline cycline o<umm=o cycline
mpoammwuav»:»«
Man P 5gd 778 60800662 - 93%9sP  9a2900P
vnoamm.w binding
Man 47° 20838¢  24Ss5-652 ™Y%0,8° 789  e2%3f  so-95®
Dog - 279994 g0 789719 94¥os? 809829 929
Cattle  37.8" ogh 36" 72,60 ga.8" 90,20 goh
Elimination ,
half 1ife (hr)
Man 5:6° 9%9 ,6° 8.2t  ofi1.8216% 714.3° 8i3f15220" 14.6015°
Cattle  14.2" 9,28 12,80 18,21 23,40 24,80 21,7
Volume distribution
F\wnw
Man 1.48° 1.89° 1:59°  1.46%1.79° 0:7380,9=14+8% =
58 £ = e = - Ucaﬂ. >
Cattle 1,910 54360 3,32  2,00" 2,480 2,00 2,34"

a = Neu (1978) b = Barza and Scheife (1977) ¢ = Kunin et als (1959) d = Schach Ven
Wittenau and Yeary (1963) e = Kunin (1967) £ -« Rosenblatt u.m nrm (1966) g = Schach

Von Wittenau and Delahunt (1966) h = Ziv and Sulman (1974) "1 = Kunin and Finland (1958)

J = Doluisio and Dittert (1969) k = Goodman Gilman gt ale (1980) 1 - Migliardi and 8
Wittenau (1967) m « Merier et ale (1969/70) n - Heaney and Eknoyan (1978) o = Finland
and Garrod (1960) p = Raghuram and Krishnaswamy (1982) q = Ceccarelli et ale (1971)

r = Michael et gle. (1979),
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MATERIALS AND METHODS

In the present study, twelve clinically healthy
female lactating goats of non-descript breed, between 1.5 to
2 years of age and 25 to 30 kg weight, were used. The animals
were housed in animal shed with concrete floor. They were

maintained on Korai, Chunni and greens. Water was given

ad 1ib.
EXPERIMENTAL SCHEDULE 2

Each drug (Doxycyeline/Demeclocycline) was studied on
a group of six animals. An interval of three weeks was
allowed to elapse before administration of the next dose.
The drugs were administered by intravenous {i.v.) and
intramuscular (i.m.) routes in each animal to study their
biocavailabilitye.

DRUGS USED 1z

{a) Doxyeyecline:

Duracycline capsule, a commercial preparation of
Unichem Laboratories Lid., containing Doxycycline
Hydrochloride equivalent to 100 mg of Doxycycline base was
used.
{b) Demec line:

Ledermycin capsule, a commercial preparation of

Cyanamid India Ltd., containing 150 mg of Demeclocycline
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Hydrochloxride was used.

COLLECTICN OF BIOLOGICAL SAMPLES AND THEIR TIMINGS 3

The samplesiof various biological fluids mentioned
below were collected post i.ve. administration whereas the
sample of blood alone was collected after i.m. administration
of the drugse.

(a) Blood :

Hairs around the jugular vein on either side of neck
of the animals were shaved and cleaned with ether. The site
Was sterilized prior to each collection with rectified spirit.
Blood samples were collected in sterile centrifuge tubes
containing appropriate amount of sodium oxalate by venipuncture
of jugular vein prior to and at 5, 15, 30 & 45 min and 1s 2,
4, 6, 8, 12, 24, 30, 36, 48 hr post drug administration. The
blood samples were centrifuged at 5000 r.p.m. for 10 min for
the separation of the plasma. The plasma thus obtained was
kept in a refrigerators. For preparation of plasma standards of
the drug, plasma collected prior to drug administration was
used.

(b) Milk :
In order to collect milk samples, the udder of the

goat were washed with soap water and dried with clean soft
towel. The milk was collected in sterile test tubes by hand
milkinge Samples of milk were taken before drug administration
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for the preparation of standards. After administration of the
drug, the milk samples were collected at the interyals of

S¢ 15, 30 & 45 min and 1, 2, 4, 6, 8, 12, 24, 30, 36 & 48 hr.
The samples thus collected were kept in a refrigerator and
the drug concentrations were measured in following days.

{e) U :

Cn the day of experiment, a Foley's balloon catheter
{No. 14), made sterile by dipping into dettol solution and
lubricated with glycerine; was introduced through urethra
into the b&addet of the experimental goat with the aid of a
flexible metal probe. The balloon of the catheter was
inflated by injecting 20 ml of air through a syringe to keep
the catheter in position. The catheter was fixed with a
pressure clip to check dripping of urine. Normal urine sample
was collected in a sterile test tube prior to the drug
administration for the preparation of standards. After
administration of the drug, the urine samples were collected
in sterile test tubes at 5, 15 30 & 45 min and 1, 2, 4, 6,
8, 12, 24, 30, 36 & 48 hr. The samples were kept in a

refrigerator and were analysed on successive days..

(d) Interstitial fluld 3
For collection of interstitial fluid, two

multiperforated (each perforation of 6 mm diameter) table
tennis balls were aseptically implanted subcutaneously in the
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neck and flank region using the technique of Kozak et al.
(1977)« A period of 4 to 5 weeks after implantation was
allowed for the development of fibrous membrane around the
ball. Part of the skin over the balls were sterilized with
e@thanol and dried prior to collection of samples. Samples of
clear interstitial fluid were aspirated from the ball cavity
using a sterile syringe and hypodermic needle by directly
plercing through the skin and ball hole and collected in
sterile vials. Interstitial fluid was collected from both
balls before the administration of the drug for preparation of
the drug standards. The samples of interstitial fluid were
collected alternately from both the balls at S5y 15, 30, 45 min
and 1, 2, 4, 6, 8, 12, 24, 30, 36 & 48 hr post drug
aduninistration. The samples were kept in a refrigerator until

assay was carried out within a few days.

ADMINISTRATION OF DRUGS 3

(a2) Doxyeyeline :

A capsule containing 100 mg of doxycycline was opened
and the drug was dissolved in 20 ml of sterile distilled
water. The drug was injected in the dose of 5 mg/kgy body

welight by i.ve as well as i.m. routese.

{b) Demeclocycline :

A capsule having 150 mg of demeclocycline was opened
and made soluble in 30 ml of sterile distilled watere The drug
was injected i.,v. as well as i.m. in the dose of 5 mg/kg.




30

PROCEDURE ADOPTED FOR THE MICROBIOLOGICAL ASSAY 3

(a) Sterilization of glasswares and needles :

All glasswares and needles were washed with
detergent solution in running tape water. These were again
rinsed with glass distilled water and air dried. Test tubes,
centrifuge tubes, vials and measuring cyclinders were

plugged with cotton wool and assay plates, pipettes, syringe
| @tc. were wrapped by paper. The materials were sterilized in
hot air oven at 160°C for an hour.

{(b) Pre tion o ia 2

(1) Ass 3

Dehydrated Tetracycline Assay Agar {commercial
preparation of Hindustan Dehydrated Media) was used in
this study. The composition of the media was as follows:

Ingredients Per liter
1. Beef Extract 1«5 gm
2+ Yeast Extract 3.0 gm
3. Peptone 6.0 gm
4, Agar E 15.0 gm

pH 5.9 & 0.2 at 25°C (approx.) |

To rehydrate, 25.5 gm of this medium was suspended |
in 1000 ml of cold glass distilled water, as per direction

given. The media was heated io dissolve and the solution was
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transferred into conical flask which was later plugged
with cotton wool, Wet sterilization of media was done by
autoclaving at 15 pounds pressure (121°C) for 20 min.

_(11) Nutrient 2
Nutrlent broth of the following composition was

prepared.

Ingredients Per liter
1« Sodium chloride S gm
2« Peptone 10 gm
3. Beef Extract 10 gm

These ingredients were dissolved in 1000 ml of glass
distilled water and pH was adjusted to 7.4 {approx.).

Sterilization of the broth was done as mentioned above.

(¢) Pzeparation of assay agazr plates 3

Melted tetracycline assay agar (20 ml) was poured
gently into each of the sterile special assay plate (Borosil),
kept on a horizontally plane surface with the aid of a
sterile measuring cyclinder to get uniform thickness of agar.
The plates were left at room temperature for about 2 hr for
solidification of agar. The plates were kept inside the
incubator at 37°C for 24 hr to ascertain any growth indicating
microbial contamination. The growth free plates were then

stored in a refrigerator until assay was carried oute.




The test organism was grown on the slant of
tetracycline assay agar at 37°C for 24 hr and then stored
under refrigeration. The organism was transferred weekly to

fresh media to maintain its normal activity.

The drug (Doxycycline or Demeclocycline) was
dissolved in sterile glass distilled water and diluted to have
different strengths, viz. 80 ug/ml, 40 ug/ml, 20 ug/ml,

10 ug/ml, 5 ug/ml, 2.5 ug/ml, 1.25 ug/ml and 0.625 ug/ml. From
each standard solution, 0.1 ml was added to a sterile vial
containing 0.9 ml of plasma, milk, urine or interstitial

fluid collected prior to drug administration. This yielded

drugs standards of 8 ug/ml, 4 ug/ml, 2 ug/ml, 1 ug/ml, 0.5 ug/ml,
0.25 ug/ml, 0,125 ng/ml and 0,0625 ug/ml in the above noted
biological samples. These standards were used simultaneously
with test samples in the assay plates for determination of

the drug concentration in the test samples.

(f) Assay procedure :

The quantitative estimation of doxycycline and
demeclocycline in the biological samples of plasma, milk, urine
and interstital fluid were done by microbliological assay
{cylinder plate diffusion method) using Bacillus cereug
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(ATCC~111778) as the test organism (British pharmacopoeia,
1980).

The test organism was grown in nutrient broth for
2 to 3 hr until the growth was seen (turbid by naked eye).
Tetracycline assay agar plates were flooded with the broth
containing the organism and the excess broth was drained out.
The plates were dried in the incubator at 37°C for a perioed
of about half an hour. Sterile polythene cylinders (prepared
from polythene tubes of 6 mm diameter obtained from
commercial sources) were placed at appropriate distance
along the circumference in the innoculated agar plates.
Ninety microliter of standard solution of various strength as
well as test samples of the drug was poured in sﬁparata
cylinders in an assay plate. Such plates were left on the
table for about 2 hr and then kept in the incubator at 37°C
overnight for the growth of organism. The diameter of the
bacterial zone of inhibition produced by standards as well as
test samples of the drug were measured. The concentration of
the drug in different test samples of a biological fluid was
estimated from the standard curve plotted from the zone of
inhibition versus concentration of the drug on a semilog scalee

Standard solutions of doxycycline and demeclocycline
in plasma, milk, urine and interstitial fluid were kept under
refrigeration (0°C to 4°C). The drug concentration in each
sample was assayed using freshly prepared drug standards daily




for a period of seven days to test the drug stability in
biological fluids. The results showed that the concentration
of demeclocycline started declining from 3rd day whereas
doxycycline was stable upto 5 dayse

CALCULATION OF THE PHARMACOKINETIC PARAMETERS o

The following pharmacokinetic parameters of
doxycycline and demeclocycline after a single i.ve
administration were calculated from the semilog plot of
plasma drug concentration versus time curve. The experimental
data was analysed using one compartnent or two compartment
open model (Gibaldi and Perrier, 1975).

The concentration of the drug in plasma at any time
is obtained by the formula:

(i} q3 . -Pt PesoevassOBOD uﬂ-Conpaxtmnt mdol)

(11) o= M-o(t+ Bo-pt"..u“.(z-Conpartmnt model)

Where (p is the drug concentration in plasma at time 't*. The
description and calculation of the kinetic parameters {A, B,
=< & B) used in the above formulae are noted below.

(a) A, the zerotime concentration of the drug in
plasma and o( 5 the regression coefficient, for distribution
phase, were calculated by the method of residual yields

(Appendix I) .




35

(b) B, the zero time concentration of the drug in
plasma and B, the regression coefficient, for elimination
phase, were calculated by the method of least squares
(Appendix 1). .

(e) A, the zero time concentration of the drug in
plasma and Ka, the regression coefficient, for absorption
phase after i.m. administration of the drug, were calculated
by the method of residual yields (Appendix I).

{d) C.g, the theoretical concentration in plasma at
zero timee.
cg = A+ B

{e) tyoKas tys~iand ty,B, the half life of the drug
in absorption, distribution and elimination phase,

respectively.
0,653 0,693 0.693

tyKa = —po——y ty,=¢= o sy

{f) AUC, the total area under the curve.

B
=3 T {2=Compartment model)

AUC = =7

B
(1=Compartment model)

AUC =

{(g) F, the bioavailability,

AUC f.m.
F= x 100 (for i.m. study)

AUC i.ve.




(h) Kyye rate of transfer of the drug from the
peripheral (tissue) compartment to the central (blood)
compartment.

Ai’p + BecX
Km =
A+ B

(i) Kel, the elimination rate constant of the drug
from central compartment.

X op

Kel =
Koq

(3) K4y the rate of transfer of the drug from
central to the peripheral compartment.
Kgp = 4+ B = Kyy=Kel.

{k) Fc, the fraction of drug available for
elimination from central compartment.

Fe =
Kel

{1) vd, the volume of distribution, based on

digtribution and elimination.
D

A+ B

Vd = D = Dose rate (mg/kg)

{m) Vdgs the volume of distribution based on
eliminatione.



{n) Vd,  o,0 the volume of distribution, based on
total aXxeaes

D
vd = {2=Compartment model)
area  (afoc+ B/P) B
D
Vd&raa = T {{=Compartument model)

(o) vd, . » the total volume of distribution at

steady state.
Rez + Kpq
vd = x Vd.
Koy

{p) Clys the total body clearance.
Clg = Vd rea X P

CALCULATION OF DOSAGES REGIMEN 2

Dosage regimen has been calculated to maintanin
minimum inhibitory concentration (MIC) in plasma at desired
dosage interval using the formulae described by Notari (1980).

Maintenance dose (Do):

The maintenance dosge required to provide any desired
minimum plasma concentration (C5’min = MIC) can be arrived
from the formula:s

fB

ctﬁm‘m(t-f)
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B = zero time concentration during elimination phase.

f = fraction of dose remains at a particular dosage
interval (Y ). f can be derived from the formula:

\/* Inf
[—3
=p
Since, B is directly proportional to dose, the

maintenance dose can be arrived at for a particular dosage
interval (‘{6 and for a specific MIC.

3] Lo 2

During repetitive administration the thaoretical

steady state maximum plasma concentration is calculated by
the derivation 32

B

q)“’maxsz-———-m

(1 =-1)

The method of calculation of dosage regimen is
shown in Appendix Il.
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RESULT

DOXYCYCLINE s

fe Plasma le 2

The plasma drug concentration profile at various
time intervals after a single i.v. dose {5 mg/kg) of
doxycycline in goat has been shown in Table-2 and Fig =2, The
plasma concentration of the drug at 5 min was found to be
6+04 + 0,81 uo/ml and the value ranged from 2.50 to 8420 ug/mle
The mean therapeutic concentration (>0.:5 nmg/ml) of the drug
in plasma was maintained from 5 min to 2 hre The drug was
detectable in plasma sémples upto 48 hre The mean plasam
concentration at 48 hr was 0405 + 0,01 ug/ml.

2+ Kinetic pargmetexs:

The plasma drug concentration versus time profile
has confirmed the iwo compartment open model as depicted in
Fig-3e. Table-3 shows the values of different kinetic parameters

calculated by the above noted compartment models
The mean extrapolated zero time concentration of the

drug in plasma during distribution phase (A) and elimination
phase (B) was observed to be 255 + 0e41 and 0,41 + 0,03 ug/ml
respectivelye. The mean value for theoretical zero time
concentration of drug in plasma (C) = A + B) was found to be




TABLE=2
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Plasma concentrations (ug/ml) of Doxycycline in goat

following single intravenous dose of 5 mg/kg.

Animal No.
Time 1 2 3 4 5 6 Mean + SeEe.
5 min  8.20 5.80 5.65 2.50 6.70 7.40 6.04 + 0.8
15 min 2,80 2,25 2,80 1.00 2.40 3.00 2.38 3 0.30
30 min  1.70  1.43 1420 0,90 1.90 1.80 1.49 £ 0,16
45 min 120 1495 100 0,78 1.60 1.50 1421 + 0,13
1 hr  1.00 0.96 0,90 0,70 1.25 1.00 0,97 & 0.07
2hr  0.70 0,80 0,60 0,50 0,98 0,62 0.70 £ 0,07
4hr 0,50 0,48 0,42 0,35 0,70 0,36 0,47 + 0,05
6 hr 0,30 0,34 0.35 0,32 0,41 0,26 0,33 £ 0,02
8 hr  0.25 0,27 0,30 0,30 0,37 0,22 0.29 £ 0,02
12 hr  0.18 0,23 0,25 0.26 0,24 0,19 0,23 + 0,01
24 hr  0.10 0.15 0.48 0.14 0,16 0.4 0.15 + 0,01
30 hr 0,08 0,12 0.17 0,12 0,40 0,09 0,11 % 0.0
36 hr 0,05 0,09 0,95 0,08 0,07 0,04 0,08 £ 0,02
48 hr  0.04 0,06 0,09 0,05 0,03 0,000 0,05 + 0,01




T T T T TR AR~ - -

€

(0} 144

(TH)} aNIL

°3°S ¥ NVIw
ANITOAD0TIDIAWIA @
INITOADAXOA o

T
©

¢ °9Id

- G°0

[ 0°1

W

( Tu/6n ) NOIIVHINIONOO




174

ch

(TH) FNIL

( -4 §50°0 ) d— 1T

€ *o1d

( Tu/dr gz ) v

20

( Tw/6r ) NOILVHINZONOD DOT



?TABLE-s 41

Kinetic parameters of Doxycycline in goat following single
intravenous dose of 5 mg/kg.

Animal Nos
Parameter 1 2 3 & 5 6 liean i SeEse
Alug/ml) 2649 2414  3.01 116 2431 4,20 2455 3 0441
Blug/ml) 0a38 0,39 041 0442 0455 0,32 0.41 £ 0,03
Cp (ug/m1) 2487 253 3442 158 2,86 452 2496 £ 0,40
X{hr™) 0,758 0,790 14534 14253 0,620 14432 1.066¢ 0,158
tmu(hr) 0691 0488 0445 0,55 1410 0,48 0,73 + 0.1
p(rr™1) 0,054 04040 0,030 0,043 0,055 0,039 0,044+ 0,004
ty p(hz) 12,83 1733 23.10 16412 12460 17.77 16463 + 1.58
Ky (hr™1) 04387 04471 1.135 0,783 0,309 0,928 0,669+ 0,135
Koy (1) 00147 04156 04210 0,365 0165 0,138 0,197+ 0,035
kel (nr"1) 0,278 0,203 0,219 0,148 0,210 0,405 0,244+ 0,036
Fe 00194 04,197 0,137 04291 04262 04,096 0,196+ 0,030
AUC(MJfLiahr) 10432 12446 154,63 10,69 13.67 11,14 12,32 & 0,83
va{L/kg) 174 1498 1446 3416 1,75 1e11 187 + 0,29
vdg{L/kg) 13,16 1282 12420 11,90 9,09 15,63 12,47 + 0,86

Vd_ oo (L/kg)  8.97 10403 10,66 1088 6s65 11,51 9478 & 0.72
Vd, o (L/kg) 6432 796 9435 9494 503 8,57 786 & 0476
Cly(ml/kg/min) 8407 6e69 5433 780 6410 7448 6491 & 0443
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2496 0440 ug/mle The distribution rate constant of the
drug (>¢) ranged from 04629 to 14534 hr™! with a mean value

of 14066 & 0,158 hr™! while its elimination rate constant

(B) ranged from 0,030 to 04055 hr ' with a mean value of

0,044 & 04004 hz™' in plasma. The mean distribution (ty,><)
and elimination (ty,B) half life of the drug were observed

to be 0,73 1 011 and 16.63 + 1458 hr. The average rate of
transfer of the drug from central to peripheral (Kyo)s
peripheral to central (K,;) and elimination from central

(Kel) compartments were calculated to be 0,669 + 0,135,

02197 £ 0,035 & 0,244 + 0,036 hx", respectivelye The
fraction of drug available for elimination from central
compartment (Fc) was noted to be 04196 + 0,030, The value of
area under the curve in plasma (AUC) was found to be 12¢32 +
083 MG/;,hre The various values for volume of distribution
of the drug in goat, calculated by different methods are
shown in Table-3s The mean values of Vdarea and th" were
observed to be 9,78 + 0472 & 7486 + 0476 L/kge The total

body clearance {Cly) ranged from 5,33 to 8,07 ml/kg/min with a

mean of 6.91 + 0,43 ml/kg/mine

3.
(a) Interstitial flulds

The distribution of doxycycline in interstitial
fluid after a single 1.ve dose (5 mg/kg) has been presented in
Table=~4 and depicted in Fig=4. The drug was detectable in the
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TABLE=4

Interstitial fluid concentrations (ug/ml) of Doxycycline in
goat following single intravenous dose of 5 mg/kg.

Animal Nos
T ime i 2 3 4 5 6  Mean * S.E.

Smin  0.08 0.0 0,066 0,00 0,00 0,05 0,05+ 0,02
15min 0,12 0.14 0.08 0.07 0uif 0,09 0,10 4 0,04
30 min 0,16 0.26 0,09 0,43 0.14 0,42 0,45 4 0,02
45 min 0,19 0.58 0.09 0.18 0.47 0.5 0,23 + 0,07

1 hr 0,25 0.72 0,18 0,20 0.21 0,19 0,29 + 0.09

2hr 0436 0,80 0,25 0.35 0,43 0,32 0,42 & 0,08

4hr 0,78 1.20 0.35 0.56 0,67 0,56 0,69 % 0.12

6 hr  1.26 1.00 0,90 1.00 1.20 0.98 1.06 + 0,06

8 hr  0.96 0,77 0,82 0,58 1.28 0,76 0.86 % 0,10
12 hr 0,65 0,62 0,64 0,40 0,93 0,54 0,63 % 0,07
24 hr 0,36 0,28 0,37 0,22 0,38 0.24 0,30 + 0,03
30 hr 0,29 0.13 0,12 0,10 0,23 0,20 0,18 + 0.03
36 hr 0.6 0.05 0,09 0,04 0.5 0,14 0,11 4 0,02
48 hr 0,07 0,00 0,05 0.00 0.08 0,06 0,04 + 0,01




00
<

°3°S + NVIW
INITOAD0TO3IN=A
INITOADAXCA

@ ———

I

¥ *bid

-0° 1

-G° 1

0T

-G°C

LO*C

( Tu/6n ) NOILVHINZONOD



44

samples of interstitial fluid collected even at 5 min in

four out of six animals. The mean peak concentration of

106 + 0406 ug/ml was obtained at 6 hre Thereafter, the drug
concentration declined steadily and was detectable in all

the samples collected upte 36 hre The drug was detectable

in most of the animals even at 48 hre. The mean drug
concentration at 36 hr was found to be 0,11 i 0,02 ug/ml. The
mean therapeutic concentration {>0.05 mg/ml) was maintained
between 4 to 12 hr.

(b) Milk 3
The concentration of doxyeycline in milk following

ieve administration (5 mg/kg) is presented in Table=5 and
Fig=5e+ In contrast to interstitial fluid, the drug appeared
inmilk samples of all the animals at 1 hr and was detectable
upto 48 hr in most of the animals. Mean peak cmcehtmtion of
1264 + 0425 ug/ml in milk was attained at 6 hre The mean
therapeutic concentration (=2 0.5 ug/ml) was achieved at 2 hr
and maintained even beyond 12 hre

{e) Uzine :

The concentration of drug (5 mg/kg) in urine post
ieve administration has been presented in Table=6 and Fig=6.
The drug appeared in effective concentration (0.5 ug/ml)
within 5 min and was also detectable in the last urine
sample (48 hr). The mean drug concentration of 312 0,70 &



TABLE=S

Milk concentrations (ug/ml) of Doxycycline in goat
following single intravenous dose of 5 mg/kg.

45

Animal No.
Time 1 2 3 4 5 6

Mean + S.E.

5min 0.00 0,00 04,00 0,00 0,00 0,00
15 min 0,00 0,00 0.00 0.00 0,00 0,00
30 min 0,00 0.00 0,00 0,00 0,00 0,00
45 min  0.00 0.25 04,00 0,00 0.00 . 0,00 .

1 hr 0,35 0,38 0.22 0.29 = 0,20 . 0.42

2 hr  0.48 0.75 0,34 0,36 . 0,30 . 0.87

4 hr  0.86 1.36 0.68 0,50 = 0.68 = 1.74

6 hr 2,82 1.14 1.70  1.45  1.52 . 1.22

Bhr 2,45 0,84 1.15  0.92  1.25  0.96
12 hr  2.15 0,72 0.83 0,63 . 0.85 . 0,72
24 hr  1.05 0,32 0,52 0,14  0.45 . 0,38
30 hr 0,53 0,26 0415 0,08 . 0.24 . 0.27
36 hr 0413 0,10 0,10 0,06  0.12 .0.14
48 hr 0,09 0,00 0,07 0,00  0.08 .0.10

- 0452

0.00 + 0400

0,00 + 0,00
0400 &+ 0,00
0.04
0.31

I+ |

i+
£

0,97
1
126 * 0.25

0420

L
g
I+ 1+ g

0498 + 0.24

0448 # 0,13
0.26 + 0,06
Oe11 + 0.01
0.06 + 0,02

0.04




8k

(IH) msHH.

e} g 9 % 3

°3°S ¥ Nvaw I
INITOAD0TINIA @

®
INITOADAXOA o ——o

¢ *DId

N

™
( Tu/6n ) NOILVHINIONOD

q.



Urine concentrations (ng/ml)'
following single intravenous

TABLE=~®

46

of Doxyeycline in goat
dose of 5 mg/kge

Animal Noe
Time 1 2 3 & 5 6 MHean # SeEe
Smin 2482 180 4484 125 5458 2,40 3412 + 0,70
15 min  Se84 4441 12415 236 12217 6623 To19 £ 1,67
30 min 16430 1525 25425 11445 3178 1575 19,30 & 3.11
45 min 66412 ‘21.35 48,10 2892 060,23 3121 42,66 3 744
1 hr 32440 5800 72621 62415 38436 5422 52490 # 6011
2 hr 18010 24420 46431 30,75 29468 27,95 29,52  3.84
4 hr 13.30 19,14 33,00 25.80 23,90 24,20 23,22 # 2,70
6 hT 12,32 14423 26686 22,85 2025 17,78 19,05 + 2,21
B hr 10,33 11642 21,79 1546 1586 13,65 14,75 & 1.16
12 hx TeD2 6482 1650 857 Te23 6482 84,91 + 154
24 hr 4080 4423 Be24 3,53 3445 350 4463 & 0,75
30 hr 3:54 272 6680 2,18 2,32 2612 3,28 & 0,74
36 hr 213 1491 4425 1440 150 1:25 2407 & 0,46
48 hr 120 2445 0,93 0482 0,63 1017 & 0427

1000
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117 & 0,27 ug/ml was observed at 5 min and 48 hr,
respectivelye The mean peak urine concentration of 52490 *
6¢11 ug/ml was observed at 1 hre The therapeutic concentration
was maintained in the urine samples of all animals

collected from 5 min to 48 hr post drug administratione

4+ Dosage regimen :

The dosage regimen required to maintain the
minimum therapeutic concentration {05 to 15 ug/mi) in
plasma for i.ve administration is presented in Table=7. The
suitable dosage regimen ie.ee loading dose {D¥) and
maintenance dose {Dy) were tabulated at convenient dosage
interval (¥) of 12 & 24 hre The table also shows the maximum
concentration (C5°max) in plasma expected to be achieve
following administration of required doses of the drug as

designed in the dosage regimene

fe S vels:

- The plasma concentration of doxycycline at
different time intervals after i.me administration has been
presented in Table=8 and Fig~7e The drug appeared in the
samples of all the animals at 5 min and persisted upto 36 hr
except in animal nos 4. The drug was detectable at 48 hr only
in the samples of animal noe 3. The mean peak plasma




TABLE=T

Uosage regimen of Doxycycline for intravenous route in goate

g 5

Vmiml Néc
1 2 s 4 5 6  Mean & SeEe

D* 12,68 1042 B.87 10,05 £8.84 12,54 10,57 4 Ce7C
\432 he 95 603 3697 2468 4005 4427 4,69 4,29 & 0,45
Op”max 0a96 081 073 CoBid 0,97 0CaB0 0485 3 0404

*

DY 23493 16482 12459 16463 16498 20,05 17.83 £ 1.56
Vo4 hr D, 17437 10,38 6e46 10,71 12445 12415 11459 £ 1445

O max 1480 1431 1,03 1440 1.87 1428 1445 * 0,13

D® 25437 20484 17475 2010 17468 25.08 21414 & 1439
%-12 hr D, 1211 7,95 537 8410 8455 9,38 8458 1 0,90
P'max 1493 1463 1446 1469 1,95 160 1,71 + 0,08

/. D*  47.85 33.65 25.19 33.26 33.97 40410 35,67 & a1
=24

hr D, 3474 20,77 12,93 21443 24,91 24:38 23,19 & 2.90
Co'max 360 2463 2407 2,80 3,74 2,57 2.90 & 0,26
/ D?;_ 38405 31426 26462 30415 26452 37,62 31,70 3 2,00
=12 hr D, 18416 11492 8405 12414 12482 14,06 12,86 & 1434
P max 2689 2444 2,19 2453 2492 2441 2,56 & 0,12

A D* 71478 50,47 37.78 49.89 50,95 60,15 53,50 + 4,67
=24 hy B‘ 5211 3115 1939 32414 3736 36456 34,79 I 435
QPmax 5485 3494 3410 4499 5461 385 4436 & 0,40

Cp min = Minimwe plasma level O 'max = Maximum plasma level
D* = Loading dose D, = Maintenance dose % Dosage interval
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concentration of 147 + 0,17 ug/ml was attained at 1 hre
The mean therapeutic concentration appeared at 15 min and
was maintained upto 2 hre

2. kinetic parameters:

The plasma drug concentration versus time profile
has confirmed the two compartiment open model after i.me
administration of doxycycline (5 mg/kg) as depicted in Pig-8.
The values of different kinetic parameters calculated on the
basis of two compartment open model is presented in Table~9.

The mean extrapolated zero time concentration
during distribution phase {A) and elimination phase (B) was
observed to be 3467 + 1,02 & 0,37 + 0,05 ug/ml, respectively.
The mean value of theoretical zerc time concentration of the
drug in plasma (e: = A + B) was found to be 4,04 + 0,98 ug/mle
The absorption rate constant (Ka) ranged from 2206 to
2,697 hr™! with a mean value of 24468 + 04074 hx™ ', The

distribution rate constant (o{) varied from 0477 to 1.803 hr™!

with a mean of 1.035 + 0,209 he™!
rate constant (B) was 00033 to 04056 hr~
0044 4 0,004 hr™!. The mean absorption half life {tyKal,

distribution half life (ty,o¢) and elimination half life (t;,p)

were observed to be 0428 # 0401 hry, 0485 & 0019 hr and

+ The range of elimination

1 with an average of

16425 & 1434 hr, respectivelye. The average rate of drug
transfer from central to peripheral {(K,,)s peripheral to



TABLE-~S®8

Plasma concentrations (ug/ml) of Doxycycline in goat

following single intramuscular dose of 5 mg/kge

MAnimal Noe
Time 1 2 3 4 5 6

Mean * SeEe

S min 0454 0436 020 0030 0442 0432
15 min 0,70 0,56 034 0,35 0,63 0,45
30 min 0s90 0,80 0,54 0,60 0,90 0460
45 min 120 1490 1475 1440 1.20 0,88
§hr 1440 1400 1,00 2,00 1480 1,60
2hr 100 0,70 0,58 0,80 0,88 0s50
4hr 0460 0432 0,35 0,20 0468 0,35
6hr 036 0,30 0,32 0415 0,35 0.24
B hr 0430 0428 029 0413 0,32 0,22
12 he 0424 0,23 0,26 0412 0426 0a18
24 hr 012 0o15 0s18 0407 0s14 0,12
30 hr 0,10 0Oell 0e14 0,06 0s09 0,08
36 hr 0405 0006 0o12 0s00 0607 0405
48 hr 0400 0.,00 0406 0s00 0,00 0400

036 + 04,05
0e51 £ 0606
072 £ 0,07
139 £ 0,16
147 + 0417
074 # 0,08
0e42 # 04,07
0e29 4 0,03
0426 4 0,03
022 + 0,02
0e13 # 0,02
010 £ 0,01
006 + 0,02
001 + 0,01
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TABLE=9

L3

Kinetic parameters of Doxycycline in goat following single

intramuscular dose of 5 mg/kge

Animal Noe
Parameter 1 2 3 & 5 6 Mean 4 SeEe
Alug/m1) 1454 2449 3413 5428 1.65 793 3467 £ 1,02
B(ug/m1) 047 0438 0439 0418 0,50 0,31 0,37 + 0,05
Cp (ug/m1) 2,01 2487 3.52 5.46 2415 B8.24 4404 3 0,98
Ka(hr™1) 2,607 24453 24206 2.319 2,584 2.549 2,468+ 0,074
tyKa(hr) 0426 0428 031 0,30 0,27 0,27 0,28 & 0,01
< (hr™) 0s487 12018 14363 1.068 0,477 14803 1.0354 0,209
ty ot (hr) 142 0,68 0,51 0,65 1445 0,38 0,85 + 0419
p(nr™1) 0i054 0,041 0,033 0,038 0,056 0,043 0,044+ 0,004
ty,p{hr) 12,83 16490 21400 18:24 12,38 16412 16425 + 134
Kyohe™) 0.216 05643 04966 0,468 0,206 1,026 0,588+ 04146
Kz,(hr"‘J 04155 0,170 04980 0,072 04154 0,509 04140+ 0,017
Kel(hr™?) 0,170 04246 04250 0,562 04173 0,711 0,352+ 0,093
Fe 04250 0,167 0,132 0,068 0,324 0,060 0,167+ 0,042
AUC(MGLehr) 1187 11471 14011 9470 12,39 11461 11.90 ¢ 0,58
vd{L/kg) 2649 1474 142 0,92 2433 0,61 1459 + 0,31
vdg(L/kg) 10,64 13016 12482 27,78 10,00 16413 15409 + 2469
Vdm.(l./kg) 7480 10s41 10,74 1356 721 10,02 9,96 + 0,93
Vdg o (L/kg) 5496 8432 9.04 6490 5645 6435 700 1 057
Clg(ml/kg/min) 7402 7e11 591 8459 6473 7418 7e09 & 0,36
F(%) 115,02 93,98 90,28 90,74 90,64 104,22 97.48 + 4,12
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central (K21) and elimination from central (Kel) compartments
were calculated to be 04588 % 04146, 04140 + 0,017 & 04352 #
04093 hr™!, respectivelys The fraction of drug available

for elimination from central compartment (F¢) was noted to

be 06167 + 04042, The value of area under the curve in plasma
(AUC) is found to be 11.90 % 0458 Md/Lehre The various

values for volume of distribution calculated by different
methods are shown in Table=9, The mean value for VA, req 2nd
Vd, o, %as observed to be 9496 * 0,93 L/kg and 7400 * 0,57
L/kg, respectivelys The total body clearance (CIB) varied
between 591 to 859 ml/kg/min with an average of 7.00 + 0,36
ml/kg/mine The bicavailability (F) ranged from 9028 to

115.02% with a mean of 97448 + 4,12%,

3+ Dosage regimen:

The dosage regimen required to maintain the
minimum therapeutic concentration along with expected maximum
concentration (Cp max) in plasma at suitable dosage interval
of 12 & 24 hr for i.me administration is presented in Table=10.



TABLE=10

Dosage regimen of Doxycycline for intramuscular route in goate

Animal Nos

1 2 3 4 5 6  Mean & SeEe

Smin=0,5 ug/m}
p* 10625 10482 942 22,02 9482 13,60 12,66 + 1.97
%12 hr DD 4089 421 3208 8406 4480 548 5400 - 4 0.68
CF'maXx 0496 0482 0,73 0,79 0.98 0.84 0,85 + 0,04
DY 19434 17465 14406 34.38 19,22 22.55 21420 + 2.87
\424 hr D, 14,04 11,05  7.69 20.56 14,20 14,52 13.68 + 1.74
O °max 182 134 1410 124 1,92 1440 1,47 + 0,13

ST pin=1.0 ug/m)
D 20,50 21,65 18.84 44,04 19,63 27,20 2531 & 3494
Y%12 hr Dy 9s79 8442 6415 1611 9,60 10,97 10417 & 1436
G max 1493 1465 1447 158 1496 1469 1471 & 0,08
D" 38468 35.30 28412 68,76 3843 45,09 42,40 & 5.73
Y24 hr D, 28400 22,11 15,38 41411 28440 29,03 27.35 + 3449
OF’max 3464 2468 2,19 2,47 3.84 2,80 2,94 + 0,27
DY 30,75 32447 28426 66.07 20445 40,79 37,97 1+ 5491
Ya12 he D, 1468 12,63 9423 24417 14440 16445 15426 & 2,04
O max 2489 2447 2420 2,38 2,94 2,53 2,57 & 012
D* 58402 52.96 42418 10314 57465 67.64 63,60 + 8,60
Y524 hr D, 42413 33.16 23.08 61.67 42.60 43.55 41403 % 5,23
CF°max 545 4603 3229 3,71 5476 4419 4441 & 0.40

RrrE s B

Cp min = Minimum plasma level

D" = Loading dose

Cp’max = Maximum plasma level
~'= Dosage interval

D¢ = Maintenance dose




DEMECLOCYCLINE 3

h inetic stu demeclocycl ftex i

administration:
1o Plasma levels:

The plasma concentration of demeclocycline in goat
at various time intervals following single i.ve dose
(5 mg/kg) has been shown in Table=11 and Fig=2. The
concentration of the drug at 5 min varied between 7.40 to
31450 ng/ml (lean % SsEe = 21470 # 4.06)s The mean therapeutic
concentration (=045 ug/ml) was maintained in all the animals
upté 36 hre The méém plasma concentration at 36 hr was found
to be 0457 £ 0412 ng/mle. The drug was present even at 48 hr
samples {0e31 & 0,07 ng/ml) of all the animalse

2+ Kinetic parameterss

The values of various kinetic parameters calculated
from the log plasma concentration of the drug versus time
profile using two compartment open model are presented in
Table=12 and Fig=9.

The extrapolated zero time concentration obtained
during distribution phase (A) varied from 681 to 27.95 ug/ml
with a mean of 1781 + 3.67 ug/ml. The extrapolated zero time
concentration during elimination phase (B) ranged from 2,04 to
3455 ng/ml with a mean of 288 + 0427 ng/mle The mean value of
theoretical zero time concentration of drug in plasma (qg = A+B)




TABLE=11

Plasma concentrations (ug/ml) of Demeclocycline in goat
following single intravenous dose of 5 mg/kge

Animal Noe
Time 1 2 3 i a-oN 6 Mean  SaEe

5min 31.50 21,80 7440 20,50 12,00 28,00 21,70 4 4,06
15 min 18400 13,70 6420 19450 94,20 14,50 13,52 + 2,07
30 min 14450 950 3480 14400 6440 12,00 9.87 + 1467
45 min 10,50 8.70 2480 1260 5,25 10,50 8,39 + 1450

Thr 8400 7440 2460 10,00 4465 9,20 6498 + 1,15

2hr 2400 3430 2,00 4,40 3,30 3460 3410 # 0,39

4hr 2400 3420 1490 3,20 2,45 3,50 2.71 + 0,28

6 hr . 1465 2468 1480 2482 2,30 2440 2,28 £ 0,19

Bhr 14855 2460 1,60 2,78 2,10 2,30 2,16 + 0,21
12 hr 0490 2405 1420 1,78 1485 2,20 1,66 + 0,21
24 hr 0465 1475 0488 150 1420 1484 1.30 + 0,20
30 hr 0,56 0,96 0,76 0460 105 1,20 0,86 + 0,11
36 hT 0421 0e65 0,70 0418 0482 0485 0,57 + 0,12
4B hr 0410 0,32 0e46 0,13 0445 0,40 0,31 4+ 0,07




TABLE-12

Kinetic parameters of Demeclocycline in goat following single
intravenous dose of 5 mg/kg.

mmal. Noe
Parameter 1 2 3 4 5 6 Mean 4 SeEe
Alug/m1) 27495 16475  6eBl 26474 8418 20,42 1781 + 3467
Blug/ml) 2013 3:55 2404 3450 2,77 3426 2488 + 0,27
B (ug/m1) 30s08 20430 8485 30,24 10,95 23.68 20,68 + 3,76
(e t) 10605 14559 2,534 1,541 14301 1.350 1,648+ 0,184
ty,=<(hr) 0s43  0ed44  0e27 045 0653 0,51 0444 + 0,04
(™) 0,048 0,039 0,032 04,038 04033 0,031 0,037+ 0,003
tyzp{hr) 14644 17477 21466 18424 21,00 22,35 19424 + 1422
Kqo(hr™!) 1.007 1,004 14824 1,091 0,859 0,972 1.141+ 0s141
Kpq (hx™1) 0158 04305 04609 04212 0,354 0,213 0,309+ 0,067
Kel{nr™1) 04488 04199 0,133 0,276 0,121 0,196 04236+ 0,055
Fe 0,098 0,196 0,241 0,138 0,273 0,158 0,184+ 0,027
AUC(Mg/Lehr) 61479 101477 66444 109446 90423 120,29 91466 + 9461
va(L/kg) 0ut7 0225 056 097 046  0.21 0,30 4 0307
Vdy(L/kg) 235 1441 2445 1443 181 1,53  1.83 + 0419
Vd 1o (L/kg) 1469 1426 2435 1420 1468 1434 1.59 & 0,18
vd, _ (L/kg) 125 1415 2.24 1404 1,58 1417 1441 1 0418
ClB(mI/kg/mln) 1635 0,82 1425 0476 0492 0,69 0,97 + 0,14
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was found to be 20468 + 3,76 ug/ml. The distribution rate
constant (%) varied between 14301 to 2,534 hr™' with a mean

of 14648 + 04184 hr™'. The elimination rate constant {p)

ranged from 0,031 to 0,048 hr™! with a mean of 0,037 + 04003
he™'s The mean distribution (t,,¢) and elimination (ty,p)

half life were found to be 0,44 + 0,04 hr and 1924 + 122 hr,
respectivelys The average rate of transfer of drug from
central to peripheral (Ky,), peripheral to central (Kpq)
compartment and elimination rate constant (Kel) from central
conpartment were calculated to be 14141 + 00141 hr™!, 0,309 +
04067 hr™' and 0.236 + 0,055 hr™1, respectively. The fraction
of drug available for elimination from central compartment (Fc)
was observed to be 0e184 04027+ The value of area under the
curve (AUC) in plasma was found to be 91466 + 961 Mg/l ehrs
Various values calculated for valume distribution are shown

in Table=12+ The Vdarea and Vds.s. are found to be 199 ¢

018 L/kg and 141 + 0,18 L/kg, respectively. The total body
clearance (Clg) ranged from 0469 to 1435 ml/kg/min with a

mean of 0,97 4 Oe11 ml/kg/m’-Rt

The concentration of drug in interstitial fluild at

various time intervals has been shown in Table-=13 and Fig-4.

The drug appeared even at 5 min in all the animalse. The mean
peak concentration of 267 + 023 ug/ml was reached at 6 hre
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Interstitial fluid concentrations (ug/ml) of Demeclocycline
in goat following signle intravenous dose of 5 mg/kge

Animal Nos
Time 1 2 3 4 5 6 Mean ¢ SeEs
Smin 025 0,18 015 0422 04,32 0,19 0,22 + 0,03
15 min 0,63 0446 0435 0438 0465 0428 0,46 + 0,06
30 min 1,00 0492 0458 0,85 1430 0,75 0,90 # 0410
45 min 1.25 1415 0,76 1614 1465 0485 1413 + 0,13
ThY 1442 1418 0492 1456 1485 1435 1438 + 0,13
2hr 1475 125 1410 2,00 2,50 1,68 1471 £ 0421
4 hr 2,00 1468 1445 2,80 2,75 2,20 2415 + 0,23
6 hr 2480 2432 1484 2,50 3,25 3,30 2,67 * 0,23
B hr 2440 2,58 2,22 2,25 2,57 2482 2,47 + 0,09
12 hr 196 226 2,10 2,12 2,26 2,30 2,17 + 0405
24 hr 0,78 0,98 1400 0,96 1415 1425 1402 # 0407
30 hr 0445 053 0,48 0442 0,75 0,95 0460 0409
36 hr 0421 0422 0,31 0412 0425 0,45 0,26 + 0,05
48 hr 0,00 0,08 0,09 0,00 0410 0416 0407 % 0,03
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The drug was present in the samples of all the animals upto
36 hre The mean therapeutic concentration appeared at
30 min and was maintained upto 30 hre.

(b) Milk 2

Table=14 and Fig-5 show the concentration of drug
in milk at various time intervalss. The drug did not appear in
any of the samples collected upto 45 mine The drug was
detectable in milk samples of 4 animals at 1 hr and in other
animals at 2 hre The mean peak concentration of 565 + 0,45
ug/ml was attained at 8 hre The mean therapeutic concentration
(=045 ug/ml) was maintained from 1 to 36 hre The drug was
present in milk samples of all the animals upto 30 hrs

(c) Uzine :

The concentration of demeclocycline in urine at
different time intervals has been shown in Table=-15 and
Fig=6e The drug appeared in urine within 5 min after drug
administration and persisted beyond 48 hre The mean peak
concentration of 82423 + 10406 ug/ml in urine was attained at
8 hre The therapeutic concentration {>0¢5 ug/ml) was
maintained in all the samples ¢ollected from 5 min to 48 hre

4+ Dosage regimen:
The suitable dosage regimen of demeclocycline to

maintain the desired minimum therapeutic concentration
{Co’min) alongwith expected maximum concentration (Cp max) at
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Milk concentrations (ug/ml) of Demeclocycline in goat
following single intravenous dose of 5 mg/kge

Animal Noe
Time 1 2 3 4 5 6  Mean % S.Ee
5Smin 0,00 0,00 0,00 0,00 0,00 04,00 0,00 + 0,00
15 min 0,00 0400 0,00 0,00 0400 0,00 0,00 + 0,00
30 min 0,00 0,00 0,00 0,00 0,00 0,00 0,00 + 0,00
45 min 0,00 0,00 0,00 0,00 0400 0,00 0,00 + 0,00
fhr 1.5 0484 0,00 0498 0,00 0465 0,60 & 0420
2hr 225 1498 1400 2,10 1445 1,52 1,72 + 0a19
4 BT 5412 3410 2,00 3,80 2480 2,75 3426 ¥ 0,44
B RT 6420 4440 2480 5a80 5,40 4,78 4,90 £ 0,50
BRI 4480 6430 4480 4462 7440 6,00 5465 £ 0,45
12 hr 314 5420 3465 2,65 5.80 4420 4411 % 0,50
24 hr 1460 2480 2425 1,10 3,75 2,72 2,37 1 0438
30Rr 1400 1,30 1480 0,65 2,40 2,15 1,55 % 0,28
36 hr 0474 0,80 1,20 0,00 1,90 1445 1,02 0,27
48 hr 04,00 0,00 0460 0,00 0,50 0,68 0,30 & 0414
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Urine concentrations {(ug/ml) of Demeclocycline in goat
following single intravenous dose of 5 mg/kge

Animal Noe
Time 1 2 3 4 5 6 Mean * SeEe
S min 200 1480 2442 0,72 2490 1.75 1493 £ 0,30
19 min 4480 8.20 6645 4480 6483 5.90 6416 % 0,53
30 min  18+00 12,35 15430 8.56 12424 1148 12,99 + 1.33
45 min 32,50 15425 18413 10,75 24415 22,65 20,57 + 311
1 hr 38400 19482 24418 19462 28488 32454 27417 + 3,00
2 hr 45,00 29,00 47426 27.18 36498 41.36 37480 + 3.39
4 hr 7230 34438 67476 32.37 53425 60445 53442 4 6487
6 hr 128400 52.85 89¢00 45,95 67406 71.07 74499 £12400
8 hr 92,20 90,00 104,87 34,00 84.35 87.95 82,23 +10.06
12 hr 82400 62412 70415 17.89 58402 68430 59475 4 9401
26 hr 28,00 23.67 33,30 10,22 31448 35.68 27.06 + 3,78
30 hr 13,20 11.80 12.80 778 14424 22,13 13466 + 1.92
36 hr  11.00 6443 721 4448 8465 1270 8441 + 124
48 hr 800 1422 2450 1400 4428 5420 3470 + 1410
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Urine concentrations {(ug/ml) of Demeclocycline in goat

following single intravenous dose of 5 mg/kge

Animal No.
Time j 2 3 4 5 6 Mean # SeEe
5 min 2s00 1480 2442 0,72 2490 1,75 1.93 + 0,30
15 min 480 Be20 6e45 4480 6483 5,90 6.16 T+ 0,53
30 min 18600 12435 1530 8456 12424 1148 12,99 + 133
45 min 3250 15425 18413 10,75 24415 22.65 20,57 & 3611
1t hr 38200 19482 24418 19462 28.88 32,54 27.17 + 3000
2 hr 45000 29,00 47426 27418 36498 41436 3780 & 3439
4 hr 72430 34438 6776 32437 53625 60445 53442 4 6487
6 hr 128,00 52,85 85400 45,95 67406 71,07 74.99 +12,00
8 hr 9220 90,00 104,87 34,00 84,35 87,95 82,23 +10.06
12 hr 82400 62412 70415 1789 58402 68430 59475 + 9.01
24 hx 28400 2367 33430 1022 31448 3568 27.06 + 3.78
30 hr 13e20 1180 12480 778 1424 22,13 1366 + 1492
36 hr 1100 6643 Te21 448 BebD 12,70 8441 + 1.24
48 hr 8e00 1422 2450 1,00 4428 5420 3,70 & 1.10
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Dosage regimen of Demeclocycline for intravenous route in goate

Animal Noe
1 2 3 4 5 6  Mean * S.Ee.

#®
2210 1012 176 1.12 1231  1.13 Te42 &+ 0617

D
412 hr Dy 0492 0542 0456 0.41 0443 0435 0,52 + 0,09
Q'max 0489 0,80 0,72 0.79 0,73 074 0,78 0,03

*

/ D 3.71 181 265 177 197 {160 225 o 0.33
=24 hr Do 254 1410 . 1442 1,06 1,08 0,88 1,34 I 0,25
Q:“‘max 158 128 1.08 124 1210 105 122 + 0,08

S7nin=10 no/ml
p* 4420 2425 3,51 2424 2463 2,25 2485 + 0,34
YE12hr D, 1483 085 1413 0,83 0,87 071 1404 £ 0,17
Cmax  1e78 1460 1444 1.58 1,47 1448 1456 & 0,05

p* Ted3 3462 5030 355 3,95 320 451 + 0,66
\424 hr DB 5607 2,20 2.84 2011 217 169 2.68 b 0,50
Cp’max 3.16 297 2:16 2447 2,19 210 2444 + 0,16

Co’nin=1,5 ug/ml
p* 630 3437 5e27 336 394 3,38 4427 3 0,59
%‘12 hr DG 2eTS 127 169 124 130 106 155 b 025

q:i""llax 267 241 216 238 2020 222 234 L 3 0,08

D" 11414 5443 7495 5432 5492 4480 6476 + 0,98
Ye24 hr Dy  7s61 3.30 4426 3o17 3.25 2453 4402 1 0,75
Op°‘hax 4,74 385 3.25 3671 Je29 314 366 * 024

O’min = Minimum plasma level Op~max = Maximum plasma level
D" = Loading dose D, = Maintenance dose ¥= Dosage intexval
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convenient dosage interval (}/) for ieve administration in
goat has been presented in Table=16.

kinetic study of demeclocycline (5 ‘ fter

gdministration
o Plasma levels:

The plasma drug concentration at various time
intervals after iems administration has been shown in
Table=17 and Fig=7. The drug appeared in plasma samples of
all the animals at 5 min and persisted till 48 hre The mean
peak plasma concentration of 2,35 + 0,17 was attained at 6 hre
The mean therapeutic concentration (>0.5 ng/ml) was reached

at 30 min and was maintained upto 36 hre

2+ Kinetic T 2

The plasma drug concentration versus time profile
has confirmed one compartment open model after i.me
administration of demeclocyecline (5 mg/kg) as depicted in
Fig=10s Table~18 shows the values of different kinetic
parameters calculated by one compartment open model.

The extrapolated zero time concentration of
elimination phase {B) varied between 2,19 to 3.56 ug/ml with a
mean of 2497 + 0421 ug/mle. The absorption rate constant (Ka)
ranged from 0260 to 04516 hr™! with a mean of 04357 + 0,035
hr~!, The elimination rate constant (B) ranged from 0,029 to
04046 hr™! with a mean of 04039 + 0,002 hr™'s The mean




TABLE=~17

Plasma concentrations (ug/ml) of Demeclocycline in goat

following single intramuscular dose of 5 ma/kg e

Animal No.
Time 1 2 3 4 ) 6 Mean # SeE.
S min 0,25 0s28 0,20 030 0,24 040 0e28 + 0,03
15 nin 038 0442 0425 0,36 0,28 0452 0.37 + 0,04
30 min 0.60 0458 0432 0,54 0434 0,70 0,51 + 0,06
45 min 0e84 0,80 0,40 0,60 0,43 0,86 0,66 + 0,09
T hr 1,00 1410 0445 0,80 0,50 1410 0,83 4 0412
2 hr 1450 1,35 0,86 1430 1,20 1460 1.30 4+ 0e11
4 hr 2,20 1495 2,00 .2,20 2,35 3,00 2,28 + 016
6 hr 2,00 2,60 1,80 2,80 2,20 -2,70 2,35 4 0,17
8 hr  1.70 2430 1470 2460 2,00 2445 2,13 + 0416
12 hr 160 2410 1455 2420 1475 2,30 1,92 + 0,13
24 hr 086 120 1410 1440 0,98 150 1417 + 0,10
30 hr 0468 1,00 0,92 110 0e84 1415 0,95 + 0,07
36 hr 0,50 0eB0 0,74 084 0462 0,92 0,73 £ 0,06
48 hr 0428 0444 0,40 0,50 0438 0,52 0,42 + 0,04
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TABLE=18

Kinetic parameters of Demeclocycline in goat following single
intramuscular dose of 5 mg/kg.

Parametex

Animal No. _
1 2 3 4 5 6 Mean + SeE.

B{ug/ml1)
p(nz~1)

th{hr)
Ka(he™1)

2461  3.24 2419 3,56 2,81 3,41 2,97 3 0,21
04046 0,039 0,029 0,040 0,042 0,036 0,039 04002
1507 17477 23490 17.33 16450 19.25 18430 1 1425
0s516 04322 04260 0,345 0,355 0,341 0,357+ 0,035
1e38 2415 2,67 2,01  1.95 2,03 2403 4 0,97

AUC(IMI/,shr) 56474 83,08 75.52 89.00 66490 94,72 7766 4 5479

VA, rea {L/kg)

1092 154 2428 1440 1,78 1,47 173 + 0,14

Clp(ml/kg/min) 1.47 1400, 1410 0,93 1.25 0,88 111 £ 0,09

F(%)

91.83 81.64 113,67 8131 74,14 7874 86,89 x 5.86
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Dosage regimen of Demeclocycline for intramuscular route in goate

= Animal Noe
1 2 3 < <] ) Mean b SeEe
*®
p D 1667 1423 1463 1415 1449  1e14 1439 % 0,10
=12 hr D, 0s71 0446 0448 0444 0,59 0440 0,51 + 0,05
OF'max 0487 0,80 0,71 0481 0,83 0,77 0,80 + 0,02
J p” 2689 1497 2:28 1485 2444 1474 2,20 + 0,18
=24 hr D, 1293 120 1e14 1414 155 1401 1433 + 0.14
C5'max 151 1428 1400 131 1437  1a19 1428 + 0,07
o5°min=1,0 ug/ml
D" 335 246 3427 2431 298 2,28 2,78 4 0,20
Y12 hr Dy 1042 0.93 0,96 0u87 1a17 0,99 102 £ 0,09
q:i”max P 4 160 143 163 167 154 160 * 0,04
D" 5478 3495 4455 3470 4488 3449 4439 & 0,35
Ye24 hr D, 3487 2441 2428 2,28 3410 2,02 2466 + 0,28
Cmax 3402 2457 2400 2463 2,74 2438 2456 + 0414
OFmin=1,5 ug/ml
p* 5402 369 4490 3446 447 3,42 4416 + 0,30
Y=12 hr D, 2413 1439 1e44 131 1476  1a19 1454 2 0414
Comax 2462 2441 2414 2444 2,50 2,31 2,40 + 0,07
D" 867 5492 6e83 8496 Te32 5423  7Te16 & 0:60
Y=24 hr D, 5480 3e61 3e42 3e41 4464  3a08 399 % 0ed2
q:""max 454 385 2499 34594 4011 358 3284 > 0e21

Comin = Minimum plasma level

D* = Loading dose

Dy = Maintenance dose

Cp’max = Maximum plasma level
Y= Dosage interval
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absorption half 1ife (tml(a) and elimination half life
(tyoB) were observed to be 2.03 + 0e17 hr and 18430 + 1.25
hr, respectivelys The total area under the curve (AUC) in
plasma was found to be 77.66 + 5,79 Mg/ ehre The total

body clearance was observed to be 1411 * 0,09 ml/kg/min.
The bioavailability (F) ranged from 74.14% to 113.,67% with a
mean value of 86489 + 5.86%,

Se Dosage regimen :

The appropriate dosage regimen required to
maintain the minimum therapeutic concentration at different
levels in plasma (CS°min) for i.n. route has been presented
in Table~19, The table also shows the expected maximum
conceniration of drug in plasma (C5%max) at concerned dose
ratee The dosage regimen has been designed at suitable
dosage interval (¥).

COMPARISION BETWEEN DOXYCYCLINE AND DEMECLOCYCLINE s

Doxycycline and demeclocycline are compared here,
since these drugs belong to a 'same group (tetracyclines) and
administered in equal dose rate (5 mg/kg) following i.ve and

i.me administration in goate
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™ trations biolo flu 3

(a) Plasma 3

The plasma drug concentration after ieve
administration of these drugs are analysed statistically and
shown in Table=20. Doxycycline attained significantly low
blood level throughout from 5 min to 48 hr as compared to
demeclocycline.

Table=21 shows the mean plasma levels of
doxycycline and demeclocycline after i.me injections The
concentration of doxycycline at 5 & 15 min was not
significantly different than that of demeclocycline.
Doxycycline attained a higher concentration at 30 & 45 min
and 1 hr while it attained significantly low level starting
from 2 to 48 hr. Doxycycline attained its peak level earliex
{1 hr) than demeclocycline {6 hr)e.

{b) Intexsti uid:

The concentration of doxycycline at different times
was foun to be consistently lower except at 48 hr where
there is no significant difference between these two drugs
{Table=20), The mean peak concentration was attained at 6 hr

for both drugse



TABLE®=20

Comparision between oosoasanmﬁoﬁ (ug/ml) of Doxycyeline and Demeclocycline in biological
flulds after a single intravenous dose of % mg/kg in goate

DOXYCYCLINE (MEAN # SeEs)

- _ DEMECLOCYCLINE (MEAN % S<E.) H
Plasma IeSeFe Milk Urine Plasma IeSeFe Milk Urine
S min 640410481 040510402 04000400  3412t0s70 21470£4408" 0422£0,08" 00020500 1493£0430"
15 min 243820430 041040601 040040400 741941467 13.52:2,8%* 0,46+0,58" 060020400 6416+£0453"
30 min 164950016 041520402 040020400 1943033611 948721 e87" 0,90+0,18* 0,00£0,00 12,99+1+33"
45 min 162120013 042320407 0s0430,04 4246657+44  8439£1488" 1413£0.15* 0,00+0,00 20,57+3411"
1 he 049730007 042940609 0431£0604 524906611  6,98:178" 1.38:015" 0,6040,20"27,1723.08"
2 hr 047020407 044250008 0,52:0610 29452¢8084  3410£0,58* 1.71£0.31* 1.7200.18"37,8043.39"
4 hr 04473008 0,60£0012 0,97£0,20 23.22¢2,70  2,71x0s58" 2415+0,38" 3.26+0,48"53.4216.87"
6 hr 043310502 140620406 146410625 1940542421 2428+0e18" 2467+0,35" 4.90+0,88"74,99+12,88
8 hr 002980402 048640010 142650625 14.78:1416 2016606351 2,4740,58" 5.65+0.8"82,23+10.58"
12 he  0423#0,01 0,63£0407 049820624  8e9141654  1466:0.31" 241750.88* 4411£0,88%50,75+9. 51"
24 hr 0015£0601 003020403 048£0413 446340,75  1430£0.38" 1,02:0,8F" 2,3720.58%27.06+3, 78"
30 hr 0e11£0001 0,18:0,03 042640406 3428:0,74 0.86+0, 31" 0,60+0,08" 1.85+0,28"13.66+1.55"
36 hr 040840402 041130002 0s11£0,01 2.07£0:46  0657+0,15" 0,26+0,08" 1,02¢0,2%" 8,41+1,3%"
48 hr 04050401 040440401 040630402 14172027 063120607" 0,07+0,03" 0430£0414" 3,7011410"
‘ + Non=significant # p<0e05 ## P < 0,01 wa p <0001

I:.5¢Fe = Interstitial fluid

&
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Comparision between plasma concentration (ug/ml) of
Doxycycline and Demeclocycline after a single
intramuscular dose of 5 mg/kg in goate

VALUE (MEAN # SeE.)

Time Doxycycline Demeclocycline
5 min 0436 + 0,05 0428 + 0,03"
15 min 0s51 + 0,06 0437 + 0,04"
30 min 0672 + 0407 051 & 0406"
45 min 1439 + 0416 0666 + 0,08"
1 hr 147 + 0417 0483 + 0a12"
2 hr 0s74 + 0,08 1,30 + 0.11"
4 hr 0442 + 0,07 2428 + 0.§8"
6 hr 0629 + 0403 2,35 + 0.§%"
8 hr 0426 + 0,03 2,13 + 0,78"
12 hr 0422 + 0402 1,92 + 0,§3"
24 hr 0e13 + 0402 117 078"
30 hr 0e10 + 0401 0495 + 007"
36 hr 006 + 0,02 0673 & 0.38"
48 hr 0e01 + 0401 0e42 + 0,04
% p<0.05  #*p<0.01  ®*p < 05001

+ Non=significant
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{c) Milk:

Milk drug concentration of both drugs are
presented in Table=20, The table reveals that doxycycline
attained lower concentration between 2 to 36 hr than
demeclocyclinee The peak concentration was attained at 6 hr
and 8 hr for doxycycline and demeclocycline, respectively.

{d) Urine :
The concentration of doxyeycline in urine was
non-gignificant at 5, 15 & 30 min, significantly higher at
45 min and 1 hr, while it was significantly lower throughout
from 4 to 48 hr (Table=20). Doxycycline attained its mean
peak level at 1 hr while demeclocycline reached its peak

level at 8 hre

2¢ Kinet r s
The mean values of different kinetic parameters of
doxycycline and demeclocycline obtained after ie.ve

administration (5 mg/kg) are presented in Table~22. The value
of A, B and cg of doxycycline was found to be significantly
lower in comparision to demeclocyclines A statistically
significant lower value of o{and higher tyz < was obtained

for doxycycline whereas the value of B & ty,B was
non=significants The rate of transfer of drug from central to

peripheral compartment (K;,) was significantly lower while
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Comparision between kinetic parameters of Doxycycline and
Demeclocycline after a single intvavenous dose of 5 mg /kg

in goat,

A VALUE (MEAN + SeEs)
parameter Doxycyeline Demeclocycline
Alug/ml) 2.55 + 0,41 17.81 + 3.6%"
Blug/m1) 0e41 + 0,03 2.88 + 0,57
B (ug/m1) 2.96 + 0440 20,68 + 398"
= (hr~1) 1406610,158 1.648+0.184"
typo¢{hx) 0473 % 0411 0sd4 + 0.04"
p(nr~1) 04044.+0,004 04037+0.003"
t, B(hr) 16.63 + 1.58 19.24 + §,22%
Kyp(nr™1) 00669+0,135 1.14140,143"
Ky (nr™1) 0419704035 04309+0,067*
Kel(hr™") 04244404036 0423640,055*
Fe 04196+0,030 0+184+0,027"
AUC(Mg/liehr) 12.32 + 0.83 91466 + 9.61"
Vd{L/kg) 1.87 + 0429 0430 + 0,5%"
vdg (L/kg) 12447 + 0486 1483 + loJ&*
Vd_ o (L/kg) 9478 % 0.72 1459 + 0,15"
vd_ . (L/kg) 786 1 0.76 1.41 & 0,78"

0497 + 0.¥1"*

Cly(ml/kg/min) 6e91 & 0043

* p< 0,05 ## p < 0301 #%% 5 L 0,001

+ Non-significant



TABLE=23.

Comparision between kinetic parameters of Doxycycline
and Demeclocycline after a single intramuscular dose
of 3 mg/kg in goate

VALUE (MEAN + S.E,)

e B -
A(ug/ml) 3467 & 1402 -
B{ug/m1) 0037 + 0,05 2,97 + 031"
Cp (ug/m1) 4404 3+ 0,98 -
Ka(hs™1) 2,468+ 0,074 043574 0,038"
tyKa(hr) 0528 + 0,01 2,03 + 014"
X (hr™?) 140354 04200 &
tyoo<(hr) 0585 + 0419 -
p(he™1) 0.044+ 0,004  0,039% 0,002%
ty p(hr) 16425 + 1034 18430 & 1.25%
Kyo(hr™!) 04588+ 04146 -
Koq (hr1) 0+140% 04,017 -
Kel (hr™?) 04352¢ 0,093 -
Fe 05167+ 0,042 -
AUCEMGJLs ohr) 11490 £ 0.58 77466 3 575"
vd{(L/kg) 1659 + 0,31 -
vd,(L/kg) 1509 + 2469 -
Vd_ o, (L/kg) 996 £ 0493 1473 3 0,11*
vd, o (L/kg) 7400 + 0,57 - :
C.IB(ml/kg/min) 7409 + 0236 111 & 0.&
97448 £ 4412 86489 & 50867

F(%)

bl - < 0001

+ Non=significant

73



TABLE=24

Comparison of dosage regimen of Doxycycline and
Demeclocycline for intravenous route in goat.

VALUE (MEAN + SeEs)

Doxycycline Demeclocycline
3 p* 10457 + 0,70 1442 & 0, 1%"
2 hr B 4429 + 0,45 0.52 + 0.88*
C°max 0.85 & 0,04 0,78 + 0,037
p* 17.83 + 1,56 2.25 + 0,35*
<24 hr D, 1159 + 1445 1.34 + 0,38"
C™°max 145 & 0,13 1022 + 0,08%
S0 min=1,0 ug/mi
p* 21014 + 1439 2.85 + 0,33*
Y=12 hr D, 8458 + 0,90 1.04 + 0, 84"
C5°max 1.71 + 0,08 156 + 0,05*
p* 35.67 + 3ei1 4,51 + 0.8 :
(=24 nx D, 23419 & 2490 2468 2 0,38
G °max 2,90 + 0,26 2.44 + 0,16%
SPmin=1.5 ug/ml

D* 31,70 + 2,09 4427 3 031"

\/;—.12 hr D, 12.86 + 134 155 + 0,58
Cp “max 2456 + 0,12 2434 & 0,08"

p* 53450 + 4467 676 4 og§§:

\/=24 hr D, 34,79 + 435 4,02 + 0, 78"
CFomax 436 + 0,40 3.66 + 0,24%

##% < 04001

+ Non=gignificant



TABLE=25

Comparision of dosage regimen of Doxycycline and
Demeclocycline for intramuscular route in goate

VALUE {MEAN + SeEe)

Doxycycline

Demeclocycline

D

12 he D,
G max

D*

Ye24 hr D,
OF max

> - 5

D

=12 hr D,
Cp “max

=

%24 hr D,
5 °max

12466 & 1497
509 + 0,68
0485 & 0,04

2120 : 287
13.68 + 1.74

25431 + 3.94

171 & 0,08

4240 +
2735 & 3449
2:94 &

3797
15426 +
257 +

63,60 & 8
4.4 + O

1439 + 0,§0"
0e51 o osg‘
0.80 0.02%

2420 = 0.§8"
123 + 0.43"
128 + 0,07

2,78 + 0,58"
102 + 0,08"
160 + 0,04%

4539 3 oég'
2,66 + 0,38"
256 + 0,14%

4.16 1‘_ 0‘56*
1454 + 0,§4"
2,40 & 0,07

7016 + 0,88"
3.99 + 0,43"
3.84 + 0,21%

##% p < 0,001

+ Non=-significant




76

Koys Kel and Fe did not differ significantlye The various
values of volume distribution obtained by different methods
and total body clearance (Cly) was significantly higher
(P 0,001) for doxycyclines

The comparision between kinetic parameters of
doxycycline and demeclocycline after a single i.m. dose
(5 mg/kg) is depicted in Table=23. The data of doxycyeline
fitted wall in two compartment open model whereas
demeclocycline confirmed one Compartment open models The
value of B for doxycycline was significantly lower than that
of demeclocyclines A significantly higher value of absorption
rate constant {Ka) and lower absorption half life (‘t-yzl(a) was
obtained for doxycycline whereas there is no difference
between biocavailability (F) of both drugse. The difference
between the value of B and tyzp of both drugs were
non=-significant. A very high value of v'darea and CIB were
obtained for doxycyclinee

3+ Dosage regimen:

The dosage regimen for i.ve and l.ms route in goat
are presented in Table=24 & 23. Doxycycline required a very
high loading (D") as well as maintenance (D,) doses at each
level of therapeutic concentration {Cf°min) of the dosage

interval (w(3 of 12 and 24 hre
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R TRan o 6ul4 & 8% mg/mls The ruc was etassiiis e o
48 hr in 5 out of 6 animals (Table=2), Following ieme
adninistration, the drug appeared in plasma within 5 min,
attained its mean peak concentration of 147 + 0,17 nug/ml
at 1 hr and was detectable upto 36 hr in 5 out of 6 animals
(Table-8)e Ranade et gl. (1981) observed a similar result
except that the drug was detectable only upto 8 hr following a
single 1eve injection of 200 mg/goats Various factors such as
sensitivity of the analytical methods, variation in breed &
strain etc. may be attributed to the longer persistance of
the drug observed in the present studye Steigbigel et al.
{1968) reported a peak serum level of 3.64 ug/ml at 8 hr and
the drug was detectable beyond 48 hr after an oral dose of
300 mg in normal human volunteerse

The plasma log concentration versus time curve
following i.ve administration of doxycycline in goat
suggests a two compartment open model for calculation of
kinetic parameters {Fig=3)e It is generally observed for most
drugs, the kinetic data is best fitted in one compartment
open model for ieme and oral routes (Baggot, 1977)e However,
in the present study, the plasma log concentration versus
time profile following i.me administration of doxycycline
produced a biphasic curve (Fig=8) after achieving its peak
jevel and thus suggests two compariment open model for

calculation of kinetic parameterss




- rate constant (Ka) of 24468 + 0,074
°n half life (tyKa) of 0428 + 0,01 hr of
doxycycline obtained in the present study after i.me
administration indicates a rapid absorption of the drug
from the site of injection. Michael et al. (1979) also
observed almost similar vesult for doxycycline phosphate
with Ka and tyzka of 1645 hx™! and 04 hr, respectively
after oral administration in doge In the present study, the
biloavailability of doxyecycline by ie.me Toute has been
observed to be 9748 + 4.12% in goate The oral bioavailability
of doxycycline in human was reported to be 93% (Fabre g% ale, -
19713 Neu, 1978).

In the present investigation the distribution rate
constant (X) and distribution half life (ty2=4) obtained
after i.ve {Table=3) and iems (Table~9) are nearly similar,
denoting the rapid distribution of doxycyclinee The value
of = and ty,ct0f doxycycline was found to be 14248 & 0,11
hr" and 0456 hr in lactating cows and ewes after a single
ieve dose of 20 mg/kg (Ziv and Sulman, 1974)e Raghuram and
Krishnaswamy (1982) reported ty,~(of 0.87 L 04293 hr after
an i.ve infusion of 3 mg/kg in human beingse. The studies by

several workers amply suggest a similar pattern of

distribution in cow, ewe, goat and mans
The mean elimination rate constant {B) has been

observed to be 0044 & 0,004 hr™! after 1eve and ieme
administration. The mean elimination half life (tyzp) is found
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be °
9658 15453 2 1458 hr after 1eVe and 16425 % 1434 hr after LeMs

administration during present investigation (Table=3 & 9)s
Michael et al. (1979) Teported B as 0,06 hr™! and ty B as

(10 m9/kg) in doge Ziv and suiman (1974) found the B and
t]/ap as 0,028 * 0,008 hr"‘ and 24,75 hr, respectively, in
COWS and ewes after single i.v. injection (20 mg/kg)e In
human beings a wide variation in elimination half life
Tanging from 83 hr to 22 hr Was reported by various workers
{Doluision and Dittert, 1969; Neu, 1978; Raghuram and
Krishnaswamy, 1982). From these findings it could be
concluded that the persistance of doxycycline in blood is
fairly longer in various species of animals including maﬁ.
This provides an option for spacing the dosing schedule at
12 & 24 hr intervalse

The high value of c{ and low value of B obtained
in this study, indicate a rapid distribution but slow
elimination of doxycycline suggesting the drug to be a long

acting antibiotic in goate
The value of rate of transfer of drug from central

to peripheral (Ky,), peripheral to central {Kyq) and
elimination from central (Kel) compartments is noted to be
04660 + 0,135 hr™', 04197 % 04035 hr™', 04244 + 0,036 ny™!

af ter :.v. and 0,588 % 0.146 ne~1, 0,140 £ 04017 he1, ‘
06352 + 0,093 hr~! after ieme administration, respectively
(Table=3 & 9). The ratio beiween Ky5iK,¢=~p during elimination
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phase reflects the expected tissue distribution of any drug
after a single i.ve dose (Notari, 1980) » The mean value

for tissue : plasma ratio in this study is calculated to be
4+37, which indicates the good distribution of the drug in
poripheral compartmentse This fact gets support by a higher
drug concentration obtained in interstitial fluid and milk
as compare to plasma during elimination phasee The low
values of Kel (0,244 + 0,036 hr™! for ieve and 0,352 2+ 0,093
hr™! for 1.m.) and B (Table=3 & 9) indicate that the drug is
slowly eliminated from the body of goate The fraction of
drug in the central compartment which at any time is
available for elimination (Fec) is presented in Table-=3 & 9.
The low value of Fc {0:196 # 04,030 for i.ve and 0167 ¢+
0e042 for ieme) shows that only 19.6% and 16.7% of total
amount of drug present in central compartment was available
for elimination at any timees All these parameters contribute
to a2 longer persistance of drug in plasma after both i.ve
and 1eme injectione Ziv and Sulman (1974) reported the value
of KypsKpqs Kel and Fc to be 0,734 % 0408 hr™', 0,468 & 0,07

hr~1, 0,075 + 0,008 hr™' and 0,37 & 0,09, respectively in cowsa

Raghuram and Krishnaswamy (1982) found the value of Ky, Ko
and Kel as 0450 % 05140 hr™', 0,74 % 04163 hr™! and 0,074 1
0,0083 hr"‘, respectively in mane These findings demonstrate

higher expected tissue 3 plasma ratio in goat than in cow and

mane This may be due to higher musele fat content in goat




than in cattle (Baruah, 1984) and thus permitting greater
distribution to this lipophilic drug in goat tissuese
Values of volume distribution obtained by various
methods are presented in Table=3 for two compartment open
modele. Notari (1980) observed that for a two compartment

open model the value of VdB>Vdatea>Vds.s.>Vd. He further
stated that among these values of volume distribution, only
Vdaraa correctly predicts the amount of drug in the body

- during elimination phase whereas Vd, overestimates and
Vd_s.s. underestimates the amount of drug in the bodye The
value of Vd_. _ for ieve and i.me Toutes are 9478 & 0,72 L/kg
and 9+96 i+ 0.93 L/kg, respectively in goate. In children
apparent valume of distribution was xeported to be 0.9 to
148 L/kg {(Ceccarelli gt gles, 1971) and 0,75 + 0,089 L/kg in
adults (Raghuram and Krishnaswamy, 1982)e In animals, Vd ...
of 2285 + 0431 L/kg was reported in cow and ewes by Ziv and
Sulman (1974) while Michael gt gl. (1979) observed a Vd value
of 3.25 L/kg in dog for doxycyclines Thus, a highly variable
value for Vd was observed in different species of animals
including man. A very high value of Vd_ .. obtalned during
the present study may be attributed to the wide distribution
of the drug coupled with its storage in tissue depots,

more likely in fat, since doxycycline is highly lipophilic in

nature {(Schach Von wittenau and Yeary, 19633 Schach Von
Wittenau and Delahunt, 1966).



In the present study the total body clearance
(Clg) is observed to be 6,91 % 0¢43 ml/kg/min and 7.09 &
0s36 ml/kg/min after feve and L.me administrations Clg in
human beings was reported to be 28,9 % 2465 ml/kg/min after
ieve administration (Raghuram and Krishnaswamy, 1982). The
lower value cof Clp in goat than in man indicates that the
drug is removed at a lower rate in goat as compare to mane

{b)

: Concentrations of doxyeycline in interstitial
fluid, milk and urine are presented in Table=d4, 5 & 6,

The drug appeared within 5 min and the mean peak
concentration of 1,06 &+ 0,06 ug/ml reached at 6 hr in
interstitial fluid. In milk the drug appeared at i hr, showing
a longer lag phase probably, it may be due to specialized
nature of membrane at the site (Varvey et agle, 1965)e The
mean peak concentration of 1464 + 0.25 ug/ml in milk was
obtained at 6 hr. Ranade et gle (1981) found a mean peak
concentration of 048 ug/ml at 1 hr and 0,63 ug/ml at 2 hr in
interstitial fluid and milk, respectively after a single i.v,
injection of 200 mg/goat. Delayed appearance of peak
concentration in interstitial fluid and milk during present
investigation may be due to the rise in the level of the
drug in these fluids only after relative saturation of fat

depots with the drug.




The drug appeared within 5 min in urine at a
higher concentration in comparision to interstitial fluid
and milke The mean peak concentration of 5290 + 6.11 ug/ml
at 1 hr was obtained in goat in this study (Table=6)s
Stelgbigel et al. (1968) reported the urinary excretion of
doxycycline varying between 5.7 to 937 mg/ml with a peak
value of 9347 mg/ml at O=8 hr after § single oral dose of
300 mg in a mormal young man. This shows a more or less
similar pattern of excretion of doxyecycline via urine in

goat as in mane

DEMECLOCYCLINE 3

(a) Pharmacokinetics:

In the present investigation, various
pharmacokinetic parameters have been calculated from plasma
drug concentration after i.v. and ie.me administration of
domeclocyclines Following if.ve administration, the mean peak
plasma concentration of 21.70 4 4406 nug/ml appeared at
5 min and the drug was detectable upto 48 hr (Table=11).

The peak level was achleved at 6 hr and the drug persisted
upto 48 hr after ieme administration (Table=17)s Kunin et al.
(1959) obtained the mean peak serum concentration around

22 ng/ml irmediately after single 1eve infusion of 500 mg
demeclocycline in normal human subjectse Finland and Garrod
(1960) reported the peak serum concentration around 25 aug/ml
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at 6 br and the drug was even detectable beyond 72 hr after
oral administration of S00 mg of demeclocycline in mane
Steigbigel ot ale (1968) observeqd peak serum concentration
of 1+74 ug/ml at 4 nr after oral administration of 300 mg
in normal young men. The Tesults of this investigation in
goat show a similar pattern with the reports of various
workers in human,

The graphic Tepresentation of log plasma
concentration of demeclocycline versus time following i.ve
route suggests a two compartment open model {(Fig=9) and
after i m. administration fits well in one compariment apen
model (Fig=10) for calculation of kenetic parameters., The
values of different kinetic parameters obtained after i.v.
and le.me administration are depicted in Table=12 & 18,

The absorption rate constant (Ka) of 0,357 + 0,035
he™! and absorption half 1ife (tyKa) of 2403 + 0.17 hr of
demeclocycline obtained in the present study after i.m,
administration indicates that the drug is absorbed slowly
from the site of injectione This result shows resembalance
with the findings of Finland and Garrod (1960). They
reported that demeclocycline reached its peak concentration
slowly, and its level also declined graduallye.

A similar order of bioavailability by i.m. route
has been observed to be 86489 & 5.86% in goat during present
investigation. The oral bioavailability of demeclocyciine in
human was reported to be 60 to 80% (Barza and Scheife, 1977;

Neu, 1978).




The distribution rate constant (<) of 1.648 +
and distribution half life (ty2c><) of 044 + 0,04
hr confirms the rapiq distribution of demeclocycline in
tissues Ziv and Sulman (1974) also observed a more or less
similar value of o (14196 £ 0.21 he™?) in cows & ewese.
The elimination rate constant (B) has been
observed to be 04037 £ 0,003 hr™! after 1.ve and 0,039 +
05002 hr™t following ieme administration. The elimination
half life (t,,B) is found to be 19424 + 1422 hr and 18+30 *
125 hr after i.ve and ieme administration, respectively.
Ziv and sulman (1974) also reported a similar value of B
(0,038 + 0401 hr™') and t,,p (18.24 hr) after a single ieve
injection of demeclocycline (20 mg/kg) in cows and ewese
A wide variation in elimination half 1life ranging from 9 to
16 hr in human beings was reported by various workers
{Rosenblatt et als, 19673 Doluisio and Dittert, 19693 Goodman
Gilman gt ale., 1980). The findings indicate that
demeclocycline is eliminated from the body at a lower rate
and thus persists in blood for a longer periode
The rate of transfer of drug from central to

peripheral (K;,)s peripheral to central (K,y) and elimination
from central (Kel) comparitments is noted to be 1.141 + 0.14%
hz", 0,309 & 0,067 hr~! and 0,236 & 0,055 ne™t, respectively
in the present study (Table=12)e The higher value of K,,
indicates that the drug is well distributed in peripheral

0,184 hr™!
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Compartments The low vValue of Kel and p denote that the drug

is slowly eliminated from the bodye The mean value for
tissue: plasma (Kyp 2 Ko¢=B) ratio in this study has been
Calculated to be 4419, This indicates that demeclocycline
is well dostributed in tissues and body fluids. This fact
is further supported by a comparative higher concentration
obtained in interstitial fluid and milk than in plasma
during elimination phase in the present studye A low value
of F¢ (0,184 + 0,027) depicts that only 18e4% of the total
amount of drug, present in the central compartiment is
avallable for eliminatione This also explains towards longer
persistance of drug in plasmas The value of Kqos Kﬁi' Kel
and Fc was reported to be 04674 + 0406 hr™!, 0,461 + 0,05
hr~!, 0,098 3 0.01 hr™? and 0439 & 0.05, respectively in
cows & ewes (Ziv and Sulman, 1974). The above finding shows
that the expected tissue: plasma ratio is low for cow and
ewe than goate

Values of volume distribution obtained by
different metheds for two compariment open model are
presented in Table-12+ Among all the values of volume
distribution only Vd, o, correctly predicts the amount of
drug in the body during elimination phasee In one compartment
open model all values of volume distribution yield same
numerical value (Notari, 1980)e Vd ... of 159 & 018 L/kg
and 1473 + 0a14 L/kg after ieve and iemes administration,
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The mean peak concentration of 5.65 'j-_ 0e45 ug/ml at 8 hr is
observed during present investigatione

The drug appeared immediately at 5 min in urine in
higher concentration as compared to plasma (Table=15)e The
mean peak concentration of 82423 + 10,06 ug/ml at 8 hr is
noted in urine. Steigbigel et ale (1968), reported the mean
peak urine concentration of 105 ug/ml between O=8 hr after a
single oral dose of 300 mg in normal young mane

COMPARISION BETWEEN DOXYCYCLINE AND DEMECLOCYCLINE:

(a) phazmacokincticsas

The concentrations of doxycycline and
demeclocycline in plasma at different time intervals after
administration of 5 mg/kg 1eve and i.me are prea'ented in
Table=20 & 21, respectivelys The plasma level of doxycycline
has been observed to be significantly low than that of
demeclocycline from 5 min %o 48 hr post ieve administratione.
Following .t.m; administration, plasma level of doxycycline
was significantly higher at 30 min (P<0605), 45 min
(P<0,01) and 1 hr (p <.0,05). The peak concentration of dowyeycline
noted at 1 hr while demeclocycline achieved its peak 6 hr

{Table=21) « The finding suggests a higher rate of absorption

for doxycycline as compareé to demeclocyclinee. Beyond 1 hr,

the concentration of doxycycline was significantly low than

demeclocyclines Schach Von Wittenau and Yeary (1963) stated
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respectively has been obtained in the present studye Ziv and
Sulman (1974) reported the volume of distribution as

12996 & 0.22 L/kg after i.v. injection in cows & ewes. In
human beings the volume of distribution was found to be

1479 L/kg after an oral dose of 500 mg (Kunin et al., 1959;
Finland and Garred, 1960)« The studies on volume distribution
indicate that demeclocycline is fairly distributed throughout
the body in all speciese.

The total body clearance {Clg) has been observed to
be 0497 £ Os11 ml/kg/nin and 1411 & 0,09 mi/kg/min after Leve
and i.me administration in the present investigatione. The low
value of CJ.B indicates slow elimination of demeclocycline
from the bodys

{b) Co

The concentrations of demeclocycline in interstitial
fluid, milk and urine are presented in Table=13, 14 & 15.

In interstitial fluid, the drug appeared within
S min and pexsisted upto 36 hr in all animalse. The immediate
appearance of drug may be due to its higher distribution rate
constante. The mean peak concentration of 267 i 0,23 ug/ml was
obtained at 6 hr in this studye. '

The drug appeared in milk at 1 hr in most of the

animals showing a sufficiant lag phase, which may be due to
specialized nature of membrane at the site (vazvey et ale 1965).
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concentrated in tissus depots than o less 1ipid soluble
analogue and hence, Will show lower drug concentration in
sexume Doxyeycline having very hign 1ipid solubility than
demeclocycline (schach Von Wittenau and Delahunt, 1966) is
bound to get Concentrated in 1ipig fraction of the tissue
leading to low plasma drug concentrations

The comparative kinetic parameters of doxycycline
and demeclocycline for i.ve and i.ms routes in goat m
presenied in Table=22 and 23, respectively,

The results reveal that doxyecycline is absorbed
at a much faster rate than demeclocycline which is evident
by a highly significant Ka value of doxycycline (2.468 +
0074 hr"*) in coﬁparisi.on %o demeclocycline (0,357 + 04035
hr""). This ‘fact is also supported by a low tyKa value of
doxycycline than demeclocyclines The biocavailability of
doxycycline {(97.48 & 4412%) by ieme route has been found
slightly higher than that of demeclocycline (86,89 + 5.86%),
but the value is statistically non-significant. It reveals
that the both drugs are absorbed from i.m. site in almost
equal amounte.

The demeclocycline is quickly distributed than
doxycycline as revealed by its significant high o(and low
ty,<values after isve administration (Table=22)s Lower
protein binding of a drug has been atiributed to be an
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important factor for quick distributione Demecloeycline has
low protein binding capacity than doxycycline {(Goodman
Gilman gt ale, 1980)e This may be the possible explanation
for quick distribution of demeclocycline.

The K'I2 value of the drugs differ significantly,
but the ratio between Kyns Kpq=B comes to 4.37 for
doxycycline and 4+19 for demeclocyclinee This reveals that
both the drugs get distributed in a higher concentration in
tissues and fluidse A comparatively higher concentration of
the drugs observed during elimination phase in interstitial
fluid and milk than in plasma of goat supports well
distribution of both drugse

The values of Vd_res 18 found to be 9478 £ 0,72
L/kg and 996 + 0,93 L/kg for doxycycline and 159 + 0,18
L/kg and 173 & 0e14 L/kg for demeclocycline following i.ve
and 1.me administration, respectively (Table-=22 & 23).
Apparent volume of drug distribution gives an idea of the
extent or magni;ude of distribution without p:ovid:_lng any
clue whether the drug is uniformly distributed or restricted
to certian tissuess A large volume of distribution indicates
wide distribution throughout the body or extensive tissue
binding or zapid excretion of a drug or combination of all
the above (Baggot, 1977)e The higher values (Vd>1 L/kg) of

volume distribution of these drugs cobtained in the present
study suggest thet apart from their wide distribution in body
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tissues and fluids, the drugs having high 1ipid solubility,
get bound/stored in tissues mainly in fat. The partition
coefficient between chloroform and water was reported to be
475 X 10° and 72 x 10° for doxycycline and demeclocycline,
respectively by Schach Von Wittenau and Delahunt (1966)e

The basic tetracycline molecule has three pKa values of 33,
7eT & 95 (Leeson gt gle, 1963), and hence, degree of
ionization for both the drugs is expected to be approximately
similare Further a drug having effective partition
coefficient (EPC), product of lipid solubility coefficient
and unionized/ionized fraction of the drug in plasma is
greater/equal to unity, readily diffuses across a biological
membrane (Singh g% ales 1975)¢ In the present case, the
value of EPC for both drugs are greater than unity and hence
feadily distributed in various tissues and fluidse. The values
of Vd, .. is noted to be 9478 & 9496 L/kg for doxyeycline and
1.59 & 1,73 L/kg for demeclocycline for l.me & 1.ve
administrations This shows that the value of Vd .. for
doxycycline is nearly 6.2 & 58 times higher than
demeclocycline in i.ve & ie.ms route, respectively. Both drugs
are having nearly equal degree of lonisation but doxycycline
has 6«6 times higher 1ipid solubility than demeclecycline
and, hence, expected to yield 6e6 times higher Vd, ea® This
may be the possible explanation of the very high Vd value of

doxycycline as compared to demeclocycline obtained in the

present studys
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The elimination rate constant {p) and elimination
half life ('tyzp) of doxycycline and demeclocycline in i.ve
and i.ms routes are statistically non-significant and
explain about the persistance of the drugs in plasma for
longer periode The values of the fraction of the drugs
available at any time for elimination from central
compartiment (Fe) are also statistically non-significante
The data shows that only a small fraction of each drug is
avallable for elimination and this subscribes to a prolnged
persistance of the drugs in different body fluidse The
non-significant Kel values of both the drugs suggest a
similar rate of elimination. The total body clearance (Cl;)
for doxycycline is significantly higher than demeclocycline
for both i.ve and isme routes.

entration i ulds:

The comparision between concentrations of

doxycycline and demeclocycline after i.ve administration in

interstitial fluid, milk and urine is presented in Table=20,

It has been observed that the concentrations of
doxycycline is significantly low in interstitial fluid and
milk than demeclocycline, The significant lower level of
doxyeycline obtained in these fluids is best explained by
the observation of Schach Von Wittenau and Yeary (1963),



elimination phase (Table=20). This finding well corrlates
with the result of rate of drug transfer discussed earliers

It has been observed in this study that the
doxycycline is excreted in urine in comparatively higher
concentration than demeclocyecline in early phase whereas
in lower concentration at later phase (Table=20), -

(¢) Dosage reqimen:

The loading dose (D) anc maintenance dose (D)
for i.ve arid isme routes required to maintain the minimum
therapeutic concentration (Cp™min) at convenient dose
.;l.nterval (1/) is presented in Table~24 & 25,

The study of the tables reflect that doxycycline
requires a significantly higher (P< 0,001) dose than
demeclocycline at all the therapeutic concentrations (0.5 to
145 ug/ml) at same dosage interval for both routese A very
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high dose of doxycycline in goat may not be popular with

the clinicians and owners as well, due to the cost of
treatment, though the drug fulfills the desirable criteria
as a therapeutic agent. Demeclocycline may be prefered on
this account in goate Demeclocycline has been reported to
have hepatotoxic and phototoxic properties in human {Goodman
Gilman gt 2l., 1980; Neu, 1978). No such studies have been
conducted in the field of veterinary science. A detailed
study on this aspect of this drug seems imperative before

recommending it for field use.












SUMMARY

A detailed pharmacokinetic study of doxycyeline and

demeclocycline had been undertaken in healthy lactating
goats between 145 to 2 years of age and weighing 25-30 kg.
Attempts have been made to Calculate the rational dosage

regimen of these drugs based on the kinetic data obtained
in the present studye.

(1)

(2)

With single i.ve dose of doxycycline (5 mg/kg),
the mean therapeutic concentration (=045 ug/ml)
was maintained upto 2 hr only whereas it was upto
36 hr with demeclocyclinee Doxycycline maintained
significantly low plasma concentration as compared
to demeclocycline, at all the time intervals.

Various kinetic parameters were obtained from plasma
concentration versus time profile after i.ve dose.
The distribution half life (ty,¢) was observed to be
statistically higher for doxycycline (0s73 & 0Oe1? hr)
than demeclocycline (0.44 + 0,04 hr)e There was
nonsignificant difference in the eliminétion half
1ife (ty,p) of doxycycline {16463 + 1458 hr) and
demeclocycline (19.24 + 1+22 hr). The longer
elimination half life of these drugs reveal that both
these drugs are long acting in goates The rate of
transfer of drug from central to peripheral
compartment (Kq,) was significantly low forxr
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doxyeycline (04669 & 04135 hr™!) in comparision to
demeclocycline (14141 + 04141 hx~!). The rate of
transfer of drug from peripheral to central (Koq)
and elimination from central (Kel) compartment

did not show any significant difference between
these drugss All the values of volume of distribution
calculated by different methods revealed a highly
significant (P < 0,001) value for doxycycline than
demeclocyclinee A higher Vd_oq OF 9678 £ 0472 L/kg
was noted for doxycycline while it was only 1639 #
0e18 L/kg for demeclocycline. The total body
clearnce (Cl;) of doxycycline (6.91 + 0,43 ml/kg/min)
was noted to be highly significant as compared to
demeclocycline {0497 + 011 ml/kg/min).

(3) A consistantly significant low concentration of
doxyecycline at different time intervals (except
48 hr) was observed as compared to demeclocycline
post i.v. administration (5 mo/kg). However, the
mean peak concentration in interstitial fluid
reached at 6 hr for both drugs. The present study
revealed that doxycycline attained significantly
low concentration in milk between 2 to 36 hr than
demeclocyclines The peak milk concentration was
achieved at 6 hr for doxycycline while it was 8 hp
for demeclocycline. A higher drug concentration was
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Observed in intarstitial fluid and milk as compared
to plasma during elimination phase which may be due
to a2 high theoretical tissue plasma ratio (K21
Koy4=B)e The value of Kot Kpy~P was observed to be
4437 and 4419 for doxycycline and demeclocycline,
respectively. Concentration of doxyeycline in
urine was non significant at 5,15 & 30 min,
significantly higher at 45 min & 1 hr and
significantly lower throughout from 4 to 48 hxr.
Doxycycline attained its mean peak level at 1 hr
while demeclocycline reached at 8 hre

(4) Doxycycline requires a highly significant (P< 0,001)
higher loading dose (D*) as well as maintenance dose
(Dy) at MIC (Climin) of 0s5, 1 & 145 nug/ml at the
fixed dosage intervai (\/) of 12 & 24 hr as compared

to demeclocycline by i.ve zoutee

{5) Following i.me administration (5 mg/kg) there was
no significant difference in the plasma levels of
doxycycline and demeclocycline at 5 & 15 min while
doxycycline attained significantly higher
concentration at 30 min, 45 min and 1 hr. Beyond 1 hr,
the concentration of doxycycline remained significantly

low throughout the various time intervals as compared

to demeclocyclines
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observed in intarstitial fluid and milk as compared
to plasma during elimination phase which may be due
to 2 high theoretical tissue plasma ratic (K43
K24=B)es The value of Kyp? Kyy~P was observed to be

437 and 4419 for doxycycline and demeclocycline,
Trespectively. Concentration of doxyeyeline in
urine was non significant at 5,15 & 30 min,
significantly higher at 45 min & 1 hr and
significantly lower throughout from 4 to 48 hre
Doxycycline attained its mean peak level at 1 hr
while demeclocycline reached at 8 hre

{4) Doxycycline requires a highly significant (P< 0,009)
higher loading dose (D*) as well as maintenance dose
(Dy) at MIC (Ciinin) of 0e5, 1 & 145 ug/ml at the
fixed dosage inter\ral (\/) of 12 & 24 hr as compared
to demeclocycline by i+ve Toutee

{5) Following i.ms administration (5 mg/kg) there was
no significant difference in the plasma levels of
doxycycline and demeclocycline at 5 & 15 min while
doxycycline attained significantly higher
concentration at 30 min, 45 min and 1 hre Beyond hr,
the concentration of doxycycline remained significantly
low throughout the various time intervals as compared

to demeclocyclinee
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sorption of doxyeycline. The
xycycline (97,48 + 4,12%) by

1y higher than that of

& 5486%), but the value is
nificante It reveals that both

d well and in almost equal amount
Limination half life was found
nilar for both doxyeycline
demeclocycline (18,30 + 1425 hr),
ition was sign.ificantly
doxyeyecline (Vdamaﬂ 9496 +

| to demeclocycline (Vdmant.'m).
ce (Clp) was observed to be

1) high for doxycycline

) than demeclocycline {111 2
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(7) Doxyeyeline requires s highly significant (P <0,001)

higher loading (p* ) and maintenance (D ) dose than
demeclocycline at MIC ((.‘:gmm) of 0,5, 140 & 145 ug/ml

at the dosage interval h/} of 12 & 24 hr by i.me
Toute as well,

The observations made in the present study revealed
that both doxycycline and demeclocycline possess many desirable
propexrties including high bicavailability, longer duration of
action {greater tysP)s better distribution in body fluids and
tissues (high tissue : plasma ratio). Though doxyeycline
possesses many desirable kinetic properties, the concentration
of the drug in plasma, milk and interstital fluid was
maintained below therapeutic level in the dose of 5 mg/kg and
requires a higher lcading and maintenance dose for maintaining
the therapeutic concentration. Hence, doxycycline may not be
popular with the clinicians and owners dueto its high cost of
treatment. Demeclocycline on the other hand may be prefered
on this account. However, the drug is known to have phototoxic

and hepatotoxic properties in human which need detailed study

on this aspect in animalse



(6)
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By iems route, the plasma drug concentration versus
time profile showed a biphasic curve after attaining
its peak level and thus suggested two compartment
open model for calculation of kinetic parameters of
doxycycline whereas demeclocycline produced a
monophasic curve depicting one compartment open
models The absorption half life (tyzga) was found to
be highly significant for doxycycline (0,28 + 0401 hr)
as compared to demeclocycline (2403 # 0,17 hr) thus
indicating a rapid absorption of doxycyclines The
bicavailability of doxycycline (97.48 + 4.12%) by
i.ms route was slightly higher than that of
demeclocycline (86489 i 5.86%), but the value is
statistically non significante It reveals that both
the drugs are absorbed well and in almost equal amount
from leme sites The elimination half life was found
to be more or less similar for both doxycyecline
(16425 + 1434 hr) and demeclocycline (18,30 + 1425 hr).
The volume of distribution was significantly

(P £0,001) higher for doxycycline (Vdam: 996 #
0,93 L/kg) as compared to demeclocycline (Ve oa=173)e
The total body clearance (CIB) was observed to be
significantly (P <0,001) high for doxycycline

(7409 + 0,36 ml/kg/min) than demeclocycline (1s11 +

0,09 ml/kg/min)e
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CALCULATION OF KINETIC PARAMETERS$

Kinetic parameters were ecalculated from the plasma
drug concentration versus time profile. An example is shown
here from the data of animal no.3 obtained after ievs
injection of doxycycline (5 mg/kg)e The data showed a biphasic
curve and hence fits well in a two compartment open models

Calculgtion of B and B (values were taken which fits into

straight line):

» {ng mic)mc ‘ (Timexin hr) x2 ngg :o:xgi XY
0e42 16 0,623 2493
035 6 36 0,544 30264
0e30 8 4 CedT77 3817
025 i2 144 0,398 4775
018 24 576 0255 60127
0et17 30 900 0,230 6.913
015 36 1296 Ge176 60339

¢x= 120 £X2 = 3032 4Y = 2,704 {X¥=33,729
( £x)% = 14400 ¥ = 0,386

X = 17143



NeEXY = £Xos¥
Ne £X2= (<x)2
7 X 334729 = 120 x 2,704
7x 3032 = 14400

= = 0,0130 hr™!

by, slope of line = where,

By elimination rate constant = b x = 2303
(slope of line in natural log)

= = 04,0130 x = 2,303
= 0,030 ]’l.‘!‘“’“‘l

Y, sintercept (Zero time conc. during elimination
be obtained from the formula:

Y = a + bX where, Y = mean log cence

= mean time

o

= glope of line

= zero time conce

Therefore, a = ¥ = bX
= 1og 0e386=(=0s0130 x 17,143)

= log 06089
Zero time conce = antilog of 0,6089 = 4,06 ug/ml,

Since plasma concentration is multiplied

X = Time
Y = drug conCe

n = number of
samplese

phase) can

earlier by

10 in the above calculation, the value of 4,06 ug/ml should

be divided by 10 to get the actual zexro time concentrations
Hence, zero time concentration (B) = 04406 ug/ml or 041 ug/ml.



3

Sim
ilarly the theoretical plasma concentration (Y)
can
an be calculated by PUtting the values of time (X) in the

abose equation during the time intervals of distribution
phases (Y = 3 + py),

Substracting the thecretical values from observed
values, a series of residual concentrations were obtained
and slope of line in natural log (distribution constant,o<)
and the zero time intercept (zero time concentration during
distribution phase, A) can be calculated as per the method

adopted for calculation of P and Be The calculated values are

A= 1,534 hr!
A = 3.01 ug/ml

Ch» theoretical plasma concentration at time zero
cg = A+ B
= 3401 4+ Oed1 = 3,42 ug/ml

t},2<><, distribution half life

0,693
Sye oweee

0,693

1.534

t'yng elimination half life
0,693

B
0,693

0,030

ty2B =



AUC, Azea under curve

A B
AUC —— e
- ~ + s
= m*_hg 15,63 mg/L-hr
04030

Ko4s Tate constant for drug transfer from peripheral to

Central Compartment .
K. o AB+ Bot
21 P
o

301 x 0,030 + 0,41 x 1534 §
- = 0,210 hr™

342

Kel, the elimination rate constant of the drug from
ceniral compartmente
Kot
1534 x 0,030 1
= = 0s219 hx™
00210

K,z, rate constant of drug tranfer from central to
peripheral compartment.
= 1,534 + 0,030 = 0,210 -~ 0,219

= 14135 hr~!

Fe, the fraction of drug available for elimination from
central compartmente

F¢ =
04630
0219



vd, the volume

elimination,
D
Vd = :—;—n;— where D = Dose rate {W/kg)
S

VdB’ the volume of distribution based mn elimination
D 5

Vd, = = = 12,20 L
® = 0e41 /kg

Vdarea' the volume of distribution based on total areae

D

Vdorea =

( A 3 g
+ o
e
3
= = 104,66 L/kg
( -—:-'3-89-1— 3 ML_ ).030
1.534 0,030

Vdscs.’ the volume of distribution at steady state.

Kyo + Koy
Vd$¢80 e K21 x W
MO X 1046 = 9,35 L/kgy
0,210

ClB, the total body clearantCee

Clg = Vd_ ga X B
= 15,63 x 0,030 = 0,468 L/kg/hr
= 7.80 ml/kg/mine

of distribution based on distribution and




ARPENDIX_j1

Dosage regimen were calculated to maintain minimum
inhibitory concentration (MIC) in plasma at desired dosage
interval using the formulae described by Notari (1980)e The
data of animal no.3 obtained after i.v. injection of
doxycycline has been used as an example for caleculation of
dosage regimen for MIC (c;"min) of 0.5 ug/ml at the dosage
interval (‘/) of 12 hre The calculation is as follows.

Mnmmm@moiwo) :

For calculation of D,s fraction of dose (f) remains
in circulation at a particular dosage interval (7/) should
be obtained, which is derived from the formula:

Inf _
%: 3 P = elimination rate constant.

lnfa-Px)/;-0.0SOx 12 = 0,36
f = 0,698

For calculation of D, , zero time concentration of

drug during elimination phase should be arrived for a
particular MIC {Cg"min) and fraction of dose (f) remained
at particular dosage interval (¥). This is derived from

the formulasz

fxB
Cp min = (1 - £) :
) = 05 (1=0,698)
~ (CQmtn)(1-f) = 0,22 ng/m

B o £ 0,698



. S x 0,22
o Sy = = 2468 mg/kg

ration {%M)

the theoretical

steady state maximum plasma concentration (C*°max) ig

During repetitive administration,

5]
calculated from the derivation:
B 0e22
C “max =

- o=z = 0,73 M/mlo
P { 1=f ) (1-0,698) 4
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