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1 The bioavailability of rifampicin and isoniazid from formulations containing these drugs in
combination has been compared to that from formulations containing either drug alone.
2 No formulation-related differences in either rates or extent of bioavailability were found
after administration of each formulation.
3 Mean peak serum concentrations of rifampicin (8.2-11.7 ug/ml) occurring 2 to 4 h after
doses of 600 mg, and isoniazid (3.6-4.8 pg/ml) occurring 0.5 to 1 h after doses of 300 mg, were
similar to those reported in the literature.

Introduction

Chemically equivalent dosage forms of a drug may
not be therapeutically equivalent (Campagna,
Cureton, Mirigian & Nelson, 1963; Levy, 1964;
Clarke & Lasagna, 1965; Parfitt, 1968; Varley,
1968; Macdonald, Pisano, Burger, Dornbush &
Pelak, 1969; Tyrer, Eadie, Sutherland & Hooper,
1970; Whittet, 1971; British Medical Journal,
1972; Chasseaud & Taylor, 1974) and therefore
whenever significant changes in the dosage form or
formulation of drugs are made, the bioavailability
of the drug from the new product must be
measured.

In the treatment of tuberculosis two or more
antituberculous drugs are almost invariably used
concurrently. Even when the two drugs are given
separately, however, one may affect the absorp-
tion of the other, as shown by Boman, Lundgren
& Stjernstr6m, (1975). 'Rifampicin is a powerful,
bactericidal antituberculosis drug, and in combina-
tion with isoniazid it forms a highly potent
regimen' (British Thoracic and Tuberculosis
Association, 1975). Furthermore 'Chemotherapy
with rifampicin plus isoniazid for 9 months,
supplemented initially by ethambutol, is more
acceptable than standard chemotherapy for 18
months, is highly effective in sputum conversion,
and has resulted in no relapses over a 9-month
follow-up period' (British Thoracic and Tuber-
culosis Association, 1975). For these reasons, a
dosage form combining rifampicin and isoniazid
was considered desirable.

In a five-way crossover bioavailability study the
effects of isoniazid and rifampicin on each other
were evaluated when they were given together in
the single dosage form (Rifinah®). The bioavail-
ability of a new dosage form of isoniazid was also
compared with that of the standard.

Methods

Ten healthy volunteer adults, seven males and
three females were chosen. The subjects were aged
between 18 and 50 years and weighed between 54
and 89 kg. Each subject was examined and blood
and urine samples were taken for measurement of
liver and kidney functions. The results of these
observations showed that the subjects were in
good health. The subjects consented in writing to
participate after the nature and aim of the
experiment had been suitably explained. It was
also established that the subjects had no history of
liver, kidney or gastrointestinal disease, or showed
evidence of allergic diathesis. None of the female
subjects was pregnant or considering pregnancy.

Five formulations were tested in these experi-
ments. The isoniazid reference formulation
(Formulation A, Rimifon0, Roche Products Ltd,
lot no. 701081) contained isoniazid per tablet
(100 mg) and each subject received a dose of three
tablets, equivalent to isoniazid (300 mg). The
rifampicin reference formulation (Formulation B,
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Rifadin®', Lepetit Pharmaceuticals Ltd, lot no.
509/9/A) contained rifampicin per capsule (300 mg)
and each subject received a dose of two capsules,
equivalent to rifampicin (600 mg). The two com-
bination formulations (Formulations C and D,
Lepetit Pharmaceuticals Ltd, batch nos. 528 and
536, now marketed as Rifinah® 300 and Rifinah®
150, respectively contained isoniazid ( 1 50 mg) and
rifampicin (300 mg) per tablet, and isoniazid
(100 mg) and rifampicin (150 mg) per tablet
respectively. Each subject received a dose of two
tablets of Formulation C, equivalent to isoniazid
(300 mg) and rifampicin (600 mg) and a dose of
three tablets of Formulation D, equivalent to
isoniazid (300 mg) and rifampicin (450 mg). The
last formulation (Formulation E, Lepetit
Pharmaceuticals Ltd, batch no. 500) contained
isoniazid alone (300 mg per tablet), and each
subject received a dose of one tablet, equivalent to
isoniazid (300 mg).

All the subjects were required to fast from the
midnight preceding drug administration, and to
continue fasting for 3 h afterwards, during which
time the subjects were ambulant. Administration
was conducted in complete crossover fashion, and
each subject received the appropriate formulation
on each of 5 days of dosing, with a minimum of 1
week interval between administrations. The
medication was taken with one glass of water, and
blood samples (15 ml) were taken before dosing,
and at 0.5, 1, 2, 4, 6, 8 and 12 h afterwards. After
the samples had clotted, the separated serum was
removed by centrifugation, and stored at -20°C
until taken for analysis. Although only 1 week was
allowed before administration of the next formula-
tion, it was unlikely that there would be any
influence on drug metabolism by the single doses
of rifampicin, reported as an enzyme inducer in
man (Jezequel, Orlandi & Tenconi, 1971; Nitti,
Ninni, Meola, Iuliano & Curci, 1973) or isoniazid,
reported as an enzyme inhibitor in man (Kutt,
Brennan, Dehejia & Verebely, 1970).

Isoniazid concentrations in serum were deter-
mined by the fluorimetric method of Peters
(1960). The recovery of isoniazid added to serum
in the range 0.1-30.0,ug/ml was low (709%-75%)
but consistent, and the fluorescence of extracts of
serum from treated subjects was compared to a
standard curve prepared by adding isoniazid to
control human serum. Serum concentrations were
therefore automatically corrected for losses in
analysis. Rifampicin concentrations in serum were
determined by a microbiological large plate assay
technique using Oxoid antibiotic medium No. 1,
seeded with Sarcina lutea. Diluted serum was
assayed against a standard curve prepared by
adding rifampicin to human serum.

Half-lives of drug elimination from serum were

calculated by least squares regression analysis of
log concentration against time, over the terminal
linear section of the curve. Areas under the serum
drug concentration-time relationships were calcu-
lated by the trapezoidal rule (Notari, 1971) and
extended to infinite time by standard procedures
(Wagner, 1967). The areas were corrected for
variations in half-lives of elimination and in dose/
bodyweight ratios using the expression

[Area] - F
(D/W) ( T-L) 0.693 (V/W)

where D/W is the dose/bodyweight ratio, T4 is the
apparent half-life of elimination, V/W is the
apparent volume of distribution per unit body-
weight, and F is the fraction of the dose absorbed
(Wagner, 1967).

As the experimental design was unbalanced
with respect to the drug content of the formula-
tions, analyses of variance were performed by
regression techniques (Draper & Smith, 1966).
Formulation-related differences of area (scaled for
a dose of 600 mg after administration of
rifampicin), half-lives of drug elimination, peak
serum concentrations (also scaled for a dose of
600 mg rifampicin), and times of occurrence of
peak concentrations were isolated from subject
and day of administration effects.

Results

After single oral doses of those formulations
containing rifampicin, the peak of mean serum
concentrations of drug generally occurred between
2 and 4 h after dosing (Figure 1). After administra-
tion of 600 mg in the reference Formulation B, a
peak mean concentration of 11.1 ,ug/ml occurred
2 h after dosing (Table 1), and peak levels in the
serum of individual subjects ranged between
5.2,ug/ml and 21 Mg/ml. After administration of
600 mg in the isoniazid-rifampicin combination
Formulation C, a peak mean serum concentration
of 11.7 ,ug/ml occurred 2 h after dosing (Table 1),
with a range of individual peak levels between
7.8,&g/ml to 17.0,ug/ml. After administration of
450 mg in the other combination Formulation D,
a peak mean concentration of 8.2 Mg/ml occurred
4 h after dosing (Table 1) with a range of
individual peak levels between 4.7 ,ug/ml to
14.5 ,g/ml.

The mean apparent half-lives of elimination of
rifampicin from serum were 4.1 h after administra-
tion of the reference Formulation B, and 3.3 h and
2.8 h after administration of the two combination
Formulations C and D respectively (Table 2).

Formulation-related differences in half-lives of
elimination of rifampicin were not statistically
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Figure 1 Mean serum concentrations of rifampicin
after oral administration of Formulation B (rifampicin
600 mg (a), C (rifampicin 600 mg isoniazid 300 mg
i.e. Rifinah@300 x 2) (0), and D (rifampicin 450 mg,
isoniazid 300 mg i.e. Rifinah® 150 x 3) (-) to human
subjects.

significant and an analysis of variance showed that
there were no formulation-related differences of
areas, peak serum concentrations or times taken to
reach peak levels (Table 2). Day of administration
or subject effects were also found to be not
significant (Table 3).

The bioavailability of rifampicin from the
combination formulations was calculated by
comparing the corrected areas under the con-
centration-time relationships after administration
of the combination formulations with those after
administration of the reference formulation. The

bioavailability of rifampicin from the combination
Formulations C and D (both 114%) was
apparently greater than that from the reference
Formulation A (Table 2), although these
differences were not statistically significant
(Table 2). The absence of formulation-related
differences of peak serum concentrations and
times of occurrence of peak concentrations
implied that rates of absorption of rifampicin were
not significantly different after administration of
any formulation.

After single oral doses of those formulations
containing isoniazid, peak serum concentrations of
drug generally occurred between 0.5 and 1 h after
dosing (Figure 2). After administration of 300 mg
as the reference Formulation A, a peak mean
concentration of 3.6,g/ml occurred 1 h after
dosing (Table 3) and peak levels in the serum of
individual subjects ranged between 2.0 jg/ml and
5.8 pg/ml. After administration of 300 mg in the
combination Formulations C and D, peak mean
concentrations of 4.8 pg/ml and 3.8,g/ml
occurred 0.5 h after doses of each formulation
(Table 3) and peak levels in the serum of
individual subjects ranged between 2.6 jug/ml and
7.7 jg/ml (Formulation C) and between 1.4,ug/ml
and 6.2jug/ml (Formulation D). A peak mean
concentration of 4.2jug/ml occurred 1 h after
administration of Formulation E, which contained
300 mg isoniazid alone (Table 3), and peak levels
in the serum of individual subjects ranged between
2.8 jug/ml and 7.7 jug/ml.

The mean apparent half-lives of elimination of
isoniazid from serum were 1.9, 1.8, 2.0 and 1.8 h
after administration of Formulations A, C, D and
E respectively (Table 4). These half-lives of
elimination were not significantly different after
administration of any formulation, but subject
related differences were significant (P < 0.05).
Half-lives in two of the male subjects were
consistently longer than those in the other subjects

Table 1 Mean ± s.e. mean serum concentrations of rifampicin after single oral doses of formulations containing
rifampicin alone (Formulation B) or rifampicin in combination with isoniazid (Formulations C and D).

Formulation B

2.1 ± 0.7
8.0 ± 1.3

11.1 ± 1.3
10.1 ± 1.2
7.3 ± 0.8
5.0 ± 0.6
2.5 ± 0.4

Serum concentration (pg/ml)
Formulation C

4.6 ± 1.0
9.8 ± 1.4
11.7 ± 1.0
10.3 ± 0.9
7.1 ± 0.8
4.9 ± 0.7
1.8 ± 0.4

Formulation D

1.4 ± 0.4
5.1 ± 0.8
7.2 ± 1.2
8.2 ± 0.8
5.8 ± 0.6
3.5 ± 0.4
1.2 ± 0.3

Time (h)

0.5
1
2
4
6
8
12
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regardless of the formulation administered. These
two individuals may have been members of a
population group of 'slow inactivators' of isoniazid
(Price Evans, 1968).

An analysis of variance of corrected areas, peak
concentrations of isoniazid and times taken to
reach peak levels showed no significant formula-
tion-related differences for these parameters,
although the analysis of variance model did not fit
the data of the latter two parameters well. The
absence of formulation-related differences in peak
concentrations and time to reach peak concentra-
tions implied that the rate of absorption of
isoniazid was similar from any formulation. Day of

administration or subject effects were also found
to be not significant.

The bioavailability of isoniazid from the test
formulations was calculated by comparing the
corrected areas under the serum isoniazid con-
centration-time relationships after administration
of test and reference formulations. The bio-
availability from the formulation containing
isoniazid alone (Formulation E, 100%) or from the
two combination Formulations C and D
respectively (106% and 100%) was the same, or
slightly greater than that from the reference
Formulation A, although no difference was
statistically significant (Table 4).

Table 2 Bioavailability parameters of formulations containing rifampicin alone (Formulation B) or in com-
bination with isoniazid (Formulations C and D).

Formulation Formulation Formulation Significance level of
B C D formulation differencesParameter

Area to infinite time*
(,ug ml-' mg-' kg)

Mean of individual peak
concentrations (Mg/ml)
Mean time of occurrence
of peak concentrations (h)
Apparent half-lives of
elimination (h)
Peak of mean serum
concentrations (,ug/ml)
Time of peak mean serum
concentrations (h)t

2.9

11.5

2.5

3.3

12.1

1.8

4.1 3.3

11.1

2.0

11.7

2.0

3.3

1 1.6* *

3.3

2.8

NS

NS

NS

NS

1 1.0* *

4.0

* Adjusted for variations in dose/bodyweight and half-lives
** Scaled for a dose of 600 mg
t Concentrations were not measured at 3 h
NS Not significant

Table 3 Mean ± s.e. mean serum concentrations of isoniazid after single oral doses of 300 mg in formulations
containing isoniazid alone (Formulations A and E) or isoniazid in combination with rifampicin (Formulations C
and D).

Time (h)

0.5
1
2
4
6
8
12

Formulation A

3.1 ± 0.6
3.6 ± 0.4
2.4 ± 0.3
1.2 ± 0.2
0.6 ± 0.1
0.3 ± 0.1
0.1 ± 0.06

Serum concentration (pg/ml)
Formulation C Formulation D

4.8 ± 0.6
3.6 ± 0.2
2.5 ± 0.2
1.2 ± 0.2
0.6 ± 0.1
0.3 ± 0.1
0.1 ± 0.05

3.8 ± 0.6
3.5 ± 0.3
2.4 ± 0.3
1.4_ 0.3
0.6 ± 0.2
0.4 ± 0.1
0.1 ± 0.05

Formulation E

3.5 ± 0.6
4.2 ± 0.5
2.4 ± 0.2
1.1 ± 0.2
0.5 ± 0.1
0.2 ± 0.1
0.1 ± 0.05



BIOAVAILABILITY OF RIFAMPICIN AND ISONIAZID 901

if

4 . a a .

Figure 2 Mean serum concentrations of isoniazid
after oral administration of Formulation A (isoniazid
300 mg) (A), C (isoniazid 300 mg, rifampicin 600 mg
i.e. Rifinah® 300 x 2) (e), D (isoniazid 300 mg,
rifampicin 450 mg i.e. Rifinah® 150 x 3) (o) and E
(isoniazid 300 mg) (-).

Discussion

Reported concentrations of rifampicin in serumrr
after oral doses vary widely, probably because of
the experimental conditions employed. Binda,
Domenichini, Gottardi, Orlando, Ortelli, Paccini &
Fowst, (1971) cited concentrations of 5-8 Mg/ml
occurring 2 h after doses of 450 mg, and

7-10,ug/ml occurring 2 h after doses of 600 mg.
Boman (1974) administered rifampicin in com-
bination with isoniazid and found mean peak
rifampicin concentrations of 7.8,ug/ml (range
2.2-14.5 Mug/ml) after doses at 10 mg/kg, which are
similar to those measured after administration of
similar doses in the combination Formulations C
and D. Virtanen & Tala (1974) found concentra-
tions of up to 16,ug/ml (mean 7.8,ug/ml) occur-
ring 1 h after oral doses of a single 450 mg tablet
to patients free from tuberculosis, and up to
20,g/ml (mean 9.0 Mg/ml) occurring 1-2 h after
administration of three 150 mg tablets. After
administration of single 450 mg tablets to patients
with pulmonary tuberculosis, mean peak con-
centrations of 7.9,Mg/ml (range 2.5-16.0,Mg/ml)
were reached in patients on a rifampicin-free
regimen, in contrast to peak concentrations of
5.9 Mg/ml (range 3.4-9.6 Mg/ml) in others after
prolonged treatment with rifampicin. Acocella,
Bonollo, Garimoldi, Mainardi, Tenconi & Nicolis,
(1972) found reduced blood concentrations of
rifampicin after prolonged treatment, as did
Sunahara & Nakagawa (1972). Rifampicin has
been reported to induce microsomal drug-
metabolising enzyme systems (Jezequel et al.,
1971), but significant week effects in the analysis
of variance which might have been expected had
these doses of rifampicin caused induction, were
not observed.

Serum concentrations of isoniazid after
administration of the two combination Formula-

Table 4 Bioavailability parameters of formulations containing isoniazid alone (Formulations A and E) or in
combination with rifampicin (Formulations C and D).

Parameter

Area to infinite time*
(Wg ml-' mg-' kg)
Mean of individual peak
concentrations (Mg/ml)
Mean time of occurrence
of peak concentrations (h)
Apparent half-lives of
elimination (h)
Peak of mean serum
concentrations (mg/ml)
Time of peak mean serum
concentrations (h)

Significance of
Formulation Formulation Formulation Formulation formulation

A C D E differences

1.7

4.2

0.9

1.9

3.6

1.8

5.0

0.7

1.8

4.8

1.0 0.5

1.7

4.3

0.9

2.0

3.8

0.5

1.7

4.6

0.8

1.8

NS

NS

NS

NS

4.2

1.0

* No significant differences were found for these parameters but the analysis of variance model did not fit the
data well
NS Not significant

*--"I S - LiL- pts a- S

;.7

t ;'-i
t: ',f':'.!:l_?

_

"''.:'''_.

.4-Z



902 J. C. GARNHAM, T. TAYLOR, P. TURNER & L. F. CHASSEAUD

tions C and D were similar to those after
administration of Formulations A and E, which
contained isoniazid alone, and were also similar to
those reported in the literature (Peters, 1969;
Boman, 1974).

No formulation-related significant differences
in extent of bioavailability of isoniazid or
rifampicin were found between the combination
and reference formulations. The rates of absorp-
tion of each drug from the formulations were
similar and neither drug interfered with the

absorption of the other. For the formulations of
both drugs, the variability of the data is such that
differences of about 25% could occur before
becoming statistically significant at the 5% level.
The data, however, imply that the formulations
should be therapeutically equivalent.

We are grateful to Dr L. K. Fowler of Lepetit Pharma-
ceuticals Ltd, Maidenhead, for his help, interest and
encouragement and to Mrs V. H. Saggers and Mr T. D.
Kelly, for skilled technical assistance.

References

ACOCELLA, G., BONOLLO, L., GARIMOLDI, M.,
MAINARDI, M., TENCONI, L. T. & NICOLIS, F. B.
(1972). Kinetics of rifampicin and isoniazid
administered alone and in combination to normal
subjects and patients with liver disease. Gut, 13,
47-53.

BINDA, G., DOMENICHINI, E., GOTTARDI, A.,
ORLANDO, E., ORTELLI, E., PACCINI, B. &
FOWST, G. (1971). Rifampicin, a general review.
Arzneim Forsch, 12, 1908-1977.

BOMAN, G. (1974). Serum concentration and half-life of
rifampicin after simultaneous oral administration of
amino salicylic acid or isoniazid. Eur. J. clirL
Pharmac., 7, 217-225.

BOMAN, G., LUNDGREN, P. & STJERNSTROM, G.
(1975). Mechanism of the inhibitory effect of PAS
granules on the absorption of rifampicin: Adsorption
of rifampicin by an excipient bentonite. Eur J. clit
Pharmac., 8, 293-299.

BRITISH MEDICAL JOURNAL (1972). Dosage of
digoxin. Br. med. J., 3, 427.

BRITISH THORACIC AND TUBERCULOSIS ASSOCIA-
TION, (1975). Short-course chemotherapy in
pulmonary tuberculosis. Lancet, i, 117.

CAMPAGNA, F. A., CURETON, G., MIRIGIAN, R. A. &
NELSON, E. (1963). Inactive prednisone tablets. J.
pharm. Sci., 52, 605-606.

CHASSEAUD, L. F. & TAYLOR, T. (1974). Bio-
availability of drugs from formulations after oral
administration. Ann. Rev. Pharmac., 14, 3546.

CLARKE, R. L. & LASAGNA, L. (1965). How reliable
are enteric coated aspirin preparations? Clin. Pharmac.
Ther., 6, 568-574.

DRAPER, N. & SMITH, H. (1966). Applied regression
analysis, p. 243. New York: Wiley.

JEZEQUEL, A. M., ORLANDI, F. & TENCONI, L. T.
(1971). Changes of the smooth endoplasmic reticulum
induced by rifampicin in human and guinea-pig
hepatocytes. Gut, 12, 984-987.

KUTT, H., BRENNAN, R., DEHEJIA, H. & VEREBELY,
K. (1970). Diphenylhydantoin intoxication-A com-
plication of isoniazid therapy. Am. Rev. resp. Dis.,

101, 377-384.
LEVY, G. (1964). Effect of dosage form properties on

therapeutic efficacy of tolbutamide tablets. Can. Med.
Ass. J., 90, 978-979.

MACDONALD, H., PISANO, F., BURGER, J.,
DORNBUSH, A. & PELAK, E. (1969). Physiological
availability of various tetracyclines. Drug Inf: Bul., 3,
76-8 1.

NITTI, V., NINNI, A., MEOLA, G., IULIANO, A. &
CURCI, G. (1973). Comparative investigations of the
enzyme-inducing activity of rifampicin and
barbiturates in man. Chemotherapy, 19, 206-210.

NOTARI, R. E. (1971). Biopharmaceutics and pharma-
cokinetics. p. 239. New York: Marcel Dekker.

PARFITT, A. M. (1968). Clinical comparison of two
preparations of calciferol (ergo-calciferol). Australas
Ann. Med., 17,56-62.

PETERS, J. H. (1960). Studies -on the metabolism of
Isoniazid. Am. Rev. resp. Dis., 81, 485497.

PRICE EVANS, D. A. (1968). Genetic variations in the
acetylations of isoniazid and other drugs. Ann. N. Y.
Acad. Sci., 151, 723-733.

SUNAHARA, S. & NAKAGAWA, H. (1972). Metabolic
study and controlled clinical trials of rifampicin.
Chest, 61, 526-532.

TYRER, J. H., EADIE, M. J., SUTHERLAND, J. M. &
HOOPER, W. D. (1970). Outbreak of anticonvulsant
intoxication in an Australian city. Br. med. J., 4, 271.

VARLEY, A. B. (1968). The generic inequivalence of
drugs. J. Am. med Ass., 206, 1745-1748.

VIRTANEN, S. & TALA, E. (1974). Serum concentration
of rifampicin after oral administration. Clin. Pharmac.
Ther., 16, 817-820.

WAGNER, J. G. (1967). Method of estimating relative
absorption of a drug in a series of clinical studies in
which blood levels are measured after single or
multiple doses. J. pharm Sci, 56, 652-653.

WHITTET, T. D. (1971). Formulation and drug action.
Prescribers J., 2, 48.

(Received August 7, 19 75)


