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ABSTRACT

Tuberculosis control in South Africd continues to be a major challenge with 90 000 new
cases reported in 1993, Major contributory factors towards these epidemic proportions
are patient non-compliance and the occurrence of drug resistant tuberculosis. Fixed drug
combinations of anti-tuberculosis drugs have been reported to reduce the possibility of
resistarice arising to any one of the drugs in combination and to improve compliance.
However, the combination anti-tuberculosis drugs available at present still suffer the
disadvantage of patients having to take 6 tablets per day. Therefore, the purpose of this

project was to investigate a formulation that would reduce this disadvantage.

The project consisted of two parts: Fisst, to undertake a preformulation investigation and
then, to formulate a powder combination of anti-tuberculosis drugs in the form of a

sachet.

The purpose of this project was to undertake the preformulation investigation which
involved establishing suitable assay systems and the study of the compatbility of
rifampicin, isoniazid, pyrazinamide and ethambutol HCl when in a fixed combination

formulation,



A high performance tiquid chromatographic (HPLC) assay utilising ultraviolet detection
was developed for the simultaneous determination of rifampicin, isoniazid and
pyrazinamide. Since ¢thambutol HCI cannot be detected by UV absorption, an
alternative FIPLC assay methed using electrochemical detection {ECD) was developed,
whiclt included the simuitaneous determination of isoni. "4, ethambutol HC! and
rifampicin. The HPLC methods that have been developed are precise, accurate, rapig,

and display good linearity and reproducibility.

Fourier Transform Infrared Spectroscopy was used to investigate the interacticns
between rifampicin, isoniazid, pyrazinamide and ethambutol HCI in a4 combination
dosage form. The results suggest that no major ‘nteractions occurred between any of
these drugs and that it was therefore feasible to formulate a combination sachet dosage

form.
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1.0 INTRODUCTION

Tuberculosis accounts for more than 80% of all communicable diseases notified in South
Afric  and is regarded as one of the most sericus health problems affecting the country.
Tuberculuais affects all racial groups in South Africa, but the prevalence of the disease is
by far greatest among the African Black and Coloured populations. The disease is
especially of concern in the Western Cape, where reported incidence rates are up to three
times higher than for other regions. The Cotoured population in the Western Cape seems
to be at high risk, with incidence rates in excess of 700 per 100 000, (Dewartment of
Health, 1992).The control of tuberculosis continues o be 2 major challenge in South
Africa, since approximately 90 000 new cases were notified in 1995 and is exacerbated

by HIV/AIDS in some areas (Department of Health, 19%6).

Long term studies in many countries with short-course chemotherapy have been shown to
be highly effective and the short-course therapy has become standard practice for
pulmonary tuberculosis as well as the many forms of non-pulmonary disease (Colins,
1991). Inclusion of isoniazid, rifampicin and pyrazinamide is the key to a successful
therapeutic outcome {Collins, 1991), Although cheémotherapy i4 the single most effective
tool in the management and controi of tuberculosis world-wide, drug resistance remains
a serious problem. An increase in the number of cases of drug resistant tuberculusis has
been observed both locally and internationalty, due mainly to inappropriate treatment and
to the spread of HIV infection which may indirectly increase drug resistance since

immunv-compromised patients are mote susceptible to tuberculosis.

1



For these reasons. the caseloads fo. -uberculc .. are increased beyond the capacity of
existing health services and is resu'ting in lower cure rates and increased acquired drug

resistance, (Kochi, 1993),

A further probiem encountered with tuberculosis therapy is patient non-compliance.
Tll'lerefOIe, supervision, or directly observed treatment (DOT). is essential to ensure
compliance which requires that a responsible and well motivated person is present to
gnsure that the tablets are actually seen to be taken and swallowed. Fixed drug
combinations makes supervisiorn easier and ensures that patients cannot avoid taking all
of the driigs prescribed. Directly cbserved treatment and combination aniti-tuberculosis
drugs have been shown to greatly reduce the possibility of drug resistance, (Collins,

1991).

The main reasons for the use of combinations of antibacterial agents therefore may be
summarised as follows:

a) Combination anti-tuberculosis drug therapy achieves an additive or synergist'c effect
against 2 single organism. A resistant organjsm therefore may be successfully eradicated
where 2 single drug is likely to be ineffective, Alternatively, smaller amounts of each
agent may be used synergisticaily thereby reducing any dose-related toxic effects.

b) Combination anti-tuberculosis drugs prevents of the emergence of resistance.

¢) Combination anti-tuberculosis drugs allow for the early treatment of a serious
infection before a bacteriological diagnosis can be made or the causative organisms
isolated and their antibiotic susceptibilities determined. (Gruneburg, 1980).

9



The Advisory Council for the Elimination of Tuberculosis (ACET) in the United States
recommends that ihe initial treatment of tuberculosis shouid include ail four drugs to help
prevent the occurrence of more cases of drug-resistant tuberculosis so as to reduce
treatment failure and the further transmission of tuberculosis (CDC, 1993). Similarly,
Tahaoglu, (1994) also found that the high initial resistance in Turkey had a negative
impact on the success rates of anti-tuberculosis treatment and it was therefore mandatory
to begin anti-tuberculosis treatment in routine practice with at least four first line drugs,

in which ethambutol is used instead of streptomycin because of its high resistance,

In South Africa, the current treatment regimens as recommended by the Department of
Health raquires first, an intensive phase of 2 months treatment in newly diagnosed adults
and second, that the re-treatment adults should consist of rifampicin, isotiazid (INH),
pyrazinaniide and ethambutol HCL. Using the fixed drug combination of rifampicin,
INE, and pyrazinamide, a patient under 50 kg will have a daily intake of 4 tablets and
additionatly two tablets of ethambutol which makes a total of at least 6 tblets per day,
(Department of Health, 1996). This quantity may also be one of the major contributory
factors toward non-compliance and highlights the need for a single combination dosage

form of rifampicin, isoniazid, ethambutol HCl and pyrazinamide,



Poor patient compliance which is one of the biggest problems with any illness requiring
long-term medication {Schlossberg, 1983), may De exacerbated in the case of
tuberculosis because of the large number of tablets that need to be taken,

In view of the problems encountered with poor compliance and drug resistance, a study

was uridertaken to develop a fixed combination anti-tuberculosis dosags form.

Prior to the development of a dosage form, it is necessary to understand the physical and
chemical properties of each of the drug molecules so as to identify approaches for the

development of novel formulations (Wells, 1988),

The second step, is to develop a simple analytical method for the quantitative
measurement of the different drug molecules (Wells, 1988), Several distinct problems
oceur in the analysis of drugs. These vay entall interference from excipients during the
assay and the sensitivity of the method to determine minute amounts of degradation
products of the raw materials, Further problems that need to be resolved later, include

the analysis of the drugs and their metabolites in body fluids (Pryde et al, 1979).

In this research report, a preformulation study of a fixed combination anti-tuberculosis
dosage form consisting of rifampicin, isoniazid, pyrazinamide and ethambuto] HCl is

presented,



1.1 ASSAY DEVELOPMERN! STRATEGY

To assist in the seleciion of suitable HPLC detection methe.ds, 2 literature survey was
carried out for methods that were previously develesed and for the physico-chemical

properties of the active drugs that will be used in the combination dosage form.

From the study of the literature a number of methods were identified for the assay of
anti-tuberculosis drugs. Ajibuye et al. (1993), used a thermometric titration method.
However, this method was not useful for assaying Rifater® (a combination drug of

rifampicin, isoniazid and pyrazinamide).

It was shown by Altomare et al, (1990), that isoniazid and pyrazinamide can be directly
determined in human plasma by reversed phase HPLC, This method, however, does not
determine the other co-administered anti-tuberculosis drugs such as rifampicin and
ethambutol HCI, On the other liand Walubao et al. (1994) developed an assay that can
simultaneously detect pyrazinamide, rifampicin and isoniazid with its hydrazine
metabolites in human plasma by HPLC. However, this method is inconvenient since it
uses two different mobile phase systems for the assay of vifampicin, isoniazid and
pyrazinamide. Furthermore, ethambutol HCI could not be assayed since it has no
significant ultraviolet (UV) absorption. Subsequently, an assay for determination >f
ethambutol HC} in human plasma and ueine by HPLC with fluorescencs detection was
developed by Breda et al. (1996). However, this method 1s not suitable for the detection

of any of the other anti-tuberculosis drugs,



It was therefore apparent that a single assay for the rifampicin, isoniazid, pyrazinamide,
ethambutol combination anti-tuberculosis dosages forin needed to be developed.
However, since ethambutol HC! exhibits low UV absorption an alternative method of
detection would have to be investigated. Jane et al. (1985) developed an HPLC method
for basic drugs using non-agueous ionic eluents using efectrochemical datection, giving

rise to the possibility that this method could be modified for assaying ethambutol HCI.

Therefore, for the first part of this study, the aim was to develop a single solvent system,
HPLC assay method using UV detection for the rifampicin, isoniazid and pyrazinamide
and then to develop an HPLC assay method using electrochemical detection for the

determination of rifampicin, isoniazid and ethambutol HCL.

A further aim, was to study possible interactions of the anti-tuberculosis drugs when in
combination. Drug interactions in combination could have deieterious effects on
bioavailability from a powder dosage form as has been shown by Li Wan Po and Mroso
(1984). Results from such a study are necessary for designing the combination dosage

form.

Furthermore, the successful formulation of a stable and effective solid dosage form
depends on the careful selection of the excipients used to facilitate administration,

promote the consistent release for bioavailability of the drug, and fo protect it from

degradation.



Different types of thermal analysis can be used to investigate and predict any
physicochemical interactions between different drugs in a formulation and also can be
applied to the selection of suitable ehemically compatible excipients (Wells, 1988). The
method of Differential Scanning Calorimetry (DSC) commonly used, enables the study
of possible incompatibilities in a relatively short time {Lund, 1994t). However,
problems associated with the interpretation of DSC thermograms, does not make this a

reliable technique, (Van Dooren, 1983).

The use of conventional HPLC or thin layer chromatography to monitor for drug or
excipient incr mpatibilities would normally involve storage of the mixtures at elevated
temperatures and humidity, and then assaying for drug content at different time intervals.
This process 15 relatively long and is usually undertaken during stability studies at the

time of registration of drugs for patient use.

However, Ker'c et al. (1992) demonstrated that Fourier transform infra-red (FT-IR)
spectra could give qualitative and quantitative data about interactions of drugs. Also
French and Morrison (1965), demonstrated that infrared spectroscopy can be utilised to

identify complex formation of drugs in pharmaceutical dosage forms,

Hence, interactions of all the active ingredients were studied with the aid of Fourier

transform infra -red spectroscopy.



1.2 PLACE IN THERAPY OF ANTI-TUBERCULOSIS DRUGS

1.2.1 RIFAMPICIN

Rifampicin is a bactericidal antibiotic with a wide spectrum of activity. However,
resistance can develop rapidly and for this reason it is usually given in conjunction with
other agents. Uses include the treatment of leprosy, tuberculosis, staptiylococeal
infections, brucellosis, and legionnaires' disease and for prophylaxis of haemophilus and

meningococeal meningitis. (Reynolds, 1996a),

1.2.2 ISONIAZID

Tsoniazid is a hydrazide derivative which is the mainstay of primary treatment of
pulmonary and extrapulmonary tuberculosis. It is administered with other anti-
tuberculosis agents such as rifampicin and pyrazinamide, Isoniazid is also used in high
risk subjects for the prophylaxis of tuberculosis. (Reynolds, 1996b).

1.2.3 PYRAZINAMIDE

Pyrazinamide is used as a part of multi-drug regimens for the treatment of tuberculosis,

primarily in the initial §-week phase of short-course treatment (Reynolds, 1996¢).



1.2.4 ETHAMBUTOL HYDROCHLORIDE

Ethambutol hydrochloride is used with other anti-tuberculosis agents in the primary
treatment of pulmonary and extrapulinonary tuberculosis (o suppress emergence of
resistance to the other agents used in the regimens. It has also been used as 4 component
of regimens for the treatment of opportunistic mycobacterial infections. (Reynolds,

1996d).



1.3 PHYSICOCHEMICAL PROPERTIES OF ANTI-TUBERCULOSIS DRUGS

L.3.1 RIFANMPICIN

Rifampicin is the USAN name for the compound, Rifampicin is the international

L ~propriety name, Rifampicin is designated by TUPAC rules as 2.7-
(Epoxypentadecafl,11, 13]tdenimino)naphtho(2, 1-b]furan-1, 1 1(2H)-
dione,5,6,9,17,19,2 1-hexahydroxy-23-methnxy-2,4,12,16, 18,20,22-heptamethyl-&-[N-

(4-methyl-1-piperazinyl)formirnidoy{}-21-acetate.

Formtila and molecular weight

MolWt.n §22.98

Figure 1.1 Structurai formula of rifampicin
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The UV spectrum of rifampicin, recorded on a Perkin Elmer modei 4000-A
spectrophotometer in aqueous phosphate buffer pH 7,38 exhibits absorption maxima as

shown in Table 1,1.

TABLE 1.1 Ultraviolet absorption of rifampicin

Amax ™= €

237 33200
255 S 132100
334 27000
a5 15400




The variation of the UV spectrum of sifampicin with pH {fgure [L2Y indicares the

presence of an ionizable function.
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Figure 1.2 UV spectrum of rifampicin .1 methanol-water (2:3) solution at different

pH’s.

lfrared s

The infrared spectra for dfampiein is shown in Figure 3.15 (A).



Ionization ¢onstancs

The pK, vaiues for rifampicin have been determined spectrophotometrically and
potentiometricaily in solution in water and in methylcellosoive-water (4:1) and are shown
in Table 1,2, Rifampicin exists in aqueous solution as the zwitterion with an {soelectric
point equal to 4,8, Rifampicin ionizeés in non-aqueous solvents, i.2. in glacial acetic acid,

the basic piperazine fitrogen can be titrated with perchloric acid. (Gallo et al, 1976).

TABLE 1.2 Tonization coristants of rifampicin

N pKa  PkMCS | Attribution
proton lost 1,7 3,6 hydroxyl at C-8

proton gained 7,9 6,7 pipérazine N-4

Solubijity

Slightly soluble in water, ethanol, and ether, freely soluble in chloroform, soluble in
ethyl acetate and methanal,
Melting point

185" with decomposition, (Moffat et al, 1986a).



1,3.2 ISONIAZID

4-Pyridinecarboxylic acid hydrazide.

Formula ang molecular weight

~CONENH7

Mol.wt.137. 14

Figure 1.3 Structural formula of isoniazid, (Brewer, 1977).

Ulipaviole y
Agueous acid - 266nm (A'; = 350 a)

Albntirhiunce

275 T 50
Wavelestgth

-
a
Ll
Y
!‘_e -

Figure 1.4 UV spectrun of isoniazid
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Infrared spectra

The infrared spectra for isoniazid is shown in Figure 3.18 (A).
Dissociation constant

pK, 1.8, 3.5, 10.8 (20%.

Solubili

Soluble in water and metharol,

Melting point

140° to 142° , (Moffat et al, 19860),

£5



1.3.3 PYRAZINAMIDE

Pyrazinecarboxamide

Eormula and molecylar weight
Moo
{O 2-COMH,
3
GH.N 0 Mol. wt, = 123:11

3513

Figure 1.5 Structural formula of pyrazinamide. (Felder, 1983).

Ultraviol .
Aqueous acid- 269nm (A' =659 a)

Abuorhance

= I T 725 380
Waviehennth

Figure 1.6 UV spectium of pyrazinamide



Infrared spectra

The infrared spectra for ritampicin is shown in Figure 3.21 (A).

Dissociation constant

pK, 0.5

Solubili

Soluble 1 in 60 of water and 1 in 110 of ethanol; soluble in ¢hloroform and ether,
188° to 191°, (Moffat et al, 1986c).



1.3.4 ETHAMBUTOL HYDROCHLORIDE

d-2,2'-(ethylenediimino)-di-1-butanoi.

Formula and molecula weight
HDHZC\ | " q /CHZCIH |
/HC--N-— (CHZJ;_‘_ N C\H 2456
HSCZ CZHS
6t 40,4, (2HCL) MW, = 277.5

Figure 1.7 Structurai formula of ethambutol HCl, (Lee, 1978).

Ultraviolet spectra

No significant absorption, 230 to 360nm,

Infrared spectra

The infrared spectra for ethambutol HC is shown in Figure 3.22 (A).

Dissociation goystant

pK, 6.3,9.5 (209

Soltuble 1 in 1 of water, 1 in 850 of chloroform, and 1 in 9 of methanol; very slightly
soluble in ether,

Melting point

199° to 204", {Moffat et al, 1936d).



2.0 MATERIALS AND METHODS

2.1 MATERIALS

Isoniazid, was obtained from Marsing & Co.Ltd. while pyrazinamide, rifampicin and
ethambutol HCI were obtained from Thermis Chemicals Limited (Appendix C, D&E).
HBPLC grade water was obtained from a MilliQ system (Millipore, $,A.). Other reagents
used were: acetonitrite and methanol (Hipersolv, BDH), amnmonium perchlorate was
obtained from BDH (South Africa) and all other chemicals were of analytical grade. The
LC Lichrosphere reverse phass C8 column (5um, 250 X 4 mm) was obtained from

Merck (Pty) Ltd,



2.2 METHODS

2.2:1 THE DEVELOPMENT OF A HIGH PERFORMANCE LIQUID

CHROMATOGRAPHIC ANALYTIC METHOD UTILISING UY DETECTION

HPLC APPARATUS AND CHROMATOGRAPHIC CONDITIONS

HPLC asgays were performed with a Beckman 126 pump, a Rheodyne injector and a
diode array detector. Analyses were performed on a LC Lichrosphere reverse phase C8
column (Sum, 250 2 4 mm). The inobile phase consisted of acetonitrile (100%), in botile
A and SmM phosphate buffer pH3.3, in bottle B. The flow rate was 1nil/min with 2

gradient run. The eluaté was detected at 250nm. (Appendix A).

SAMPLE PREPARATION

STOCK SOLUTIONS:

A stock solution of the rifampicin, isoniazid, pyrazinamide and ethambutol HC1 was
prepared as follows: weighed out 60mg of rifampicin, 30mg of isoniazid, 150mg of
pyrazinamide and 100mg of ethambutol HCl and dissolved in 100ml methanol to make a
solution with the following concentrations: Rifampicin 600 pg/mi, INH 300 pg/ml,

pyrazinamide 1500 ug/ml and ethambutol HC1 1000pg/mi.

=0



STANDARD SOLUTIONS:

For the calibration curve, the following solutions were made:

Solution 1: rifampicin - 600pg/ml; iseniazid - 300pg/ml; pyrazinamide - 1500ug/mi;
gthambutol HCI - 1000xg/mi, pipette out 10m! of the stock solution,

Solution 2: rifampicin - 300pg/ml; i.ooiszid - 150ug/ml; pyrazinamide - 750ug/ml;
ethambutol HCI - 500ug/ml, pipette out Sml of the stock solution and make up to
volume with methanol in a [0ml volumetric flask.

Solution 3: rifampicin - 150pg/ml: isoniazid - 75pg/ml; pyrazinamide - 375ug/ml;
ethambutol HCI - 250ug/ml, pipette out 2,.5ml of the stock solution and make up to
volume with methanol in 2 10ml volumetric flask..

Solution 4; rifampicin - 90ug/ml; isoniazid - 45xg/ml; pyrazinamide - 225ug/ml;
ethambutol HCL - 125ug/mi, pipette out 1.5ml of the stock soiution and make up to
volurne with methanol in 2 10ml volumetric flask.

Solution 5: rifampicin - 60ug/mi; isoniazid - 30pg/ml; pyrazinamide - 150ug/ml;
ethambutol HCI - 62.5ug/ml, pipette out 1ml of the stock solution and make up to

volume with methanol in a 10ml volumetric flask.



2.2.2 THE DEVELOPMENT OF A HIGH PERFORMANCE LIQUID
CHROMATOGRAPHIC ANALYTIC METHOD UTILISING

ELECTROCHEMICAL DETECTION

HPLC APPARATUS AND CHROMATOGRAPHIC CONDITIONS

A Hewlett Packard 1050 HPLC system was used with a Rheodyne {20u!) loop. The LC
Lichrosphere reversed phase C8 column (Spm, 250 X 4 mm) was used at ambient
temperature, The mobile phase consisted of 200mM ammonium perchlorate in 75%
methanol and 25% water pH 9.3. The analytes were measured using a Hewlett Packard
1049 A electrochemical detector with an appiied potential of 1 Voit in the amperometric
mode. (Appendix B). The samples were integrated by a HP5890 Chemstation from the

external standard calibration table.

SAMPLE PREPARATION

STOCK SOLUTIONS:

A stock solution of the rifampicin, isoniazid, pyrazinamide and ethambutol HC! was
prepared as follows: weighed out 60mg of rifampicin, 30mg of isuuiazid, 150mg of
pyrazinamide and 100mg of ethambutol HCI and dissolved in 100mi buffer solution to
make a solution with the following concentrations; Rifampicin 600 pg/ml, INH 300

pgfml, pyrazinamide 1500 pg/ml and ethambutol HCE 1000pg/ml.

[
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STANDARD SOLUTIONS:

For the calibration curve, the following solutions were made:

Solution 1: rifampicin - 600ug/ml; isoniazid - 300ug/ml; pyrazinamide - 1500pg/ml;
ethambut. . HCI « 1000pg/mi, pipette out 25m! of the stock solution.

Solution 2: rifampicin - 450xg/mi; isoniazid - 225up/ml; pyrazinamide - 1125ug/ml;
ethambutol HCI - 750ug/ml, pipette out 18.75ml of the stock solution and make up to
volume with butfer in a 25mi volumetric flask.

Solution 3: rifampicin - 300pg/ml; isoniazid - 150ug/ml; pyrazinamide - 750pg/mnl;
ethambutol HCI - 500ug/m), pipette out 12.5ml of the stock solution and make up to
volume with buffer in a 25mi velumetric flask..

Solution 4 rifampicin - 15Qug/ml; isoniazid - 75ug/ml; pyrazinamide - 375pg/ml;
ethambutol BCI - 250ug/ml, pipette out 6.25ml of the stock solution and make up to

volume with buffer in a 25ml volumetric flask.



2.2.3 COMPATIBILITY STUDY BETWEEN ACTIVE INGREDIENTS USING

FOURIER TRANSFORM INFRARED SPECTROSCOPY

APPARATUS AND SAMPLE PREPARATION

Samples were prepared in KBr tablets and FT-IR spectra of each of the drugs
individuaily and in combination were carried out in an Impact 4000 FT-IR
Spectrometer. Differential spectra of the combinations were determined and interactions

were evaluated by comparing the differential spectra to that of the individual compounds,

KBr tablets were prepared by intimately grinding 2g of XKBr and 0.02g 0. uctive
ingretient with a mortar and pestle. For combination studies, 0.02g of each active

ingredient was walized,



3.0 RESULTS

3.1 ASSAY DEVELOPMENT

3.1.1 HPLC ANALYTICAL METHOD UTILISING UY DETECTION

3.1.1.1 PERFORMANCE OF HPLC SYSTEM

Figure 3.1 shows a chromatogram for the separation of rifampicin, isoniazid, and

pyrazinamide. The run time for this method of analysis is 15 minutes with retention

times as follows: isoniazid, 4.5 minutes; pyrazinamide, 5.4 minutes and rifampicin, 9.1

minutes,
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3.L.1.2 SPECIFIQITY

The specificity of the method was examined under conditions fisted in Appendix A,

The individual elution protiles are shown in Figures 3.2, 3.3 and 3.4 for rifampicin,
isoniazid and pyrazinamide respectively. I comparison with the chromatogram in Figure
3.1 it can be seen that rifampicin, isoniazid and pyrazinamide can be detected as separate
distinet peaks with similar retention times and the presence of shoulder pesks in Figures

3.2, 3.3 and 3.4 are the vesult of a gradient run.
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3.1 L3 LINEARITY

Rifampicin, isoniazid. and pyvrazinamide were assayed over the concentrtion ranges as
mentioned in secrion 2,2, [, The calibrdion curves are plotted in figures 3.5, 3.6 and 3.7
and show 1 goad tine-fit corvelation for rifampicin, isoniazid, and pymzinamide
respactively. The correlation coetficients for rifampicin, isoniazid and pyrazinamide are

0.99571; 0.99633; and 0.98885 respectively.
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Figure 3.5 Calibration curve of rifampicin (UV detection)
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3.1.1.4 PRECISION

INTRA-ASSAY VARIABILITY

The method was tested for intra-assay variability by replicate analysis »f samples with
known concentrations of rifampicin, isoniazid, and pyrazinamide, Assays were
performed using a standard solution containing the following concentrations: Rifampicin
300pg/ml, isoniazid 150ug/ml, and pyrazinamide 750pg/ml, From the peak areas
obtained, the concentrations were determined from the calibration curves in figures 3.5,

3.6 and 3.7, and the results for the intra-assay variations are shown in table 3.1,

TABLE 3.1 Precisict Studies: Intra-Assay Variability for rifampicin, isoniazid and

pyrazinamide
Sample No. Assay of Assay of Assay of
Rif?@%il(iin Is?t%‘%%id Pyra&él}gﬂlide
1 296.17 135,96 730.48
2 307.03 138,43 T41.42
3 | 33 138,03 768,83
4 325.76 137.01 766.07
5 | 3235 138.17  750.73
~ Mean 31892 137.52 755.52
Standard deviation 15.91 0.92 | 1036
%Relative standard 4,99 0.67 0.0i4
_ deviation R _
Range | 296.17-342,13 135.96-138.43 | 741.42-768.88
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3.1.1.5 SYSTEM SUITABILITY TEST

System suitability parameters give an indication of column performarnce and also shows
that the method employed is suitable for the analysis being carried our. These parameters

were calculated trom the chromatogram in figure 3.1.

3.1,1.5.1 Resolution
(R)s = 2 Z/ (W, + W)
where: (R); is resolution
Z is the retention time of species B - the retention time of species A

W, & W, are the peak widths of species A & B

Table 3.2 Peak resolution for isoniazid, rifampicin, and pyrazinamide (UV detected)

~Peak name - Resohition R,
Isonfazid 0.790
Rifampicin _ 1.156
Pyraz.namide 0.646

From the chromatogram in figure 3.1 it is evident that the peaks are well resolved. A
value of > | indicates good resolution While, the results in table 3.2 indicate that the
resotution for isoniazid and pyrazinamide are not optimal they are sufficient for the
purpases of this assay, Further improvements can be obtained for example by increasing
the column length.
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3.1.1.5.2 Selectivity and Capacity factor
Selectivity factor
@ = {(t)utu} {uda-tal
where: « is selectivity factor
(t)y & (1), are the retention times of species B and A
t,, is the retention time of the non retained species
Capagity factor
K= {t, -t}
where: k' is the capacity factor
t.is the retention time of species

t,.is the retention ime of the non retained species

Table 3.3 Column selectivity and capacity factor for isoniazid, rifampicin, and

pyrazinamide (UV detected)

Peak name

Column Selectivity

Capacity factor
K e
Tsoniazid 1.077 - L35
Rifampicin 3.154 0.3958
Pyrazinamide 1.469 2,53

A value of > 1 for both parameters indicates that the peaks do exist disctetely.
However, rifampicin has a column selectivity factor of 0.3958 which may be improved

by varying the type of column or solvent system used in this assay technique.
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3.1.1.5.3 Efficiency
N=16(t/w, ) at base lire
N=5.545(t,/w,,,,)’ at half peak height
where: N is efficiency
t.is the retention time of species
w, is the peak width at its base

Wy 18 the peak width at half of peak heiglit

Table 3.4 F¥iciency for isoniazid, rifampicin, and pyrazinamide {UV detected)

_ Peak name Efficiency N
Isoniazid _ ~ 115.81
Rifampicin 602463
Pyrazinamide 163.55

This parameter gives an indication of column performarnce and its value may range from

tens to thousands of units and it is specific for a particular drug.
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3.1.1.5.4 Asymmetry
Asymmetry = b/a, Asymmetry is a measure of peak symmetry i indicates whether the
peaks are symmetrical, froting ov tailing, The results below, indicate that perfectly

symmetrical peaks were obtained.

Table 3.5 Peak asymmetry for isoniazid, clapicin, and pyrazinamide (UV detected)

Peak name ___Asymmetry B
Isoniazid I
Rifampicin _ L
Pyrazinamide L

3.1.1.6 APPLICAPABILITY

In view of the performance of the HPLC system specificity, linearity, and precision, no

problems are envisaged in the apolicability of the method.

3.1.1.7 QTHER EXPERIMENTAL FINDINGS

Phenelzine sulphate, anhydrous caffeine, and quinine were investigated to find a suitable
internal standard. None of the compounds produced a sufficiently quantifiable or stable

peak that could be used as an interaal standard.
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3.1.2 HPLC METHOD CTILISING ELECTROCHEMICAL DETECTION

3.1 PEREARMANCE OF HPLEC SYSTEW

Figure 3.8 shows a chromatogram for the separation of citampicin, isonfazid, and
ethambucol HCL. The run time for this method of analysis is 10 minutes with reention
times as follows: isoniazid. 2.513 minuces: ethambutol HCI, 2,815 minutes and

rifamipicin, 6.490 minutes.
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Figure 3.8 Slecmouchemically detected chromatogram of the soluton of {soniazid,

ethamburel HC! and rifampicin,



3,1.2,2 SPECIFICITY

The specificity of the method was examined under conditions listsd in Appendix B.
The individual elution profiles are shown in Figures 3.9, 3.10 and 3.} 1 for rifampicin,
isoniazid and ethambutol HCI respectively, In comparison with the chromatogram in
Figure 3.8 it can be seen that rifampicin, isoniazid and pyrazinamide can be detected as

seyparate distinct peaks with similar retention times,
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Figure 3.9 ECD chromatogram of rifampicin
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3.1.2.3 LINEARITY

The calibration curves are plotted in figures 3.12, 3. 13, and 3. |4 and show a good line-
fit correlation for isoninzid, ethambutol HCI and rifampicin over the concentration
ranges as indicated in section 2,22, The correlation coefficients for isoniazid,

ethambutol HCl and rifampicin, are 0.990; 0.982; and 0.985 respectively,
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Figure 3.12 Calibration curve of 1soniazid (electrochemical detection)
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3.1.2.4 PRECISION

INTRA-ASSAY VARIABILITY

The method was tested for intra-assay variability by replicate analysis of sampues with
known concentrations of rfampicin, isoniazid, and ethambutol HCI. Assays were
performed using a standard solution containing the following concentrations: Rifampicin
600xg/ml, isoniazid 300ug/ml, and ethambutol HCI 1500ug/ml. Flom the peak areas
obtained, the concentrations were determined from the calibration curves in .2 3.12,

3.13 and 3.14, and the results for the intra-assay variations are shown in ta&. . .

TABLE 3.6 Precision Studies; Intra-Assay Variability for rifampicin, isoniazid and

sthambutol HCL (BCD)

Sample No. Assay of Assay of Asszy of
ij?lm icin Isag%z‘ld Eth;n_li;utol
| _ _ _ ol
R | 592.34 R 988.50
2 | 610.26 | 296.86 112,01
3 - 614.26 286.34 1006.22
4 . 596.52 294.02 987.36
] _ 608.47 288.06 - 987.92
Mean 60437 201.44 1016.40
Standard deviation |  8.43 3.84 48.33
% Relative standard 1,40 1.32 4,75
deviation _ _
Range 1 3592.34-614.26 | 283.u6-296.80 | 987.36-1112.04
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3.1.2.5 SYSTEM SUITABILITY TEST

System suitability parameters give an indication of column performance and also shows
that the method employed is suitable for the analysis being carried out. These parameters

were calculated from the chromatogram in figure 3.8, Calculations shown below, were

carried out as skown in section 3.1.1.5.

3.1.2.5.1 Resolution

"Table 3.7 Peak resolution for isoniazid, rifampicin, and ethambutol HC! (ECD)

~ Peak pame Resolution R,
Isoniazid 0.158
| Rifampicin _ 2.145
Ethambutol HC] 0.308

From the chromatogram in figure 3.8 it is evident that the peaks are well resolved. A
value of > 1 indicates good resolution. While, the results in table 3,7 indicate that the
resolution for isoniazid and ethambutol HCI are not optimal, they are sufficient for the

purposes of this assay, Further improvements can be obtained for example by increasing

the column length .
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3.1.2.5.2 Selectivity and Capacity factor

Table 3.8 Column selectivity arid capacity factor for isoniazid, rifampicin, and

ethambutol HCI (ECD)

Peak name Capacity factor Column Selectivity
k! o
Isoniazid 0.143 1.955
Rifampicin 1.95 0.143
Ethambutol HCI 0.28 6976

Capacity factor and selectivity are a measure of the separation capabilities of the column
used. A value greater than 1 for both parameters indicates that peaks exist discretely.
However, not all the values calculated above are optimal yet, from the chromatogram in
figure 3.8 it is evident that the peaks do exist discretely. Further improvements can be

obtained for example by increasing the column length or adjusting the solvent system.
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3.1.2.5.3 Efficiency

Table 3.9 Efficiency for isoniazid, rifampicin, and ethambutol HC1 (ECD)

~ Peak name Efficiency N
Isoniazid _ 25.2009
Rifampicin 26.9569
Ethambutol HCl 3100

This parameter gives an indication of column performance and its value may range from

tens, to thousands of units and it is specific for a particular drug.
3.1.2.5.4 Asymmistry

Table 3.10 Peak asymmetry for isonlazid, rifampicin, and ethambutol HCI (ECD)

Peak pame Asymmetry
Isoniazid 1
Rifampicin 1
Pyrazinamide 1

The above results indicate that perfectly symmetrical peaks were obtained.
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3.1.2.6 APPLICAPABILITY

In view of the performance of the HPLC system, specificity, linearity, and precision, no

problems are envisaged in the applicability of the method.

3.1.2.7 QTHER EXPERIMENTAL FINDINGS

Diffarent concentrations of sodium perchlorate in 25% water and 75% methanol were
investigated for suvitability as solvent systems for the separation of rifampicin, isoniazid,
and ethambutol HCL. The concentrations were 100mM, 250mM, and 500mM sodium
perchlorate solution, However, the peaks were poorly v :ulved. Furiher investigations
showed that better separation was achieved with the ammonium perchlorate as a solvent

System.

Phenelzine sulphate, anhydrous caffeine, codeine phosphate, atropine and quinine were
investigated to find a suitable internal standard. Mone of the compounds produced a

sufficiently quantifiable or stable peak that could be used as an internal standard.
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3.2 COMPATIBILITY STUDY BETWEEN ACTIVE INGREDIENTS UTILISING

FOURIER TRANSFORM INFRARED SPECTROSCOPY
Table 3.1 shows a number of different combinations of rifampicin, isoniazid,
pyrazinamide and ethambutol HCL. The results from the FT-IR interaction studies are

shown in figures 3.15-3.26.

TABLE 3.11 Different combinations of drugs used in FT-IR interaction studies

rifampicin +isoniazid rifampicin rifampicin -+ethambutol

-+ pyrazinamide. HCI

isoniazid +pyrazinamide | isorfazid +ethambutol | isoniazid +rifampicin

pyrazinamide --isoniazid | pyrazinamide pyrazinamide
o +ethambutol HCl +rifampicin

ethambutot HCl ethambutol HC] ethambutol HC}

+isoniazid +pyrazinamide | +rifampicin

No sign icant differences between the differential FT-IR spectrum of any of the drug
combinations in comparison to the individual drugs were found. The spectra for the
different cormbinations in comparisan with the individuai drugs are shown in Figures
3.15-3,26. These results show that it is unlikely for physical interactions between any of
the drugs in combination to be occurring, since the major bands (peak maxima and
minima) in the infrared spectra have been retained for each drug even when in

sombination.
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Figure 3.18 FT-IR spectrum of rifampicin (A) and differential spectrum of a physical

mixture of isoniazid/rifampicin (B)
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Figure 3.19 FT-IR spectrum of isoniazid (A) and differential spectrum of a physical

mixture of isoniazid/pyrazinamide (B)
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Figure 3.20 FT-IR spectrum of isoniazid (A) and differential spectrum of a physical

mixture of isoniazid/ethambutol HCI (B)
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Figure 3.21 FT-IR spectrum of pyrazinamide (A} and differential spectrum of a physical
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Figure 3.22 FT-IR spectrum of pyrazinamide (A) and differential spectrum of a physical

mixture of pyrazinamide/isoniazid (B)
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4.0 DISCUSSION

The aim of this study was to develop an HPLC assay method for the detection of
rifampicin, isoniazid, pyrazinamide and ethambutol HCI. However, since ethambutol
HC! shows no significant vltraviolet absorption as opposed to rifampicin, isoniazid and
pyrazinamide, an alternative method of detection had to be developed for the ethambutol

HCIL,

Walubo et al. (1994), demonstrated a method for an HPLC assay f s rifampicin,
isoniazid and pyrazinarnide using UV detection. The main disadvantage of this method
is that it utilizes two separate solvént systems. In contrast, in thig study, a single solvent
HPLC method utilising UV detection was developed for the simultaneous detection of

rifampicin, isoniazid and pyrazinamide,

For the assay of ethambutol HCL, an HPLC assay method utilizing electrochemical
detection was déveloped. HPLC merhods using electrocheniical detection has been shown
by Riggin et al, (1977) to be two to three orders of magnitude more sensitive than for
ultraviolet datection and can be more selective for compounds that can be ionised. In
addition Jane et al. (1985) have shown that the HPLC analysis of basic drugs using non-
aqueous ioni¢ eluents can be detected electrochemically. In this study, water, ammonium
perchlorate and methanoi, « the non-aqueous ionic eluent was used to develop an

electrochemical method for the assay of ethambutol HCI. Ammonium perchlorate was
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chosen among.t others as the ionic moditier since the perchlorate ion is resistant to
oxidation at the potentials used, thus [imiting the background current. Aliphatic amines
like ethambutol HCI are only oxidisable when present in the non-protonated form.
Increasing the pH above 6.7 produces a higher response for oxidisable amines since the
non-protenated form is favoured, giving more oxidisable molecules at the electrode. In
this study it was found that the optimum pH is 9.3. Using this methed, it was possible
to detect rifampicin, isoniazid and ethambutol HCI but not pyrazinamide which was
present in the injection solution. By varying the pH as well as the water-methanol ratio
in the buffer did not make it possible to detect the pyrazinamide present. Regardless, of
whether pyrazinamide, rifanipicin, isoniazid and ethambutol HCl are dissolved in the
non agueous, non jouic buffer or methanol, it was still possible to assay the combination

by either UV or electrochemical detection.

The different compounds that have been reported by Waltbo et al, (1994} and Jane et al
(1985), to be utilised a= internal standards were not applicable in either of the two
methods developed in this study. Therefore, an external standard method of calibration

was used for each of the two assay methods,

Of pritary concern to the formulator of & combination dosage formulation is the
gectirrence of drug-drug interactions, The FT-IR studies demonstrated that it was
unlikely that any drug interactions oceutrred during the physical mixing process.

Furthermore, during the assay of the drug combination no apparent degradation products
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were observed in the chromatograms, Therefore, the FT-IR resulls, together with
observations from the HPLC analysis confirm that no major drug-drug intéractions are

likely to oceur,

These studies therefore suggest that it is feagible for an anti-tuberculosis drug

combination sachet formulation to be developed.
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3.0 CONCLUSION

The above results demonstrate that the HPLC methods developed for the analysis of the
isoniazid, pyrazinamide, rifampicin and ethambutol HCl are precise, accurate and rapid.
The direct injection of sample solutions allows the analyst to avoid the drawbacks of
faborious and time-consuming procedures in the pretreatment of samples. The two
methods allow for the simuitaneous assay of thres anti-tuberculosis drugs it combination,
These results suggested that these methods, with some modifications, may be adapted for
the analysis in plasma of ant-tuberculosis drugs when used in combination. Furthermore,
Fourier ‘ransform infrared spectroscopy studies reveal that a combination dosage form of
rifampicir:, isoniazid, ethambutol HC and pyrazinamide are stable in combination and

could be formulated as a sachet dosage form,

FUTURE OBJECTIVES

1.To modify the electrochernical detection HPLC assay so that pyrazinamide may be
detected together with rifampicin, isoniazid, and ethambutoi HCI in one HPLC sys.em.
2. To undertake studies to monitor therapeutic outcomes.

3.To evaluate compliance in tuberculosis patients with the combination dosage form.,
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APPENDIX A

HPLC INSTRUMENT CONDITIONS-BECKMAN SYSTEM GOLD

Column: L C licrosphere - Cy, 250 x. 4mm
Particle gize - § pm
Panicle Shape
End-capped; yes
Column temperature=Ambient
Detector; Beckman System Gold-Detector 168
Mobile Phase: Bottle A= 100% Acetonitrile
Bottle B=KH,PQ, buffer
Filter-degas and pH to 3.45
Wavelength: 250nm

Injectiont Volume: S0ul

Run Time: 13 min.
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APPENDIX B

HPLC INSTRUMENT CONDITIONS-HEWLETT PACKARD

Cﬁluf‘nn: LC lic.rosph.eré — Cy, 250 x dmm

Particle size - 5 um

Particle Shape: spherical

End-capped: yes

Column temperature=Ambient
Detector: Hewlett Packard HP1049A electrochemical detector
Mobile Phage: 200mM Ammonium perchlorate in 75 % methanol
and 25% watet.
Mode: Amperometric
Injection Volume: 50ul

Run Time: 10 min.
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APPENDIX C
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APPENDIN D
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APPENDIX E

CERTIFICATE OF ANALYSIS OF PYRAZINAMIDE
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APPENDIX F

CERTIFICATE OF ANALYSIS OF ETHAMBUTOL HCl

THEMIS CHEMICALS LIMITED

Plot No. 834, G. | 0. . ladustnal Exiate, VAPL.I26 185, Dt vy

%aud.

§r. Ne. +mag
QUALITY CONTROL LABORATORY Slig Ne.__1303
Mama af Praduct ¢ Sthambuml Hydrachlerde F5= f B. . 133 Qatg =3.11.1494
Mig. Dawe : NCVEMEES, 49¢6 B. MNag._ =074 Lot of & _ 400,Clhrs
Exp, Date:CCITBER, 2001 -
Manufsciuted by : Themis Ghemir-ia Ltd. Vagi. Pkq, :_S%=0.Chis

Aazulty of Adalysss

L t=n7B.8. g 3

Descripdan ;A White Crysislline powder

Salubily tComdlies

Aciaity :Complies

BE 3.7 To 4.0

(desidification : ({A)_Compling

{8) Comnlias

{c) Complies

(0) Somolias

Specific Opdeal Rotafon  L*)6.28° . at 25

Malting Range : 200°C

{=5.a%a{+18.5°
Abaud 2029C
iy

{(4+)=2-Amins butanal ! Complias Sy shasi
]
Loss an drying ar 108°°_0.23 9 whan dried to Constanr weight | et mare than
[<F:5-
. 10
Hasvy matais ! Comniles Max ZX pom
. 0.,037% Nat more thsn
Sulphared Ash o1%
: Hor—sur=—thz
Assay :___ 9%.38 % oaf Sthi hatit HOL a8 ChoHauMaG2HE!

with salerenca to the dried substance. e
& W s
s gy AR o et

[F7 0% o t0i%

AEPQAT : Thé Sample submitted
Standard af quality.

0

\Yh tha prescrined

wo
\q\:uv"-



6.0 REFERENCES

Ajiboye, 8.1, and Bark., L..S. 1993, Analysis orf The Physiologically Active
Components in Dosage Forms of Some Anti-tubercular Formulations Using

Thermometric Titrimetry, Journal of Thermal Analysis, vol. 39, pp 1495-1510.

Altomare, C., Catotti, A,, and Cellamare, S.,et at. 1990. Determination of
Antitubercular Drugs in Human Plasma By HPLC Through Direct Injection. Farmaco,

vol. 43, nio. 11, pp 1229-1236.

Breda, M., Marvari, P., and Pianezzola, E., et al, 1996. Determination of Tithambiito] in
Humsn Piasma and Urine by High-parformance Liquid Chromatography with

Fluorescence Detection. Journal of Chromatography A, vol. 729, pp 301-307.

Brewer, G.A. Isoniazid. In: Florey, K., editor. Analytical Profiles of Drug Subistances.

New York: Academic Press iNC, 1977, vol.6, pp 186-230.
CI3C, National Ceitre for Prevention Services, 1993, CDC Recommends Four-Drug

Treatment of Tuberculosis in Multidrug-Resistant Era. American Family Physician, vol

48, no.4, 671p.

71



Collins, T.F.B. 1991. Tuberculosis: Understanding and managing the diseasa. 2 ed.

SANTA. pp 22:23.

Department of Health, 1992, Tuberculosis Control Programme, Epidimeological

comments 1994, vol.121, no.1, pp 2-8.

Department of Health, 1926, The South African Tuberculosis Control Programme:

DPractical Guidelines. pp i-ii.

Felder, E, and Pitre, D. Pyrazinamide. In: Florey, K., editor. Analytical Profiles of

Drug Substances. New York: Academic Press INC, 1983, vol.12, pp 434-5457.

Gallo, G.G, and Radaeili, P. Rifampicin. In: Florey, K., editor. Analytical } -ofiles of

Drig Substances. New York: Academic Press INC, 1976, vol.5, pp 470-513,

French W.N., and Morrison J.C. 1965, Identification of Complexes of Phenobarbital
with Quinine, Quinidine, or Hydroquinidine in Pharmareutical Dosage Forms, Journal

of Pharmacgéutical Sciences, vol, 54, no.8, pp 1133-1136.

Gruneburg, R.N., editor, 1980, Antibiotics and Chemotherapy: currerit topics. MTP

Press Limited. pp 157-158,



Jane, L, McKinnin, A., and Flanagan, R.J, 1983, High-Performance Liquid
Chromatographic Analysis of Basic Drugs on Silica Columns Using Non-Aqueous lonic

Eluents. Journal of Chromatography, vol. 323, no.2, pp 173-235,

Ker'c, 1., Src'ic’, 8., Kanalee, A., et al. 1992, Compatibility study between
acetylcysteine and some commonly used tabiet excipients. J. Pharm. Pharmacol, vol, 44,

pp 515-518.

Kochi, A,, Vareldzis, B., and Styblo, X. 1993, Multidrug-resistant Tuberculosis and its

control, Res. Microbiol, vol. 144, pp 104-110.

Lee, C.5. and Benet, L.Z. Ethambutol Hydrochloride. In: Florey, K., editor. Analytical

Profiles of Drug Substances. New York: Academic Press INC, 1978, vol.7, pp 233-247.
Li Wan Po, A., and Mroso, P.V. 1984, Drug-drug Incompatibility in the Solid State:
Kinetic Interpretation, Modelling and Prediction, International Journal of Pharmaceutics,

vol, 18, pp 287-298.

Lund, W., editor, 1994a. The Pharmaceutical Codex: Principles and practice of

pharmaceutics, 12" edition, London: The Pharmaceutical Press. 178p.

73



Lund, W., editor. [994b. The Pharmaceutical Codex; Principles and practice of

pharmmaceutics, 12" edition, London: The Pharmaceutical Press. 195p.

Moffat, A. C., Jackson, J.V., Moss, M.S., et al., editors. 1986a. Clarke's Isolation and
Identification of Drugs in pharmaceuticals, body fluids, and post mortem material, 2%

ed. London: The Pharmaceutical Press. 560p.

Moffat, A. C.; Jackson, J.V., Moss, M.S., et al., editors. 1986b. Clarke's Isolation and
Identification of Drugs in pharmaceuticals, body fluids, and post mottem material, 2

&d. London: The Pharmaceutical Press. 688p.

Moffat, A. C., Tackson, I.V,, Moss, M.5., et al., editors. 1986¢. Clarkes’s Isolation arid
Identification of Drugs in pharmaceuticals, body fluids, and post mortem material, 2%

ed. London: The Pharmaceutical Press, 947p,
Moffat, A, C., Jackson, I.V., Moss, M.S,, et al., editors, 1986d. Clarke's Isolation and
Identification of Drugs in pharmaceuticals, body fluids, and post mortem material, 2*

ed. London: The Pharmaceutical Press. 592p.

Pryde, A., and Gilbert, M. T, editor. 1979. Appiications of High Performance Liquid

Chromatography, London: Chapmarn and Hall Lid. 57p.

74



Reynolds, J.E.F. editor. 1996a. Martindale: The Extra Pharmacogoeia, 31" ed. London:

The Royal Pharmaceutical Society. 268p.

Reynolds, I.E.F. editor, 1996b. Martindale: The Exira Pharmacopoeia, 31" ed. London:

The Royal Pharmaceutical Society. 243p.

Reynolds, J.E.F. editor, 1996¢. Martindale: The Extra Pharmacopoeia, 31% ed. London:

The Royal Pharmaceutical Society. 267p.

Reynolds, J.E.F. editor. 1996d. Martindale: The Extra Pharmacopoeia, 31" ed. London:

The Royal Pharmaceutical Society. 230p.
Riggin, R.M,, and Kissinger., P.T. 1977. Determination of Tetrahydroisoquineline
Alkaloids in Biological Materials with High Performance Liquid Chromatography.

Analytical Chetnistry, vol, 49, pp 448.

Schlossberg, D., editor. 1983. Tuberculosis: Pragger Monographs in Infectious Disease,

vol.2, 68p.

Tahaoglu, K., Kizkin, Q., Tor, M.,et al. 1994, High initial and acquired drug resistance

in puimonary tuberculosis in Turkey, Tubercle and Lung Disease, vol. 75, pp 324-328,

15



Walubo, A.. Smith, P., and Folb, P.I. 1994, Comprehensive assay for pyrazinamide,
rifsmpicin and isoniazid with its hydrazine metabolites in htunan plasma by column
liquid chromatography. Joursal of Chromatography B: Biomedical applications, vol 658,

pp 391-396.

Van Dooren, A A, 1983, Design for drug-excipient interaction studies. Drug

development and Industrial Pharmacy, vol 8, pp 4355,

Wells, F. I, Preformulation. In: Aulton, M.E. editor. 1988, Pharmaceutics: The Science

of Dosage Form Design. Edinburgh: Churchill Livingstone. 225p,

Wells, J.1, editor, 1988. Pharmaceutical Preformulation: The Physicochemical

Properties of Drug Substances . England: Ellis Horwood Limited, 215p.

76



Author: Ebrahim §
Mame of thesis; Tha Preformulation invastigation of a comhbination anti-tuberculosis dosage form

PUBLISHER:
University of the Witwatersrand, Johannesburg
@2415

LEGALNOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Iohanneshurg Library website
are protected by South African copyright law and may not be distributed, transmitted, displaved or otherwise published
in any formeat, without the prior written permission of the copyright owner,

Disclaimer and Terms of Use: Pravided that you maintain all copyright and other natices contained therein, yau
may download material (one machine readable copy and one print copy per pagejfor your personal and/or
educational non-commercial use anly.

The University of the Witwatersrand, Johanneshurg, is not responsible for any errars ar omissions and exdudes any
and all liability for any errors in ar omissions from the information on the Eibrary website.



