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) Abstract

The objective of thisl study was‘ to examine the effect of‘ rifampin pretreatment on
isoniazid-induced heoatotoxicity. For more than 25 'years; it has vbeen suggested that the
. concomitant 'administration'o'f rifampin with *isoni‘azid potentiates the hepatotoxiCity induced by '
isoniazid. However, evrdence to support this suggestlon has been non-conclusive.

Isonrazrd and rifampin are still the two most commonly used drugs in the prophylaxls and
treatment of tuberculosis. The relattvely ‘high incidence of tuberculosrs throughout the worId has
not dlmmlshed and wrth more than 30 m|II|on deaths in thls decad»e, tuberculosis is still the major
Killer among alt single ’pathogens; . | |

Isoniazid is associated with potentially fatal liver damage in 1 - 2% of individuals
| exposed. However, the mechanism of isoniazid-induced hepatotoxioity remains Iargely unltnoWn
at the present ttme. Our laboratory has recently established,a reliable model of isoniagid-induced
' hepatotoxrcnty in rabbits with features srmllar to those seen in humans

The dosmg regimen in this study consrsted of seven days nfampln pretreatment (50
mg/kg/day) foIIowed by concomitant rifampin and |son|aZ|d_ (each day consisting of an initial dose
of 50 mg/kg followed bi/ 3 x 35 mg/kg doses) administration for. two days. Controls for each of |

,these drugs were aIso included in the study design. . | |

The aim of the present study was to determme the effect of rifampin on the degree of
|son|a2|d-|nduced hepatotoxrcrty, as well as to increase our understandmg of the mechanism of_
isoniazid-induced hepatotoxicity. The following are the major ﬁndings in this thesis. USing the
aforementioned protocol, 'rifampin?signiﬁcantly‘ protected rabbtts from‘iSOniazid-induoed hepatic
'necrosis_. However, rifampin had no significant e_ffect onv plasma levels of hydrazine at 12 or 32
hours of isoniazid dosing in rabbits receiving rifampin plus isoniazid. Rifampin treatment alone
signiﬁcantly decreased cytochrome P-450'_(CYP) 2E1~ and significantly increased eytochrome
P-450 reductase activities. The protective effect of rifampin in INH-induced hepatotoxicity could

be due to its effect on CYP2E1 or reductase activities or another effect of rifampin not measured

in this study.




In conclusion, the protective effect of rifampin on isoniazid-induced hepatic necrosis
observed in this study is concordant: with the results of a double-blind placebo-controlled trial in

humans, adding to the support for the usefulness of this rabbit model.

iii




Table of Contents

Page
ABSTRACT i
TABLE OF CONTENTS iv
LIST OF FIGURES vi
LIST OF TABLES ix
ACKNOWLEDGEMENTS X
INTRODUCTION , 1
" TUBERCULOSIS, THEN & NOW | _ 1
Epidemviology of Tuberculosis in Europe and the United States 2
Multidrug-Resistant Tuberculosis ' ‘ -2
ISONIAZID - 3.
. History- . 3
| Antibacterial Acivity of Isoniazid - 4
Pharmacology. of Isoniazid 4
Indications ‘ . _ 7
“Mechanism of Drug-Resistance and Proposed Treatment 7
- Adverse Effects of Isoniazid ' 8
o Hépatotoxicity of Isoniazid 8
Hepatotoxic Risk Factors 9
Inhibition and Induction of Hepatic Microsomal Enzymes by Isoniazid 11
RIFAMPIN | L 11
_History _ 11
Antibacterial Activity of Rifampin 13
Pharmacology of Rifampin 13
Pharmacokinetics 14
Drug Interactions of Rifampin with Isoniazid 15
" Mode of Action 15
Major Toxicities of Rifampin 16
' Hepatotoxicity of Rifampin 17
~ Species Differences in the Metabolism of Rifampin 19.
INDUCTION AND INHIBITION OF HEPATIC MICROSOMAL ENZYMES 20
" In Vivo & In Vitro Cytochrdme P-450 Activities Affected by Rifampin in Humans 21
Hepatic Microsomal Enzyme Activities Affected by Rifampin in Animals 22

iv



Table of Contents (cont’d)

CONCOMITANT RIFAMPIN & ISONIAZID.ADMINISTRATION
DOES RIFAMPIN POTENTIATE ISONIAZID-INDUCED HEPATOTOXICITY ?
Isoniazid Hepatotoxnmty Animal Models
Primary Hepatotoxic Metabolite of Isoniazid
- Acetylhydrazine ?
- Hydrazine ?
Rifampin’s Role in Isovniazid-induced Hepatlotoxicity:
Rifampin's Effect on Hydrazine as a Hepatotoxic Metabolite of Isoniazid
Animal Studies ‘ |
Human Studies
ANIMAL MODELS
QUESTIONS
HYPOTHESES
OBJECTIVES
FURTHER OBJECTIVES
METHODS .
Materials: ‘
Physical and Chemical Properties of Rifanipin
Animals: '
Phenotyping:
Rifampin-Isoniazid Injection Protocol:
Rifémpin-lsoniazid Administration Deéign:
Blood Sampling: '
~ Liver Samples:
Hebatotoxicity Assays:
Microsomal Enzyme Activities:
Cytochrome P-450 Levels
Cytochrome P-450 Reductase Activity
CYP 2E1 Activity
Hepatic Amidase Activity
Plasma Metabolites - Hydrazine Assay
- Statistics: A

Page

25
27

28
28
29

30
30
32
34
36
37
38
39

40
40
41
41
46
46
48
49
49
51
. 51
51
51
51
55
58



T _ab'le‘ of Contents (cont’d)

RESULTS

HEPATOTOXICITY ASSAYS -
HEPATIC MICROSOMAL ENZYME ACTIVITIES
PLASMA HYDRAZINE LEVELS
ACETYLATOR PHENOTYPE
DISCUSSION | | |
- Strengths and Weaknéss of the Pfésent Rabbit Model
* Comments on the Apparent Multifactorial Nature Regarding
the Mechahism of INH-induéed.Hepatotdxicity
“THESIS SUMMARY -
REFERENCES

Page

63
63
66
67
68
86
103

104
106
109



FIGURE
FIGURE

FIGURE
FIGURE
" FIGURE

FIGURE
. FIGURE

FIGURE

FIGURE
FIGURE
FIGURE
FIGURE

. FIGURE

FIGURE

10;
11:
12:
13

14:

List of Figures .
. Page

KNOWN PATHWAYS OF ISONIAZID METABOLISM 6
STRUCTURE OF RIFAMPIN | 12
STANDARD CURVE - SULFAMETHAZINE STANDARDS |

_IN PLASMA B | 59

- STANDARD CURVE - ACETYLSULFAMETHAZINE STANDARDS

_INPLASMA : | 60
STANDARD CURVE - HYDRAZINE STANDARDS IN MICROSOMES 61
STANDARD CURVE - HYDRAZINE STANDARDS IN PLASMA 62
DIFFERENCES IN PEAK PLASMA ASAL ACTIVITIES BETWEEN .

- TREATMENT GROUPS . _ ' 72

~ DIFFERENCES IN PEAK ALT ACTIVITIES BETWEEN |

. TREATMENT GROUPS o .73
DIFFERENCES IN HEPATIC TRIGLYCERIDE ACCUMULATION .
BETWEEN TREATMENT GROUPS . 74
DIFFERENCES IN PLASMA TRIGLYCERIDE LEVELS BETWEEN
TREATMENT GROUPS AT 48 HOURS OF ISONIAZID TREATMENT 75
DIFFERENCES IN CYTOCHROME P-450 LEVELS BETWEEN |

. TREATMENT GROUPS 78
DIFFERENCES IN HEPATIC CYTOCHROME P-450 REDUCTASE
ACTIVITIES BETWEEN TREATMENT GROUPS | T
DIFFERENCES IN HEPATIC CYP2E1 ACTIVITIES BETWEEN -
TREATMENT GROUPS - 78

DIFFERENCES IN HEPATIC MICROSOMAL AMIDASE ACTIVITY
BETWEEN TREATMENT GROUPS 79

vii



FIGURE

FIGURE.

FIGURE

FIGURE

FIGURE

FIGURE

15:

16:

17:

18:

19:

20:

List of Figures (cont’d)

| SCATTER PLOT - HEPATIC TRIGLYCERIDES VERSUS

CYP2E1 ACTIVITY (ALL RABBITS)

SCATTER PLOT - HEPATIC TRIGLYCERIDES VERSUS
MICROSOMAL AMIDASE ACTIVITY (ALL RABBITS)

CORRELATION - 32 HOUR PLASMA TRIGLYCERIDES VERSUS

PEAK LOG ASAL ACTIVITY (VEH-INH RABBITS)

CORRELATION - 32 HOUR PLA_SMA- TRIGLYCERIDES VERSUS

" PEAK LOG ASAL ACTIVITY (RIF-INH + VEH-INH RABBITS)

CORRELATION - 48 HOUR PLASMA TRIGLYCERIDES VERSUS

'HEPATIC TRIGLYCERIDES (ALL RABBITS)

CORRELATION - 12 HOUR PLASMA HYDRAZINE VERSUS
HEPATIC TRIGLYCERIDES (VEH-INH RABBITS)

80

81

82

83

.84

85

viii




~ TABLE 1:

TABLE 2:
TABLE 3:

TABLE 4:

TABLE 5:

TABLE 6:

TABLE 7:

TABLE 8:

TABLE 9:

TABLE 10:

TABLE 112

-TABLE 12:

List of Tables

VALIDAT‘ON SUMMARY - ACETYLATOR PHENOTYPE ASSAY

SULFAMETHAZINE & ACETYLSULFAMETHAZINE
STANDARD PEAK AREA DETERMINATION -

SULFAMETHAZINE & ACETYLSULFAMETHAZINE
STANDARD PEAK RATIO DETERMINATION

TREATMENT GROUPS ABBREVIATIONS AND DESCRIPTIONS

DOSING REGIMENS, DRUG PREPARATIONS, AND ROUTES

.OF ADMINISTRATION

VALIDATION SUMMARY - HEPATIC AMIDASE ACTIVITY ASSAY -

MICROSOMAL INH INCUBATION — HYDRAZINE DETERMINATION

PRECISION OF HYDRAZINE DETERMINATION IN MICROSOMAL
INH-INCUBATED SAMPLES ' '

VALIDATION SUMMARY - DETERMINATION OF HYDRAZINE IN
12 & 32 HOUR PLASMA SAM-PL'ES

PRECISION OF HYDRAZINE DETERMINATION IN 12 & 32 HOUR
PLASMA SAMPLES ' :

COMPARISON OF TOXICOLOGICAL MARKERS:
TREATMENT GROUPS VS. VEH-VEH* CONTROL

STATISTICAL SUMMARY - HEPATIC MICROSOMAL -
ENZYME ACTIVITIES :

~ STATISTICAL SUMMARY - 12 & 3 2 HOUR PLASMA
HYDRAZINE LEVELS ’ '

Page |

44

45

45

47 -
"
54
55
57
57
69
70

7



- Acknowledgmehts

I would like to thank the following individuals for their mentorship and support throughout the last

two years of my M.Sc. degree:

o Dr. James Wright, for being there when | n‘eeded to be listened .t_o and for providing insightful
criticisms and comments regarding my thesis. | would also like to thank Dr. Wright for the
financial reward that he has given to me in support of my ‘degree'.

" e Dr. David Godin, for being a rhentor and frfend, for his valuable criticisms, wisdom and
understanding, for his words of encouragement, anq for keeping my sense of hope and
spirituality alive and strong. '

e Dr. Michael Walker, for being a mentor, for his confidence in me and support, and for his
valuable criticisms.

e Mr. Troy Sarich, for his valuable advice and criticisms, endless patience, wisd'om, and
understanding regarding my thesis, for being a-mentor and friend, and for sharing his
expertise of experimental techr'\ique's. '

e Mr. Stephen Adams, for assisting me Within the laboratory and for lending me a helping hand
in learning to do various assays. '

e The faculty & staff of the Department of Pharmacology & Therapeutics, UBC, for believing in
"me and for their support and cooperation.in the last two years that | have known them.

The following M.Sc. thesis would not have béen made possible
without the support of my parents, Alberto & Rossana Petricca,

. for their pétience, céring, and understandihg throughout my M.Sc. degree.



Introduction

Tuberculosis, Then & Now

From a gIobaI'perspective,‘the maQnitude of the tuberculosis (T B)'eroblem has not |
dimihished over the last 50 years. It was estimated that in 1990, there were 7.6 million new
_ cases vin vdeveloping countries and 400, ‘000‘new cases in irthstriaIized couﬁtries for a world wide
'total of 8 million new cases (Koch| 1991). Due to prlmary infection or reactrvatlon it has been
estrmated that more than 80 million new cases W|II oceur. during the mnetles Moreover, with
. more than 30 million deaths in this decade, tuberculosrs is still the, major- killer amodng all
' ‘infecti_ous diseases' (Bloom & M_urraj, -1992). fB accounts for. 6.7% ef 'all deaths in the -
developing world, 18.5% o_f all deatha in adults aged 15 to 59, and.,26i% of aVoidable ‘adultkdeathsv

(Murray et al -1990 & 1992)

About 5 m|II|on new cases are estlmated to occur annually in_Asia, but the highest

estrmated case rates are in sub—Saharan Africa; the current rate is 229 per 100, 000 persons per
year (Smder 1994). Overall, approxlmately one thrrd of the world’s populatron is infected with M.
tuberculosrs 75% - 80% of adults in developlng countrres have bee mfected wrth M. tuberculosis
(Murray, 1994; Kechl 1991) v
The pandemlc of HIV in‘fection has had a profound effect on the global problem of
tuber‘culoéis.y It is estimated that 9 to 11 million adu_l.ts and 1 rrtillion children worldwide have HIV.
infection, and abodt 85% of this burden is in developing' countries. In these countries, the
combination of a high fr‘equencyi of HIV infection with a high frequeney of M. tuberctrlesis ,
infection results in a t\igh rate of tuberculous dvisease aa a complit:ation of AIDSr 20%_‘to 40% in

Africa; 18% in.Haiti; and as high as'25% in Brazil, Mexico, and Argentina (Tuberculosis

morbidity-United States, 1995).




Epi'demiolog.y of Tuberculqsis in'“Europe and the United States

Most new cases of TB and the vast majority of all deaths due io TB are in developing
countries in Africa and Asia (Koéhi, 1991), but, in addition, the re-emergence of tubercuiosis still
represents é serious threat to public health in Europe and the Unitéd States (Bates & Stead,
1993). Although the ’epiderﬁ‘iological situation in Europe in 1596 seems not to be “pandemib",
therelis étill a substantiéql rﬁorbidity in Europe, as reﬂectéd‘by an annual incidence of new céses
of TB ranging between 5 per 100,000 and > 50 per 100,000 per year (Raviglioneet al., 1993 &
1994). ‘ | | B ‘A

The steadily' declihing incide.nce' of TB in ,the United Stateé since 1882 has been
rever.s_éd.since 1985 (Reider et al., 1989), with 26,283 cases reported in 1991. To thé trend of
increasihg inc;idence one must add the threatening emergence of drﬁg-resistant stréins that may

impede our capability of controlling the disease. .=

‘Multidrug-Resistant Tuberculosis

Multidrug-resistant tuberculo;sié,ﬁ defined és tuberculosis (TB) that is resistant to both
isoniazid and rifampin, has dr_eadful public health consequences. Treaiment usually requi'res _
more toxic and less efféctive medications given for longer duration (aS long as 24 months).‘ The - -
- efficacy of currently récommended preventative regiméns fdr rhultidrug-resistant TB is unknown
(Nitta, 1996). |

In 1994, the Centers for Disease Control and Prevention published_ findings of a national
survey of drug resistént TB in the United States. Du?ing t_he ﬁréi three mo'nths of 1991, a total of
3,256 cases were identified; when vthese were .tested 'for sensitivity to isoniazid and rifampin, 114 .
(3.5%) were resistant to both drugs. '

Since 1985; the Los Angeles Couﬁty Health Departrhent haé,Used ﬁifamate; excldsively,
as a means of preventing drug resistance to tuberculosis due to inadvertent monotherapy. Some
drug companies provide fixed-dose combinations of éntituberculdus medications, sudh,as'INH

‘and RIF (Rifamate), and INH, RIF, and pyrazinamide (Rifater). More recently, a group of



American physicians are recommending these fixed-dose combinations to improve compliance

and decrease the chance of developing resistance (Moulding et al., 1995).

Isoniazid
‘History
: Iéoniézid or isonicotinic acid hydrézide'(INH) _ié'»a drug used in the treatment of
tuberculosis.. INH was fifét introduced for the treatment of tuberculoéis in 1952 .and was initially
'conside_red rela.tively‘ free of side effects (Dickin‘s’on et al., 1981). |
, Duﬁng the first féw years after the introduction of lvNH, .s'po'rédic cases. sﬁggestihg

poSsibIe hebagotoxicity were noted, but jaundiée.developirig’in patients on treatment was oﬁen
attributed to c’oncurreni viral hepétitis or the toxic effects of other drugs ‘such as para-ami‘no-k
‘éalicylate (PAS) (Medical Resgérch Coun‘éii., 1962; Berte & Dewlett, 1959; Cohen et al., 1961).

Bgrte and associates in 1959 stated that no case of hepatotoxicity was obser\ked in 513
paiiénts receiving INH (Beﬁe‘ & Dewlett, 1959). As a re§ult, in 1963 thé Ame_ricah Thoracic
Society recommended all tuberculin-bosi_tjve 'pérsons should re’ceivé a year of INH
. chemqproph,ylaxis regérdless of age o'r.the'durati‘on of tuberculin positivity (Amvérican‘Thoracic
Society., 1965). | B |

In 1969, Scharer and Smith reporléd Ii\)er fﬁnctioﬁ abno.rmalities in 16.3 percent of
--r‘Jatients receiving INH (Scharer & Smith, 19695. lh spite of this, h’owever, the problem of INH-
.h.épato_toxicv:ity reméined génerally unappréCiated until 1972 when a retr'oépeciive sfudy. by
Garibaldi et al. teported clijnical.hepatitis (equivalent pbtentia’ll'y fatal 'INH-hepatétoxiCity)‘ in 19 of
2,321 patients (1%) on prophylactic INH thérapy; 13 of these,pétients developed overt hepatitis
‘ a:nd 2 (0.1%) died (Garibaldi et al., 1972). .These_ findings led thé United States Public Hé_alth
SeNice (USPHS) to initiate é large, ’brospécti\)e, ‘multicenter surveillance-study- to determine the
incidence of INH-related hepétitis in 13,838 persons feceiving INH for cﬁembprbphylaxis. The

| overall rate of hepatitis Awas‘ 10.3 per 1,000 (1 %), and there were eight deaths (0.06%). The

unexpectedly high mortality rate resulted in termination of the study (Kopanoff et al., 1978).




Antibacterial Activity of Isoniazid

INH was ﬁrs_t reported to. be effective against Mycobacterium tuberculosis and

Mycobacterium bovis in humans in 1952 (Bernstein et al., 1952; Fox, 1952; Pansy et al., 1952).

INH alone has been shown to be an effective prophylactic antituberculous drug (Robitzek &

Selikoff, 1952), and the combined administration of isoniazid, rifampicin (RIF), and pyrazinamide
(PZA) has eroveﬁ fo be the most effeetive chemotherapeutjc regimen for the treatment of drug-
eensitive M. tuberculosis ihfections (Corﬁbe'et al., 1990). Isoniazid-resistant strains were isolated
almost immediatelly after this .antibiotic began' to Be used thefepeutically (Middlebrook, 1952),
and presently about 20% of the M. tuberculosis strains in New Yofk City Vare resistant to isoniazid
(l.frieden etal,1993). o | | |
Isoniazid inhibits the biosynthesis of cell fatty acids, specifically the mycolic acids, found

in mycobacteria and related bacteria (Davidson & Takayama, 1979; Takayama et al., 1972).

Pharmacology of Isoniazid

INH is 'bacteriostatic for “resting” bacilli but is 'bactericidal for rapidly dividing
microorganisms. ‘Although the exact mechanism of action of INH is unknown,'several

hypotheses have been proposed, inciUding inhibition of the biosynthesis of mycdlic acids, cell

"fatty acids, nucleic acids, or inhibition of glycolysis in mycobacteria.

INH is readily absorbed when administered either orally of parenterally. Peak blasma.
coneentrations occufl 1 to 2 hours after oral ingestion of ueual doses (Mandell & Petﬁ; Jr., 1996).
INH diffuses readily inte,allﬁbodily fluids and cells. Concentrations in the CSF are similar to those
fn plasma (Holdiness; 1985). From 75 to 95% of a dose of INH is exereted in the urine within 24

hours, mostly as metabolites. The main excretory'produc_t's in human beings are the result of

’enzymatic acetylation (e.g. acetylisoniazid) and enzymatic hydrolysis (e.g. isonicotinic acid) ‘

(Mandell & Petri, Jr., 1996). The major metabolic pathways of INH are shown in-Figure 1.
 Human populations show genetic hetefqgeneity'with regard to the rate of aeetylaiion of .

INH (Evans et al., 1960). The distribution of rapid and slow inactivators of the drug is bimodal



" owing to differences in the activity of acetyltrahsférase (Mandell & Petri, Jr., 1996; Evans et al.,
1960). The mean half-life in fast and slow'acetylators‘is approximately 70 minutes and 2 to 5
~ hours, respectively (Mandell G L & Petri W A, Jr., 1996). The frequency'of acetylator phenotype

~ depends on race, but not ‘age or sex. Most Orientals, Eskimos, .and Amerindians are rapid

acetylators; Caucasians, Blacks and Indians are predominantly slow acetylators.




' 8 Isonicotinic acid |
| . 5OH / 2

Figure 1

Known Pathways of Isoniazid Metabolism

Isoniazid : ' ACety/isoniazid
O~ NH-NHp | O~ NH-NH-CCH
) —

\ 4
NHo-NHo ——-—-—>‘1 NH2-NH-@-CH3' :
Hydrazine 2 Acetylhydrazine

11
CH3-@-NH-NH-@-CH3
" Diacetylhydrazine

1 - N-a‘vcetyltransferase
2 - Amidohydrolase/Amidase

~Note: This figure was taken, with permission, from Mr. Troy Sarich (Ph.D. Thesis, 1997).




Indications

INH:is still considered the prima‘r'y drug.‘for the prophylaxis and tréathent of tubérculosis.
: 'First;lline a.gents combine the greatest level of efficacy with an acceptable degree_of toxicity;
~ these inClude INH, rifampih (RIF)-(aiso known as rifampicin),_byrazinamide (PZA), ethambutol |
(EMB) - and Streptdmycin (STM). Other agents "include ethionamide (ETM) and  para-
aminosalicylate (PAS). Trea;tment requ'ires at Igast two drugs (one of which is'_alw,ays INH) to
prévehf the developrﬁent of vqr\ug resistancé. The standard 6-month treatment regimen for drug-
sensitive tuberculosis -for adults and children consists ‘of INH, RVIF, and PZA for two months '
followed by INH and RIF for 4 additional months (Mandell & Petri, Jr., 1996). The combination of
INH and RIF for 9 months is equélly effective. The Centér for Diséase Control and Prevention
- (CDC) has recbmrhended"that initial 'therapy‘ should'be'wittil a foUr-drug ‘régime‘n (INH, R’IF, PZA, .
a'nd EMB or S'TM) (Cénters for Disease Control., 1993) in réspon%_e to an increasing frequenc;y of y
drug resistanéé. Dos'es‘ ‘of INH used in humans for. thé pro.phylaxis and treatment of most
iut;erculosis ‘infectionAsl varyvfrom 0.036 fo 0.072 mmoles/kg/day. In~order io achieve therapeutic
concéntrations, in the central .nervdus system, higher doses (up to ~0.1‘5 mmoles/kg) are used in

children with tubercular meningitis.

Mechanism of Drug-Resistance and Propbsed Treatment

| .:Early' observations suggested a link between INH resistahce and the loss of
mycobacterial catalase;peroxidase activﬁy (Cohn et al., 1954f Middlebrook, i954).- Catalase-
péroxidése oxidizes INH to form reactive‘,intermediates "in the mycobacterium (Johnéson &
Shultz, 1994). Recent réports have demoﬁstrate‘d tﬁat deletion of, or boint mutatiohs in, the.M.
iuberculosis katG genve, which encodes a uniqqe catalase-peroxidase, results ’in the achisitidn
of INH resjstahce and that transformation of INH-fesistant strains of M. {uberculosis with a -
; functional kaﬁG géné Ar'est<‘)lres sensitivity to the drug (Zhang et al., 1992). Cufrent evidence .

suggests that another mechanism of resistance is related to a missense mutatioﬁ within the

mycobacterial inhA gene involved in mycolic acid bioéynthesis (B'anerjee et al., 1994).




As a means of pr_eventing drug resistance to tuberculosis due tb unintended
honotherapy. .somel drug vcompan‘ies provide fixed-dose. combinations of 'a‘ntituperculous
medications, such as INH and RIF (Rifamate), and INH, RIF, and PZA (Rifater). A group of
American physicians (Moulding et al., 1995) have recéntly recommended these fixed-dose
combinatior;s with ,Mo or more antitubechIods drugs in one capsule or tablet to improve

compliance and prevent the development of resistance.

Ad'verse, Effects of Isoniazid

The incidehce of .adverse reactions to INH is' low, the rﬁost prominent of:these reactions
being hepatotoxicity, peripheral neurob_athy, convulsions, hematological reactions, rash and
- fever. In rare ins;tahces,A mental abnormalities have been noted during-use of the drug; among
these are euphoria, ‘p'a_reSthesiavs. and stubor. INH inhibits y-amino-butyric acid (GABA)
,ar;ninotransferase activity in the central nervous system and has been investigated in h.uman‘
neurological disorders where a GABA deficiency is postulated to contribute to the symptoms of
INH administratioh (Perry et al., 1981; Perry et al., 1982). The prophylactic administration Qf
pyridoxine (15-50 mg daily) p(evénts not only the development of p_eriphefal neuropathy bﬁt also
most other nervoué system toxicities (Mandell & Petri, Jr., 1996). The hep'atotoxié effect of INH

is the focus of this thesis.

Hepatotoxicity of Isoniazid

Hepatoioxicity is the predominant toxic effect of INH. The chafacteristic pathological
process is b,ridgi'ng, multilobular, and/or patchy necrosis. It is now recognized that INH causeé a
mild, evanescent focal hepatitis associatéd with asymptomatic aminotransferaée elevation in
10 - 20% of users and clinical hepétitis (overt. hepatitis resembling virai hepatitis) inl
approximately 0.5 to 2% of patiént#. INH hepatitis may manifest a full spectrum of severity,
ranging from mild acute hepatitis to complete -hepatic necrosis and hepatic failure or'a more

_prolonged subacute course resulting in chronic active hepatitis (Bass & Ockner, 1990)..



INH-induced liver injury is dinically, biochemically and histologically indistinguishable from viral

‘hepatitis (Black et al., 1975).

Two reports have demonstrated both necrosis and steatosis (fat accumulation) as
ma'nifestations>of !NH-induced hepatotoxicity in patients taking INH and RIF (Pessayre et all.,
1977; Pilheu et ‘aI., ‘1979). In most of the cases reported, necrosis is the major pathological
feature of INH-jnduced hepatotoxicity.‘ ‘ |

Notably, when takén acutely at high doses, for example, in suicidal attempts, INH
overdosage results in coma, seizures, metabolic acidosis, and hyperglycehia, but no
hepatotoxicity. Conversely, patients receiving INH daily do not “usually demonsfraie signs of

hepatotoxmlty until day 3 5 of the dosing reglmen at the earliest. The reason for this delay is

not fully understood Although several hypothesis have been proposed, the mechanism of INH- -

induced hepatotoxicity is unknown at the present time.

* Hepatotoxic Risk Factors

Age appears to be the most important factor in determining the. risk of INH-induced
hepatotoxicity. Hepatic damage is rare in patients less than 20 years old; the complication is

observed in 0.3% of individuals 20 to 34 years old, and the incidence increases to 1.2% and -

2.3% in those 35 to 49 and older than 50 years of age, respectively (American Thoracic Society.,

1986; Comstock, 1983; Mandell & Petri, Jr., 1996). Greater susceptibility to INH-induced

, hepatotoxicity in females than males has been proposed (Moulding et al., 1989; Snider & Caras,

1992).

Ingestion of large ;mounts of alcohol and/or acetaminophen in patients taking INH is
known to increase th‘e risk of INH-induced hepatotoxicity (Kopanoff et al.; 19785 Gronhagen-
Riska et al., 1978; Cross et al., 1980).

| Acetylator phenotype has aiso been proposed as being a major .risk factor of INH-
induced hepatotoxicity, however, evidence is available both in favbr and against this finding.

Mitchell and associates (1975b) originally suggested that isoniazid-hepatotoxicity occurs mainly

in rapid acetylators, based on the observation that Orie'ntals, 90% of whom are' rapid acétylators,




- showed é highér incidence of INH-induced hepatotoxicity. On the other. hand, there |s s»uvb“stanti‘al '
clinical evidence to .show that the risk of hepatic reactions.during treatment with INH is no greater
in rapid than in slow acetylators (Dickinson et‘ al., 1981; Riska, 1976; Singapore Tuberculosis
Servicc_a/British ‘Medical Reseafch' Council., 1977; Hong Kong Chest Service/British 'Medicél

Research (;ovuncil., 1977). In fact, sdme studies (Lal et él., 1972; Lauterburg et él., 1985; Smith
| et al., .1972'; Musch.et al., 1982) havev shoyvéd that slow acetylators are at a greater risk.

In earliér clinical pharmacologic investigations,_ Mitchell and colleagues (1975b)
suggested that ell'cetyl fsoniaiid (acetYI-INH), the principél meiabolite of INH, is convérted into
acetylhydrazine. This, _in turn, tﬁey speculated, was metabolized by the inﬂuence of microsomal |
P-450 enzymes to a reactive intermediate which caused the hepatotoxicit.y. Because acetyl-INH
is formed in larger amounts in rapid than in slow acetylators, they predicted a greater potential
for hepatotoxicity. in rapid than.' in slow ace{yl,ators. Studies by Ellard (Ellard, ‘19-76)' and
Gurumurthy _and cowolrke'rs (Gurumurthy et_ al., -1984) did not verify fhis hypothesis. While the
formation of acetylhydrézjné from acetyl-INH was confirmed by Ellard (1976), this group showed
that the acetylhydrazine formed \;vas rapidly acetyllated‘to the less toxic diacetylhydrazine which
was rapidly excretea.' Timbrell et al. (1977) found.that rapid acetylators form more

| acetylhydrazine in vi\-/o than SIow acetylators, btjt this is 'primariiy excreted as diacetylhyc‘irazi‘ne,.

" a non-toxic metabolite of acetylhydraiine. This finding was later confirmed by Lauterburg and

cQworkers (Lauterburg et -al., 1985). Pharmacokinetic in\;estigation of INH therapy in humans

_ 'r.evealed greater urinary excretion of acetylhydrazine, the susbected hepatotoxin, in sl‘ow
acetylaiofs than in rapid acetylators (Peretti et al., 1987).

| Another potential risk factor incréasihg the risk of hepatothicity, which is disputed by
many; ié the concomitant use of RIF with INH. .So'me'hav‘e claimed RIF to produce hepatic injury
by its own toxic action; however, in mo_si of these cases RIF was concomitantly administered
with other antituberculous drugs including INH,'PZA, and EMB;' INH a'hd PZA are known to be
| hepatotoxic (Mandell & Petri, 1996). lh addition, RIF can induce th{a‘metabolism of a wide array

of drhgs like digitoxin, quinidine, corticosteroids, methadone, dapsone, oral anticoagulants, and

vé'rapamil (Gangadharam & Iseman, 1986). This is discussed in detai'l on page 24.




Inhibition and Induction of Hepatic Microsomal Enzymes by Isoniazid

INH is a vpotent inhibitor of several hepatic cytochrome P-450 enzymes, including |
cytoch'rom’e P-456 (CYP) 2E1 in humans (Epstein et al., 1991). HoWevér, Zand et al. (1993)
demdnstrated an induction of CYP2E1 activity in hum'ans, two days'after a one week regimen of
INH, 0.03 mmoles/kg/day. Zand and‘a'ssociates proposed 'that this induction is IikeI); due to a
. stabilization of the CYP2E1r énzyme during ité inhibitidn by IN‘H; upon termination 'of INH
therépy, the decrease_d INH concentration unmasks an increased number of active énzymes
(occurring with INH administratioh) resulting in increased en'zyrhe aCtivity. Concomitént ingestion
of écetaminophen duﬁng this period-of increased CYP2E1 activity has been shown to poien'tiate

acetaminophen-induced hepatotoxicity (Nolan et al., 1994).

Rifampin
History
| In 1957, a new strain of Streptomyces (S. medi{erranei) was isolated from a .;,oil, sample
by Sensi in ltaly (Jouhar, 1968). The culture shdwed hig.h bactericidal activity against gram-
_positive and some g'rém-negative bacteria, including' Mycobacterium tuberculosis aﬁd M. leprae
(Virchbw & Fleming, 1§68). Thin layer chromatogrlaphy. (TLC) revealed a mixture of five
antibiqtic substances in the crude product (rifamycin), and only 'rifamycin B was obtained as a
crystalline énd stable substance. Further modification of rif_amyciri B to optimize. pharmacokinetic

and antibacterial characteristics ﬁnallyiproduced, in 1963, a derivative of rifamycin which has

been given the name rifampicin (rifampin)(RIF) in the U.S.A.. The structure of RIF is shown in

Figure 2 on the following page.




| Figure 2

- Structure of ,Rifampin
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Antibacterial Activity of Rifampin

RIFb is bactericidal for both intracellular and ‘extra_cellular microorganisms including
Escherfchia coli, Pseudomonas_, Pfo_teus, and Klebsiella. RIF is very effe'ctive —against
Staphylocqccus aureus in the 3 to 12 ng'/ml range, as well as Neisseria meningitidis and
Haemophilus influenzae in the 0.1 to 0.8 ug/mi range. At .cbnc.en‘trations of 0.005 to 0.2 ug/ml,

RIF effectively inhibits the growth of M. tuberculosis in vitro (Mandell & Petri, 1996).

Pharmacology of Rifampin

~ RIF and INH are the most effective drugs available for the treatment of tuberculosis. The

dose of RIF for treatment of tuberculosis in adults is 600 mg, given once daily. In children, 10 to

20 mg/kg, with a maximum daily dose of 600 mg, is recommended. Howevef, in patients with

impaired liver function, daily doses of higher than 8 mg/kg are not recommended. Other uses of

RIF include the following: treatment of brucellosis,' chancroid, mycetoma, Q fever, legionellosis,

chlamydial infections, and staphylococcal endocarditis; prophylaxisv of epiglottis and meningitis

" due to H. influenzae, the prophylaxis of meningococcall meningitis, and various other

staphylococcal infections. for treatment or prbphylactically to reduce staphylococcal carriage
(Reynolds, 1996).
In most short-term standard tuberculosis regimens, RIF is given in association with INH

for 6 to 9 months as recommended by the International Union Against Tuberculosis (Reynolds,

11996).

Pharmacokinetics

Rl‘F is readily absorbed‘fr.om the gastro-intestinal tract and peak plasma concentfations
of about 7 to 10 ug per ml occur 2 to 4 hours after a single oral dose of 600 mg,' but there is
considerable interindividuai \)ariation in peak plasma levels (Acocella et., 1978; Kenny & Strates,
1981). RIF is approximately 80% bound to plasma proteins. It is widély distributed in body

tissues, and fluids and diffuses into the cerebrospinal fluid when the meninges are inﬂavmed
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(D’Oliveira, 1972). In prégnant women 'receiving the drug, RI.F crosses the placenta and is
distributed " in breast milk. The molecul-e. ras a whole  is lipid soluble and at
physiological pH, only 25% of the compound is ioniied (Kénny & Starts, 1981).. Half-lives for RIF
have been reported to raﬁge from 2 to 4 hours (Holdiness, 1984). Pharmacokinetic analysis of
RIF has demonstrated‘.th‘at the rate of biotransformation to:itS'desacety-IRlF derivative (Acbcel_la
et al., 19‘78) increases with timé. Intravenous infusion of this agent in tubérculpus patienfs ha_s
revealed similar Cpax énd Tmax values to those obtained with oral dosage forms (Houin et al,,
1983; Nitti et al., 1977). Following absorption from the G.I. tract, RIF is rapidly metabolized in the'
liver, the major metabolite being the_deSécetylatéd form at the C-25 position (Structure of RIF
shown in Figure v2).. Both RIF and the desacetylated ﬁ\etabolite .are eliminated in 'the'bile
(ACoceIIa'et al., 1978). Anoth‘er Metabolic pathway yields 3-formyl-RIF which is excreted in the
urin.e. DesacetylRIF retains approximately. 80% of the ahfimicrobial activity 'of ihe parent
compound (Acocella et al., 1978; Acocella’' & Conti, '1‘980). RIF, but not its‘ dgsécetyl-metabqlite,
is then reabsorbed. A'fter.6 ‘hours, nearly all of the antibiotic.in'the bile is in the desaéetyléted
form. o | | |
| About 60% of a dose of RIF (including desacetylRIF) fs eventl\Jally excreted in the feces.
The amount excreted in the _urine increases.with "increasing‘, doses 'up to a maximum of
approximately 30%. | |
’ A.sRIFAinduces its own metabolisrh, elihinatioh time méy decrease by up to 40% durihg
the first two weeks resulting in shortened haIf-Alvives (2 to 3 hbufs) (Reynolds, 1996)'. Numerous
studies have demonstrated increased half-life and serum concentrations in patients with liver
disease. The resultant increased serurﬁ concentrations of RIF could give rise to increased serum
bilirubin levels as a result of competition for co'mmon biliary excretion (Acocella & Contiv, 1980;
Holdiness, 1984). Administration of single t_herapéutic doses of RIF is also ‘as_sociat.ed with a’
transient increase in serum bilirubin levels, also as a resulf of competition between» RIF and
bilirubin for éxCretion; however, with fepeated administratioﬁ of ‘RIF, the bilirubin levels return to |

normal.
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Drug Interactions of Rifampin with Isoniazid

It has been shown that there is little significant pharmacokinetic interaction between RIF
and INH (Acocella et al., 1972). Although lower blood concentrations of RIF have been reported
with concomitant INH administration, the effect is not considered clinically significant (Mouton-et

~ al., 1979).

‘Mode of Action

" RIF inhibits DNA-depehdent RNA synthesis in éensitive bacterial cells, but not in
resistant bacteria or in mammélian cells (Staéhelin,et al., 1968). It does this by i_n_hibiting'DNA-
dependent RNA polymerase of mycobacteria and other microbes by forming a dfug-enzymé
complex‘, leading to_suppression of_ iﬁitiation of chain fofmation (but not chain elongation) in RNA
synthesis. Interestingly, RIF does not significantly bind nuclear RNA polymerase of various
eukaryotic cells, which likely contributes to its specificity for bacterial and some viral cells versus
eukaryotic ceIIS (Mandell & Petri, lJr., '1996). >Additionally, RI? is required in.much higher
conéentrations to inhibit RNA synthesis in mémmalian mitochondria than bacterial .cells. High’er.
" concentrations of RIF aré also'effective againét viral DNA-dependent RNA polymerases an_d

reverse transcriptases.

Major Toxicities of Rifampin

In usual doses, RIF is generally well tolerated: less than 4% of patients with tuberéulosis
have significant adverse effeéts. When g'iven at its recommended daily dose (5 - 10 rﬁg/kg)_, the
most common adverse reactions noted in patients are nausea and vomiting (1.5%), rash (0.8%),.
an& fever (0.5%) (Grosset & Leventis, 1983; Mandell & Petri, Jr., 1996). The major toxicities of
RIF affect the liver and the immune system. RIF-induced hepatotoxicity is dose-related and has
been 6bserved mainly in ‘patient.s-wit.h underlying liver disease. The most notable problem is the

development of jaundice (Scheuer et al., 1974)‘. _Sikteen deaths associated with this reaction '

have been recorded in 500,000 treated patients. However, hepatotoxicity from RIF rarely occurs




‘,in patients with normal hepatic function; Iikewiée. the corﬁbination of INH plus RIF appears
generally safe in such patiénts (Gandadharém, 1986). | |
- Immunoallergenic effects. of RIF ‘are usually jassociated with intermittent therapy.
Intermittent administration of RIF (e.g. less than twice weekly) is associated with rhore frequent
and pron'ounced sidé effects. A flu-like syndrome is seen to develop in-approximately 20% of _
patients' receiving RIF in this manner (A Hong Kong Tuberculosis Treatmgnt Services/Brompton
Hos;;ital/British Medical Research Council., 1974a; A Hong Kong Tﬁbefculosis Tfeatment
Services/British Medical Research Council., 1974b; Girling & Fox, 1971V; Eule et al,, 1974). The
syndrome often includes fever, chills, myalgias, and in rarer, more serious ;instances,
eosinophilia, interstitial nephritis (Flynn et al., 1974; Chan et al., 1975), acute tubular necrosis,
thrombocytopenia (Poole et al., 1971), hemolytic anemia (Girling, 1977), and shopk (Girling &
Hitze, 1979). | | | | | N
RIF, like ‘m_anyvother drugs, can form immundgenic complexes with proteins which then
qirculate' or adhere to cellular surfaces. Immunogenicity of RIF has. been derﬁo_nstrated ‘in
_experimental animals and in humans by the Ad~evelopment of RIF-dependent antibodies,
especially IgM. The latter antibodies are directed againvst a side chain of le, but IgG, IgA, and

IgE antibodies to other determinants of RIF have also been detected (Grosset & Leventis, 1983). "

Hepatotdxicity of Rifampin
, As. mentioned earlier RIF can disturb Iivef funct‘i‘on primérily due to its. competition for
- excretion with bilirubin, but thé risk of it causing serious or permanenti liver damage is small,
pérticularily among patiehts with no -previous- history of liver diséa_se. .Morve._ importantly, it is
absolutely fundémental to stress that itA;is difficult and perhaps impossible to ascribe a
hepatotoxic reaction to ény one antituberculous agent becausé pétients usually receive several
drugs together. In many instances, indirect evidence has been used in thé I'itefature in attempt to
assess the hepgtotoxic nature of RIF. Thus, reports of the hepatic toxicity of RIF per se is

questionable. .
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" There are few reports of the adverse effects of RIF on liver function in humans ivn Which
" patients receiVing the drug had no underlying liver disease such as cirrhosis, ascites, or hepatitis
associated with including alcoholism or drug-induced liver diseasve. Capelle and associates
(1 972) found that RIF competitively- interfered with the elimination of bilirubin and
' bromsulphalein ‘(BSP) by the Iivér ih normal _patients. In five of six subjects with normal livers,
RIF caused an increase in total serum bilirubin from 0.87 + 0.43 mg/1 OOml (bgfore intake of RIF)
to 1.51 £ 0.90 mg/100mi (3 hrs after a single dose of 600_mg RIF). The clearar;ce of BSP was
.also significantly reduced in these patients from 0.165 + 0.060 'mg/100ml to 0.041 + 0.009
mg/100ml! on the 17th day of RiF treatment (Capelle et al., 1972). Transieﬁt increases in liver: .
enzymes (e.g. alkaline phosphatase & sefum glycolic-pyruvic & glycolic-oxalate tranéamihase)
as well as serum bilirubin and BSP concentrations, without clinical evidence of hepatitis, have
also been reported in studies in which RIF was given alone (Bbrickner, 1969; Cohn, 1969). In
both studies, serum bili‘rub»in elevation wés usually small, and returned té ‘ﬁormal by the
_ convcluvsion of the cours_é of treatment. Funhér studies determiﬁed that these abnormalities were
not the result of interference by RIF or its oxidation products on ihe determinatidn ‘of bilirubin
Ievels.‘ When RIF and its metabollit.es were added to serum samples, no 'alterations in bilirubin
“levels in these samplés were noted. Hemolysis was also cbﬁsidered as a pos;iblé mechahism.
However, it was fdun_d that RIF ha_d 'no‘effect on hepatic glu'ta'thione levels, suggesting the drug
possesSe.S no oxidizing action, as well as on the human red fvbrloo‘d cell sqrvival (Cohn, 1969).
Similar ébnormalitie’s of liver function tests have been observed in studies in which: RIF has been
given in combination with other drugs (Capeile, 1972; Proust, 1971; Acocella ét al., 1972; Steele
et al., v1991; Hdng Kong: Chest Service/T: uberculoéis Research Centre, Madras/British Medi¢a|
Research Council., 1992). Nonetheless, both Cohn (1969) and Capelle et al. (1972) observed a
transient elevation in serum bilirubin 3 hours after a single dose of RIF, returning to normal
wi{hin 24 hours, demonstrating that RIF’s competitive inhibition of bilirubin excretion is not due to
direct hepatotoxicity. |

These transient disturbances of liver function typicaily occur during the first few weeks of

chemotherapy and suggest a miid hepatocellular dysfunction rather than cholestasis (Baron &
o {




Bell, 1974). They are common, but are seIf—Iimiting even if RIF administration is continued,
“without interruption. A clinical ‘and histological ‘study of 11 pat_iénts during RIF admiﬁistration
| suggests thét' even patients with no symptoms or signs of liver damage may have transient

histological evidence of mild liver cell damage (Scheuer et al., 1974). Similar biochemical and

histological changes have been feported during the administration of INH alone (Scharer &

Smith, 1969). | ’ | |

Sherlock (Sherlock, 1968) distinguishes two types of jaundice associated with anti-

‘tuberculosis drugs: I) due to a hepatitis-like react'ion wiih hepatocellular injury; included under
t’his' heading are INH, ETM, PZA, EMB and cycloserine; Il) due td cholestasis following

disturbances of bile rﬁetabolism, transport or excretion. Under this heading‘ is listed RIF. PAS is

considered capable of causing‘both types of jaundice"via an immune mechanism. .S‘evevral

'inveétigators Have concluded th'at_ jaundice vt.hat develobé during combined RIF-INH _th'erapy is.
' notl attrit_)utable to RIF (Chevfel, 1971; Decroix et al., 1971; Modai et al., 1978).

vCIearIy, it may be concluded that Rl.F‘administere‘d with other drugs'to patients with
éhrohic tuberculosis is associated with toxic hepati_tisv in a small fraction of patients. The
'.inciQence of’thié hepatitis appears to be associat'ed with cértain accompanying drugs, a history 6f

alcoholism and pre-existing liver diseas_é.

Species Differences in the Metabolism of Rifampin

A study on the pharmacokinetics of rifabentihe, a long-lasting analogue of RIF; carried
out on réts, mice, and rabbits (A_ssahdﬁ et al., 1984) showed that,'.in the rat, the plasma :
concentration profile of the antibioﬁc.obtained after parenferal treatmenf substantially reflects
fhat previously reported in human volunteers (Birmingham ét al., 1978). The rates of absorption :
(peak time: 8 hours), elimination (i .~ 17 hrs), peak levels (Cpax = 9.7 wpg/ml,after 10 mg/kg
dose) and ar’ea under the curve (AUC)(279 pg.hour/ml after 10 mg/kg dose) values were similar
to those measured in ma'n.‘ In mice, rifapentine showed a kinetic pfoﬁle resembling that in rats,

whereas in rabbits, rifapentine was eliminated ten times more rapidly than in the rat, mouse or
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humen. In both the rat and the mouse, AUC values of the parent drug were almost identical to
those calculeted for totai radioactivity, indicating little piesence of piasme metabolites.

Among the th'ree animal species studied, the rabbit appears to differ greatly: the blasma :
haif—life of the entibiotic is short (t1o = 1.82 0.13 hours), the vqurne of distribution is the Iovi:est
of all the speCies_ (Vg = 0.44 L/Ké), the 'AUC-vaIues for the unaltered drug are not only much
lower than those calculated for the rat and the mouse (AUC = 50.54 + 4.9 pg-hr/ml), but are also
significantly less (P<0.01) than those measured for the total radioactivity (AUC = 69.7pg;hr/ml).'
The metabolite m,e‘a_s.uvr.ed in this stvudy‘was 25-desacetyl-rifapentine"(by HPLC) and the 'r.oute of
adminietretion used in each case was intravenons; | |

~In another study in which 20 mg/kg oral doses of RIF were given to guinea pigs and
rabbits, mean blood levels of RIF ove-r 24 hours after a single dose were signiﬁcantly greater in
Quinea pigs than rabbits (Atsunobu et aI.‘,. 1972). 4 |

Acute toxicity studiesvof RIF in animals .indicate LDs, values of approximately 900, ‘17:00, :
and 1500 mg[kg when given 'orelliy to mice, rats, and ra_bbits, respectively tFuresz, 1970).
Comparisons of. ebsorptidn between different species is difficult be'éause of differences in doses
‘useci. The half-life Vali._ies of RIF ovbtained efter 1 0 mg/kg of Ia—belled antibiotic are '3, 4, and 7 h. in
the rabbit, rat, and dog, respectively (.Fures_z, t970).,Experiments carried out on five anirnals
species (Binda et al., 19'71)'s'howed that biliary excretion is relatively high, except in .dogs:’ the
percentage of RIF ‘rec.:o‘vered in 4hr-bile samples, after administering a dose of 25 mg/kg i.v. was
37.2% in iat_s, 17.4% in guinea pigs, 16.3% in‘ rabbits, 6.8% in mice and 0.6% in dogs. In the- rat,
rabbit, and guinea pig peak, excretion of antibiotic occurs in the first 2 hours; in the dog, on the
other hand, the rate of RIF excretion remained constant. The percentage of RIF recqvered in é4—A
hr urine samples in mice is 18.9%; rets, 13.2%; dogs, 9.6%, rabbits, 5.4% and guinea pigs, 3.9%.

_ ' The major metabolite isolated from bile an.d urinein humans, guinea pig, rats, dogs, and
the rabbit is 25-o-desacetyI-RiF (Furesz, i970). Levels of RIF n'ietabolites aie repbrtedly lower in

the bile of animals than in'man. Only 40% of the total amount of RIF excreted is represented by

products of metabolism (Furész, 1969).
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: lnduétiqn and Inhibition of Hepatic Microsbmal Enzymes

) Amohg the phase | biotranéforrhing enzymes, the cytochfome P-450 system ranks first in
terms of 6atal>ytic versatiliiy and the number of xenobiq‘tics it detoxifies or activates to reactive
intermediates (Waterman & thnson, 1991). The highest concentration of P-450 enzymes
invélved-in xénobidtic biotransformation is found in liver endpplasmic reticulum (microsomes),
but P-450 enzymes are present ibn virtually all tissues.

Thé ‘broad and often 6verlapping substrate épeciﬁcity of liver microsomal P-450
enzymes 'preclhdes the possibility' of naming these enzymes for the reaétions they catalyze. The
amino acid sequence of numerous P-450 enzymes has been determined, mainly by recombinant
DNA_techniques,» and éuch seéu'ences .now forrh the'baéis for classifying and naming P¥450
enzymes (Nelson et al., 1993). In géneral, P-450 énzymes with less than 40 percent amino acid
sequence identity are assigned to different‘gene families (gene families 1,2,3,4, etc.). P-450
enzymes that are more than 55 percent idenﬁcal 'ére classified as members .of the same
' subfamily (e.g. 2A1, 2A2,'2A3', efc.). The Iiver'niicrosomal P-450 enzymés involved in xenobiotic
vbiotransformation‘belong to three mafn P-450 gen_é families, namely CYP1, CYP2, ‘and C'YP3.‘
Liver mic;rbsomes also contain P-450 enzymes encoded by the CYP4 gene family, substrates for
which inciude several fatty acids and eicosanbids but relativély few xenobiotics. The liver
miprosémal P-450 enzymes in ea_ch of these gene families generaliy belong toa single subfanﬁily‘
(e.g. CYP1A, CYP3A and' CY_P4A). A notable excepti.on is the CYP2 gene family, which contains
five subfamilies -(e.g. CYP2A, CYP2B, CYPZC, CYP2D, and 4CYP2E).,The number of P-450
enzymes in each subfamily differs from one speciés to the next. Unfonﬁnately, a nomenclature
system based on strdcture does not guarantee: that structurally related proteins in differerit
§pecies will pérform the same function_ (Nebert et al., 1989). '

The levels and activity of each P450 enzyme havé beén shown to vary from oné
individuél to the next, due to environmenfal and/or genefic féctors (Shimada et al, 1994).-

Decreased P-450 enzyme activity can result from: (1) a genetic mutation that either blocks the

synthesis .of a P-450 enzyme or leads to the synthesis of a catalytically comprorhised or inactive




enzyme, (2) exposure' to an environmental factor (such as an infectious disease or a 'xenobiotic)
that suppresses P-450 enzyme expressioh. or (3) 'exposulre_to a xénqbiotic that inhibits or
inactivates a pre-exisiting' P-450 enzyme. Increased P-450 enzYme activity 6an result from: (1)'
gene duplicationileading to overexpression of a P-450'enzyme, (2) exposure to environmental
factors, such as xenobiotics, that induce the synthesis of cytochrome P-450,‘ or (3) activation 6f

pre-existing enzyme by a xenobiotic (Parkinson, 1996).

In Vivo and In Vitro Cytochrome P-450 Activities Affected by RIF in Humans

To.date, human hepatic dytochrome P-450's known to be induced b;( RIF in vivo é're
CYP2C9, CYP2C19 and CYP3A4 (Parkinéon,« 19'96)'.VT‘he most abundant P-450 enzymes in
'human liver microsbmes_ beIonQ to the CYP3A ge_né.subfamily. AII.hu.man livers appear to
contain CYP3A4, 'a.lthough the levels vary_‘ enormously (> 107fold) amoung individuals (Wfighton
& Stevens, 1992; Shimada et al., 1994). CYP3A4 is also e)épreséed in the sfnall intestine:

In an in vitro study conducted by Morelvband associates (Morel et al., 1990), hepatocytes '
from adult and newborn humans in primary culture wére exposed to RIF. The expression of 'fouvr
cytochrome P-450 enzymes (or lg'r‘oups 6f enzymés; namely CYP3A,1 CYP2C8/9/10, CYP2E1,
and CYP1A2) was invesiigated. Th.ese enzymes remained expressed during the study period in
which the cultures were treated with VRIFV for th'rele days; RIF. was 'found. to increase both CYP .
2C8/9/10 mRNA iranscribtsand the correspondi_ng protein. Both CYP3A mRNA and protein were
_ also strongly induvced by RIF (P < 0.05 in all cases).'However, CYP1A2 and CYPéE1 expression
was unaffected by RIF. '

| In'duction of CYPSA by RIF in cultured hepatocytes correéponds well with in vivo
observations (Watkins et' al., 1985 & 1989). For exafnble, \pregnancies and menstrual problems
héve been observed in women dﬁ_ring co-administration of RIF and the oral contraceptive
17d-eth'ynylestradiol, which is oxidized by CYP3A4 (Guengerich, 1988). Induction of CYP3A

enzymes in human hepatbcytes was later c_onﬁrméd by Williams et al. (1994); an increase in
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CYP3A4 activity was documented as a significant increase in testosterone 6p-hydroxylation in

human hepatocytes exposed to RIF for 96 hours in culture.

Hepatic Microsomal Enzyme Activities Affected by Rifampin in Animals

The optimal dosages used to observe s‘igniﬁoant induction or inhibition of cytochrome
P-450 activities in response to RIF pretreatment merits emphasis on deciding what dosing
regimens are to be employed in treating the animals used in the current study The foIIOWinQ is a |
synopsrs of the different dosages of RIF effective in modulatlng hepatic enzymes.

In male NMRI mice pretreated with 2 X 40 mg/kg/day RIF orally for 1, 3 and 1 0 days

Heubel and Netter (Heubel & Netter, 1979) detected significant elevations of cytochrome P-‘450
content, liver weight, and microsomal protein, inhibition of ethoxyresorufin de.-ethylation and
biphenyl-4-hydroxylation aotivities and induc'tion of ethylmorphine activitiesf in another‘ study in
male ICR-Swiss mice (Pessayre & Maiel, 1976) in which mice were treated with 50 mg/kg RIF
intraperitoneally (i.p.) for 6 days, RIF pretreatment resulted in significant increases in cytochrome
P-450 total heme, liver weight, and NADPH-cytochrome c reductase (also known as cytochrome
P-450 reductase) without an increase in microsomal protein. Subsequent measurement of in vitro
microsomal drug-metabolism indicated that the metabolism of ethylmomhine, zoxazolamine,
benzpyrene and 17ﬁ-est'radiol were all signiﬁcantly inoreased. However,l' wh.en the same dosing
‘ reg‘imen was .applied to rats no significant changes in any' of the aforementioned‘microsomal
enzyme activities or in vitro microsomal drug metabolism vrere observed.

Subsequent study (Wrighton et al,l, 1985) of the effect of RIF on speciﬁchepatic
cytochrome P-450 activities revealed a formof rat liver cytochrome P-450, P-450_p, inducible by
RIF, and sh_aring 73% NH,-terminal amino acid sequence homology with rabbit cytochrome
LM3c. Rats receiving intraperitoneal injections of RIF (50 mg/kg/day) for four days exhibited no
significant elevation in microsomal P-450p Ievelsv'as measured 4by the amount of

-triacetyloleandomycin (TAO) - P-450p complex formation (Wrighton et al., 1985). On the other

hand, rabbits treated in the same manner, displayed significant increas'es_i_n P-450 LM3c levels

according to the degree of TAO complex formation. Subsequent measurement of the.effectlon




RIF pr'etreatmentl on erythromycin (EM) demethylase activity showed a lack of effect in rats and
‘a significant increase in rabbits. EM demethylase is a cafalytic activity characteristic of rat
P-450p and ité homologous form in rabbits, LM:",cA(Wrighton et al.,, 1985). At the same doses,
4ge‘rbi|s, hamsters and mice were aléo found to have significant. elevations in TAO complex .‘
formation and respectiVe EM‘ demethylase activity. | |

However, a brevious report by Piriou et al. (Piriou et al., 1983) demon_stfated that hi'ghe'r
doses of RIF in female rats, 400 mg/kg/day oral RIF for 8 days, résulted in significant elevation
of cytochrome bs, cytochrome i’-450, and_NADPH-cytdchrome_c reductase levels (nmol/min/
mg protein), as well as a signiﬁcant increase in benzphetémine N-demethylase activity
(nmol/min/mg protein). . ‘ .

L'ange. et al (1984) demonstrated that RIF (5_6 mg/kg, i.p. for 4 days) indﬁces
progésterone 6[3-hydroxylation and EM N-demethylation in rabbits. They'subsequently identified
cytochrome P-450 3¢ as the principal form of cytochrome P-450 induced in the livers of these
anjimals (Lange et al.,. 1985). An analysis of the .s‘eque'nce of P450 SCV(DaIet' et al., 1988a;Da.Iet
et al., 1988b) indicates that t’his enzyme is associated with class 3A , and it has been designéted _
as CYP3A6 in a uniform nomenciature based on seqqenCe compérisons (Nebert et al., 1989).'
Intérestingly, Lange aﬁd associates (1 934) compared the effect of three differeni doses of RIF
(25, 50, and 100 mg/kg, i.p.) for 4 days on micfosomal GB-pfog'esterone hydroxylage activity as a
measure of CYP3A6 induction in rabbits. All three doses produced significant increases in
CYP3A6 actiVity; 50 mg/kg and 100 mg/kg'_’ doses both produced a maiimal activity of
approximately 5 nmol product/mg protein/minute with no significant differeriée of» effect .between |
these two doses. | - .

Whitehouse and assoéiates (Whitehouse et al., 1985) observed a significant increase in
cytochrome -P-450 heme content and a decrease in cytochrome bs and ethoxyresorufin-o-
deethylase activities, 24 hours after.the last dose (50 mg/kg/day, i.p.) of 3 days.RIF pretreament.
This-Was aI_sé c_:onﬁrmed earlier by Heubel and Netter (Heubel & Netter, 1979) ip vitro with

0.05 - 0.06 M RIF.
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RIF was shown previously to induce both CYP3A6 and progesterone 6B-hydroxylation in
adult rabbit liver microsomes (La'ngé et al., 1984; Schwab et al., 1988). Potenza and coIIeagues
(Potehza et al.,, 1989) found that a singie injectic_m of 100 mg/kg RIF i.p.. elicited a >16-fold
increase in the conceniration of CY§3A6 24 hr following treatrﬁént in 1 week old animals;
progesterone 6p-hydroxylase activity was also. induced >10-fold. They also demonstrated that
the level of expression'of CYP3A6 mRNA and protein increased 'from infancy to adulthood in
| rabbits; the microsomal concentration of CYP3A6 varied over a rqughly 3-fold fange among
untreated, adult rabbits. |

In vitro investigation (Daujat et al., 1987) of the effect 6f R!F oﬁ_hepatécytes isolated
from untreateq rabbits and maintained in primary monolayér cultures demonstrated a
characteristic dose-fesponse felationship with the ef_fect of incréasing 'cqncentration of RIF(0 - 50
uM) on the level of CYP2_B and'CYP3A6. Microson"\es _weré isoléted from primary cultures of
hepatocytes which had béen exposed_to RIF. Concomitant with the indubtion of both forms,
benzphetamine demethylase and 6B-proge$teroné hydroxylase,'two monooxygenase activities
' specific of forms CYP2B and CYP3A6, respeciively (Héugen_ & Coon, 1976; Lange et al., 1985),
were increased according to the same dose-respohse pattem._ baujat etal (1 991) have recently
published a protocol fdr the induction of CYP3A in vivo in rabbits and in primary cultures of
animal and human hepatocytes. In the rabbit, RIF was found to signiﬁcantly induce the CYP3A6
enzyme when administered intraperitpheally dissolved (50 mg/ml) in 40 mM NaOH in water at a
dose of 50 mg/kg/day for 4 days. | |

It is important to mentibn‘ that thé most rigorous and accurate means of deterrﬁining |
which particular P-450 isozyme is:'being_ induced or _in}hibited by a drug is to measure both the
‘ level of that particular P-450 enzyme (e.g.--»western imn’iuhoblot) as well as the monooxygenase
acti.vity associated with t.hat pé_rticular isozyme. .Sevéral of the monooxygenase activities used in
‘acerta'iniﬁg the‘inductio‘n of a cytochfdme P-450 enzyme have'overlapping specificities within. a.

cytochrome P-450 family as well as between different families. As well, an increase in the level

of a cytochrome P-45'O enzyme does not always translate into a increase in activity of that




particular enzyme, as assayed by an increase in catalytic conversion of a substrate to a known

 metabolite, specific for that enzyme.

Concomitant Rifampin & Isoniazid Administration:
Does Rifampin Potentiate Isoniazid-induced Hepatotoxicity ?
Several studies ha\)e shown that INH-ihduced hepatotoxicity occurs more frequently and

severely when INH and RIF' are administered in combination than when INH is given alone.

However, there is evidence in support and against this premise. 'Recently, a meta-analysis

‘looking. at the incidence of the hepatotoxicity of INH .'administered without RIF and of INH

4adrvninistered together with RIF, based on a-MedIine search of English language published

evidénce between 1966 ahd December, 1989, was conducted by Steele et al. (Steele et al.,

1991). When studies within the meta-analysis were pooled according to .drug regimen, the

" incidence of drug-induced hepatotoxicity in 6,105 patients taking INH and RIF (2.55%) was

higher than 2,053 patients given INH with other antituberculous drugs échUding RIF (1.6%)
(p = 0.048). Studies in'childron were. also pooled. 1,502 children receiving INH and RIF had a
higher.iricid_ence of drug-induce.d hepatotoxicity (6.9%) than‘477 children given multiple-drug INH
regimenswithout RIF (1.0%) (p<0.001). '

‘ Historically, investigators hbave reported an increased incidence and severity of .INH-
induoed hepatotoxicity in patients Vr'ecéiying. INH and RIF as compared with INH or RIF in '
combination with other anfi(uberculous drugs (Smith et al., 1972; Constans et al., 1972; Lées et
al., ‘i972; Favez ef | al.,. 1972, Gronhégeo-Riska et aI_.,‘ 1978; Pessayre et al.,, 1977).
Consequently, it. appears that stu'dvies looking more closely at the effeot of RIF on INH-induc_ed.
hepatotoxicity are ba_sed on the vhypothesis t_hat the increase in incidence and severity of
hepatotoxicity with INH-RIF_combih_ation treatment is due to a potentiation of IN,H‘-induced

hepatotoxicity by RIF. It is important to mention, however, that in almost all these reports, some

‘ patients Had pre-'exiéting hepatitis, alcoholism, and predisposing risk factors which could possibly

potentiate the heoatotoxicities of INH and RIF. Moreover, in some of 'thése reports (Smith et al.,




1972.;‘Favez et al., 1972; Lees et al., 1972), investigators have claimed that INH potentiated RIF-
induced hepatotoxicity. Surprisingly, these investigators»also cl_aimed that RIF’s side effects were -
negligible when combined with other antituberculous drugs (e.g. ethambutol) |

in contrast, a double- blind placebo- -controlled clinical trial of RIF and lNH conducted in
patients with silicosis in Hong Kong (Hong Kong Chest Servrce/T uberculosis Research Center,__'
Madras/British Medical Research Council., 1992) demonstrated no potentiation of INH
hepatotoxicity by RIF. . |

Numerous clinical and epldemiological studies have documented the' “frequent
| . ~occurrence of tuberculosis amoung miners, especrally those with srlrcosrs although the reported
prevalence varies considerably from one study to another a rasko, 1956; Monaco, 1964;
Capezzuto, 1969). | | 4 |

Mycobacterium tuberculosis has been shown to grow more rapidly in 'macropnages.
exposed to sublethal .doses of silica dllSt, and the bacilli are released more rapidly into the
Surrounding medium (AIIison & D’arcy Hart ‘ 1968) Tne macrophage is the major effecto‘r cell in
: conferring resistance to tuberculosrs (Lurie, 1964). | |

In 1981, in a review of 358 patients with silicosis, 39% were found to have tuberculosrs
requiring treatment (Chen et al., 1976). Chemoprophylaxrs against tuberculosis could therefore:
be justified in a group witli euc'h a high risk of developing tiiberculosis. In the foregoing stt]dy, the -
population consisted of Chinese men aged <65 yrs wrth a history of exposure to srlica dust and a
diagnosis of silicosis of any severity confirmed by an independent radiologist in London, U.K..
The patients were allocated at random to one of four regimens: (1) RIF-only (R3): Rifampin,
600 mg daily for 12 weeks (wk), then placebo daily for 12 wk; (2) RIF-INH (HR3): lsoniazid, 300
mg, and rifampin, 600 mg, d'aily for, 12 WK, then placebo. daily for 12 wk; (3) INH-onIy (H_S):
Isoniazid, 300 mg daily for 24 wk; (4) Placebo (Pl): Placebo, daily for 24 wk |

Between April 1.-981 and September 1987, 679 patients: 172‘RIF¢only'/ 167A RIF-INH/ 173
'lNH-onIy/ 167 Placet)o were admitted to the study. For Various reasoné, of the remaining 652
. patients: ‘165 RIF only/ 161 RlF-INH/ 167‘ INH-‘only/ 159 Placebo, 520 completed their allocated

regimen without known interruption. Ana_lysis of adverse reactions demonstrated 'that a total of 8
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patients (1%) had hepatic reactions, none in the RIF-only series; 7 ’of tﬁese including 2 in the
Plecebo series, had only an asymptomatic increase in serum alanine aminotransferase (ALT)
activities, and 1 (INH-only) had symptomatic hepatitis but without jaundice. The regimen,
including'placebo, was stopped in 7 and interru.pted in patient 8 (RIF-INH). In summary,‘ most of
the'reponed reactions were minor, ahd only 26 patients (4%) had their regimens stopped
because of reactione,' including 4 (2%) in theiPIacebo 'series. The geemetric mean- serum ALT-
aetivities were higher in thle two INH series (RIF-INH and INH-onij than in the RIF-only series -
(p<0.001), and there was A'no evidence of any vsigniﬁ'cant difference between the RIF-only and
Placebo series. In the RIF-INH and lNH-onI‘y. series, the mean ALT activities fell once active
drug administretion was stopped.

Perhaps vthe most.imporlant_ observation that can be made in this study is an apparent
decrease in INH-induced hepatotoxicity in RIF-INH treated patients versus INH-only treated
patients based on a comparison of serum ALT activitiee. Although. net diseussed in the report,
the g_eometric mean serum ALT activities (n'= 272) in the INH-only and RIF-INH groups were ‘
similar durlng the first 8 weeks of therapy; beyond 8 weeks, ALT activities in ‘the RIF-INH group
fell below ALT levels in the H6 group. Similarily, the percentage of patients with raised serum
ALT activities (> 28 IU/L) was significantly less in the RIF-INH group compared to the INH-only
“group after the first month of treatme‘nt until ';he end of the third month, at which point therapy in

the RIF-INH grodp was stopped.

Isoniazid Hepatotoxicity - Aniﬁal Models

Pharmacological studfes in mice, rets, rabbits, dogs, and guinea pigs have confirmed
that the major toxicities of INH observed are convulsmns hepatac necrosis, and in gumea plgs.
(Heisey et al., 1980), dogs (Rubln et al.,, 1952), and rabblts (McKennis, Jr. et al., 1956,
Whitehouse et al., 1978 & 1983) hepatic steatosis.

The -difﬂculty with many of these stuAdies in enimals has been establishing a model fo;

INH-induced hepatotoxicity which not only resembles the observed toxicity in humans, but which
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Vi's aIsp reproducible. Recently, a rabbit model 'hasvreproduciblyvdemonstrated that INH induces
R both histopatholé)giéqlly and biochemically (elvevated mafker‘_liver enzymes in plasmé)‘detectable :
' hepatic neprosis anc'l‘ hépétib 'stéétbsié in gréater than 50°M/o‘ of rabbits after repé'ated bdcv>sing over

33'hours (Sérich et él., 14995). This model demonstrateé‘featuresvof INH-indyced hepatotoxi_city -.
observed in humans, iricluding evid_ence of hepatic necrosi;s,‘ known only to occur wit‘h repeated
dosirig,:»a‘ delay in 'the onset of toxicity, as well as interindiv\idual 'variability in the seVeﬁty of
toxicity. Interest'ihgly,'acetylation rate, in rabbits as in humans, is genetically deferminéd, énd is
typic‘:ally‘ bimodélly distributed into_ rapid'ahd slow acet.ylatorsy{acetylator pheﬁotype) of INH
(Frymoyer & Jacox, 1963); | o ‘ | -
Thus, having reviewed the aformentioﬁed literature, the most appropriaf_e model fdr thé
pufpose of my thesis Would appear to be tﬁat e;tablished by Sarich ét al: '(1 995). 'Améndme'nts to

this model incorporating RIF into the dosing regimen with be discussed in detail later.

Primary Hepétotdxi‘c Metabolite of Isoﬁaiiid '
- ACetylﬁydrazine ? |
| Earlier:studies in rats .and. mice have suggestéd that acetylhydrazine, a metabolite of
INH (following hydrolysis of acetyl-lNH) is the Hepatotoxin (Mitchei‘i et él., ‘1976). This finding was
later confirmed by Nelson et al. (1'976'a) who showed that Yc-labeled acetylhydrazine-derived
reactive inte‘rmédiétes bound to hepatic microsomes. in vivé, in ratsvi.n porportiqn_ to the degree of ‘
- hepatic necrosis. This was also shown, in vitroi,'using human and'raf hépatocytes (Nelsv,on'et al.,
1976b); T_heSe and other studies (Timbrell et al., '1'97'7;, Timbréll et al,, 1580; Bahri.et al., 1981)
led to” the prdposal that INH-inducéd hepatotoxicity occured as a resuit of the conversion of -
acetylhyarazine by hepétic‘cytochrome P-450 enzymes to uhknown reactive intermediates which
, .cévale‘ntly bound to intracellular proteiné leading to hepatib necrosis. INH |s acetylated to acetyl-
INH which is ihen converted tovacetlyhyd‘razine and isonicotinic acid by a microsomal érﬁidase
| (Timbrell et al, 1980), - |
Histological Studiés on the proposed acetylhyd.razine-ihduced hepatic necrosis héve al_sb |

éuggested a hepatotoxic capacity of acetylhydrazine (Mitchell et al., 1976; Lauterburg et al.,.
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1979; Bahri et' al., 1981'; Bahri et al., 1982; Woodward & Timbrell, 1984). However, none of these
studies included the measurement of hepatic aminotransferase activities in plasma, a more

objective and quantitative'measufe of the degree of hepatic necrosis.

Other studies that followed also placed doubt on the acetylhydrazine hepatotoxicity

hypothesis. For éxample, Wright et al. (1986) found that high doses of acétylhydrazine
(4.2 mmoles/kg) given to'phenobarbital-pretreated Spragu'e-DéwIey rats do not cause significant
elevations in aspartate aminotransfefase and/or ALT in plasma. Phenobarbital is a potent

inducer of hebatic enzymes.-AdditiohaIIy, .concomitant administration of INH and acetylhydrazine

reduced aceiylhydrazine—induced hepatotoxicity (Babhri et al., 1981) and inhibitéd acetylhydrazine ‘

binding to protein in vitro (Timbrell & Wright, 1979) and gave evidence that covalent “acetyl”

attachment to hepatic microsomal'mavcrom,olecules does not always result in -pathological -

damage (Woodward & Timbrell, 1984).

- Hydrazine ?

Historicallly, hydrazine has beén known to be directly hepatotoxic. Hydrazine is a known

hepatotoxin in rats (Scaies & Timbrell, 1982; Timbrell et al., 1982;> Jenner & Timbrell, 1994),
rabbits (Yard & Mckennis, Jr., 1955;-McKennis, Jr. et al, 1956; Noda et al., 1983) and monkeys
(Patrick & Back, 1965).

In vitro studies by Noda and associates have identified eNHNH, and diimide (NH=NH) as

potentially hepatotoxic free radical intermediates of hydrazine metabolism resuiting from
incubation of rat microsomes with hydrazine (Noda A et al.,, 1985a,b & 1988). In-the latter -

" investigation, Noda et al. (1988) found that NADPH cytochrome P-450 reductase catalyzed the

formation of these reactive intermediates from hydrézine;

Both acetylhydrazine and hydrazine are minor metabolites of INH. quever, 24-hour
éxcretion levels of hydraiine are reporfed to range from 0.4 + 0.1 (mean + standard error) to
1.0 £ 0.3 % of a 300 hg (2.2 mmole) dose of INH in rapid and slow acetylators, respectively

(Peretti et al., 1987).
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Gent et al. (1_992) showed that pfolonged elimination of hydrazine after administration of
INH results in a slowly rising plasmé bavseline |of hydrazine. This'apparent accumulation of
hyd_razine is ekagge%rated in somé patients; one patient With the highest plésma levels of
hydrazine had \eAIevated fplasma bilirubin and transaminases. A progressive accumulation of
hydrazine is seen with at least six weeks of treatment with INH. This possibly could explain the
delayed hepatotoxicity of INH which commonly ocﬁurs within the first 8 weeks of daily INH
therapy (Scharer & Smith., 1969)l, but which can also occur 24 weeks or longer into treatment
(Byrd et al., 1972). | | | |

Recentfy‘ studies in thié laboratory by ‘.Sarich et al. (1996) in rabbits that Were dosed |
subcﬁtaﬁeously with 0.36 mmoles/kg (50 ma/kg) INH followed by three 0.26 mmol/kg (35 mg/kg)
injections at 3 hr intervals 'fqr two days demonstrated that: (1) pIas’mav acetylhydrazine
concentration at 32~hr dbes not correlate with blasma argini‘noshcci‘nic acid Iyaée (ASAL) activity
as AUC (r2 = 0.02; b<0.50), log plésma'ASAL activity at 48 hr (? = 0.03; p<0.50) or log peak
plasma ASAL activity (r2 = 0.06; p<0.50); plasma acetylhydrazine at 48 hr‘:also did not correlate
With any marker of he'pétic nec-rosis;v(Z) plasma hydrazine Concentration at 32 hr correlated
significantly with plasma ASAL activity as AUC (© = 0.54; p<o.062), log plasma ASAL activity at

48 hr (* = 0.53; p<0.005) and log peak plasma ASAL acti\)ity (F = 0.41; p<0.02).

Rifampin’s Role in Isoniazid-induced Hepatotoxicity

Rifampin’s Effect on Hydrazine as a Hepatotdxic Metabolite of Isoniazid' |

Animal Studies

To fuﬁhér_ complicate the issue -of elucidating the -mechanism of INH-induced

hepatotoxicity, Noda et al. (Noda A et al., 1983) found that rabbits pretreated with RIF (30 mg/kg,

AR fqr 6 days followed by INH (30 mg/kg, orally) exhibited no remarkable changes in plasma

levels of INvaetaboIites,' acetyl-INH, ac_;etylhydrazine, and diacetylhydraz'ine, with the exception

of hydraiiné. After oral administration of INH or hydrazine hydrate (6.25 mg/kg, i.v.), AUCqgn

. -values of hydrazine plasma levels in RIF-pretreated animals were signiﬁcantly‘less than those in
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the control group. 'i"he.eliminat'ion rate constant (k) of hydrazine in urine was signiﬂcantiy greater
in the RIF-pretreated group (k = 0.55 £ 0.03/hr) than control (k = 6.75‘1 0.03/hr)(p < 0.01, single-
compartment model). vHepatic 'cytochrome P-450 content in RIF-pretreated rabbits was
signiﬁcantiy elevated relative to control with no significant effect on NADPH-cytochrome P-45_0
reductase activity. Interestingly, however “histological examination further shOwed in RIF
pretreated rabbits, more extensive hepatlc necrosis than controls. Noda and associates
bsuggested that the mam metabohc course of hydrazine is oxrdatron and that the RIF inductive

effect of cytochrome P-450 activity might prompt the oxidative degradation of hydrazme to

nitrogen (Nz) via some hepatotoxrc species, such as hydroxyhydrazrne (HzNNHOH) dumide

, (HN=NH) and/or other compounds. This was later confirmed in vitro by Noda and colleagues

(Noda et al., 1985a,b; 1987; 1988). Noda et al. (1985a) also demonstrated, in rats, that RIF

(30 mg/kg, i.p. for 6 days) and/or phenobarbital (PB) pretreatment (50 mg/kg for 3 days) followed

by a s_ingle injection of INH (40 mg/kg, i.p.) 'resulted in a significant decrease in liver and plasma

hydrazine levels, at 2 hours and 4 hours for RIF and PB pretreatment groups, respectively, as
-compared to control. Acetylhydrazine concentrations .in both liver and plasma, however,

| remained unchanged for both RIF and PB pretreatment protocols. Using the same pretreament

protocols outlined above, Noda et al. (1985a) also found a decrease in hydrazine plasma levels

after intravenous injection of 5 mg/kg hydrazine sulfate, with phenobarbital-pretreated rats only

showing a statistically signiﬁcant decrease. The preceding two reports demonstrateta similarity of

the effect of RIF pretreatment on the fate'of INH metabolism between rats and rabbits, ‘ha.ving

_used similar dosing regimens.v '

However, although Noda et al. (1 983'& 1985a) observed that RIF. pretreatment in rats
and rabbits produces a decrease in plasma levels of hydrazrne resulting from the metabolrsm of
INH, nerther of the studres adequately demonstrate a potentiation of INH-induced hepatotoxrcrty
That is, Noda et al.'s (1983) hrstologlcal finding of more marked INH-induced necrosis in rabbit
livers was not quantitated to any degree. For example, no grading system for assessing the
degree of liver damage was utilized. Furthermore, Noda etal.‘s’ (1985a) study in rats did not

include any assessment of drug-induced hepatotoxicity by INH or RIF.
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‘Other studies hy Thomas and associates (1981) in rabbits pretreated with -RIF'(I100
ma/kg/day, orally) for 7 days followed by-a single oral dose of M4C-INH 50 mg/kg showed no
signiﬂcant effect of RIF pretreatmentvion' the _Ievels of the IV"NH urinary metabolites, hydrazine,‘
- acetylhydrazine, or diacetylhydrazine. On the other hand, a subsequ-ent study by Thomas et al.
@ 987) looking at the effect of RIF pretreatment on the metabolism of acetyl-INH; showed that
RIF pretreatment causes an elevatnon |n plasma Ye- acetylhydrazme and a decrease ‘in
- dracetylhydrazme at 6 hours foIIowmg a 200 mg/kg dose of 'C- acetyl INH A possrble
explanation suggested was an effect of RIF on hepatlc amldase actrwty However Whitehouse |
et al. (1985) have shown that RIF and PB pretreatment do not affect amldase activity in the
' ‘_ rabbit and acetyltransferase is consndered non-mducrble (Timbrell et al.; 980) The lack of effect
of RIF pretreatment on the covalent btnding of 14C-acetyI-INH and |ts metabolltes to hepatlc
'protein (T homas et al 1987), as' weII as the Iack of effect of RIF on the‘metabolism of INH
shown by Tlmbrell etal. (1 985) led Thomas and associates to conclude that RIF pretreatment is
not hkely to sagnlf cantly mcrease the -risk of hepatotoxicity, when INH is concomltantly

administered to the rabbit.

Human Studies

Yet another conﬂrctlng reporl on the effect of RIF on INH induced hepatotoanty was‘
_later presented by Sarma et al. (1986), in humans. Sarma et aI (1 986) measured the proportlon
of INH metabohzed to isonicotinic. acid and hydrazme in 6 slow and 8 rapid acetylators
estlmated from the- ratlo of totaI |son|cot|n|c acid to acetyl- INH in urine, in the fi rst6 hours after
'" admlmstratlon of INH or acetyI-INH In sIow acetylators this proportlon was approxmately 3%
when INH alone was admmlstered and approxnmately 6% -with the combination of INH and RIF
(p<0. 001) In rapld acetylators these proportlons were sngnlﬁcantly less at <1% and 25%,
respectrvely Sarma and colleagues suggested that INH hydrolase (amldase) was induced by RIF
~ and that the mcreased formation of hydrazine (based on an indirect estimate of the amount of
: hydrazine 'produced ‘during' RIF-,INH v"therapyj),could 'expl"ain the increas.ed frequency of INH-

‘ induced hepatotoxicity in slow than in ra'pid.acetylators in tuberculous patients receiving INH plus o
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RIF. Furthermore, Parthasarathy et al. (1986) found that hepatotoxicity in South Indian patients
during treatment of tuberculosis with short-course regimens coniaining INH, RIF, and PZA
occured more often in slow as comparéd with rapid acetylators of INH, the proportions among
those whose acety_lator phehotypevh_aving b_een determihed to be 11% of 317 slow acetylators
~and 1% of 24_4 rapid acetylators.- Simil_ar results were observed by other inv'éstigators4who
observed signi'.ﬁcantly' higher vlevels of‘total and free hydrazine in plasma and whole blood
‘ reépecﬁvely (by gas chrqmatog'raphy electron impact mass spectrometry) in slow versﬁs rabid
acetylators of INH (Beever et al., 1982; Blair et al., 1985)‘. | |
The aforementiohed human 'st.udies'further add to the conundrum sﬁrrounding the
mechanism of action of R_IF's‘effect qn INH-induced hepatotoxicity. Although, both. animal and
"human studies report éonﬂicting data revgz‘a.rding the effect oleF pretreafment on the levels of
INH metvabolites, many claim an increase in the incidence and/or severity of INH-induced
hepatotoxicity. In most cases, however, the claim to a potentiétion of INH-induced hépatotoxicity
is sﬁggestive, in the sénse that, there often was neither concomitant measure of plasma
aminotransferasé Ievéls such as ALT or ASAL both of which ére écéepted as measures of the
degree of necrosis in the Ii\)er, nor measuremeht of hepatic and/or plasma triglyceride levels
. which are indicators of the degree' of hepatic steatosis. |
| . It is sometimes difficult to compé_re human versus animal experimental results
conceming the effect of RIF on' INH-induced hepatotoxicity. However, the pharmacokinetic
similérities bétween huméns and animéls for these drugs mentioned thus far should allow one to
include observations in all species in attempting to explain the mechanism underlying' this
interaction. More importantly though, there generally does nbt appear to exist a study which
examines all aspects of INH-inducéd hepatotoxicity, such as r_neasurement of INH metabolites,
phenotyping of acetylator stat(;s, and measurement of plasma aminotransferase Ieyels. ‘One of
the aims of this thesis is to examine the effect of RIF on INH-induced hepatotoxicity by

monitoring all of these variables.
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Animal Models

Our laboratory :has recently established a' reproducible model of INH-induced

~hepatotoxicity in rabbits. This model has'reproducibly demonstrated that INH induces both

hrstopathologlcally and blochemlcally (elevated marker liver enzymes in plasma) detectable ‘

hepatic necrosis and hepatic steat05|s in greater than 50% of rabbits after repeated dosmg over

. 33 hours (Sarich et al., 1995). Additionally, there exists a similarity in the features of INH-

1

.induced hepatotoxicity observed in humans with those seen in this model, including evidence of

“hepatic necrosis, known only to occur with repeated dosmg, a delay |n the onset of toxicity as

well as mtermdlvudual variability in the severlty -of toxicity. Interestingly, acetylatlon rate asin

humans, is genetically determined, and is typically bimodally distributed into rapid and slow

'ace.tylators (acetylator phenotype) of INH (Frymoyer & Jacox, 1963).

Thus havmg reviewed the aformentioned literature, the = model of INH induced

hepatotoxncrty in animals is that established by Sarich et al. (1995). To summarize, then, the

-administration schedule for IN_H »in this mpdel involves doses of 0.36 mmol/kg (50 mg/kg)

followed by three 0.26 mmol/kg (35 mg/kg) doses at 3 hr intervals on day 1; the entire

* administration prptocolvis repeated on day 2.

Having established a dosing regimen for INH in male New Zealand white rabbits, the

remaining component of the overall treatment protocol consists of a pretreatment stage with RIF

" followed by concomitant use of RIF and INH, the entire protocol being representative of an acute

study in rabbits.

In deciding upon what the most appropriate protocol is for the RIF compon‘ent of the
animal treatments, the following factors: are considered:‘employing a dosing regimen for RIF
Which weuld: (1) significantly induce CYP3A6 levels alnd the corresponding Gp-pregeaterone
hydroxylase activity as weI:I as inhibit or induce other cytochrome P-450 activities shown to be
affected by RIF, and (2) conform'to the protocols of RIF pretreatment used to dentonstrate

significant differences in the incidence and degree ef INH-induced hepatotoxicity, as determined

by changes in levels of me_tabolites of INH and/or elevations of plasma aminotransferase levels,



in rab't)its;
One of first reports 'of*th_e effect of RIF pretreatment on INH metabolism in rabbits
showed a reduction in acetyl-INH excreted in urine when ’RIF (100 mg/kg/day, p.o.) was
administered for 7 days followed by a single dose of INH (50 mg/kg p.o.) (Thomas et al., 1981).
~ Noda et al. (1983) used a pretreatment of 30 mg/kg RIF (p.o.) for 6 days followed by a smgle
dose of 30 mg/kg INH (orally) or hydrazine hydrate (6 25 mg/kg, i.v.). and observed no changes
in plasma levels of acetyI-INH, acetylhydrazlne,.or diacetylhydrazine Wlthv the exception of
hydrazine, the AUCMh, values'in plasma bei'ng Significantly-less in RIF pretreated animals than
control. in the same study, RIF treatrnent increased cytochrome P-450A levels and histolog'ical‘
~studies demonstrated more severe ‘hepatic necrosis in '-R'IF-pretreated rabbits comvparedgto'
control. | | | | .
| Lange and colleagues (Lange et al., 1984 & 1985) 4obs_en‘/ed significant induction of
‘ cytochrome P-450 LM3c (equivalent to_ CYP3A6, Nebert et al.,, 1989) and in'hibition of LM4

(equrvalent to CYP1A2: Nebert et aI 1989) after administration of 50. mg/kg/day RIF for 4 days

to rabbits. LM3c mductlon was further confi rmed by mcreased 6;3 progesterone hydroxylase s

(Lange et al., 1984 &1985) and erythromycm demethylase (Lange et al.,v 1984 &1985; Dalet et
..1986) activties. - | | ’

RIF was. also found to sngmf“ cantly increase cytochrome P 450 heme content,
microsomal protem, and cytochrome bs actrvrty wnth a concomitant decrease in ethoxyresorufin-
o-deethylase- acti‘vity (an activity believed to be associated vyith CYP1A1 'gene Nebert et al.,
1989) in rabblts treated 7 days oraIIy with 100 mg/kg RIF (Whltehouse L W et al., 1985)

Subsequent studies on the effect of RIF pretreatment on acetyi- -INH metabolism'in the
rabbtts recelvmg 100 mg/kg/day oral RlF for 7 days followed by a single dose of oral 200 mg/kg
[‘4C]acetyI-INH res.ulted in significantly less plasma (diacetylhydrazine and signiﬁcantiy more
: pvlasma acetylhydrazine than in the.control group (T homas et al. .'1987) No signifi cant‘ changes
‘in covalent binding of [14C]acetyl INH to hepatic protein (a measure of INH- rnduced

hepatotoxncrty) was seen w:th RIF pretreated rabbits compared to control Still other mvestlgators

have ' found srgmﬁcant induction of CYP3A6 and correspondlng EM demethylase and




' 6[3-progesterone hydroxylase activities with 2 (Pineau et al., 1991) and 4 days (Daujat et al.,

1991) of intraperiton'eal treatments of rabbits with RIF (50 mg/kg/day).

- Perhaps the study. which best describes’a dosing regimen for RIF which effectively
induces CYPSAS in rabbits is that by Lange et al. (1984). In this study, 3 different doses of RIF
(25, 50,‘ and 100 mg/kg/day, i.p.) for 4 days, were. used to determine thebest dose for‘ induction

of CYP3AB. Interestingly, both t_he'50 and 100 'mg/kg doses produced maximal induction of 6p-

| progesterone hydroxylation as a measure of CYP3A6 activity. Most recently, a methods paper by

Dau;at et al. (1991).describing a protocol for the mductlon of CYP3A in rabbits demonstrated that
RIF is a strong inducer” when adminsitered intraperitoneally as dlssolved (50 mg/ml) in 40 mM
NaOH in water at a dose of 50 mg/kg/day for 4 days.

Th’usj, based on a review of the literature, in the present study, the RiF-INH dosing
regimen chosen commences with a pretreatment stage consisting of intraperitoneal injections of
50 mg/kg/day RIF for 7 days. Then, on the 8th day of the protocol, concomitant with continued

RIF dosing, administration of iNH is initiated and involves subcutaneous injections of 50 mg/kg

~ followed by 3 - 35 mg/kg doses seoarated by 3 hour intervals for 2 consecutive days. The

experimental approach used in the animal experiments are outlined in further detail in the

Methods section of this thesis.

Questions

It is quite evidentthat two issues remain to be resolved regarding the __effect of RIF on
INH-induced hepatotoxicity: (1) Does RIF potentiate_ INH-induced hepatoto;(icity<? (2) By what
mechanism does RIF modulate INH-induced hepatotoxicity, if indeed RIF does effect INH-
induced hepatotoxicity ? The literature provides conflicting evidence pertaining to both issues.

Thus, the following experiments aim to strengthen our understanding of RIF's effect on INH-

induced hepatotoxicity, using the rabbit as a model, as well as give insight into the mechanism

involved in this interaction.




Hypotheses

. RIF pretreatment would increase the incidence and severity of INH-induced hepatotoxicity in

the aforemention rabbit model. -

Underlying Premises

RIF _pretreatment'would result in a decrease in plasma hydrazine levels in rabbits

~administered RIF &:INH as compared to those receiving only INH.

RIF woulq'cause a stgntficent increase in hepatic cytochrome P-450 levels.

RIF would induce cytochrome.'P-4.50 reductase activity.-

RIF would have no effect on CYP2E1 activity.

RIF would have no-effect on hepatic microsomal amidase activity.

RIF-induced decreases in plasme hydrazine levels would be due to the conversion of
hydraz.ine to an unknown hepatotoxi'c metabolite by the induction of hepatic microsomal

enzymes either by:

an increase in cytochrome P-450 reductase activity or

' ~an increase in- cytochrome P-450 isozyme actlvmes for example CYP3AB6, as seen in part

by an increase-in cytochrome P-450 levels or

a decrease in the activity of an unknown cytochrome P-450 |sozyme as seen in part by a
.decrease in cytochrome P-450 levels. ‘

RIF alone would produce no significant signs of drug-induced hepatoxicity.

, Underlying Premises

RIF alone would not produce any -sign"iﬂcan.t chahges in peak plasma ASAL and ALT levels

(measures of hepatic necrosis) as compared to control animals.

RIF alone would not produce any significant changes in hepatic triglyceride accumulation

' (a measure of hepatic steatosis) and plasma triglyceride levels as compared to control

animals.
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Objectives

The following is a summary of varnables measured in assessing the interaction between

RIF and INH using the aforementloned protocol

e Plasma argininosuccinic acid lyase (ASAL), alanine amino transferase (ALT) and plasma
a_nd liver triglyeeride (TG) levels as measures of the degree of INH-induced hepatotoXicity

and the effects of RIF on this toxicity..

e Plasma hydrazine levels (12 & 32 hours after the first dose of INH) as a measure of the '

amount of hepatotoxic metabollte formed in response to INH and RIF-INH treatments

e In vitro hydrazine production in liver microsomes (livers extracted at 48 hours of the INH

component of the RIF-INH protocol) pre-incubated with INH. The purpose here is to

~

~ determine the effect of INH & RIF on hepatic amidase activity. -
e The effect of RIF and INH on microsomal NADPH-Cytochrome P-450 reductase activity.

e The effect of RIF and INH on total hepatic cytochrome P-450 heme content.

e The effect of RIF and INH on microsomal CYP2E1 activity. -




Further Objectives

K3

To determine:

whether RIF alone causes signiﬁcarit necrosis and/or steatosis of the liver. _

e whether RIF potenfiates; decreases or hasno effect on the degree of INH-induced

hepatotoxicity.

e whether there exists any relationship (association/significant correlation) between plasma
hydrazine Ievels’and the degree of INH-induced-hepato"(oxicity in both Vehicle-INH and RIF-

“INH treated animals.

o whether there exists any relationship between the activities of the hepatic microsomal
enzymes examined (CYP2E1, cytoc'hrome'P-450 reductase, and amidase) and the degree of

INH-induced hepatotoxicity in both Vehicle-INH and RIF-INH treated animals.

e the mechanisrﬁ by which RIF modulates INHQiriduced hepatotoxicity bésed on RIF_’s effect on
these parameters(a_bove)._ | V

and: |

e provide further insight into the mechanism of INH-induced hepatotoxicity based on the

 results obtained from the parameters measured above.

o ifRIF is seen to potehtiaté INH-induced hepatotoxicity: to attempt to elucidate whether RIF’s
-potentiation of INH-induced helpatotoxicty. is additive (e.g. RIF has ‘its ‘own mechanism of
idxicity which does nbt éffect INH-induced toxicity) or synergistic, for example: 1) RIF has its
own mechanism of toxicity which alsd potentiafes INH-induced hepatotoxicity of 2) RIF alone

S

is not hepatotoxic, but has an effect which potentiates INH-induced hepatotoxicity.
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Methods

Materials:

Rifampin was suppﬁed as a gift by‘ Ciba-Geigy Canada Ltd. Isoniazid was purchéséd, .
. from Sigma Chemical Co.. HPLC solvents: Acetonitrile- (MeCN), Methanol (MeOH), Sodium
Acetate (NaAc), and Water (Hzo) were all HPLC‘gréde and/or prepared with .HPLC grade sz
purchased from.Fi.sher Séientiﬁc Ltd. The alanine aminotransferase (ALT) activity a.sséy'kit was
purchased"bfrom ‘Sigma Chemicél Co..'Xerné. was purchased from Fisher Scientific Ltd..
Reag.ents for the argininosuccinic acid lyase (ASAL)‘ actiyity assay include: barium
argininosuccinate (coriverled to the sodium salt by admixture with sodium sulfate and
‘centrifugatioﬁ) and ,2,4-dichlor6-1-naphthol purChaséd from Sigma. Other reagents required for

the following assays were obtained from local suppliers and-Were all of reagent grade.

Physical and Chem)‘cal Properties of Rifampiﬁ
In appearance, RIF is a brick-red, érystalline powder, sparingly soluble in wéter, but
freely solu.ble in organic solvents such as chloroform (Lepetit., i968). As a dry powder in a
sealed contéiner ét 25 °C or less, it is stable for five years; in solution, how’evér, it decomposes
ra_pidly at room temperature. However, Mi_tchisdﬁ et al. (Mitchiso.n DAetal, 1970) reported that
RIF antimicrobial activity in eight urine specimens after storage at 4°C lost only 10% of its
Aac'tivity in six days. | |
RIF was freshly prepared o.n‘ a weekly basis su_fﬁcient for the treatment of a groub of 10
rabbits (a total of 40 rabbits utilized in this study was divided into 4 sets of 10 rébbits.each over a
‘ period of two mohths) at a time. The RIF solution was then al'iquo'ted into 9 daily portibns. Then,
' §n the morning of éach day of RIF dosing, an aﬁquot was thawed and immediately administered
to the fabbits. A AOSe of 50 mQ/kg RIF (i.p.) was ach’ievéd with a volume of 1.5 bmllkg of the

RIFsolution (33.3 mg/ml in 40 mM NaOH). 'Previous' experiments by Daujat et al.
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(1991) involved dissdlving RIF (50 mg/ml) in .40 mM NaOH and injecting this RIF solution at

1mi/kg volume.

Animals:

Fbrty New Zealaﬁd méle whité rabbiis weighing 2 - 3 kg were obtained from the Animal
Caré Unit at the University of British Columbia. Throughout the entire protocol the rabbits were
housed in stainless steel cages with access to food band water ad lib. The rabbits were housed
‘ 'and treated in groups of 10>animals. A 12'hoﬁr light/dark cycle was also included. This broject

was approved by the University of British Columbia Committee on Animal Care.

Phenotyping:

| N-acetyltransférase-z is the enzyme responsible for tHe polymorphic acetylation pf both
sulfamethazine and isoniazid in-rabbits énd humans (B'lum'et al., 1989; Vatsis et 'al., 1995). The
use of sulfamethazine for acetylation phenotyping has prdven to b.e a reliable technique based
on similar écetylation characteristics of sulfmethazine in rabbits and acetylation of INH in vivo
and in vitro (Gordon et él., 1973). Only rabbits in the Veh-_INH and RIF-INH treatment groups
were phenotyped for"acetylator status 3 days pﬁor to corﬁmencement of the dos;ing regimen
. including rifampin (RIF) and isoniazid (INH). A 3 day accl.imatization peﬁod was allotted before
phenotyping. The method used was adopted from a similar protoc;ol -established by Fischer and
Koltz (Fisch'er C & Klotz U., 1978). A 0.036 mmol/kg (10 mg/kg).dose of suifametha_zine (SM2)
was injected in the lateral ear vein. Then, a1 ml blood sample was withdrawn from the opposite -
lateral ear vein using a heparinized 1 ml tuberculin syringe, 20 minutes following the SMZ
injection. The resulting plasma Asamplés obtained we're assayéd for SMZ, and its metabolite
acetylsulfamethazine (AcSMZ), using high pefformance |iquidv chromatography (HPLC). An ISCO
" model 2350 HPLC pufnp. fitted with an ISCO ISIS Autoinjector/Autosampler, an ISCO v“.® uv-

Variable Wavelength Absorbance Detector and: the. Chemresearch™ Chrdmatographic Data

Management/System Controller (Version 2.4 for IBM-PC®)_ was employed. Prior 'to loading




samples onto a CSC Select ODS-2 (5 prh - 10 x 0.46 cm)(Chromatography Sciences Company
Inc.) HPLC column, a work-up step in preparing the samples for injection was included. '

The analytical procedure used for the quantitation of SMZ and AcSMZ in plasma

. samples was developed and validated in this laboratory (Sarich et al., 1997). The work-up Step is

_ as follows. 100 uL of MeCN was added to .an equal volume of plasma and 10 uL of 250 uyM

sulfamerazine (SME). The combinaiion was vortexed and incubated for six minutes (at room

" temperature) at which point 200 uL of distilled water was added and vortexed and finally -

centrifugated for six minutes at 12,700 x g. The resulting supernatant was injected onto'the
HPLC column. The solvent system used consisted of a mixture of 0.01M NaAc, 13.5% MeOH

and 7.2% MeCN (pH 5.0) pumped at 1 mL/minute. This solvent is a 10% dilution of the

Abhenotyping selvent used' by Sarich et al. (1997) because of differing lengths of'chromatographie

columns ueed by Sarich end myself; the dilution was necessary to resolve the SMZ and AcSMZ

peaks. All solvents were filtered prior to use _(0.45 pm pore, 45 mm Nylon filters, Micron

Separations Inc.) and degassed in situ. Room temperat'ure ranged from 23-25 °C. The retention

times of SME, SMZ, and AcSMZ in plasma were approximately 4, 6, and 7.5 minutes,

respectively. The retention‘times of these standards did not differ significantly in propanol, blank

plasma, or plasma samples.

"Plasma 'concentrat'ions of AcCSMZ and SMZ were determined by combariSon with peak

_ areas of standard solutions of SMZ .and AcSMZ both prepared as 0.01 mg/mL stock solutions

(Tables 1, 2, & 3). Peak areas were detected at 254 nm. .

S"(andavrd curves of SMZ and AcSMZ in plasma were made as follows. A standard curve
of SMZ was prepared using blank rabbit plasma spiked with SMZ at concentrations of 25, 50, 75,
100, 125, 150, and 175 uM. ;l'he standard curve had a correlation eoefﬁcient " of 0.999, a slope

of 0.216 (95% confidence interval: 0.210 to 0.221) hv-seconds/pM SMZ and a y-intercept of

- -0.596 (95% cenﬁdence interval: -1.173 to -0.621) mV-seconds/uM SMZ (Table 1; Fig. 3)..The

equation:y=mx + b (where y is the peak area in mV-seconds, x is. the concentration of plasma

SMZ in uM, and b is the y-intercept equal to “0") was used to convert peak areas of SMZ




:(mV-seconds; dgtermined by computer-aided integration) into SMZ concentration. The slope of
the standard cufve obtained using this equation had .a correiation coefficient (r) of 0.9‘99Aand a
slope of 0.2111 (95% conﬁdénce interVaI:. 0.268 to 0.214) mV-seconds/pM SMZ.

A standard curve of ACSMZ was constructed using_blank rabbit plasma spiked witﬁ
AcSMZ at cpﬁcentrations_ of 25, 50, 75, 100, 125, 150, and 175 pM. The standard curve had a
correlation coefficient (rj of 0.999, a slope of 0.270 (95% confidence interval: 0.262 to 0.277)
rhv-seconds/pM ACSMZ, and a y-intercept of -1v.551 (95% confidence interval: -2.423 to -b.678)
mV-.seconds (Table 1; Fig. 4). The equation y = mx + b (where b, the y-intercept = 0) was used
to calculate pnknoWﬁ concentrations of ACSMZ in plasma samples. The slope of this stan‘dard
curve had a corfe,lation' coef_ﬁciént (r) of 0.998 and a slope.df 0.257 (95% ‘conﬁdence‘ interval:
0.250 to 0.264) mV-seconds/uM AéSMZ.

A unknown pgak 6bsiarved in’ some blank plasma . Qas subtracted frorh a sfmilar
interfering vpeak in SMZ and AcSMZ standards in plasma. This unknown peak may have
accounted for the fact that.some of the standard curves did not go through the origin. |

Both the SMZ a‘nd‘AcSMZ standard curves were prepared immediately prior to running
of ‘the samples. Althougﬁ the sample range for SMZ (8 - 50 pM) and AcCSMZ (128 - 226 uM) was '
outside the. standard range (25 - 175 ;;M) fof both SMZ and AcSMZ, the slope of the AcSZM
" standard curve (0.257;'95% cdhﬁdénce interval: 0.250 to 0.264) occurs within.the'(.:onﬂdence

i.nte'r'val 'fo_r the AcSMZ stand-aird curve cdnstrUCteq 'pre\/iously by'T'.: C. Sarich (Ph.D. Thesis,
1997) in this [aboratory. The slbpe of thé SMZ standard curve, 0.211 (95% confidence interval:
0.208 t0 0.21 45 mV-seconds/uM SMZ is close (< 5% difference when comparing 95% édnﬁdence :
intervals) to that prepared previously by T. C._Sariéh (Ph.D. Thesis, 1997). Therefore, samples
outside of the stand_ard rangé wére still inbldded in calculating %.acetyiélion Qf smz iﬁ

- determining acetylator phenotype. |
The oyerall variance of this assay was determined .by calculation of the coefficient of

variance using the internal standard su‘lfamerazine (SME). SME was added as a 10 ulL aliquot of

‘a 250 uM solution in propanol. The coefficient of variation of the peak areas of SME over 23
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" sample runs was 4.5% (Table 1). This overall variahcé representé boténtial variance introduced
into the assay by volumetric, photometric,iautoinjector volume (35 -uL), time and temperature
vafiables. ' |

After having calculéted the concentrations of SMZ and AcSMZ in the plasma samples,
the réﬁo of AcSMZ/(SMZF+ AcSM2Z), a measure of the percentage of sulfamethaiine acetylated
in 20 minutes, was used to determiﬁe acetylator 'sta'tus.. Rabbits were then classified as either
rapid‘ or slow acetylators if greater than 50% of SMZ was acetylated and less.than 50% of SMZ
was acetylated, in- 20 minutes, respectively. A bimodal ldistribution of SMZ acetylation similar to
the characteristié bimodal distribution of INH acetylation has been previously demonstrated in

rabbits (Gordon et al., 1973).

Table 1

Validation Summary - Acetylator Phenotype Assay

Sulfamethazine (SMZ) & Acetylsulfamethazme (AcSMZ)

, _ . Sulfamethazine Acetylsulfamethazine
Standard Range: , 25-175 M ~ 25-175pM
Sample Range: 8-50 uM ' 128 - 226 yM
Specificity: . A small peak present in blank plasma interfered to a small

: ‘ degree with some of the acetylsulfamethazine peaks.
Linearity: SMZ (plasma): 1) r=0.999; slope = 0.216 (0.210 to 0.221);
. ' ' y-int = -0.596 (-1.173 to -0.017)
AcSMZ (plasma): 2) r = 0.999; slope = 0.270 (0.262 to 0.277);
y-int = -1.551 (-2.423 to -0.678)

Slope used in Calculation:
Slope (m) of Standard Curve: | 1) r = 0.999; slope = 0 211 (0.208 to 0.214)
Equation:y =mx +b (b =0); | 2) r=0.998; slope = 0. 257 (0.250 to 0.264)
x = [Hz]; y = peak area .

Volumetric Variance of , :
Analytical Procedure: 4.53 % (CV% derived from sulfmerazine peak/internal standard -
variability over a total of 23 runs)

: oValues in Brackets { ) represent 95% confidence interval;
+CV (Standard Devuatlon/mean)(SD/mean) represents the coefficient of variation.




Table 2

Sulfamethazine & Acetylsulfamethazine

Standard Peak Area Determination

Expected Observed
[Standard] [SMZ] - (uM) [AcSMZ] - (M) ‘
(nM) % - Accuracy _ % - Accuracy
' (n=2) ' (n=2)
25 23.3 93.3 20.8 83.3
50 48.6 97.2 47.3 94.7
75 73.6 98.1 70.9 94.6
100 99.6 99.6 99.3 99.3
125 122.7 98.1 124.0 99.2
150 150.6 100.4 1496 99.8
175 177.6 101.5 179.5 102.6

+SMZ: Sulfamethazine; AcCSMZ: Acetylsulfamethazine

Table 3

Sulfamethazine & Acetylsulfamethazine

- Standard Peak Ratio Determination

Peak Ratio Phenotyping Ratio
Expected | Observed |
AcSMZ/(SMZ+AcSMZ) Ratio: Ratio:
175/(25+175) 0.875 0.885
150/(50+150) 0.750 0.755
125/(75+125) 0.625 0.628
100/(100+100) 0.500 0.499
75/(125+75) 0.375 0.366
50/(150+50) 0.250 . 0.239
- 25/(175+25) 0.125 0.105

+SMZ: Sulfamethazine; AcSMZ: Acetylsulfamethazine




Rifampin-lsoniazid Injection Protocol:

After having been avcclirnatize'd for 3 days following phenotyping, rabbits received
intraperitoneal inje'ctions of 50 mg/kg/day RIF for 7 days (pretreatment period) followed by 2
days of concomitant INH and RIF administ_rétion. ‘Tne RIF was dissolved using 407 mM sodium
hydroxide (NaOH) (33.3 mg/ml)'as previously described by Daujat et al. (1991). The INH ddsing |
schedule was the same as that prevuously descnbed by Sarich et al (1995). Day eight mvolved -
an mtrapentoneal |nJect|on of RIF (50 mg/kg/day) followed by a subcutaneous injection of 0.37
mmoles/kg (50 mg/kg) and 3 subsequent 0.26 mmol/kg (35 mg/kg) INH lnjectlons at 3 hour

mtervals On. day nine, the injection protocol from day eight was repeated.

Rifampin-lsoniazid Administration Design:

A total of 40 rabbits were rando’mizued intovone’ of 4 different treatment groups in the
following manner. The first groupi,‘designated' as RiF,-INH, censisted of 12 rabbits given RIF (50
mg/kg/day, i.p.) for 7 days (pretreatment'period) followed by 2 days of both RIF and INH.VThe
INH dosing schedule is as ,described above. The second -group, RIF-Veh*, included 12 rabbits
which received RIF (50 mg/kg/day, i.p.) for 7"days followed by 2 days of RIF and INH vehicle
(saline - 0.9% NaCl) according to the same dosing regime for INH given above. The.“thir.d'
group, Veh-INH, ‘consisted of 12 rabbits dosed with 7 days of RI'F vehicle (40‘r.nM NaOH in .
distilled water) followed by 2 days of RIF vehicle and INH. The remaining 4 rabbits make up the

fourth group, Veh-Veh*, and were given RIF vehicle during the pretreatment period followed by

RIF vehicle ‘and INH vehicle for 2 days using the same INH dosing protocol described above.

-Only 4 rabbits 'were chosen as part of this control group since previous studies in this laboratory

have shown no effect of vehicle injections on the parameters measured in this protocol (Sarich et

al., 1995 & 1996).



" Table 4

Treatment Groups Abbreviations and Descriptions

GROUP n _ TREATMENT

RIF-INH 11 | RIF pretreatment (7 days) + Concomitant RIF plus INH .-
RIF-Veh* 11 RIF pretreatment (7 days) + RIF plus INH Vehicle (48 hrs)
, Veh-INH 12 | RIF Vehicle (7 days) + INH plus RIF Vehicle (48 hrs).
-Veh-Veh* -4 RIF Vehicle (7 days) + RIF Veh_icle plus INH Vehicle (48 hrs)

+Veh* represents the vehicle for INH administration. » ‘
+ One rabbit died in each of the RIF-INH and RIF-Veh* groups in the first 3-4 days of RIF

treatment..

<

¢ One rabbit in the Veh-INH group was .sa‘cri'ﬁced prém'aturely at 40 hours of INH

adminstratiori due to signs of severe INH toxicity.
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Table 5

DoSing Regimens, Drug Preparations, and Routes of Administration

COMPOUND DOSING REGIMEN - PREPARATION : ROUTE

Rifampin : 50 mg/kg/day 33.3 mg/ml RIF in intraperitoneal
: ' 40 MMNaOH ip)
_ ‘ (1.5 mlkg)
Isoniézid . Initial Dose of 50 mg/kg Saiine' (0.9% NacCl) N subcutaneous

+ . . (s.c)
3 x 35 mg/kg doses’ ' , '
_ at 3 hour in_ten)als ‘ :
Rifampin Vehicle | 1.5 ml/kg - 40 mM NaOH , 40 mM NaOH @i.p.)

Isoniazid Vehicle 1.0 - 2.0 ml Saline Saline (0.9% NaCi) (s.c.)
Blood Sampling:

1 mL blood samples were»taken from the lateral ear vein using a heparinized ‘syringe.
Tobical administration of xylene (Fish'ér Scientiﬁc Ltd.) followed by..a wipe YWith ‘distilled water
using a cotton swab wés used to dilate the vein immediétely prior to biood Sampling. Plasma was
then isolated from bIood samples by ,cen,trifugation and frozen at -60 °C until analysis' .was
performed within two months. Blood samples were colle;:ted before initiatiﬁg RIF prétreatment
“o” hr-RlF)(morning of day 1), prior to commencing INH administration (“0” hr-INH)(morning of
day 8), and at 12, 24, 32, and 48 hours after the first dose of INH. The rabbits were sacrificed by

cervical dislocation followed by -exsanguination after the last blood sample at 48 hours (morning

of day 10) was obtained.




Liver Samples:

Immediately ‘after sacrificing of the ‘ rabbité,_ livers were removed, weighed and
homogenized (with a glass tﬁbe and ieﬂdn pestle) with a horhogenizing buffer (1 .15% KCl 10mM
EbTA,‘ 10mM phosphate, pH 7.4). The resulting crude homogenate was centrifuged at 10,000xg |
for 20 minutes. The éupernatént was subsequently c_entriftjged at 105,000xg for 60 minutes and
_the_ resulting pelletlwas 'washed by fesuspending itin the .homogtenivzing‘ buffer and recentrifugi‘ng
ét 105,000xg for 60 minutes. _The final pellet cbnsisting of microsomes was resuSpénded for
storage using a buffer of 20% glycerql, 1’.15%4K‘C|, 10mM EDTA, 10mM phosphate, pH 7.4. The

_microsomesiwere then frozen at -66. ;’C,pribr to analysis within 3 months. Additional samples of
" liver were placed in yials and ﬂash;frozen in Iiduid nitrogen for determination of hepatic

triglyceride levels.

H.epatotoxii:ity Assays:
Hepatic necrosis was quantitated. by measuriﬁg peak plaéma’ argininosuccinic acid lyase
. (ASAL) activity (T ékahara units) and peak plasma alanine aminotrahsferase activity (ALT). ALT
activity (unitsiL), a c_ommbnly used mé'rker of liver toxicity, Was determined using a kit from
. Sigma Diagnostics. (Sighla Chemical Co., Kit#: 59-20). Plasma ASAL activity has previously
been used as a markef for hepatié necrosis by Campanini etlai. (1970) :and Sims and Rautanen
(1975). The ASAL enzyme mediates thé deglradation of argininosuccinic acid to argihine and
fﬁmaric acid. The reaction is reversible and is a component of the urea cycle in the liver. ASAL
is largely specific to the liver and the kidnéy;. however, in the kidney the reaction is reversed so
that tﬁe enzyme tends to. bé a synthe'sizing enzyme (Campanini et al. 1970). The quantitétion of
plasma ASAL activity (expreSsed as umoles/100 mL/hour; Takahara units) wés done ,éccording .
‘to Carﬁpanini et al. (1970) with modifications as described in Sarich et al. (1995). To both the
- unknown and control tubes, 0.1 mL plasma was added followed by addition of 0.3 mL sodium
argininosuécinic acid to the unknown tube. The unknown tut;e was incubated for one hour at

37 °C. To both tubes 0.2 mL trichloracetic acid'Sqlution was added. After letting stand for 5
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minutes, a 0.5‘ rnL aliquot was taken from each tube and added to separate tubes. Added to
these tubes vwere 0.1 rnL of 10% NaOH, 0.25 mL of the dichloronaphthol solution'and 0.1 mL of
NaOCl solution The tubes were then placed in an ice bath for 15 minutes and the colour was
. subsequently read at 515 nm. ASAL activity was expressed in Takahara units Plasma ASAL
activities were logarithmically transformed to fit data to a normal distribution prior to statlstrcal.
and correlational analyses.
Plasma triglyceride levels (expressed as mM- triolein). were quantitated u_sing a
triglyceride kit frorn Sigma Diagnostics (Sigma Chemical Co'.: Kit#: 336-i0). |
Baseline plasma ASAL and ALT activities and plasma triglyceridev concentrations were
determined‘fr_om “0” hour-RIF plasma samples. | |
' Hepatic triglyceride accumulation (hepaticAsteatosi's) was quantified by analysis of' crude
liver homogenates using a Folch extraction (Folch et al., 1951) of triglycerides which has been
modified as follows: 0.1 mL of diluted 33%' (w/v)'crude homogenate was added to 6.5 mL 2:1
chloroform:methanol in a test tube which was covered, placed on ice and vortexed every ten
minutes for a total of 60 minutes. ThlS mlxture was then centnfuged at 1 000xg for 5 minutes
yielding two distinct layers. 0 3 mL of the bottom layer was removed and evaporated to dryness
using a boiling water- bath. The remaining residue was then analyzed for triglyceride content
using the same triglyceride assay. kit used to measure plasma triglyceride levels. The hepatic
.triglyceride content is.expressed as mg triglyceride (triolein -equivalent) /g liver tissue _(rng_TG/
g liver). | N | |
Protein conoentration of Iiver homogenate was determined accdrding ‘to the Bradford

assay (Bradford et al., 1976)."
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Microsomal Enzymatic Activities:

Cytochrome P-450 Levels

Cytochrome P-450 revels (nmoles P;450/mg protein) were measured u'_sing carbon
monoxide (CO). difference spectre accordirrg. to the procedure established by Omura and Sato
(1964). Reference wavelengths were 450 nm and 480 nm and the extinction coefficient used is

91 cm 'mM-,

Cytochrome P-450 Reductase Activity
Cytochrome P-450 reductase activity (nmoles/minute/mg protein) . was measured
_aocording to Phillips and Langdon (1962), using an extinction coefficient of 19.6 cm 'mM™* and a

final extraction volume of 1.575 mL.

CYP2E1 Activity ‘

| p-Nitrophenol hydro*ylase activity (as"'a meésore of CYP2E1 e_ctivity) was measured
usrng procedures outlined in ’Re_inke and Moyer (1985); Koop (1986); Jenner and Timbrell
(1994a). A substrate concer‘rtration'of'100 puM, a peak abeo,rbance of 510 nm, and an extinction

coefficient of 9.53 cm”'mM"" were used in determining this activity.

Hepatic AmidasevActivity

The anaI)rticaI procedure used for the deterrnination of hepatic amidase actjvity via the
quantrtation of hydrazine (uM) produced.in microsomal samples preincubated with INH was
developed and validated in this laboratory (Sarich T C, Ph.D. Thesis, 1997).

Hepatic INH-amidase has been previously ide’nﬁﬁ'ed in hepatio microsomes (Whitehouse
et al., 1983; Sendo et al., 1984). It produces hydr’azine_via two possible routes of INH
| metabolism: ) direcftl.y from INH hydrolysis to isonicotinic acid, or (2) indirectly from hydrolysis
of "acetyl-INH to acetyihy’drazine plus hydrolysis of ecetylhydrazine to hydrazine (Figure 1,

introduction).”
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Hepatfc amidase activity was determined via tlhe incubation of microsomes with INH‘as
described by Whitehouse et al. (1 983)}and Sendo et al. (1984), followed by measurement of the
rate.of aroductioh of hydrazine (amount af hydrazine produced per mg pfotein per hour) using
HPLC. The preparation of the sar’hple prior to ,Iaading consists of the fallowing stéps. 150 uL
hepatic microsomes (3-10 mg protein/nil,) was incubated with 100 pbL of INH in 67. mM KH;PO,4
.buffer (pH 7.0) (3 mM initial concentration) and 50 uL 67 mM KH§P04 buffer (bH 7.0) at 37 °C
for 30 minutes (300 uL total volume). | o

Hepatic amidase activity has been determined us'ing incubations of INH with microsomes '
for'u'p to 2 hours (Whitehoase et al., 1983). Previous work in this Iaboratofy-(Sarich T C., Ph.D.
Thesis, '1997) shdwad that hydrazine production was linear at 30 minutés; therefore, 30 minutes
was chosen as the period for incubation of microsomes With INH. At 30 minutes the reaétiori was
terminated with the addifion of 0.3 mL MeCN, followed by vonexing,"_standing for 3 minutes,
addition of 0.3 mL 0.6N HCIO,4 and 'centrifugation at 12,700xg for 6 minutes. The superatant
was filtered using a Millipore syringe filter (Mlllex-LCR4, 0.5 pm x 4 mm, Millipore Corporatlon
Bedford, MA 01730) mated to a 1 mL tuberculln-type syringe; 150 pL of the filtrate was-
| combined with 150 puL HPLC grade water and 75 HL denvatlzung reagent. The ‘denvatl‘zmg
reagent was made beforehand with 125 pL,3-méthoxybenzaldehyde and 5 mL of 10 mM 9-
fluorenone sdlution made up to 50 mL with prppanol. Th-e 9-fluorenone solution is included as an
internal standard. This final mixfure was then rhixed ihoroughly _’ and incuhatéd at room
temperature far two hou}s At twohours the solation was centrifuged again at 12 '760xg for six

minutes, fi Itered W|th a Millex- LCR; filter, and Ioaded onto an HPLC column (CSC- Select-ODS-
| 2 5 pm - 10.x 0.46 cm) The UV detector was set at 300 nm for detectlon of hydrazine. The‘
same chromatographic system_as that used for the phenotyping analysis was utilized. The
solvent used cansisted of 5 mM NaAc adjusted to pH 5.0 with glacial acetic acid and 65% HPLC

grade MeCN in HPLC grade water. The solvent was filtered prior to use (0.45 um pore, 45 mm

Nylon filters, Micron Separations Inc.) and degaSsed in situ. The flow rate was 1 mL/minute.




Previous experiments by'T; C. Sarich shcwed that, in control microsomes, the reaction
(production of hydrazine from INH) was linear at 30 minutes when monitored over 120 minutes.

A standard curve was prepared (m triplicate) using blank rabbit microsomes spiked with
hydrazine at concentrations of 2.5, 5, 12. 5 25, 50, 100 and 250 pM hydrazine. The standards
were not incubated for 30 minutes as this may have affected the known concentra_tion of
hydrazine in them. Therefore, hydrazine concentrations of standards and samples (uM) are
reiated to the ‘concentration cf nydrazine in the 300 puL incub'ationvmixture.’ ‘

The standard curve had a correlation coefficient (r)‘ of 0.999 and ‘a siope of 0.408
(95% confidence interval: 0.398 to 0.41 9) mV-seconds/uM hydrazine and a y-intercept of -0.021

' (95% confidence interval: -1.121 to 1. 081) mV.-seconds (Fig 5). The equation' y=mx+b (where
| yis the peak area in mV-seconds, x is the concentratlon of microsomal hydrazme in pM and b is
the y- mtercept equal to “0") was used to convert peak areas of hydrazme (mV seconds
determined by computer-aided integration) into hydrazine concentration in- INH-preincubated

microsomal samples. The slope of the standard curve obtained using this equation had a

correlation coefficient () of 0.9997 and a slope of 0.408 (95% confidence interval: 0.401 to -

0.416)mV-seconds/pM hydrazine. The peak area of hydrazine produced (each sample in

duplicate) after incubation of actual microsomal samples was compared to the standard curve

and hydrazine production was calculated as nmoles hydrazine produced/m'g' prote‘in/hour. .The'

: foIIowing equation was used to calculate'hydrazine produced:

mV-seconds / 0.408 mV-seconds/uM hydrazine = X uM h_ydrazine.
X pmoles hydrazine/L x Y mg protein/mL™" x 0.5 hour™:x 1000 mL/L™ x 1000 nmoles/pmole

= nmoles hydrazine brcduced/mg protein/hour

All values quoted are ‘based on a relative detector sensitivity of 0.01, the highest

sensitivity used throughout'the microsomal amidase activity assay. A validation sumrnary can be

found in Table 6&7.
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Table 6

Validation Summary - Hepatic Amidase Activity Assay -

Microsomal INH Incubation — Hydrazjne Determination

Limit of Quantitation: 2.5 uM (11.0% CV); Acceptance Criteria: CV < 15%

Standard Range: . 2.5-250 uyM
Sample Range: 8-162 uM.
Specificity: ; No interference of Hydrazine Peak with INH, Acetylhydrazme

or other peaks.
Linearity: In Microsomes:. r = 0.999; slope = 0. 408 (0.398 to 0.419); y-int = -0.021 (-1 121
: to 1.081) :

Slope used in Calculation:
Slope (m) of Standard Curve: | r=0.9997; slope = 0.408 (0.401 to 0.416)
Equation: y=mx + b (b =0); :

x = [Hz]; y = peak area
+Values in Brackets ( ) represent 95% confidence interval;

+CV (Standard Deviation/mean) (SD/mean) represents the coefficient of vanatlon

Table 7
Precision of Hydrazine Determination in

‘Microsomal INH-incubated Samples

- Hydrazine Standards In Microsomes*
uM{n=3) . CV % (SD/mean)
2.5 ' 11
5.0 ' A
10 : L 1.9
25 5.9
50 0.2
100 1.8
250 3.7
(mean + SD) - 45+37

* Precision in water could not be calculated because
the standard curve was run in duplicate only.
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Plasma Metabolites - Hydrazine Assay

The analytical 'preceddre used for the qdantitation of hydrazine (uM) in 12 and 32 hour
plasma samples was deyeleped and validated in-this Iaboratory. For validation of this assay,
please refer to the Ph.D. thesis of T. C. Sarich (1997).

- The plasma hydraztne assay is based on hydrazine Iargely'being present in the form of
" azines in the plasma (R.A. Wall, personal communication) and its hydrolysis wh'en' exposed to a '
low 'pH environment. For example, pyruvate azine‘is generated from the reaction of hydrazine
with pyruvic acid (Ellard and Gammon, 1976); in this assay, the hydroleis ef the plasma azines
is done in the presence of excess dertvatizing reagent, 3-methoxybenzaldehyde. Detection .of , -
eonjugated hydrazine (3-methoxybenzaldehyde) is,then possible at a wavelength of 300 nm.A

The assay was performed in the following manner. 100 L of MeCN (100%) was added
to 100 uL of plasma, the mixture was \)ortexed and aIIowed to stand for 6 minutes. Then 100 pL
of 0.6N perchloric acid and 100 pL of HPLé grade vrater were added and the final mixture was
: 'v'ortexed vigorously and centrifuged at 12,700xg for 6 minutes. The supernatant vras filtered with
a Millex-LCR filter; a 200 ulL aliquot of the supernatant was removed and comblned with 50 ul

of derivatizing reagent. The derivatizing reagent was prepared accordmg to the same method
used in the microsomal amidase activity assay. The resultant solutlon was incubated for two
hours at room temperature. Then, at two hours,'the .solution was filtered again using a Millex-
LCR4-ﬁlte'r and the eluent loaded onto an HPLC column (CSC-SeIect-ODS-Z: 5 wm - 10 x 0.46.
‘ t:m). The chromatographic system used |s the same as that deseribed in the .phenotyping assay.
The UV detector'was set at 300 nm for the detection of plasma 'hydrazine. The solvent used
consisted of 5 mM NaAc adjusted to pH 5.0 with: glacial acetic acid and 65% HPLC grade MeCN
in HPLC grade ‘water. The flow rate was 1‘ mL/minute. The solvent Awasv filtered prior to use with a
0.45 pm pore, 45 mm Nylon filter (Mi'cron Sep_ar_ations tnc.) and degassed in situ. Room

temperature ranged from 23-25 °C on average.-
The analytlcal method developed by T. C. Sarich (Ph.D. Thesns 1997) showed that INH

and acetylhydrazine elute much earlier (~ 2 minutes) than hydrazine in blank plasma and plasma’
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spiked with- INH, acetylhydrazine, and hydrazihé individually, and together. In this experiment,
the hydrazine r;eak eiuted at approx_imat'ely 6 minutes as previously observed by T. C. Sarich.
There were no interfering peaks observed in baseline (“0"™-hour RIF) plasma samples.

A sténdard curve was prépared usihg hydrazine dissolved in hélium-degassed, acidified
water (in du‘plicate) at concentrations of 2.5, 5, 10, 25, 50, 100, and 250 UM hydrazine. The
standérd. curve had a correlation coefficient (r) of _0.999, a slope of 1.744 '(95% confidence

intervals: 1.651 to 1.838) mVlseconds/pM hydrazine and a y-iniércepl of 1.204 (9'5% confidence

intervals: -8.598 to 11'.012) mV.-seconds. Using the equation y = mx, the standard curve had a

correlation coefficient (r) of 0.999 and a slope of 1..751 (95% confidence interval: 1.686 to. 1.817)

' mV-secbnds/pM hydrazine.

A standard curve was prepafed using blank rabbit plasma spiked with hydrazine (in

triplicate) at concentrations of 1, 2.5, 5, 10, 25, 50, 100, and 200 uM hydrazine. The standard

curve had a correlation coefficient (r) of 0.999 with a slope of 1.624 (95% confidence interval:

1.581 to 1.669) m\'/-seco.nds/pM hydrazine and y-intercept.of 2.063- (95%co‘nﬁde‘nce interval:
-8.598 to 11.012) mV-seconds (Figure 6). The equétion: y=mx+Db (whére y is the peak area in
mv-second“s,v x.is the concentrat.ion of pllasma hydrazine in uM, and b is the y-intercept forced _
through “0”) was used to c_qnven péak areas of hydraziné (mV-seconds; -determined by
computer-aided integration) intq hydrazine concentration in plas?na samples. Using this equation,
the standard curve had a correlation coefficient () of 0.999 and a slope of 1.642 (95%
confidence interval: 1.605 to 1.674). All values quoted are based on a relative detector
sensitivity oAf. 0.01, thve highest sénsitivity used thrOughout the ‘plasma hydrazine assay. A |

validation summary can be found in Table 8 & 9.
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Table 8

Validation Summary g

~ Determination of Hydrazine in 12 & 32 Hour Plasma Samples

Limit of Quantitation: 2.5 uM (14.4% CV) Acceptance Criteria: CV < 15%

Standard Range: 2.5-200 pM . , . ,
Sample Range: 2.5-160 uM ' '
‘| Specificity: No interference of Hydrazine Peak with INH, Acetylhydrazme
or other peaks.
Linearity: In Water: r=0.999; slope = 1.744 (1.651 to 1.838); y-int =1 .204 (-8. 598
to0 11.012)
In Plasma: r=0.999; slope = 1 624 (1.581 to 1.669); y-|nt = 2.063 (-1 823
C to 5.948)

Slope used in Calculation:
Slope (m) of Standard Curve:-
Equation: y =mx + b (b = 0);

- X = [Hz]; y = peak area
+Values in Brackets ( ) represent 95% confidence interval;
+CV (Standard Devnaﬂon/mean)(SDlmean) represents the coefficient of vanatlon

r=0.999; slope = 1.642 (1.605to0 1.674)

Table 9

PreCIsmn of Hydrazine Determmatlon in12 & 32 Hour Plasma Samples

: : Hydrazine Standards In Plasma*
| ’ ’ uM (n = 3) CV % (SD/mean)
| o 25 14.4
S - 5.0 6.8
10 11.9
25 4.2
50 7.8
100 6.7
200 3.0
{mean + SD) 7.81+4.1

* Precision in water could not be calculated because
“the standart_l curve was run in duplicate only.




Statistics:

For the_pufpose of clarity, data within the textual corﬁponents of this thesis'wili bé
eXpresged as non-transformed, raw data, whereas graphical representations may express data
which has been transformed unless otherwise indicétéd. | |

Plasma ASAL and ALT activities Wéré logarithmically transformed so as to fit the _data to
a normél. distribﬁtion.'fhen, log ASAL and log ALT activities were used.fo.r statisfical analyses
including the éingle-factor analysié of variance (ANOVA) and the Tukey test when comparing |
more than two treatment groubs. o |

Regressional a'ﬁalyses were performed for determining ihe'slopes of standard curves of .
SMZ, AcSMZ, and hydrazine. |

Correlation coefficients given in the results secﬁon‘ are Pearéon's prbduct momen{‘
. ‘correlation coeffjcienfs. I}n some 4inst‘ances, cor‘rglati‘on coefficients (1) Were‘ converted to
coefficients of determination (rz)‘ in ofder to assess fhe biological 'signiﬁcanée of the correlations ™
(considered significant when 12 > 0.50).

T-tests, assuming‘eithér 'e_qual or unequal variances (determined by F-tests); were used
' when comparing two _treatment groups. ANOVA and the Tukey ‘multipl'e com-parison test (Zar, _
1984} was done for éomparison of more than two grbups, unless otherwise indicated. | |

All data are presented as the mean + standard error of the mean (SE).
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Figure 3: Sfan_dard Curve: Sulfamethazine Standards in Plasfna

A Standard cur\?e was prepared (m duplicate.) using blank rabbit plasma spiked with SMZ at
coﬁcenirations of 25, 50, 75, 100, 125, 150, and 175 uM. The standard curve has a correlation
coefficient (1) of 0.9997, .a- slope of 0.216 (95% 'conﬁdence inteh/alz 0..210"to 0.221)
h mszeconds/va SMZ{ aﬁd a y-intercept of -0.596 '(95% confidence interval: -1.17'_ to -0.02)
mVxseconds/uM SMZ. The equation: y = mx + b (where y is the peak area in m\"/x_sec,onds, X is
thé.concehtrai‘ion of blasma SMZ in puM, and b. is fhe y-intercept 'equal to “07) wés used td
convert peék areas of SMZ (mVXséconds; determined by comput‘er-aidéd integration) into SMZ
'- concentration. The slope of the standard curve ”ob‘tained using this equation has a correlation
coefficient (f) of 0.999 and -a slbpe of 0.211 (85% confidence interval: 0.208 to 0.214)
rﬁszeconds/pM SMZ. | |

Error bars are not shown since they are too small to be visible.

59




50 :
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Figure 4: Standard Curve - Acetylsulfamethazine Standards in Plasma

A standard curve was! constructed..(in duplicate) using blank rabbit plasma spiked with‘ AcSMZ'at
concentratiops of 25, 50, 75,‘100,' 125, 150, 1'7_5 uM. The standard curve has'a. correlation
coefficient (r) of 0.999, a slope of 0.270 (95% conﬂdencé interval: 0.262 to 0.277)
mVxseconds/pM AcSMZ, and a Q-intercept of -1.55 (95% confidence interval: -2.423 io -0.678)
. mVxseconds. The ecjuation_y = mx +"'t') (where b, the y-intercept = 0) was used to-cal&ulate
unknown concentrations of AcSMZ in plasma samples. The slope of this stand;ard curve has a
correlatiqn coefficient (r) of 0.998 and a~$lope of 0,257 (95% conﬂdence interval: 0.250 to 0.264)
' mVxseconds/uM ACSMZ. - | "

Error bars are not shown since they are too small to be visible.
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Figure 5: Standard Curve - Hydrazine Standards in Mi'crosomes

A standard curve was prépared (in triplicate) using blank rabbit micfosomes spiked . with
hydrazine at conbentrétion_s' of 2.5, 5, 12.5, 25; 50, 100, and 250 uM hydrazine. The standard
curve has a correlati.on coefficient (r) of 0.999 and a slope of 0.408 (95% confidence interval:
0.398 to 0.419) mVxseconds/uM hydraziﬁe and a y-intercept of -0.02 (95% confidence interval: -
1.12to 1.08) mVxseconds . The equation: y:= mS( +b '(where y is the peak area in mVXseéd_nds,

x is the concéntrétion of plasma hydrazine in‘ uM,iand b is the y-interc;ept equal to "0") was ﬁsed
to convért peak areas of hydrazine (mVxseconds; determined by computer—aided integration)
into hydrazine concentration in lNH-pfeincubated- microsomal samples. ‘“The slope of the
standard curve obtaﬁned using this equation‘ hasAé correlation coefficient (r) of 0.999 ahd a élope

of 0.408 (95% confidence interval: 0.401 to 0.416)mszeéonds/pM hydrazihe.

Error bars are not shown since they are too small to be visible.
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Figure 6:  Standard Curve - Hydrazine Standards in Plasma

A standard curve was prepared (in triplicate) using blank rabbit plasma spiked with hydrazine at
concentrations Qf 1, 25 5, 10, 25, 50, 190,-énd 200 pM hydfazine. The standard curve has a
correlation coefficient (r) of 0.999 with a slope of 1.624 (95% confidence interval: 1.581 to 1.669)
mVxseconds/pM hydrazine and y-iniercept of 2.063 (95% confidence interval: -8.598 to 11.012)
mVxseconds. The eqqation: y=mx+b (Whére y is the peak area in mszecohds, x is the
co>ncentration of plasma hydrézine in uM, é'nd b is the y-intercept forced through “07) wa;) used ;(o.
convert peak areas of hydrazihé (mVxseconds; determined by computer-aided integration) into
hydrazine concentration in. pIasmaJsamples. Using this equation,v the standard curve has a
correlation coefficient (r) of 0.999 and a slope of 1.642 ('95%‘ cpnﬁdence interval: 1.605 to 1 .'674). ‘

Error bars are not shown since they are too small to be visible.
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Results

In the ﬂrét groub«o,'f teh animals ’studied; two (one in the RIF-‘_INH group. and one in the
) RiF-Veh* group) died prematurely. These rabbits died‘ during the.RIF-pretréatfnent period. In t_he
final group"'of 10 rabbits inveetigated_, an additionel rabbit was ‘sacriﬁce;d prior to death at
. appfoximately 40 hours of INH treatment. This rabbit had experienced ‘sever_e_conyulsions,

- deereased food and water intake ahd W.'eig'ht loss, prior to death. Plasma_‘enalysis of ASAL, ALT,
and hepatic and plasma triglyceride levels in this rabbit showed large elevations in all of these
measures. The liver of this animal Was ren‘ierd and imrﬁediately frozen in Iiduid’ nitrogen at the
- time of sacﬁﬁce_. Unless otheryvise indicated, this animal Wés excluded in sen‘\e of the statistical
'analyses ah}d‘will frqh hereon be referred to as an euuier. Unless otherwise speeiﬁed, res_tjlts

are expressed as the mean + standard error of the mean.

Hepatotexieity Asseys:
Peak biasma ASAL activity Was v-siéniﬁcantly increased in Veh-INH-t'reated anirhals
’ (132.7 £ 78. 7 Takahara units, n = 12) compared to Veh-Veh* controls (3.2+0.1 Takahara units,
‘n= 4)( ANOVA: p<0.0001; Tukey Test p<0 01) (Flgure 7). RIE- INH treated ammals were not
different (9.6 ;t 3.0 Takahara units, n = 11) from Ve_h-Veh* controls and exhibited sngnlﬁca_ntly
'Ies.s hepatotoxicity than Veh-INH treated rabbits (ANOVA: p<0.0001; Tukey Test: p<0.025).' '
| Excluding_'the eu'fiier with peak plasma ASAL aetivity (953.6 Tekaharé units) much
\higher thén them’ean (132.7 £ 75.7 'l-'akaha‘r‘a UhitS), signiﬁcanfbut weak negati;/e) correlatiens ,
could be found between ASAL activity and hepatic amidase activity (r=-0.46, r* = 0.21, n = 37,
, ANOVA:,p = 0.0043) and CYP2E1 activity (r = -0.45, * = 0.2, n =30, ANOVA: p =0.01 3) when
-all fabbits were includ'ed in the‘ analysis. The sum et ani_male i'nclusive of a.Il treatmént groups
was"only n = 30 for the following reason. Measurement of CYP2E1- activity reveelee eight values
which were “too low” or'undetectable spectrophetemetricélly and thus were: arbitfarily aesigned a
~ value of “0" nmoles/min/mg protein. However, given the inaecufa_c:); of tﬁie measurer_n'ent, these

" rabbits were excluded _frdm ~all  corelational  analyses _in:volving CYP2E1
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activity. In most correlations outlined throughout this thesis, inclusion of these values would have

stre.ngthen'ed the correlation in quéstion.

‘ Peak plasma ALT acﬁvity gave a pat_tern which is similar to pea_k,plasina ASAL activiiy.
waevef,,despite a statistically significant éffect of the treatments (ANOVA: p<0.05), the.
Neuman-KeuI;s & Tukey tests showed nq differences between the treatment groups and control
(Figure 8). |

Hepatic steatosis,. meésured by hepatic triglyceri_dé cbntentl(mg TG/g liver) was not .
fouﬁd in RIF-Veh* treated rabbits (9.1 £ 0.5 mg TG/g Iiver) versus Veh-Veh* (8.3 + 0.4
mg TG/g liver). However, both RIF-INH and Veh-INH groups showed marked hepatic steafosis,'

With hepatic TG levels of 26.6 + 2.3 mg TG/g liver (ANOVA: p50.0001; Tukey test: “p<0.0'5;

'n = 11) and 354 + 5.4 mg TG/g liver (ANOVA: p<0.0001; Tukey test: p<0.005; n = 12),

reépectively. Although RIF-pretreatrh'ent appears to have produced less hepatic steatosis in the

presence of INH, the difference between RIF-INH and Veh-INH treated animals is not significant
(ANOVA: p < 0.0001; Tukey Test: no difference) (Figure 9).

A weak negative correlation was found between hepatic triglyceride (TG) content and

- CYP2E1 activity when ail treatment groups'were considered (r =.-0.66, r* = 0.44, n = 30,

, ANOVA: p < 0.0001)(Figure 15). Hepatic TG content also negatively corr’elated'with hepatic

amidase "a'ctivity"(r = -0.69, ¥ = 0.47, n = 38, ANOVA: p < 0.000001) when all animals were

_included in the analysis (Figure 16).

Plasma 't_riglyceridé levels at 12, 32, and 48 hours of INH treatment did not reveal any
significant differences between any of the four treatment groups (Veh-Veh*, RIF-Vehﬁ Veh-INH;
R'IF-INH) (12 32, & 48 hours, ANOVA: p>0.05). However, the level of statistical sig'niﬁcanée. did

approach the p<0.05 level at 48 hours (Figufe 10; Table 10, ANOVA: p = 0.053). The lack of

'\signiﬁcant‘differences betweenvthe treatment groups at 48 hours may be due to high variances

found in the RIF-INH and Veh-INH treatment groups (Refer to Table 10). Nonetheless, there is a
consistent trend of increasing levels of plasma TG’s in both the RIF-INH and Veh-INH groups

towards 48 hours, with the RIF-INH group showing less marked increases of plasma TG’s than
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the Veh-INH group. (Table 10).

32 hour plasma tnglycende levels correlated sugnlf cantly with peak plasma ASAL
adivity (r=0.75, ? = 0.55, n = 11, ANOVA: p = 0.0086)(Figure 17) for Veh-INH treated animals.
Onevof' the rabbits in -this group was ex'eluded from the analysis since it demonstrated
considerahly higher plasma TG levels at 32 houre (17.6 mM) and peak plasma ASAL activity

(953.6 Takahara units), which wereconsiderably'higher' than mean values of 3.5 + 1.3 mM TG

- and 132.7 + 78.7 Takahara units, respectively. This rabbit was sacrificed prematurely at 40 hours

eince it was anticipated that it would not survive beyond 40 hours ‘of the INH dosing schedule.

~ Statistically significant correlatlons were also found when all four treatment groups were pooled -

(r=0.52, = 0.27, n = 37, ANOVA: p 0. 001) and INH-treated anlmals (RIF-INH & Veh INH) '
were pooled (r = 0.7, =049, n = 22, ANOVA. p< O.QOOS) (Flgure 18). The aforementloned
outlier was excluded from 4both nreceding bco'rrela.t_ions.. A weak negative correlation was found
between 32 hour plasma TG |éve|$.ahd hepatic amidase activity (r = 0.41, ¥ = 047, n = 37,
ANOVA:p = 0 012) when aII ammals were lncluded except for the aforementioned outlier.

When the outlier was excluded from the statistical analysis, .a very weak correlation was
observed between 48 hour plasma TG levels and’peak pIasma A_SAL activity (r = 0.36, P = 0.13,

n = 37, ANOVA: p = 0.029) and hepatic TG a_ecumulation (r=0.54,*=0.29, n =‘37, ANOVA:

p < 0.001) (Figure 19) when all four treatment grpubs were combined. -




Hepatic Microsomal Enzyme Activities:

Hepatic cytochrome P-450 Ievele were found to be significantly decreased in Veh—INH-
treated a'nimals (1.4 £ 0.1 rirr\oles/mg protein.,l n= 12) versus Veh-Veh* (2.9} + 0.3 nmoles/mg
protein, n = 4) (ANOVA: p<0.0001; Tukey test: p<0.001.); RIF-INH (1.8 i 0.1 nmoles/mg protein‘,
‘ =. 11) versus Veh-Veh* (ANOVA: p<0.0001; Tukey test: p<0.02) (Figure .11; Table 11). RiF
‘a'lone (RIF-Veh: 2.7 + 0.2 nmoles/mg protein, n = ‘11)A had no significant effect on cytochrome
P-l450 levels. |

Hepatic cytochrome P-450 reductase activity (nmoles/min/mg protein) was signiﬁc’antly.
increased in rabbits receiving RIF. The differences were as follows: RIF-I:NH (576 j:.‘31 .
nrnoles/min/mg protein) vereus control (Veh-_Veh*: 388 + 24 nmoles/min/rng protein) (ANOVA:
_p<0.0001; Tukey test: p<0.001) and RIF-Veh‘ (543 £ 15 nmoles/min/mg protein) versus control
(ANOVA: p<.0.0001; Tukey test: p<0.005). INH eppevars‘to have had no effect on reductase
activity: Veh-INH (413 + 16 nmoles/min/mg protein) versus control (ANOVA: p<0.0001; Tukey
test: p>0.05) (Figure 12; Tat)le 115. _ | » |

Microsomal CYP2.E1 acti\rity was inhibited‘signiﬁcaritly‘by both' RIF and INH, the fo_rmer
drug heving less effect on CYP2E1 activity. The following are comparisons betvileen the different -
treatments (RIF-INH; RIF-Veh*; Veh-INH) and control rabbits (vVeh-Veh.*): RIF-INH (0.3-9':1: 0.2
. nmoles_/miri/mg proteiri) versus control (2.3 + 0.4 nmoles/min/mg protein) ’(ANOVA: p<0.0001;
’Tukey Test: p<0.001);' RIF-Veh* (1.5 + 0.1 nmoles/min/mg protein) versus control (ANOVA:
p<0.0001; Tukey Test: p<0.05); Veh-INH (0.47 £+ 0.2 nrr\oles/min/mg prctein) versus control
(ANQVA: p<0.0001; Tukey Test:lp<0.(.)0‘1.). _RIF-Veh‘; treated animels were also significantly
different from both RIF-INH and Veh-INH grodbs (ANOVA: p<0.00001; . Tukey test:
_ p < 0.005)(Figure 13; Table 11). o |
Hepatic amidase activity was determined by measurement. of the amount of hydrezine |

produced after incubation of INH with microsomes. Hydrazine production in the Veh-INH (11.5 £

1.9 hmoles/mg protein/hour, n = 12) and RIF-INH (10.1 £ 0.1 nmoles/mg protein/hour,,n = 11)




was significantly lower than in the Veh-Veh* control group (32.8 + 4.7 nmoles/mg protein/hour,
n=4 (ANOVA: p< 0.00001; Tukey test: p < 0.001) (Fig 14: Table 11). RIF pretreatment had no
. effect on hepatic amidase activity (RIF-Veh* an_iméls:' 30.8 + 3.1 nmoles/mg protein/hour,

n=11).

Piasma Hydrazine Levels:

Plasma hydrazine levels at 12 hours of the INH dosing regime were not signiﬁcantly
different between the RIF-INH (26.1 £ 2.5 QM, n.= 11) and Veh-INH (20.1 + 3;6 uM, n = 12)
treat_rﬁent groups (Tablé 12). Although 2 out _pf a toial o_f 12 rabbits in the Veh-INH group had 12
hour hydraziné [evels below the limit of quantitation (2.5 uM), tﬁey were included in the statisﬁcal
analysis (F-test for variance, followed by tQTést). Similarly, no significant difference in plasma
hydrazine levels at 32 hours was found bétween RIF-INH (26.6 £ 2.1 uM, n = 11) and VehQINH
(24.5 j: 51 puM, n = j2) groups (Tablé 12). Again, one of the data points within the Veh.-lNH
Qroup fell below the»qu.antitaﬁion limit (2.5 pM), but was included in fhe statiétfcal analyéés (F-iest '
for Qariance, followed by t-Test).

12 hour plasma hydraiine IeVéIs co'rrelatéd significantly with hepatic triglyceride (TG)
accumulation (r = 0.79, 2 = 0.62, n = 12, ANOVA: 'p = 0.0023)(Figure 20) in Veh-INH treated
rabbits. A vsigniﬁvcani but weakl correlation was found between 12 ho.u‘r plasma hydfaiine and
hepatic TG éccumulati_on (r=057, 7 =0.32, .n = 23, ANOVA: p - 0.0048) when éniméls that
received INH were .pooled. - .

No signiﬁc_:ant correlation wa‘sAfound- between 32 hour plasma hydrazine levels and
- hepatic Té accdeIaﬁon in Veh-INH treated Aanimals.» A n‘on-significant‘ correlatioﬁ exists
between 32 ho‘ur plésrﬁa hydrazine Iévels_ énd 32 ho_uf plasma triglyceride, since a correlation
would exisf solely on the basis of one data point from Which a IinearAregressi’on is made.‘This
data point is represe’nted by a. Veh-INH treated rabbit, wﬁich demonstrated 32 hour pllasma TG |

(17.6 mM) and 32_' hour plasma hydrazine (75.8 pM) levels which were considerably higher
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than mean values of 3.5 :'t‘1 3 mMM TG and 24.5 + 5.1 pM, _fespectively. This rabbit was Sacriﬂce.d
_ prematurely ai apbroximately 40 hours (inetead of 48 hours_) of INH treatment.because it was
believed that the rabbit woﬁld not survive. Because of this outlier, eorrelations could not be
drawn between 32 hour plasma hydrazine I'evel's and peak plesma ASAL activity, ae well'as 32
hour plasma TG IeQels and cytochrome P450 reductase activity'. However, the fact that this
animal exhibited extreme signs of INH-induced hepatetexicity (peak plasma ASAL activity,
hepatic TG accumulatioh, and p]asma TG) does not dismiss the importance of this animel to this

study. Refer to the discussion for further details. -

Acetylator Phenotype:

All of the rabbits which received INH (RIF-INH & Veh-INH g;oups) and completed the

study were fapid acetylators (range: 7‘2.8‘ - 95.3% suifamethazine acety’lation. in 20 minutes).

. Correlational analysis of the percent sulfamethazine acetylated in 20 minutes revealed non'-’
sighiﬁcanf correlations with peak ‘plasma ASAL activity (r = 0.26, P = 0.07,. n = 23, ANOVA:

p > 0.10), peak plasma ALT activity (r = 0.16, ¥ = 0.03, n = 23, ANOVA:.p > 0.25), liver

tﬁglyceﬁde accumulation (r = 0.11, P = 0.01, n = 23, ANOVA: p > 0.50)', and peak plasma

triglyceride levels (r=0.19, = 0.04, n = 23, ANOVA: p > 0.25).




Table 10

Comparison of Toxicdl"ogical Markefs:

Treatment Groups vs. Veh-Veh* Control

Marker Veh-Veh* Veh-INH RIF-Veh* RIF-INH ANOVA
Peak Plasma 3.2+0.1 132.7+78.7" 28+0.2 96+3 '
ASAL Activity , , _ : p < 0.0001

. (Takahara n=4 n=12 n=11 n=11 ,
Units) '
Peak Plasma | 296 +3.6 210.6+1006. | 285+3.3 424 +7.8
ALT Activity : ' ‘ » p=0.02
(Units/L) n=4 n=12 n=11 n=11
Hepatic 83104 354 + 5.4% 91405 | 266+23° R
Triglycerides o : : p < 0.00001
{(mg TG/g liver) ‘4 n=12 n=11 n=11 '
12 Hour Plasma 0.8+ 0.1 11102 1.3+0.2 1.0+ 01
" Triglycerides ' o - p=0.46
{(mM) n=4 n=12 n=11 n=11
32 Hour Plasma 0.7+0.1 35+13 16+05 16+0.3
Triglycerides . : . : p=0.25
{(mM) n=4 " n=12: n=11 n=11
48 Hour Plasma 1101 6412 1.5+0.3 351
Triglycerides : : . p = 0.053
(mM) n=4 n=12 n=11 n=11 ‘ :

+ Values represent the mean + standard error;
¢ ASAL & ALT activities were log transformed to fit a normal distribution
for ANOVA & Tukey tests.
1 Significantly different from the Veh-Veh* group (p< 0 01) using Tukey Test.
t Significantly different from the Veh-Veh* group (p < 0.005) using Tukey Test.
§ Significantly different from the Veh-Veh* group (p < 0.05) using Tukey Test.
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Table 11

»Statisti‘cal Summary - Hepatic Microsomal Enzymé Activities

ENZYME Veh-Veh* Veh-INH RIF-Veh* RIF-INH ANOVA
Cytochrome P450 , : - L
~ . Content 29+03 1.4 + 0.1% 27+02 | 1.8+0.1t | p<0.00001
{(nmoles/mg protein) :
' n=11 n=11__ n=12 n=4
CYP2E1 Activity ‘ - ' . ,
(nmole/min/mg protein) 23104 047+02% | 15+01* | 0.39 + p_2§ p < 0.00001 .
n=11 n=11 n=12 n=4
Cytochrome P450 R ‘ v
Reductase Activity 388 + 24 413:16 | 543+15% | 576 +31% | p<0.00001
(nmole/min/mg protein) : ' : }
. ] n=11 n=11 n=12 n=4
Hepatic Microsomal ; ‘ : S
Amidase Activity 328+47 | 11.5+10% | 30.8+3.1 101 + S |p < 0.00001
(nmole/mg protein/hr) : o o
' n=11 n=11 n=12 - n=4

« Values represent the mean + standard.error;
* Significantly different from the Veh-Veh* group (p<0.05) using Neuman-KeuI s Test.

1 Significantly different from the Veh-Veh* group (p < 0.02) using Tukey Test.
T Significantly different from the Veh-Veh* group (p < 0.005) using Tukey Test.
§ Significantly different from the Veh-Veh* group (p < 0.001) using Tukey Test.
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Table 12

Statistical Summary - 12 & 32 Hour Plasma Hydrazine Levels

Plasma

Variance:

) Veh-INH RIF-INH F-test
Hydrazine - o , _ t-Test
(nM) for Variance equal - E
: unequal -U
12Hours | 20.1+36 | 261125 p=0.11 E p=0.19
n=12 n=11
32 Hours 245151 | 26621 p=0.003 U p=0.72
n=11 n=11.

« Values represent the mean + standard error;

+ Plasma hydrazine values below the limit of quantitation (2.5 uM) were included in the
preceding data analysis.
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2.00 — — - — - ,
S ANOVA: p<0.0001; Tukey Test: *p<0.001

L *

1.50
~ 1.00

0.50

Peak ASAL Activity - log(Takahara Units)

0.00

'Veh-Veh* . Veh-INH RIF-VEH* " RIF-INH

“Treatment Groups

,Figufé 47: - Differences in Peak 'Plasma ASAL Activities> BeMeen .
| Treatment Groups - o

Peak plasma ASAL activities (Takahara units) were statistically significantly greater in Veh-INH-
treated animals (132.7 + 787 ;I'akéhara unité, n =‘ 12) than in controls (Veh#Veh;) (3.2 £ 0.1
 Takahara urits, n = 4)( ANOVA: p<0.0001; Tukey Test: p<0.001). "RIF-‘INH-tfeated‘ rabbits

‘exhibited sfgniﬂcantly lower elevations in peak p'lasma ASAL adivity (9.6 j: 3'Takah'ara, un_its,
| n= 11) than the Veh-INH group (ANOVA: b<0.0061; Tukey Test: ?p<0.025)' and were not |
5igniﬁcént|y differeht from controls. The -RIF-Veh* (2.8 + 0.‘2'Ta‘kaha.ra ﬁnits, n = 11) and
‘ RIF-INH (9.6 £ 3 Takahara v-uni‘ts, n= 1‘1) groups. exhibited nb signiﬁqant hepatic necrosis.

Values re.pre'sent thé mean ;;tandard error of the mean (S.E.).
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i ANOVA: p<0.00001; Tukey Test: *p<0.05; **p<0.005
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Figure 9: Differences in Hepatic Triglyceride Accumulation Between

~ Treatment Groups

A comparison pf hepatic triglyceridé (T G)Aaccumulation (mg TG/g liver) between tfea'tment
groups. Hepaiic fﬁglyceride content was significantly greater in the Veh'-I.NH (35.4 + 5.4 mg TG/
~gliver,n= 12) gfbﬁp than in controls (Veh-Veh*)(8.3 £ 0.4 mg TG/g liver, n>-.- 4).AThe,re \TNaS no
significant differeﬁce between RIF-INH (26.6 i- 2.3 mg TG/g liver, n'= 11) and Véh-INH treated
‘r‘a’bbits. The'RIFf\/eh group (9.1 £ 0.5 mg. TG/g Ii\'/ér, n=11) exhibited no signiﬁcant hepatic- -
' steatosis.

Values represent the mean + standard error of the mean (S.E.)'.
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10 - -
' e ANOVA: p = 0.0527

48 Hour - Plasma Triglycerides (mM)
(43}
1

Veh-Veh* Veh-INH " RIF-Veh* RIF-INH
' ’ Treatment Groups

Figure 10: Differences in Plasma Triglyceride Levels Between Tréatment

Groups at 48 Hours of Isoniazid Treatment

A 'comparison of plasma triglycéride (TG) levels (mM TG) between treatment girc.>ups. Plasma
triglyceride levels (mM) at 48 hours of Isoniazid treatmeni were not signiﬁéantly different
between the four treatment groups illustrated above (ANOVA: p = 0.0527). Both the Veh-INH
and RIF-INH treated animals do shpw considerable.elevations in plésma‘triglyceride content (6.4 ‘
+2 rﬁM TG & 3.51 £1.01 mM TG, respectively) relative to control (Veh-Veh*:<1 + 0.1 mM TG).
However, large varianceé for both the Veh-INH (49.5 mM TG) and RIF-INH (11.3 rhM TG) .
groups attributes to this -statisticallyk ndn-signiﬂcant difference. ' u

Values represent the mean + standard error of the mean (S.E.).
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ANOVA: p<0.00001; Tukey Test: *p<0.02; **p<0.001

Cytochrome I_9-456 (nmoles/mg protein)

Veh-Veh* = Veh-INH RIF-Veh* - RIF-INH

Treatment Groups

'Figure 11: Differences in Cytoehrome P-450 Levels Between Treatment

Groups

Animals recelvmg isoniazid alone (Veh- INH) or in combination-with RIF (RIF-INH) demonstrated
.S|gn|f cant decreases in hepatic cytochrome P- 450 levels. P 450 levels in the Veh- INH group '
(14+041 nmoles/mg’proteln, n=12) and ‘RI'F/INH group (1.8 t 0._1,nmo|es/mg protein, n = 11)
'were significantly lower than Veh-Veh*' coritrols'(2.9 :t v0'.3 nmoles/mg. protein, n = 45 (ANOVA: .
p<0.00001; Tukey test: p<0.001 & p<0 02, respectlvely) RIF-Veh* treated rabblts showed no

effect on cytochrome P-450 Ievels (2.7+£0.2 nmoles/mg proteln n= 11)

Values represent the mean + standard error of the mean (S.E.).
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Figure 12: Differences in Hepatic Cytochrome P-450 Reductase Activities

Between Treatment Groups

There was 'no difference in hepatic cytochrome P-450 reductase activity (nmoles/minute/mg
protein) between Veh-INH (413 + 16 nmoles/minute/mg protein, n = 12) and Veh-Veh* (388 + 24

nmoles/rriinute/mg protein, n = 4) treatment groups. RIF-treated ‘rabbits (RIF-INH & RIF-vVeh*

_groups) showed significantly higher cytochrome P-450 reductase activities than Veh-Veh*

controls (ANOVA: p'<0.00001; Tukey test: RIF-INH vs. Veh-Veh*, p<0.001 & RIF-Veh* vs.
Veh-Veh*, p<0.005). RIF-INH (n = 1i) and RIF-Ve}h* (n = 11)_groups had éyfochrome P-450
reductase activities 6f A576 1+ 31 nmoles/minute/mg protein and‘ 543 .:t 15 nmoles/minute/mg
prote.in, respectively. | |

Values represent the mean + standard ei'ror of the mean (S.E.). ‘
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ANOVA: p<0.00001; Tukey Test: *p<0.05; **p<0.00j

CYP2E1 Activity (nmoles/min/mg)

Veh-Veh* Veh-INH . RIF-Veh* . RIF-INH

Treatment Groups

Figure 13: . Differences in Hepatic CYP2E1 Activities Between Treatment

Groups

CYP2E1 éctivity (nmoles/mindte/mg protein) was significantly décreased in all tréatment groups
relative to Veh-Veh* controls (2.3 + 0.4 nmoles/min/minute/mg protein, n = 4) (ANOVA:
p<p.0000‘_|): Veh-INH (0.47 :t 0.2 nmoles/rﬁin/minute/mg protein, n. = 12) versus jcomrol (Tukey
test: p<b.001); RIF-INH (0.39 £ 0.2 nmbles/min/minute/mg prdtein, n=11) versus ‘control T ukey
tes'(_: ,p<0.001); RIF-Veh* (1.5 £ 0.1 nmoles/min/minute/mg protein, n = 11) versus control (Tukey
fest: p<0.05). | | - |

Values represent the mean + standard error of the mean (S.E.).
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ANOVA: p<0.00001; Tukey Test: *p<0.001
35 [ : . . '

‘30 -
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Amidase Activity (nmoles Hz/mg prot/hr)

Veh-Veh* Veh-INH ~ RIFVeh*. . RIF-INH
' - Treatment Groups

Figure 14:> Differences in Hepatic Microsomal Amidase Activity Between

Treatmenf Groups

Hepatic amidase activity (nmoles hydrazine prod‘uced/fng protein/h'our) was significantly
decreased ih Veh-INH (11.5 £ 1.9 nmoles hydrazine/rhg p_rotein/hour, n'=12) and RIF-INH (1 01
+ 1.nmoles hydrazine/mg protein/hour, n = 11) treatment groups relative to Veh-Veh* (32.8 +4.7
nmoles hydrazine/mg protein/hour, n = 4) and ﬁIF-Veh* (30.8 t 3.1 nmoles hydrazine/
mg brotein/hour,'n =11) contr('>l groups (ANOVA: p<0.00001; Tukey test: p<0.001).

Values represent the mean + standard error of the mean (S.E.).
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Lo S ~ r=0.66, ANOVA: p < 0.0001
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Hepatic Triglycerides (mg TG/g liver)
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. CYP2E1 Activity (nmoles/min/mg protein)
+ RIF-INH A RI'F-Veh* g o) Veh-INH  © . 'Veh-Veh*

Figure 15: | Scatter Plot: Hepatic Triglycerides versus CYP2E1 Activity
(All Rabbits) ' '

-~ A weak correlation was found between hepatic triglyceride (T G)"co'nlen't and CYP2E1 activity
when all treatmeht groups were cOnsidered_ (r = 0.66, ¥ = 0.44, n = 30, ANOVA: p < 0.0001).

Values of “0” of CYP2E1 activity were excluded.
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' " r=0.69, ANOVA: p < 0.00001
70 . }
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' Hepatic Tﬁglyoeﬁdes (mg TG/g liver)

Amidase Acti\}ity (nmoles/mg prot/hour)

+ RIF-INH A - RIF-Veh* o Veh-INH O Veh-Veh*"

‘Figure 16: Scatter Plot: Hepatic Triglycerides v'ers_us’MicrosomaI Hepatic
Amidase Activity (All Rabbits)

Hepatic TG content correlates with hepat'ic amidasé activity. (r = 0.69, ? = 0.48, n = 38, ANOVA:

' p < 0.00001) when all animals are included in the anaiysis.~

81




' 32 Hour Plasma Tr_ileoeride Levelsa(mM)
H
1

0 &\ ! L L 1 L L . ]

0.00 050 100 150 200 - 250 . 3.00

Log Peak Plasma ASAL Activity

Figure 17: ‘Co'rrelation: 32 Hour Plasma Triglyceridés versus Peak
'Log ASAL Activity (Veh-INH Rabbits)

32 hour plasma trigly.ceride levels ‘cgrrelate significantly with peak plasma ASAL activity
(r= 0.7_5, = 0.55, n= 1'1, ANOVA: 'p = 0.0086) for VehQINH treatéd _animal;. One of the rabbits
in this group is exéluded from the analy:’s‘is'sinc’:e if demonstrated considerably t_\igher plasma TG
Iévels at 32 hqufs (17.6 mM) and peak:plasma ASAL,activity (953.6 Takahafa units) which are
consi'devrably higher thaﬁ mean \)alues gf 35 ¢ 1.3_mM_TG and 132.7 i'78.7 Takahara uni‘ts,
re‘spéctively. This rabbit was sacrificed prematurély at 40 hou;rs:éince in was anticipated that it

would not survive beyond 40 hours of INH administration.
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r = 0.70, ANOVA: p < 0.0005.

32 Hour Plasma Tﬁglyceride Levels (mM)
H
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| 'A ' Figure 18: Correlation: 32 Hogr Plasma Tri'gly'cerides versus Peak
’ " Log ASAL Activity (RIF-INH & Veh-INH Rabbits)

A statistically significant correlation was found between 32 hour plasma triglyceride levels and
peak plasma ASAL activity when INH-treated animals were pooled (r = 0.70, P = 0.49, n = 22,

‘ANOV'A: p < O‘.OOOS). The outlier with extreme elevations of plasma ASAL activity and plasma

)

TG at 32 hours was excluded.
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Triglycerides (All Rabbits)

" A weak correlation exists between 48 hour plasma TG levels and hepatic TG accumulation

30 S
r=0.54, ANOVA: p < 0.001
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Figure 19: Scatter Plot: 48 Hour Plasma Triglycerides versus Hepatic

(r=0.54, * =0.29, n = 37, AN‘O_VA: p < 0.001) when all rabbits are included. Notably, the rabbit

in the Véh-INH group with extreme signs of toxicity was excluded in this correlation.
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Figure 20: Correlation: 12 Hour Plasma Hydrazme versus Hepatlc
Triglycerides (Veh-INH Rabb|ts)

12 hour plasma hydrazine levels correlate sign,iﬁcantly with hepatic triglyceride (TG)

accumulation (r=0.79, ?=062,n= 12 ANOVA: p = 0.0023) in Veh-INH treated rabbits. Two of

. the rabbits in this group fell below the l|m|t of quantltatlon (2 5 pM) but were stlll included in the

statlstlcal analysis.
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Discussion

The main purpose of this study was to determine whether or not RIF pretreatment would
" potentiate INH-induced hepatotoxrcrty in the rabblt model previously developed in our laboratory.
It is evident from the results obtained that RIF pretreatment significantly reduced INH- mduced
hepatic necrosis as seen by sng‘mﬁcantly lower peak plasma ASAL activity in RIF-INH ‘versus
Veh-lNH-treated,animaIs (AN'OVA:_ p< 0.0001; Tukey test: p <’0.025). Moreover, RIF-INH-treated '
rabbits were not statistically different from Veh-Veh* controls ('Figure 7)'. '

AIthough analysns of the d|fferences in peak plasma ALT levels between treatment
groups did not reach statistical srgnlflcance a correlatlon of peak’ plasma ASAL with ALT levels
vdoes eX|st (r= 0.86, r2 =0.74,n= 38, ANOVA: p < 0.00001). Peak plasma ASAL activity appears
to be a better‘discriminator of toxicity than peak plasma ALT activity for the following reasons.
The coefficients of variation (CV)(standard deviation/mean) for non-tra.nsformed ASAL activity
for RIF- Veh* and Veh-Veh* .control groups are 27.6% and 5. 3%, respectlvely Even hlgher ,
variability is observed for non-transformed ALT activity: CV values for RIF-Veh* and Veh—Veh*
control groups are 38.2% and 24.6%, respectlvely However the opposite is true when
comparing CV values of RIF-INH and Veh-INH groups between ASAL. (105% & 206%
| respectively) and ALT 61. 3% & 166% respectiv'ely) Therefore the higher‘ degree of variability in.
ALT versus ASAL activity within the RIF—Veh* and Veh- Veh* control groups (representmg
baseline ALT & ASAL activities) results in fewer ammals ‘exhibiting sugnlf icant Ievels of ALT

versus ASAL activity. This is further supported by the greater number of rabbrts exh|b|t|ng

" significant levels of toxicity (cntena. 3 x mean of Veh-Veh* control. group) using ASAL actlwty C

10 Takahara Units) versus ALT activity (> 90 units/L) as markers for hepatic necrosis. 9 outof 12
rabbits in the Veh-INH group and 2 out of 11 rabbits in the RIF-INH group had significant
elevations in plasma ASAL_.activity.'Whereas only 4 out of 12 rabbits in the Veh-INH group and 1

" out 11 in the RIF-INH group had -significant increases in plasma ALT activity.
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Finally, both peak plasma A'SAL.énd ALT activities showed the same trend_S as markers of
necrosis and both statistically demonstrated a significant d'ifference between treaiment groups
(ASAL, ANOVAé p< o_.oooi; ALT, ANQVA: p < 0.05). |
Having reviewed the literature on the effects of R‘IF on INH-indueed ;hepatoto‘xicity, my
apriori hypotheeis was thvat RIF pretreatment would increase INH-induced\ hepatotoxicity.
However, the observed decre’ase of INH-induced hepatQtoxicity by RIF is pefhaps the best
evidence yet, in animalls. The best quality of evidence today |s based on the design of the study,
e double-blinded, randomized, and ‘controlled~trial‘. Concordant with this design is a double-blind
4 placebo-cont}rolled clinical tvrial of RIF. and INH conducted in eatients with' silicosis in' Hong Kong
(Hong Kong Chest Service/T uberculosis Research Center, Mladras/British Medical Research
“Council, 1992). Alth-ough not discussed by the authors of this study, perhaps the most importani
ﬁnding‘ in this etudy relev_ent to this thesis is a décrease 'of I_NH-indu_ced hepatotoxicﬁy in RIF-INH
treated patienis (HR3) versus INH-only tfeafed patients (H6) besed on a comparison of mean
serurﬁ ALT. activities.'P‘atient‘s in the RIF-INH and lef-only groubs received RIF-INH and RIF,
respectively, for 12 weeks foliov;/ed’ by placebo}fo‘r the remaining. 12 weeks of the study. Oh the
other hand, patients in the INH-only group received INH for the entire study (total of 24 weeks).
The geometfic mean serum ALT activities (n = 272) were:not significantly different between the
RIF-INH and INH-enly treatment groups from the commencement of therapy until approximately
8 vJeeks into treatment. Duriﬁg the 8 - 12 week period, ALT aeti‘vities in the RIF-INH group‘ fell
below the H6 Qroup. Similarily, the percentage of patients‘ with raised serum ALT activities
A (> 28 IU/L) was significantly less in the RIF-INH group corppared to the INH-only gfoup after the_
ﬁrst month of treatment up until the third month of drug administration. |
An important feature of double-blind, placebo-eontrolled trials is that, provided the
double-blind design ie preserved, they enable the measurement of the adverse effects of active
regimens in comparison with the placebob gfoub. During the first 3 months of treatment, adverse.
reactione were resported in 22% of the patients allocated to RIF, 25% fo INH and RIF, 20% to

INH alone, and 17% to placebo. Thus, the majority of adverse reactions were probably not drugé '
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vrelated. 'O'nly 4% of patients in the active treatment series and 2% of those in the placebo series
had their Tegimen stopped because of adverse reactions. During the second 3 monttts, 5% of
patients receiving INH and 3% of those receiving place‘bo reported reactions.

Thu's, the . present and previous studies provide clear evidence fcr the effect cf RIF to
decrease INH-induced hepatotoxicity.

Hepatic microsomal amidase activity was significantly inhibited by INH treatment and
unaffected by RIF treatment. Amidase activities in Veh-INH (11.5 £ 1.9 nmoles hydrazine/mg
protein/hour, n = 12) and RIF-INH (10.1 + 1 nmoles hydrazine/mg protein/hour, n = 11) droups
were both significantly lower thanb Veh-Veh* controls (32 8 + 4.7 nmoles hydrazine/mg
. protein/hour, n = 11). (ANOVA p < 000001 Tukey test: p < 0.001) (Flgure 14 Table 11)
Previous studles in this laboratory have also demonstrated significant inhibition of amndase by
INH in vivo and in v)'tro'(Sarich et al., 1997). | |

| Only yveak negative correlations could be found between amidase activity and peak log
ASAL acti\)ity (r=-046, 1 = 0.21, n =37, ANOVA: p = 0.0043) and hepatic TG's (r= -0.69,
¥ = 0.48, n = 38, ANOVA: 'p < 0.000001). Thescatter plot for the amidase versus hepatic 't'G
correlation (Figure 16)~indicates two different groups of animals, one with> higher amidase
activity and relatively 'Iow'hepatic' TG levels and the other, a range of high to low hepatic
steatosis (TG's) with generally low amrdase toxicity. Although amidase is Ilkely to play arole in
the mechanism of INH- mduced hepatotoxicity, the enzyme itself does not explam all of .the
variance in the severrty of the toxicity. This premise is also supported by the absence of effect of
RlF treatment on amidase activity, but still a decrease in toxicity by RIF Itis also possmle that
the inhibition of amidase by INH is due, at least in part, to the hepatocellular damage itself
ca'us'ed by a metabolite cf INH such as hydrazine. This damage may resuit in a redtjction in the
number of viable amidase ertzymes which is seen as a_ decrease in the overall activity of
amidase in microsomes |

Nonetheless, the mechanism of INH induced hepatotoxwlty is clearly a multifactorial one

wh|ch involves several steps RIF is Ilkely modulatrng the . stepW|se process of lNH-mduced
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he‘patotoxicity by either inflﬁencing an existing step or adding an additional step. Theréfére, a
* lack of correlation does not disprove any one step és an important one in the  production of
toxicity.

Since INH treatment significantly decreases amidase activity, baseline activity would be
éxpected tobe a determihant in INH-induced hepatptoxicity-,,but it can not be readily measured. |

Prévioué étudies in this laboratory (Sérich et al., 1997) have‘demonstrated "thét INH- ..
~ amidase exists in rabbit plasma. However, t.heiactivity ofb plasma INH-amidase relative to hépatic
INH-amidasé is quité low, by a factor of 62 to 126 times.‘ This finding cdmbined with the
' likelihood that INH‘ also inhibits plasma amid.asg mékes it unlikely that plasma amidase would
“have a significant impact on the degree of INH-induced he’patotoxicity.‘ |

A charactéﬁstic of INH-induced hepatotokicity in humans is that, at th_erapeutic doses, it -
only occurs after repeated daily doses of INH. This.feature has also been observed in this rabbit
model (Sarich et al., 1995 & 1996).:This phendmenon is thought to occur, in part, as a resuit of
tﬁe accumulation of 4hydrazine over time in plasma, which has been demonstrated in humans
. (Gent et al., 1992); Previbus studies by Sarich et al. (1996 & 1997) using the same INH-dosing
protocol used in this study demonstrated mean plasma levels of hydrazine at 12, 24-, & 32 hours
of apprdximately 25, 12, and 32 uM hydrazine, respectively. The drop |n plasmé hydrazine levels
"at 24 hours is dt;e ‘to ih’e time interval betWeeh 12 and 24 hours in which theré is rio'INH
adminisiration.. In the present study, Veh-INH treated animals had similar levels of 20 uM énd 25
uM hydrazine at both 12 & 32' hours, respectively, with no statistically signiﬁcaﬁt differences
between RIF-INH and Veh-I'NH-treated animals. Given the lack of difference of plasma
B hydrazine levels between RIF-INH and Veh-INH groups,‘it is likely that'RlF's effect to reduce. the
severity of INH-inducéd hepatotoxicity fs ﬁot due to increased formation of hydrazine or
clearance of hydrazine. In fact, the slightly higher plasma hydrézi-ne levels at 12 hours in RIF-
~INH (26.1_ + 2.5 uM) versus Veh-lNH-(zb.1 +3.6 pM) treaied animals, does not support an effect

on formation or clearance. Nonetheless, an effect on- clearance could be better tested by

- measuring 24 hour plasma hydrazine levels to see if RIF enhances the degree of decliné of




' plasma hyd'razihe Ievels.during the 12 to 24 hour period of INH doSing. If a s_igniﬁcant difference
in plasma hydrazine Ievéls between RIF-INH érid Veh-INH treated ‘animals wefe tovéxist at 24
hours, theﬁ RIF coulq be acting in .part by modulating the metabolism of hydrazine. Alternatively,
a measurement of plasma hydrazine levels at 36>hours would also be a valuable sampling time
jn examining the effect of RIF on hydrazine métabolism. Recall that the last dose of INH in the
preseht study was given at 33 hours of INH-do,sing.ﬂ Thus, at 36 hoﬁrs we would exbect to see
e\)en higher levels of plasma hydrazine than at 32 hours of INH-dosing. In his Ph.D. t‘hesis, T.C.
Sarich also predicts highef levels of plasma hydrazine at 36 versus 32 hours, assurﬁing that

~ more hydrazine Would be formed and tﬁat only a small amount'of hydrazine would be eliminated

in this interval. | .

Interestingly, the rabbit referred to as an 6utlier '(in the Veh-INH group) in the Methods
‘ ahd Results s_ection 6f this thesis, since it dehonstrated measures of toxicity (e.g. pea‘k :plasma
ASAL, ALT, hépatic trig_lycé,r_ides, and plasrﬁa triglycerides) well beyond the mean, alsovexhibited
the highest level of plaéma Vhydrazine (76 pM) at 32 hours. Recabll'that this rabbit was sacrificed
prem_atuqely at 40 hours.l The high degree of INH-induced hepatic necrosis, steatosié, and
\hypenriglyceridémia in. association with high plasma hydrazine levels at 32 hours supports the
hypothesis that .hydrazine is involved in INH:induced hepatotoxicity. This is further supported by
a preVious study by Sarich et al. (1996) who demonstrated a _signiﬂcan{ positive correlaﬁorj |
between plasma hydrazine fevels and log ASAL activity and showed that inhibition of amidase
decreased both INH-induced hepatotoxicity and the formation of hydrazine.

At present, it is still uncertain whi'ch nepatic enzyme is responsible for the metabolism bf
.hydrazine and to what extent. In a similar study invest.igating the effect of RIF pretreatment on
INH-induced hepatotoxicity and métabolism, _Noda et al. (1983) sh_owed significantly less area °
.under the curve valueé (AU'C) of plasma hydrazine between 0 - 8 hours f6||owing a single dose
of oral INH 30 mg/kg in rabbits pretreated with RIF for 6 days (30 mg/kg) versus coﬁtrol (INH .
only). A supsequent study by Noda et al. (1 988) in rats receiving 30 mg/kg RIF (i.p.) for 6 days,

showed that in microsomes isolated from these rats following incubation with 4.8 mM hydrazine,

cytochrome P-450 reductase (P-450-reductase) was significantly induced and involved in the




' formation of a free radical derivative of hydrazine in the presence of 0, and NADPH in vitro.

ASSuming that this free radical analogue of hydrazine occurs in vivo and is alsq hepatotoxic in
vivo,:theh Noda et al’s (1983_) finding Qf decreas_ed'plasma levels of hydrazine in rabbits
pretreated with RIF followed by-INH might support their suggested potentiation of INH-induced
hepafotoxicity demonstrated by pathologically more marked INH—inddced hepatic necrosis. The
present study showed that RIF pretreatment decreases INH-induced hepatotoxicity and did not
demonstrate significant differences in plasma hydrazirie levels at 12 and 32'hodrs between RIF-
INH and Veh-INH treated animals, calling into questipn the suggvestic_)n by Noda et al. (1983 &
1985a) that RIF botentiates INH_-induced hepatotoxicity. Recall that, in Noda et allv. (‘1A933) did not

include a grading system for the quantitative-assessment of the degree of INH-induced hepatic

" necrosis, measured pathologically. In contrast, the current study uses ‘ASAL and ALT activities

asa quantitative measure of the degree of INH-induced hepatic necrosis.

Hydrazine is converted to acetylhydrazine and diacetylhydrazine by:N-acetyItrans,ferase.

It is also possible that a metabolic ‘pathway exists by which hydrazine is converted to a

hepatotoxic intermediate 6f hydrézin»e_ by an unknown hlepatic enzyme (e.g. a CYP-450 isozyme)

and that this pathway is a minor one in relation to the clearance of hydrazine. With this

assumption, one can postulate that if a hydr_azine-derived_feactive intermediate is highly toxic in

~ small amounts, one would not expect to see dramatic changes in the level of clearance of

hydrazine, in this case represented by plas_mai levels of hydrazine at 12 and 32 hours. Therefore,
it is likely that RIF is not affecting the formatildn‘ of hydrazine or its conversion to acetyi- and

diacetyl- hydrazine. Rafher, RIF is likely affecting the h'epatothicity of hydrazine by: (1)

-decreasing the formation of a hepatothic metabolite of-hydrazine, or. (2)'increasing the

" metabolism of a minor hepatotoxic metabolite of hydrazine to a non-toxic one.

The first scenario, namely decreas_ing- the formatiOn 6f a hepatotoxic metabolite 'of

. hydrazine, is possible via the decrease in CYP2E1”activity with RIF pretreatment. This

hypothesis assumes, however, that CYP2E1 is involved in the conversidn of hydrazine to a

hepatotoxic metabolite. The second possibility, namely. the conv'ersion of a hepatotoxic

metabolite of hydrazine to a non-toxic metabdlite, is possible :via the induction of CYP3A6
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(CYP3A4 in.humans). ‘Al‘though an induction of CYP3A6 has hot been veriﬁed in the present
study, one could assume that the protocol for RIF pretreatme’nt' (7A days - 50 mg/kg/day, i..p.)
would have significantly induced CYP3A6. Several studies including those by Deejat et al.
'(1991) and Lange et al. (1984) have demonstrated eigniﬁcant'increaees in Sﬁ-progesterone
hydroxylase activity (a measure of CYP3A6 activity) with similar protocols for RIF as that used in -
ghe current study. _ .

Both hypotheses, the ih_hibition of CYP2E1 and/or the‘induction of CYP3A6 by RIF are

. plausible - explanations. for the -observed decrease'l in INH-i}ldueed hepa.totoxicity" with RIF.
However, both hypotheses also assume that the “major” route of metabolism for hydrazine is its
conversien to acetylhydrazinevand d,iacetylhydrazine by N-acetyltransferase, while a minor rqut'e
-of metabolism is the conversion of ﬁydrazine te a highly reactive heeatetoxic metabolite which is
responsible for INH-jnduced he_patotoxicity.

‘In addition to causing necrosis, INH has aiso been shown, in this study, to cause fatty
changes including hepatic eteatosis and hypertrigiyceridemia. Veh-INH-treeted animals displayed
signiﬁcently elevated Ievele of hepatic TG's (35.4 £+ 5.4 mg TG/gl liver, n = 1 2) relative‘ to Veh-
Veh* controls (8.3 + 0.4 mg TG/g li{/er, n.= 4) (ANOVA: p < .0.00601; Tukey test: p < 0.005)
(Figure 9; TabIeA 10). Different fromv its effect on INH.-induced» necrosis, however, RIF
prelreatment did not protect lNH-dosed rabbits from steatoéis; RIF-INH (26.6 + 2.3 mg TG/g
Iiver). versus Veh-INH (ANOVA: p < 0.00001;' Tukey test: vNo differeeee). Although RIF does
appear to decrease INH-induced hepatic steatosis, the effect is not as great as that observed in

- INH-induced necrosis, which suggests that a different .me_chanism is involved in causing the two.
Interestingly, there were ho significant correlations | between " plasma hydrazin_e levels .and_
necrosis. However, 5 significant correlation was found between 12 hour plasma hydrazine levels
and hepatic steatosis (r = 0.79_, ?=0.62 n=12, p= '0.0023) (Figure 20). in the Veh-INH grmjp.

A weaker co'rrelation'(r = 0.57, = 0.32,n=23,p= 0.0048) in all INH-treated animale (RIF-INH
4 Veh-INH) suggests an effect of RIF en INH-induced hepatic steatosis. This is also su‘pponed by

the lack of statistically signiﬁcant' differences in plasma TG levels at 12, 32, and 48 hours
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between the different treatment groups (Table'10). Again, there does appéar to Abe a dejcreaée in
lthe degree of hypertriglyceridemia at 32 and 48 hours with RIF-prefreatment; at-32 hours RIF-
INH (1.6 }i 0.3 mM TG) versus VeH-INH 3.5+£1.3 mMTG) and at 48 hours RIF-INH (3.5+1 mM
TG) Veréus Veh-INH (6.4 + 2 mM TG)' (Table 10). The main reason for a non-statistipally
significant difference between the RIF-INH and Veh-INH tréatment groups is probably the high
variance contributin_g to a high standard deviation in the Veh-INH ;‘/ersus t‘he RIF-INH and Véh-
Veh Qroups. At 48 hours fhe difference'bétweén.thesé rtreatment groups approaches: statistical
_ significance (ANOVA: p < 0.053). |
: Others have also reported INH-induced steatosis and/or hypeﬁriglyceridemia in rabbits
. (McKennis, Jr. et al., 1956; Whitehbuse_ et al., 1978 & 1983, Karthikeyan and Krishnamoorthy,
1991). However, unlike the pfgcéding studies, Sarich et al. (1995 & 1996) has demonstrated
concomitant INH-induced hepatic necrosis, Stéatosis and hypenriglyceridé_mia in a rabbit model
similar to the presént one. | |

One might argue that RIF‘its'eIf" caused hepatic steatosis which at;,countéd for the
- observed lack of difference in fatty changés between RIF-INH- and Veh-INH-treated animals.
'Hovyever; there is only one publication which supports this hypotheéié. Piriou et al. (1979)
démonsfrated signfﬁcanf increases in hepafic TG’s in male.rats with significant decreases in
plasma Té’s. However these changes opcurre_d with a dosing- reg_imeri consistihg of 400.
mg/kg/déy RIF for 8 days which is much higher than the present regimen. Moreover, there was
no increase in hepatic TG's in this study witﬁ RIF alone. |

In humans, INH-induﬁed nécrosis has been accepféd as the chara'cteristié he.patotoxic.'
éffect of INH (Black et a_i., 1'975; Mandell & Petri, Jr., 1996); however the only twb studies
reporting the occurrence of INH;ihduced 'h-e‘patic necrosis and sfeatosfs were in patienfs receivirig
both INH and RIF (Péssayre et al., 1977; Pilieu et al.,.1'979). As mentioned earlier, fhese studies
did not adequately cqhtrol for- INH and‘RlaF treatments. The lack of observation _of‘ hepatic
steatosis in patiénts receiving INH does nét mean that steatosis is not.occurring; rather, thére are’

‘no studies in humans in which hepatic steatosis with INH or plasma triglycerides were
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quantltated

. The significant correlations. between 12 hour plasma hydrazme levels and hepatlc TG's
in Veh-INH (r = 0.79, |2 =062, n =12, p = 0.0023)_(F|gure 29) and all INH-treated animals
(r = 0.57, ? =032 n =23, p= 6.0048) suggest that hydrazine itself is responsible for INH-
induced hepatic steatosis. Although there is a weak negati\re correlation betwe-ein hepatic TG and
amidase activity (r=-0.46, P = 0.21, n=22 p=0.033) _(Figure 16) in all INH-treated animals, a
lower amidase actiuity would predictably result in less hydrazine production from INH hydrolysis
and hypothetically resutt in .Iess INH-induced hepatic steatosis However the decreaeed amidase
‘ actrvrty observed in thns study is probably reflecting amldase whrch rs inhibited or destroyed by
the hydrazine belng produced ' . |

Hepatlc steatosrs and hepatic.necrosis both seem to be o'ccurririg simultaneously, as
there is a srgmf icant correlatron between peak plasma Iog ASAL activity and 32 hour plasma
TG's in Veh-INH (r = 0.75, rz 0 55, n=11,p= 0 009) (Flgure 17) and all INH-treated animals
(r = 0.69, r2 =0. 49 n =22, p = 0.0003) (Figure 18) Peak plasma levels of ASAL were observed
to occur at 32 or 48 hours of INH- dosmg Surpnsmgly, a weak correlatlon was found between
hepatic TG's and plasma TG levels, the only statrstrcally signifi cant one occurrmg at 48 hours A
correlation was found between with hepatlc TG’s and 48 hour plasma TG's (r= 0.54, * = 0.29, n
= 37,.p = 0.0008) (Figure 19) and between hepatic TG's and peak _plasma TG's (r = 0.52, =
0.28, n = 37, p = 0.0009) when alI treatment'groups were included.

In previous studies conducted by Sarlch et al (1996) no correlations were found
between pIasma hydrazme levels and INH-induced hepatlc steatosrs whereas strong correlations
were found between -plasma hydrazine (32 hour) and hepatic necrosis (log plasma ASAL 48
hour) (r = 0.73, P=0.53,n=15p< 0.005) and with hepatic steatosis (mg TG/g tiver)and peak
plasma TG levels (mM) (r = 0.73, * = 0.53, n =,15; p < 0.002).

Iin rats, INH appears to produce- hepatic steatosis with little or no hepatic necrosis
(Amenta & Johnston, 1962; Patrick & Black, t965; Scales & Timbrell, 1'9.82). T-hese observations
combined with the fact that, in hurnans‘, IN'I-VI‘-induced hepatic necrosis reportedly occurs without

hepatic steatosis suggests that the two toxicolcgical processes are different mechanistically.
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Although the present study suggests that INH-induced necrosis and steatosis occur by
different meavns, there is likely to exist a cornmon st‘ep in both. That is, it is probable that in INH-
induced hepatic steatosis, hydrazine islthe hepatotoxic rnetabolite, whereas in lNH-induced '
necrosis, a metabolite of hydrazine is responsible. Several studies have shown that hydrazin.e
administration to animals prdduces fatty changes including hepatic - steatosis and
hypertriglcyerldemla (Yard & McKennis, 1955; Patrick & Black, 1965; Clark et al., 1970).
) Pretreatmg rats with CYP-450 inducers such as PB or p- naphthoﬂavone ‘(BNF) resulted in
decreased hepatic triglycer_ide accumulation in response to hyd_razme administration in vivo
(Jenner & Timbreli, 1994). In contrast, inhibitors of CYP-450, such as piperonyl butoxide
increased triglyceride accumnlation (Jenner & Tirnbrell, 1994) in rats. In Jenner and Timhrell’s
. (1994) study, hydrazine Cause'd a dose-dependent increase in hepatic triglyceride accurnulat_ion.
| Whether RIF’s effect on hydrazine is via the inhibition of CYP2E1 and/or the induction of
CYP3A4 or the induction of P-450 reductase is still.questionable. All three'enzyrnes are
potentlally involved in the metabolism of hydrazme Nonetheless the present study does show"
. that hydrazine is Ilkely to dlrectiy or indirectly cause INH- induced necrosis and steatosis.

-The marked species _differences between rats and rabbits, rats being less susceptible to
_ INH-induced necrosis than rabbits while still exhibiting eqtiivalent sdscep_tibility to'INH-induced
steatosis as rabbits, might be explained by their inherent difference in ami_dase a_nd acetylation
activities. Rats have been shown to possess arnidase activites 10 to 20 times slower and
acetylation rates about 6 times slower thanthose found in rabbits _(Whitehouse et al., 1983). The
overail effect in rats, then, vyould be a greater proportion of hydrazine being acetylated in relation
te the amount nf'hydrazine nroduced from the hydrolysis of INH. As well, the inherent difference
in the RIF doses requrred to mduce CYP3AS in rats (200 400 mg/kg) versus rabbits (30 - 100 _
_-mg/kg) might also provnde insight into this species difference (Benedetti & Dostert 1994). It
would be of interest to conduct a similar expenment as the present, in rats, to see which hepatic

microsomal enzymes are affected (e.g. CYP2E1, CYP3A6, amidase, and P-450 reductase) and

this might provide further insight into the mechanism of INH-induced steatosis VErsus necrosis.




In the present study, P-450 reductase was significantly induced by RIF (RIF-Veh group,
n= 1~1) by approximately 40% of the mean of Veh-Veh* control rabbits (388 + 24 nmoles/min/
mg protein, n = 4) (Figure 12; Table 11). A review of the available literature reveals an absence
of effect of RIF pretreatment on P-450 reductase activity in rabbits. For example; Whitehouse et
al. ‘(1 985) found that RIF given‘__for 7 days at a dose 6f 100 mbg/kg/day (i.p.) has no significant
effect on P;450 reductase activity. Noda et al.‘ (1983) observed the same result with a dosing
regimen eensisting of 30 mg/kg/day RIF (parenterally) for6 day's; In eontrast, others have found
_- a signifi cant induction of P-450'reductas’e in rats (Pessayre et al 1976' Piriou et al., 1983) and
mice (Dimova & Stoytchev, 1994) Thus the present study is the first report of a sngnif icant

induction of P-450 reductase in rabbits.

P-450 reductase activity did not correlate significantly with 12 or 32 hour plasma

hydrazin‘e. Interestingly, however, the rabbit in the Veh-INH group, considered an outlier because
of very ' high signs of toxicity, also had quite a low P-450 reductase activity‘
(263 nmoles/minute/mg protein) ‘.reiative to the mean of this group (413 £ 16 nrnolles/minutelmg
protein). P-450vreductase‘activity also did not correlate'signiﬁcantly with ar‘iy parameter of INH-
“induced toxicity (peak plasma ASAL & ALT; hepatic triQcherides (TG) and plasma TG). This
finding may, in part, be explained by the possibility that P-450 reductase is only partly

responsible for the metabolism of hydrazine or that P-450 reductase is indirectly ihvolved in the

"~ metabolism of‘hydrazine. Fbr example P-450 reductase might be increasing the metabolism'of '

a hepatotoxic metabolite of hydrazme to a non-toxrc metabolite. One can not exclude P-450
reductase as playmg a role m the metabolism of hydrazme given the observed srgnif cant
induction of P-450 reductase in the presence of both RIF and INH and the concomitant decrease
in INH-induced hepatic necrosis: In rats, which abpear to vappear to be less susceptible to INH-
induced hepatic' necrosis than rabbits, P7450 reductase 'activities are approximately dolible the
activity obseved in rabbitS‘(Whitehouse et al 1983). If there had been tWo or three rabbits

rather than only one, which had demonstrated extreme toxicity and low P-450 reductase actnvnty,

" the aforementioned correlatlons might have been sngnif icant.
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Previous studles in this laboratory (Sarich et al 1997) have demonstrated. that
L-thyroxlne T4 mediated |nduct|on of P-450 reductase results in sngmf icantly less INH-induced
hepatic necrosis and steatosns‘m T4-INH versus INH-only groups. Moreover, comblnmg T4-INH.
and INH only-treatéd anirhéls (n _'= 28) produced statistically significant negative correlations of

.P 450 reductase act|V|ty with peak plasma ASAL actnvnty (r = -0.49, = 0. 24, p<0. 61) and
hepatic TG accumulation (r =-0.63, ?=0.40,n = 28 p < 0.001). Kato and Takahashi (1968) and
Waxman et al (1 989) have also demonstrated induction of P-450 reductase using L-thyroxine.
Both the findings of T. C. Sarich (Ph.D. Thesis, 1997) and the present study strongly suggest that
increased P-450 reductase act:vnty by RIF protected agalnst INH-induced necrosis.

‘An alternative explanation to the Iack of correlation found be_tween P-450 reductase. -
activity and a marker of hepatotoxicity.-is that induction of P-450 reductase incrgased the
effectiveness of an unknown P-450 enzyme in detdxifying hydrazine or a toxic intertnediate of

‘ hydrazine. This would be considered an indirect effect of P-450_ reductase on the hepatotoxicity
of hydrazine or.a metabolite of hydtaztne. The péssibility also exists that the ihduCtion ot P-450
reductase did not confer upon the rabbits any prdtective mechanism égainst INH-induced
hepatotoxicty; This hypothesis is - partly supported by Nodé et al.’s (1983) report that. RIF_
pre_t_reatmént did _not-a’ffeCt P-450 reductase activity, but still reéulted in decreased plasma
- hydraiinerlevels in rabbits receiving INH. In any caSe, these studies in rabbits demt)nstrate that
induction of P-450 reductase does ttot incre’asé the hepatotoxicity: of hydrazine as proposed in an
in vitro study by Noda et al. (1988) |n rats.

A novel finding in this study was a sngmf cant mhnbntnon of CYP2E1 actlvuty by RIF in
rabbits. The ortly other finding suggesting an inhibition of CYP2E1;by_ RIF treatment is by
bimova and Stoytchev (1994) in mice. Dimdva and »S_toytche.v‘ demonstrated a significant
decrease in aniliné hydroxylase activity, an acti\_/ity' non-specific to CYPtA2 and 'CYP2E1
isozyi_nes, with 50 rttg/kg/day (i.p.) RIF pretreatment in mice. A reviéw of the Iiteréture indicates
that p-nitrophenol hydroxylase (used in the presentl study) is morev selective than aniline
hydroxylase for CYP2E1 activity (Koop'D R et :-_zl., 198§). In the preséht Study, CYP2E1 activity

in RIF-Veh* rabbits (1.5 + 0.1 nmblelmin/mg protein, n = 11) was significantly lower than the |

97




Veh-Veh* control group (2..3 +04 nmole/minlrng protein, n = 4) (ANOVA: p < 0.0Q001; Neuman-
Keul's Test: p < 0.05) (Figure 13; Table 11). This is the first report of the inhibition of CYP2E1
by RIF in rabbits. | |
 INH caused a greater deorease in CYP2E1 activity in Veh-lNH-treated animals having ‘a
mean activity of 0.47 + 0.2 nmole/min/mg protein (n = 12)‘ (ANOVA: p < 0.00001; Tukey test:
'p < 0.001) (Figure 13; Table 11). Pret/ious experiments‘by Sarich et al. (1 997} d_emonstrated a
| similar'degree of inhibition (Veh-INH: 0.53 + 0.2 nmole/min/mg protein, n= 7) of CYP2E‘1' by INH
treatment. The average dose of INH adrninist_ered to the rabbits using the dosing protocol
| outlined in the Methods section is approximately 1.‘1 mmoles/kg/day for two days. Clinioal studies
. on the effect of INH on CYP2E1 activity bu Zand et al. (1993) showed that in.humans; doses .of
INH of apprOXimater 0.04 mmoles/kg/day for s_even days causes inhibition of CYP2E1 at the
tim.e of ,INH 'administration. ln»contrast, at 48 hours after the last dose of INH, an induc_tion of
CYP2E1 is observed. As a possible exptanation for this observation, Zand et al. (1 993)' proposed
th'ev .CYP2E‘II. Aenzyme is tike_ly stabilized from degradation during its induction and‘- upon
decreased ‘exposure to INH, the now increased nurnber of enzymes becomes unmasked,
resulting in an increase in CYP2E1 activity. Previous studies in this Iaboratory (Sarich et al.,
1997) showed an mcrease in CYP2E1 actlvrty |n ammals pretreated W|th bis-p-nitrophenyl
- phosphate (BNPP) an amldohydrolase (amldase) mhlbltor (Mitchell et al 1976), followed by -
INH. It was proposed that INH or acetyl-INH was an mducer(s) of CYP2E1, while one or more ‘of_
the INH metabolites are inhibitors of CYP2E1 Alternatlvely, since Jenner and Timbrell (1 994b)
observed increased CYP2E1 actrvrty wrth low doses of hydrazrne |n rats, then perhaps a lower
metabolite concentration of hydrazine can mcrease CYP2E1 actwnty.
It is difficult to propose a mechanism b'y‘ IWhich RIF caused an significant decrease vin

CYP2E1 -activity since no evidence supporting the i‘nhibitory effect of RIf-‘ on ’CYP2E1 Iactivity is
available. However, it has been shown that ‘RIF administered at therapeutic doses causes

significant |nh|b|t|on of protein synthesis, in vitro, in mlcrosomal fractions |solated from human

and rat livers and this is more pronounced in humans than in rats (Buss W C et al., 1978).
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Generally, a decrease in ,P-4SQ é’niyme activity can result frdm: (1) _exposuré to an
environmental fa'dor (such as an infectious disease or a Xehobibti(i) that suppresses P-450
enzyme expressién, or (2)' 'exposure‘to' a xenobiotic that inhibits or jnactivaiés a pre-exiéting P-
450 enzyme. (Parkinson, 1996). The first mec}hanism is most likely, as it i§ not uncommon for
-drugs which induce one CYP-450 family to decrease the ’expr,e:ssion of other CYP-450's. For. -
example, | |

Interestingly, inductibn of CYP2E1 has also been shown to increase the foxicity of other
chemicals sﬁch vas carbon tetrachloride (CCI4) in rats pretreated with e;(hanolv ‘(Lindros et al.,
1990). In mice, RIF pretreatment at 50 100 6r 200 mg/kg fof 4 days protected against acute liver
injury induced by CCly (Huang e_t al., 199.5). In this study, micr.osome's' iso]ated from mice
pretreate;j with RIF 200 mg/kg orally for four déys followed by a single subqutaneous injection of
'CC'I4. (50v ul and/or 406 pl‘Of 5 mil/kg) exhibited a 'signiﬂcant induction of P-7450 reducta_se
(nm‘o'i/mg protein/min). Recently, .anti-(CYP-2E1)-IgG experimeﬁts performed wiih microsomes
. showed that the addition of aﬁti-(CYP2E1)-IgG to the P-450 enzyme system ,in-vitro Was capable
of inhibitihg CCls;-mediated microsomal Iipid peroxidation by 70%, suggesting that CYP2E1 is
involved in the metabolic activation of CCl, (tha‘nsson & Ingleman-Sundberg, 1985; Ekstrom,
Von‘Bahr & Ingleman-Sdndberg, 1989). CClsy-mediated maiondialdehyde (MDA) fOrmation was
used ‘as a measure of .micvroso'r‘n'al lipid peroxidétion (Ernster & Nordenbrand, 1967). RI'F'
débreased MDA formation rﬁediated by CCI4 in a dose-dependent manner in vitrp (RIFF
‘cl:oncentratiovn'varied from 2.2 x 107 io 10 M). RIF's pf@tecti,ve effect against CCI.,-induqed
' hepatotoxicity was also manifested' as: no zii_fference in s‘érum ALT and aspartate transaminase
(AST) activities between . RIF-CCls (70.23 + 2375 Units/L and 46.57 + 24.49 Units/L,
respectively) »arnd untreated (40.25 + 4.69 Units/L and 21.65 + 4.17 Units/L, respectively) animals
‘when 2b0 mg/kg dqses of RIF.were htilized. CCI4-treéted animals exhibited mean ALT and AST
serum (;oncentrations of _2#0.63 t 58.17. Units/L and 271.36 + 78.00 Units/L, ,respectivély. A
~ group of five mice weré incIUded in each treatment group analyiéd. 100 mg/kg doses of RIF also
significantly reduced C_CL,-induced hepatotoxicity (~50%) buf to a Ie§sér degree than 200 mg/kg

(~80%).
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In Iight of the foregoing ohervations, the present study's Aﬁnding of a significant decrease .
in CYP2E1 activity by RIF with concomitant “protection™ of the rabbit irom INH-induced
hepatotoxicity suggests that inhibition.of CYP2E1 may be partly responsibie for the ‘decrease in -
INH-induced hepatotoxicity by RIF in‘rabbits Statistically signiﬁcant negative correlations could
be found wrth CYP2E1 actrvrty versus 48 hour plasma TG r= -0 40, P = 6, n = 30,
p 0. 027) peak Iog ASAL activity (r = -0 45, r2 0. 20 n= 30 p< 0 013), and hepatic TG levels
(r=-0.66, r2 = 0.44, n = 30, p = 0.00007) when all treatment groups were cons_ldered. Although
| these correlations are weak (r2 < _6.50)_, it i_s important to V.note that: (1) those rabbits whioh had )
CYP2E1 activities that Were undetectable were not included, and (2) it is likely that one of the
metabolites of INH dependent on amldase activrty (|son|cot|mc acrd acetylhydrazine, and/or
" hydrazine) |nh|b|ts CYP2E1 If the undetectabie (*0” values) of CYP2E1 activity .had been
| included in the analysrs the statistical and biological signifi cance of the correlations would have
been stronger. T. C Sarich previously found a srgnlf icant negative correla'uon between CYP2E1
activity and hepatlc steatosis (hver TG; r=-0.71, * = 0.50, n = 22, p < 0.001) (Ph.D. Thesrs,
1997). | | | | | ‘
Induction of CYP2E1 by aoetone and INH (Jenner & TimbreII 1994a) has been shown to
lncrease the hepatotoxncrty of hydrazme in vivo in rats mcreasmg lipid accumulation compared
wrth control anlmals Jenner and T|mbrell (1994a) did not see. any evidence of an effect of
CYP2E1 induction on INH-indu‘ced necrosis. With the foIIowmg assumptions: (1) that hepatic
amidase acting on INH produces hydrazine, (2)A hydra;ine or its metabolite is the principal
metabolite of INH responsible for INH-induced hepatotdxicity, and (3) that CYP2E1 is partly
responsible for the generation of a hepatotoxic metabohte of hydrazme then one could predlct
‘that inhibition of CYP2E1 durrng RIF pretreatment protects those rabblts from INH-induced
hepatotoxicity compar_ed to those rabblts receiving INH wrthout prior RIF pretreatment. That is,
' rabbits in'the Veh-INH group will have higher baseline CYP2E1 activities and thus be prone -to
INH-induced hepatotoxicity before receiying INH. In contrast, rabbits in the RIF-INH group will
have lower CYP2E1 activities before INH adminis'tration ‘is initiated and thus would be

“protected” to some degree from INH-induced h'e.patotoxicity. ‘
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. Interesﬁngly, a sfmilar phenomenon is éeén to occur with acetaminophen(APAP)-
induced hepatotoxici.ty in mice (Snawder et al., 1994). APAP undergoes oxidative activatioh by
the cytbchrome P-450 systém primarily by the 2E1'. 1A2, and 3A4 isozymes (Patten et al., 1993) |
| ‘to thé hepafotoxic reactivé iﬁtermédiate N—aCetyI-p-benzoquinone imine (NAPQI). The activity of
these P-450 isoéymes is also decreased with thebdevbe'l'opment of toxicity in these mice (Sn‘éwder, o
e't.al., 1994). | '
Thus, it is possible that, in our model of INH-in’duced hepatotoxigity in rabbits, CYP2E1
'may be involved in the production of reactive and toxic metabolites of hydraziné or chér
metabolites of INH and. that RIF’s inhibition of CYP2E1 is partly responsibie for RIF’s decrease of
INH-induced hepatotdxicity. Alternatively, CYP2E1 may .not‘ ‘be involved withv hydrazine
, metabolis;n; and the protective effect of RIF againét INH-induced hepatotoxicity may be due to
the'inducﬁon of P-450 reductase or some other P-450 enzyme which is induced (e.g. CYP3A6 in |
rabbits, CYP3A4 in humans) or inhibited by RIF.
The ac;etylatorA status tested in animals receivin§ INH (Veh-INH and RIF-INH groups)
doeé not correlate witﬁ any marker of toxicity. All of the rabbits phenotyped (RIF-IN\H & Veh-INH
'groups) were rapid acetylators (range: 72.8 - 95.3% sulfamethazine acetylation in 20 minutes).
However, which such a sr.na.ll rangelof écetylati_on rates observed in the rabbits that were
phenotyped, it is difficult to dréw any Qonclusiqns as to whether a .reIatioﬁShip exists between the
écetylaiion rate of sulfamethazine and the degree of'INH-inducedhepatotoxicity.
' The hydraiihe produced from INH represents a mihor metabolic pathway of INH. R_ecéll
from Figﬁre-1 that hydraziné can be produced from two metaboli(A:vpathways of INH. One
pathway (A) involves the hydrolysis of INH to hydrazine by hepatic amidase. Thé other pathway
(B) involves three steps, the ﬁrsf one requiring INH to be acetylated to acetyl-INH. In the second
~ step, acetyl-INH is hydrolyzed to isonicotinic acid and écetlyhydrazine. Then, amidase is able
once again to hydrolyze aéetylhydrazihe to.hydrazine. In a rapid acétylator, in which more

hydrazine is being produced via pathway B, the inhibition of amidase by INH could shunt the

production of hydrazine in pathway A to pathway B résultin'g in even greater pfoduction of




hydrazine via this pathwéy. '_The divérsify v‘vhichA exists ‘in metabolic pathways leading to the
production of hydrazine, cbmbinéd with the potenti_él involvement of one or more hepatic
enzymesl ‘(e.g. CYP2E1, CYP3A8, énd P-450 reductase) in the metabolism of hydraiine further
complicates the atterhpt to isolate a single fagtor-in this multi-stepped process associated with
hepatotoxicity. The lack -of correlation between amidase activity or acetylation réte wjth the
degree of INH hepa'to-toxicity might be .indica.ti_ve of a rhultifactorial~aspect to the toxicity of
hydfazine and/or a metabolite of hydrazine. o

Perhaps a less obvious hypotheSis to explain the Iabk of relationships between amidase

activity and toxicity is that hepatocellu'lar' damage induced by hydrazine and/or a toxic

- intermediate of hydrazine confers upon the liver cells a. lower capacity to detoxify these -

metabolites. For example, the “qutliel" rabbit.in the Veh-INH group which was excluded in some .
correlational anallyses exhibited extreme measures of hepétdtoxi_city and exfremély high ‘plasma
hydrazine Iev‘ells at 32 hours. This rabbit also had very low amidase activity (4 nmoles/min/mg
pr_otein) and reductase activity (263 nmole/min/mg protein) relative to thé means of 11.5 ’iv1.9
nmolg_/min/mg brotein and 413 + 16 nmole/min/mg protein, res_pectively’. ldeally, one should
measure the amidase activity prior to INH.administratibn,rlsince one would predict that subjects
with high amidase activities i;ould be at a higher risk of developing INH-induced hepafotoxicity.
However, as mentioned earlier, it cannot readily be measured atthistinﬁe. o
| It has been prop&sed that.slow acetylat;r rabbits- are 'more susceptible to INH-induced
convulsions than rapid acetylator rabbits (Hein & Weber, 1984). In the present study,_ 5 out of 23

rabbits receiving INH experienced convulsions in the 24 to 48 hour périod_ of INH dosing; only 1

- out of 5 died pre-maturely (20%). These results are conc_ord_ant with those of Sarich et al. (Ph. D.
* Thesis, 1997). Our data seem to support the hypothesis that slow acetylators are more

Sus'ceptible to death from INH-induced convulsions, however, more slow acetylators need to be

included in the study in order to verify this hypothesis.

i
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~ Strengths and Weaknesses of the Present Rabbit Model

The rabbit model established previously in this laboratory '(Saric_h' et al., 1995) to study
the chara'cteristics of INH-induced hepatotoxicity has been extended in the present study.

Greater than 50% of the rabbits in the Veh-INH group (n = 12) demonstrated signif cantly

'elevated plasma ASAL levels (8 out of 12) and hepatic TG accumulatlon (10 out of 12) relative

to the Veh-Veh* group (n = 4).” ’

The present rabbit model consisting of RIF added to the-previously_ established INH
protocol has demonstrated sim_ilar characteristics as those observed in humans (Hong Kong
Chest Service/T uberculosis Research Center; ‘Madras/British Medical Research Council 1992):
(1) RIF: alone demonstrated no srgns of hepatotoxrcrty, (2 RIF pretreatment significantly
decreased INH-induced hepatic necrosis..

Although cytochrome P-450 levels were not srgmficantly raised wnth RIF pretreatment it

< is possrble that RIF selectively induced a P- 450 isozyme without affecting the overall pool of

P-450 enzymes; the |nhibit|on of. CYP2E1 by RIF may have offset an increase in P-450 levels

o with the induction 'of CYP3AS, per se. Moreover, it is important to note that the measurement of

P-450 Ievels according to the method descrlbed in Omura and Sato (1 964) is not a measure of :
the level of P-450 activity, but only P-450 heme content. It would. be valuable, nonetheless, to
measure 6- progesterone (or testosterone) nydroxylase activity a.s a measure of CYP3A6
activity to verify whether or not RIF pretreatme_nt in this study sig_niﬁcantly‘induced CYP3A6. The
existing microsomal samples collected during the study can be used for this purpose. |
Another aspect of the present stud)'(vwhich might be p_erceived as a inherent weakness is
the imbalance in numbers of animals_inclluded in.each of the four respective treatment groups,
Veh-Veh* (n =‘4), Veh-INH (n = 12), RIF-Veh* (n = 11), and RIF-INH (n = -11); The imbalance -
exists due to the smaller number of rabbits-in the Vetheh* control group (n = 4). The rationale
behind using only 4 animals here is.'two-fold. Firstly, previous studies in this Iaboratory (Sarich et

al., 1 995) have shown that baseline characteristics for peak plasma ASAL (4.6 £+ 0.8 Takahara

units, n = 12) and ALT (31.3 + 39 Unitslk, n = 12) act_ivities, hepatic‘ TG's
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(10.5+1.6mg TG/g liver) and plasma TG's (32 hour: 1.0 + 0.1 mM) have little variance relative
" to treatment groups Similarily, the vanabillty in cytochrome P-450 content (2.9 + 0.3 nmoles/mg .
protein), CYP2E1 activity (2.3 £ 0.4 nmole/min/mg protein), P-450 reductase activity (388 +24
nmole/min/mg protein) and amidase activity (32.8 + 4.7 nmole/mg protein/hour) within the '

Veh-Veh* group of the present study (Table 11) is adequately low to justify the use of 4 animals

in this control group

Comments on the Apparent Multifactorial Nature Regarding the Mechanism
of(INH-induced Hepatotoxicity

It seems evident that no one particular hepatic 'rnicrosomal. enzymejor metabolicprocess
' involying INi—I is ‘entirely responsible for INH-.induced hepatotoxicity. It is likely that a number of
steps are inyoived and that each step is present in eyery individual, the main difference being
the degree to which a particular step is actively involved in the metabolism of INH. For example,
a given species might lack a particUIar metabolicstep and/or exhibit greater or lower activity for
-that step. The degree of involvement of one step over another will likely determine the severity
~ of liver damage in responSe to INH. Some of these ste.ps.have been studied extensively, namely '
amidase and N- acetyltransferase actrvnties However, assuming that hydrazme is the hepatotoxlc
metabolite of INH, it is still diffi cult to predlct (1) the amount of hydrazine that will be produced
from these steps, and (2) what amount.of hydrazme is required for significant liver damage. For
example, ahigh amidase activity will lead to the production of a larger_arnount of hydrazine, but
this might be compensated by a h'igh N-"acetyltransferase activity, Ieading to the non-toxic
metabolite of hydrazine, diacetylhydrazine. Secondly, after these two processes take place,ithe
hydrazine remaining is likely susceptible to further. metabolism to either toxic or non-toxic
metabolltes by P- 450 reductase or CYP-450 |sozymes As-was proposed earlier, it is possible '
'that the inhibition of CYP2E1 and/or the induction. of P-450 reductase may have contributed to
the d‘ecrea‘se in lNH-mduced hepatotoxicity with RIF pretreatment. Hepatic P-450 enzymes have

been ‘implicated in the oxidation of hydrazine in rats and rabbits (Noda et al.,

104 -




|

1985a; Noqa et al.,. 1985b; Timbrell et al., 1982; Jenner & Timbrell., 1995), but the isozymes

reéponsible are unknown. In vivo studies in rats (Noda et al., 1985a; Jenner & Timbrell, 1994)

éhd rabbits (Noda et al., 1983) pretreéted with RIF‘ or PB showed decreased plasma hydrazine
levels with concomitant increases in P-450 levels. In patients, two case reports by Wright et al.
(1982 & 1984) demonstrates f(hat the interaction between the microsomal enzyme inducer,
carbamezapine, and INH can lead to significant hepatic necrosis. |

Clearly, there exists greater potential to answer some of the questions or hypotheses that

" have been raised through the pres‘ent‘ study. The existing model used to study the effect of RIF

on INH-induced hepatotoxicity can serve as a tool to resolve some of these issues. For example,

~various P-450 isozyme aciivities, including CYP3A6, can be measured to determine if any

relationship exists between its activity and measures of INH-induced hepatotoxicity.

105




‘Thesis Summary:

1. The animal model of INH-induced hepatotoxicity is reproducible.
2. INH céUsed sighificant hepatic necrosis and steatosis.

. 3. The present study supports the hypothesis that hydrazineis involved in INH-induced hepatit:
steatosis, whereas a rrietabolité of hydrazine is Iii<e|y responsible for INH-indiiced hepatic
ne'crdsis_. There was no_significant correlation between INH-.induced hepatic necrosis. and
plasma hydrazine levels. However, a signiﬁcant correlation Wa‘s found between hepatit:

steatosis and 12 hour hydrazine plasma levels.

4. RIF itself is not directly hepatotoxic: RIF did not cause hepatic necrosis or steatosis in

rabbits.
5. RIF signiﬁcantly protected rabbits from INH-induced hepatic necrosis.

6. 'Pla’snta levels of hydrazine at 12 & 32 hours of INH dosirtg wére not -affected by RIF

pretreatment.

7. INH treatment significantly decreased hepatic microéomal amidase activity (~65%). The
mechanism for this inhibition is still unclear but might involve hydrazine or a metabolite of

hydrazine.

8. RIF pretreatment did not have any effect on hepatic microsomal amidase activity. This
‘'makes an effect on amidase unlikely to be the cause of RIF’s protective effect against INH

toxicity.
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9.

10.

"RIF had no significant efféct on hepatic cytochromé P-450 levels. This does not exclude the

possibility that RIF significantly induced CYP3A6'aS expected, given the observed inﬁibitory '
effect on CYP2E1 actfvity. RIF might be inhibiting and/or inducing other'CYP-450 isozymes,
the net effect of which'is ﬁo change in overall levels of CYP-450. Moreover, mea‘surement of
CYP-450 levels is a measufe of the heme portion of “potentially” active CYP-450’s, not the

activity of CYP-450 enzymes.

A novel finding is RIF's significant inhibition of CYP2E1 (~35%) in rabbits. This inhibition of .

'CYP2E1 might play a role in RIF's decrease. of INH-induced hepatotoxicity. The mechanism

1.

12.

13.

" 14,

of this inhibition, although unknown, is likely different from INH's inhibition of CYP2E1.
INH treatment inhibits CYP2E1 activity. |

A novel finding is RIF's significant increase of P-450 reductase activity by approximately
40%. P-450 reductase might be involved in hydrazine metabolism to produce a less or more

toxic metabolite‘ of hydrazine. Alternatively, the increase in P-450 reductase by RIF may

have increased the effectiveness of an existing or RIF-modulated P-450 isozyrﬁe involved in

the detoxification of hydrazine.

In this study, all 'fabbits recei\)ing INH were rapid acetylators. There was no reIétiOnship
between the rate of acetylation of sulfamethazine and any parameter of toxicity, suggesting

that small differences in acetylator status are not critical in INH-induced hepatotoxicity.

The mechanism of INH-induced hépatotoxicity appears to be a multifactorial one with

hydrazine being a key component of toxicity. The known factors include the enzymes leading

to the production'-and detoxification of hydrazine, amidase and N-acetyltransferase. The -
unknown factors include CYP2E1, CYP3A6, P-450 reductase, and/or some other CYP-450:,
isozyme which leads to the production of a he'patotoXic or non-hepatotoxic metabolite. of

hydrazine.
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15.

16.

Overall, the similarity Qf effect of RIF in decreasing INH-induced necrosis. between humans

(Hong Kong Chest Service/Tuberculosis Research Center, Madras/British Medical Research

Council, 1992) and rabbits, in the present study (although using different dosing regimené), is

-supportive of the usefulness. of the present model .in examining the effect of RIF

pretreatment on INH-induced hepatotoxicity.

This model can be used to determine which of the “unknown” factors aré crucial to the

mechanism- of INH-induced hepatotoxicity, as well as to better define thé mechanism

whereby RIF decreases this hepatotoxicity.
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