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ABSTRACT 

Phyenotype frequencies of fast and slow acetylators 

of the drug isoniaz id (INH) were de termined in 157 subjects 

including norma l (80) and tuberculosi s (7 7) patients 

selected from twin cities of Rawalp ln Ji and Islamabad. 

The drug, INH, was administered orally to th e subjects. The 

plasma INH concentration was determined spec t rophotometrically. 

The results show that INH lS metaboli zed in humans at 

extremely variable rates. On this basis, two types of 

phenotypes have been identified: the slow acetylators with 

less tlilan or equal to (2.5 pg INII/ml), and fast acetylators 

with more than ( 2. 5 ~g INH/ml). Of the 157 s ubj ects 

investigated, 50 (31.8 percent) were found to be fast 

acetylators and 107 (68.2 percent) slow 8cetylators or IN!!. 

An attempt was made to determine o- relation, if 

any, between various blood groups and acety lators of INH. 

The data obtained s how non association be tween blood gro ups 

and acetylators ( P(0 . 05) . The importance of the findings 

is discussed with reference to the rational us e of INH in 

tuberculosis treatment. 



INTRODUCTION 
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INTRODUCTION 

Tuberculosis remains a major health problem in 

all tl~ developin g countries. In some area s of Africa, 

Asia and Oceania the reported annual i ncidence of 

pulmonary t ub ercul osis is 200 to 350 cases per 100 , 000 

inhabi tants . Since innumerable number of case . remain 

unde t ec t e d, th e actual prevalence of the di se a se is 

suspected to be a tleast twic e as high . The numb er of 

infectious cases of tuberculosis in the world is 

es tima t ed to be in the range of 15 to 20 millions 

(World Health Organi ~a tion 1974). Approximately 80 percent 

of the world's population is located in the third world 

(Garrett, 1981) 0 A large proportion of this population 

lives under conditions of poverty, inadequate medical 

care, poor sanitation and malnutrition . These factors 

are the primary cause for the spread of a number of 

co mmunicable diseases, including tubercul os is (Kunin, 

1985) . 

Tuberculos is is also a serio us prob l e m in m ~:tlly 

of the technologically aJv~lllced co untri es. In cO llntries 

where it is considere d rare, it usuall y causes more 

death s than all other notifiable infectioUs diseases 

co mb ined together. (Wo rld Health Organi za tion 1974). 



Wherever the problem of tuberculosis has b een 

studi ed it ha s be en shown that the incidence of this 

disease is low in pers ons under 20 years of age but 

ris e s wi th age awl is hi ghest in peopl e (, ver SO years 

of age. (B enenson, 1975) . However,.nu~kr ous countries 
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h ave s hown a downward trend of mo yta l jty rate s ranging 

rrom 5 to 100 deaths per 100,000 people per y ,- ar. Both 

mortality as well as the morbidity rates are higher in 

males as compared to females and much hi gher in non - whit es 

than in whites (Benenson, 1975) . 

Pakistan being a developing country is also 

confronted with the menace of tuberculosis . To assess 

the tuberculosis problem in the community two tuberculosis 

prevalence surveys have been conduct ed in the country. 

The first survey was carried out in 1960 - 1962. The second 

survey was conducted during 1974-1978 (Report of Tuberculosis 

Survey, 1078 ) 0 According to the latter survey the prevalC;llc e 

of pulmonary tuberculosis in Pakistan was report e d to be 

a lot higher compared to the third world aver ag e . However 

it follows the same pattern as that in the other parts 

of the world that is, age and sex seemsc be co-rc lnt cd 

to the occurance of tuberculosis in the Pakistani 

population. The males are more vulnerable to tuberculosis 

which may be a ttributed to a wide contact amongst males 

for socio-economic c ommitments . The prevalence of pulmonary 



in people accorciinp to the sputum positivity rate was 

found hi ghest in the age group of 40 to 44 years both 

in males as well as in females. Sexwise th e sputum 

positivity rate was higher in males . Ti ,l.. incidence of 

the disease in the s~ me age group 01- IJ oth urb a n and 

rural areas was found to be 14. 75 ~ n d 6.35 pe rcent of 

the population respectively. The National Tul rculosis 

Programme started in Pakistan in the ear ly 70's has 

shown a grea t impact on the control of this disease. 

It seems thnt as a result of this proflramme the 

prevalence of pulmonary tuberculosis has been reduced 

from 4.6 percent (Survey 1961-62) to 2 . 9 percent 

(1974-1978) of the populati on. However this present 

2.9 percent preva1~nce of pulmonary tuberculosis is 

still unacceptabl~ high. Therefore further concerted 

efforts are required so that the incidenc e of th e 

disease could be brought down to a negligible level 

(Report of Tuberculosis Survey, 1978) . 

Chemotherapeutic Aspect of Isoniazid 
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Sin ce the introduction of effective chemotherapy, 

mortality rate has declined tremendously allover the 

world . Because of the wide application of chemotherapy 

and with the addition of new drugs the standards of 



chemotherapy has improved, with the result that the 

l e vel of primary drug resistance has stablized to a 

single drug. Furthermore, the response of the patients 

to standard trip le dru g ch emotherapy i s usually goo d 

(World Health Organi zat ion, 1974) . 
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The main drugs us ed f or the treatment of 

tuberculosis are isoniazid (INH) , streptomycin (SM) , 

Para amino salicylic acid (PAS) and thiaceta zone . These 

drugs have b een used to for mulate highly effec tive and 

inexpensive re gimens. More recently, rifampcin (RIF) 

and L _ ~lambutol have been introduced in Pakistan,as in 

other parts of the world . 

The early stages of chemotherapy are crucial 

for the final outcome of the treatment, especially In 

patients who suffer from tuberculosis . The standard 

practice to treat tuberculosis is an initial course of 

triple drug ch emotherapy (including isoniazid) for a 

period from 1 to 3 month s followeu by the two drugs 

including I N!I regimen (World Il ea lth Organi zation, 19 74) . 

Isonia zid 

Isoniazid (l-isonicotinyl hydrazide) was first 



synthesized by Meyer and Mally in 1912. However, its 

chemotherapeutic value was not discovered until 40 

years later . In 1952 Grunberg and Schnitzer showed 
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that the compoli11d when tested in vitro, was bac teriostatic 

against Mycobacterium tuberculosis 11 37 H.V . It protecteu 

mice from developing tuberculosi s whe n the mice were 

injected with tubercl e b ac illi intraveneous]y. In the 

same year it was shown that the compound was effective 

.in the treatment of human tuberculosis . These findings 

brought revolution inthe manage ment of tuberculosis 

(Evans, et al. 1960 and Hinshaw, 1969). Since then the 

treatlllent of tuberculosis anu chellloprophyla.xl .s have been 

based on isoniazid either In monotherapy , or, in 

combination with other drugs and antibiotics. (Braun, 

et al. 1984) 0 The drug isoniazid is effective against 

the intracellular and extra-ce llular organism . (Neill 

and Musser 1969) . The mode of action of isoniazid against 

Mycobacterium tuberculosis, essentially remains unclear. 

Nor is it clear why the drug is selectively active for 

tubercle bacilli (Fi'eemall, 1985). 

Metabolism of Isonia zid 

The metabolism of isoniazid has been studied 

ln animals as well as in humans. Tt ha s been demonstrated 

that isoniazid is rapidly and completely absorbed from 



the gastro-intestinal tra t soon after its ingestion 

1 e au i n g to its in i t i all y hi g hIe vel in b 100 d. 1 I 0\;] eve r 

these high bloou Levels of INll do not persi.ts lor long. 

It is uniformly dIstributed in the bl ood plas1l1a, spinal 

fluid, and such tissue as the brain , l un gs , liver and 

spleen. INII is rapidly cle:Hed from the blood by th e 

liver and kidneys (Evans, et al. 1960 and Nei l l, et al., 

1969). In the liver, like most other drugs, INH is 

enzymatically inactivated, while the kidney filter the 

drug without any change lI~aghupati Sarma, et al. 1980). 

INH as well as its metaboli te are thereafter excreted in 

the urine. 

Studies conduct e d in monkeys show that as much 

as 90 percent of the ingested IN!I may appear In urine 

\;]ithin 24 hours lIlughes, 1953). In the liver,INH is 

converted into its acetyl derivative by the enzyme 
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acetyl transferase. (Eidus, et a1. 1971). The major 

acetylated metabolite beeing 1-isonicotinyl-2 -acety l 

hydrazine which in monkeys and in humans may make up as 

much as 94 percent of the total metaboli te (IIughes, 1953). 

Toxicitity of Isoniazid 

Persistant high levels o[ INII as \ve1l as its 

acctyl.:1tcd IIlcc1bolitc have shown to be toxic. The s10\v 

accty1ators will have hi gher plasma concentration of the 



parent drug and lower concentration of the acctylatc d 

metabolit~.For this reason, the slow ace tylator will 

be at a greater risk from the overdose to xic reaction 

of INH, and is likely to suffer from pcripheral 

neuropathy (Devadatta, et al. 1960) . j' ast acetylators 
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on the other hand will be a t a gr u er risk from the 

adverse reaction of the acetylated metabolit e and is 

likely to suffer from hepatitis (Mitchell, et ale 1975) . 

It may be emphasized that acetylation of INH 

is probably a significant reaction, as acetylation 

results in a striking los s in chemotherapetltic activity 

of the drug; the acetyl de rivative of INH shows less 

than one five hundreth the activity of unace tylated INII 

• 

1n vitro against tubercl e bacilli. However, the difference 

1S reduced to one hundre th in vivo (Hughes , 1953) . 

Since triple drugs therapy is comllionly us e d in 

the treatment of tuberculosis the toxic effects of INH 

are further exagerated. In rodents either pretreated 

with rifampcin and subsequently treated with INH or 

treated with RIF and INH together was reported to cause 

an earlier and more pronounced hepatitis, compared with 

the control animals treated with INH alone(Skakun, et ale 

1985 and Noda, et ale 1983) . 
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Slow and Fast Acetylators 

The rates of acetylation of INH are genetically 

controled and exhibit a bimodal pattern . Based on the 

e limination of free INH fro m the ho o rgani s m, individuals ' 

have been divided into gr oups o f last and slow acetylators 

(Eidus, et .a l . 1971) . Studies have been conduc ted in 

humans to determine slow and fast acetylators (polymorphisim) . 

The incidence of rapid acetylators among various ethnic 

groups has been reported as in 85 percent Japanese" 63 

percent in Burmese (Ishi zaki, et a1. 1981 and Tunkyi, 

et ale 1970) and 89 percen t Koreans and 39 percent in 

South Indians respective ly (Wade, 1977). The fast 

acctylators have becn fur thcr diviucu into intcrlllcdiatc 

acetylators and fast acc tyl a tors. For instance, a greater pro­

pGftion of thc Eskimos arc fast acctylators and, thc 

Canadian s tudents are mainly slow acetylators of INtI . 

However the intermediate only comprise about 1/3 o f 

tile both r:1ces (EidllS, et ;11. 1974). J\mon g Clll nrsc 

population three types of polymorphic individua ls are 

found.The percentage of fast, slow and intermediate 

acetylators are 21.5, 25.7 and 52.4 respectively. 

(Y:1n et :11. ]98 3). In Prench chi.]clren the cllstr:ibllti.on 

of Cast and slow acetylators are 44.5 and 55.5 perce nt 

respectively. This classification of acetylation polymorphlsim 

is similar to that of adults. (Advenier, 1981) . It is 



evident from the above that there is a wide variations 

of acetylators polymorphisimexists between different 

e thnic groups allover the world. 

Present Work 
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The introduction of INH as a componen t of anti 

tuberculos is drug Tegimen has become the corner s tone of 

treatment of active tuberculosis. Time and experience has 

proved the efficacy of this drug as a potent, cheap and 

less toxic. Although persi s t ently high level of INH 1n 

the blood may prove to be Loxic, the concentration of 

INl! in the dose range us ed for the treatment of tubercu l osis 

is comparatively safe, s ide effects like n ausea, skin 

rashes vomiting and oth ~r gDs tro-intestinal effects have 

not uSlI:l11y be e n r eport e d. Tn contr:lst to athol' ;"Inti 

tuberculosis drugs commonly used inconjuct ion with INII 

for treatment of tuberculosis have been reported to 

produce certain side effect like nausea, vomiting; 

rarely hepatitis and anorexia . 

As reviewed in the preceding sections that INll 

has b een studied extensively for lietermining the 

acetylators polymorphisim Gmong humans in different 

e thnic groups arounu th e worlu. No specific work in 

this regard has so far been undertaken in Pakistan. 
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An attempt has bee n made in the present 

investigation to obtai n base li ne uata on t il e 

uistribution or fast anu slO\AJ acetylatol's (po1ymorphisim) 

in t h e 1 0 c :11 pop ul a t ion. 1\ 1 so , e rr 0 r t h ;1 ~ bee 11 III ~l U e t o 

explore th c r e lationship i r any, b Ct \\I..! Cll gc ncti c markcl's , 

(blood group polymorphi si m) and sl ow and fast acetylators . 

It is hoped that this study would generate 

interest among medical practioners for treating tuberculosis, 

and it will be possible f o r the practi onc r s to assess th e 

pati ent with r espect to I NII ace tylation (polymorphisim) 

ra t e ue f o r e commencing t he trea tme n t wi th I Nll. 



MATERIAL .\ND METHODS . 
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METERIALS AND METHODS 

Sub jects 

The sample of human s ubj ects consisted of: (1) 

80 1l1:11cs Vol :1!1t ecrs rrom the N:1tion:11 r lls ti1-111-c or Il c~11th ) 

Islamabad, weighing 50 - 70 kg and ran ging in age from 

20 -6 0 years, ( 2) 77 mal es fr om th e Tuberculo s i s Centre, 

Government of Pakistan who wer e to be treate d for 

pulmonary tuberculosis. They were registered as out door 

patients, they were in the age range ot 17-60 years and 

weighed 40-55 kg. All the s ubjects were motivated to 

participate in the stUdy and gave informed consent . 

Dose ot Isonia zid (IN!!) 

Isonla zi d was g iven ora lly in a dose of 10 mg/k g 

body weight using the commerclal tablets containing 100 mg 

of INH. 

Blood Sampling 

Blood ClO ml) was collected asceptically from 

the antecubtial vein two hours after ingestion of the 

drug. Clotlting was prevented by adding EDTA COser, 1965). 
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Preparation of Plasma 

~he blood was centrifuged at 3000 rpm [or 15 

minutes . The plasma was seperated immediately. The 

analysis of isoniazid was perferably conducted the same 

day or otherwise the plasma was stored over night at 

-20 oC I d h d and ana yse t e next aye 

Erythrocytes 

Erythrocytes were used for blood group 

determination. 

Drug and Chemicals 

Isoniazid (4-pyridine - carboxyllc acid hydrazide 

pharmaceutical grade) was obtaIned [rom VEB BERLIN-CHEMIE 

(Berlin). Isonex (Isoniazid) tables, a commercial 

preparation containing 1UO mg. INli per tablet, was the 

product of Pfizer Laboratories Limited, Pakistan. Kit 

for tne determination of blood groups, were obtained 

from American Dade, Division of American Hospital supply 

corporation, Miami, USA . All chemicals used in the stuty 
I 

were of analytIcal grade. 
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Estimation of Isonia zid in Plasma 

The spectrophotometric determination of the 

concentration o[ ~soniaziJ ill bloot! plasma \Vas essentially 

bas ed on the method of Braun et ale (19~tJ.) . Reagents used 

were: 

Zinc sulphate (5 .5% solution w/v in (lls tilled 

lvater) Barium hydroxide (4 .5% solution w/v inJistilled 

water) ammonium vandate (U.1% solution w/v in sulphuric 

acid); stock ison1azid standard (lS7 ~g/ml in distilled 

water), and working isoniazid (13 .7 pg/ml 1n distilled 

wa ter) . 

Standardi zation of Isonia zid Estimation 

0.1, Ou2, 0.4, U.6, 0.8 and 1.0 ml 01 working 

standard was placed 1n a screw cap tubes. The volume 

was brought to 3 rnl with distilled water . After slight 

s haking, 1 ml of 5.5% Zinc su lph ate was added, followed 

by 1 ml of 4.5% barium hydroxide. the tubes were stoppered 

and the precipitate was allowed to settle for 5 minutes, 

the contents of the tubes were fil tered, & 2 ml or fil teratc 

was take11 1n a spectrophotometric cuvettes. Te this was 

added 0 .1% of ammonium vandate, tollowed by thorough 

mi xing. Absorbance was measured at 430 m)l against a 

reagent blank u 



Fo r Determining INll in Plasma 

1 ml of plasma was placed in a screw capped 

tube and the volume was made to 3 ml with distilled 

water. To this was added 1 ml of ~.5 % zinc sulphate, 

followed by I ml of 4.5% barium hydro xide solution. 

The tubes were stoppered, cmd shaken vigorou s ly. The 

precipitate was allowed to stand for 5 minutes and 

then filtered. The clear protein free filterate (2 ml) 

was placed in spectrophotometric cuvettes and 1.0 ml of 

0 . 1% ammonium vandate was added. The contents were 

thoroughly mixed . Absorbance was measured at 4)0 m)1 

against the reagent blank . All the determinations were 

done 1n duplicate. The INH concentration of plasma were 

read directly from the standard curve . 

Chemical Assessment 0 r QU::ll"i ty 0 f Dru gh Isoniazid 

(Isonex) Tablets 
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The identification of the drug, determination 

of weight variation and disintegration time were carried 

out in accordance with the procedures described in the 

British Pharmacopoeia L19 73). The chemical quality test 

of the drug was performed according to the following 

method " 
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T1.ven ty tab Ie ts were wei ghed and powuereJ. ThL! 

powdered was lO.4 g of INH) was dissolved as completely 

as possible in distilled water and fil t ered. The residue 

was washed thoroughly with water (final volume 250 ml) 

Twe n ty five ml o f t h e s olu ti on was t ran sfe r e d to a 

g l ass-stoppered f l ask, 25 ml o f O.lN bro mi n e e n d 5 ml 

o f h y d r o chlo ric aci d were a dde d, th e c ont ents were 

sh a k e n f or one minute, and a llowe d to s tand f or 1 5 minut e s . 

10 ml o f 10 % pot a ssium iodide solution was adde d a nd 

t h en s ub s que n t l y tltra t ed the l i b rated i odine wi th O. l N 

sodiu m thiosulph ate, using starch as indicator. This 

operation was repeated without isoniazid, t h e difference 

between the titrations represent the amount of O.lN 

bromlne requlred by the Isoniazid. Each ml of O.lN bromine 

is equivalent to 0 0003429 of C6 H7 N30 (Isoniazid) . 



RESULTS 
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RESULTS 

Standardization of Method 

Pure INH was used at various concentrations 

to prepare the standard curve. The representative results 

are shown in Figure 1. The data presented clearly s how 

that the con cent ration of INl l .lS Ji rect ly pro por tional 

to absorb ance. A linear c u rve is obtained with in the 

concentration range of 1.37 to 13.7 0 yg/m1 . The data o f 

several such experiments are shown in Table I . The data 

indicat e s that the results obtai ned by this method are 

reproducible within a standard de viation of 0.0010-0 . 00 23. 

The same experiment was repeated by dissolving 

various concentration of INli 1n normal plasma. The results 

obtained are shown .In Figure 2. It may be seen that the 

use ot plasma does not effect the linearity of curve. 

Several experiments were performed under this condition. 

The results are presented in Table 2. The two linear 

curves, are obtained by dissolving INH in distilled water 

and a n other obtained by dissolving INH in normal plasma 

are compared i n Figure 3. Sli~ht deviation in s lop e is 

possibly res ults fr om the adsorpti on of INH ( 5 percent) 

on denatured plas ma proteins. No correction was made in 

the final calculations. 
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Recovery of Isoniazid from Plasma 

Keliability of the method was further tested 

by recovery experiment in which a known concentration of 

INH was dissolved in plasma from different normal 

subjects . The recovery of INH under this cond iti on was 

of the order of YS .43 percent. Data are presented in 

Table 3. 

Abs orb ance of Dru g Free Plasma 

A series of experiment were conducted to determine 

the absorbance of drug free plasma. The results of 

investigatons are presented in Table 4. The mean absorbance 

was 0 . 0046 ± 0.0014 which indicates that absorbance of 

drug free plasma 1S almost negligible at the wave length 

used (430 mu). 

Quality Assurance of Drug Isonex 

The drug isonex (isonia zi d) was evaluated [or 

its quality in order to ensure its correct dosage for the 

subjects. The drug was tested physico-chemically accordi?g 

to the methods, specified 1n the British pharmacopoeia 

Table 5 shows the results of assay of the drug. The drug 

was found to be ~7 percent pure isoniazid in compliance 
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with B.P. (1973) standard. 

Fast and Slow Acetylators 

Table-6 s how s the res ult of estimated l evels of 

plasma isoniazi d found a mon g (80) normal subj e cts a nd 

(77) tuberc ulosis patients af ter administration o f I NH 10 mg/kg 

body weight a ft er 2 hou rs, mean plas ma INll concentration 

of 4 u 566 ± 1.885 ~g/ml was f ound a mon g normal s ub jects, 

whereas the tuberculosis pati ents, the mean plasma INH 

concentration was 4 .23 0 ± 1 . 805 ~ g /ml . Th e statistical 

a nalysis of data do not reveal a ny significant differenc e 

a mon g normal subjects and that of tubercul os is patients 

(t= 0 . 4397 P(0 005) . The data of these subjects was further 

nn alysed to find out fast and slow acetylators . Those 

sUbjects in whom the INH c oncentr a tion after 2 hours was 

equal to or less than 2.5 p g /ml were considered as fast 

acetylators. In those subjects in which the concentration 

o f I NH was mor e than 2.5 pg/ml were considere d as slow 

acetylators . Of the 157 subjects, 31 08 perce nt were f as t 

acetylators and 68.2 percent were slow acetylators. Among 

fast acetylators, the mean plasma INH was 2.32 ± 0 .18 

p g/ml where as that of slow acetyla tors the mean plasma 

INII was 5 .32 + 10373 ~ g /lI1l. Th e data are reconled in 

Table- 70 
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In order to identify the effect of prolonged 

treatment of tuberculosis patients with INH, the data of 

chronic fast and slow acctylators and recent fast and 

slow acetylators were compared. As a result it has been 

observed (Table 8) that chronic sUbjects are not different 

fro m the recent subjects,this inference was based on 

tests of significance betwe en the recent fast acetylators 

and chronic fast acetylators and chronic slow acety lators 

and reccnt slow acetylators (Table 8) 0 

In Table 9 are s hown the numb er and percentages 

of various blood group types among normal subjects and 

tuberculosis patients . As rccorded the relative percentage 

of 0, A, Band AB blood groups in normal subjects is 

33.802%, 5.633%,40.84% and 19.718% respectively. In the 

tuberculosis patients, the relative percentages of 

0, A, Band AB is 36.231%, 11.594%, 42.028% and 10 . 144 % 

respectively. It may be observed that the relative 

proportion of various blood groups in normal and tuberculosis 

patients does not differ significantly fro m each othcr 

eX 2 = 3.64) . 
.5 

The distribution of fast anJ slow acetylators 1n 

relation to various blood group types (B,O ,(A,AB)) is 

shown in Table 10. The statistical analysis, performeJ 
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CIS 2x2 Contingency Chi-square tests shows that the 

polymorphis~"of fast and s l ow acetylators is not associated 

with the blood groups . 

The percentage of fast and slow acetylators fo und 

among 157 subjects studied is shown in Table J 1. It has 

been found that 31.8 percent of the subjects were fast 

acety1ators, while b8 . 2 p ercent were slow acetylators. 

The table also shows the relative percentages (in parenthesis) 

of fast and slow acetylator found among normal subjects 

and tuberculosis patients . The number of fast and slow 

acetylators segrated into various blood groups type are 

shown in Table 1 2. It is interesting to note that both 

fast and slow acetylators have the same dominating blood 

gro up typ es Band 0 that was found in various blood gro up s 

of nOTmal and tuberculosis p a tients . 

The resul ts 0 r various studies dea ling wi th INI! 

acetylators in different e thnic population including the 

present study are compared in Table 13. Caucasian and 

Negroes show the higher percentage of slow acetylators 

while Japanese and Koreans the lowest percentage of slow 

acetylators. The data obtained in this study show that 

the Pakistani sampl e approaches the Caucasian a nd So uth 

Indians sample in their p e rce nta ge of slow acetylators . 
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TABLE: 1 ~bsorbanccs of Standard Isonia z id 
Solution in Aqueous Medium 

Concentration of 
Isoniazid p g /ml 

1037 

2.74 

5.48 

:L 72 

10.96 

13.70 

The data ~m~ s hown as mean ± SD o 

Absorbance 
(430 IlVl) 

0 0 012 .:!:. 0 . 001 2 
(6) 

0 . 0 23.±. 0 . 00]4 
(5) 

0 . 045 .±. 0 . 00 20 
( 7) 

0 0 072 .:t. 0 . 0012 
( 7) 

0.090 .±. 0 . 00 22 
(5) 

0.113 .:!:. Ou00 24 
(6) 

The number in parenthesis is the number of samples. 

24 



TABLE : 2 Absorbances of Standard Isoniazid 
iIi Normal I-Iuman Plasma 

Concentration of 
Isoniazid )lg/ml 

1. 37 

20 74 

5 . 48 

8.72 

10.96 

13.70 

The da t a ~In.~ s hown as me an ± SD 

Absorbance 
L4 30 m?) 

0 . 010 .±. 0 . 001 9 
(5 ) 

0 00 20 ± 0 . 0010 
(5) 

0 . 038 ± 0.0020 
(5) 

0 0 057.±. 0 . 001 2 
(5) 

0 . 075 .±. 0 . 00 21 
(5) 

0 ,, 092 ~ 0 0 0023 
(5 ) 

25 

The number in parenthesis is the number of sampl es" 



TABLE: 3 

Sample 
Number 

1 

2 

3 

4 

5 

6 

Recovery Data of Isoniazid 

INH ().lg/ml) 
*Actual Recovered 

5.48 4.66 

5.48 5 .2 1 

5.48 4.93 

5 0 48 4.93 

5 048 5 . 48 

5.48 5.75 

5.48 6 ."03 

5.41:) 4.93 

5 .4 8 5.48 

5.48 4.93 

Mean 5.23 
(n = 10) 

!~ Recovery 

85 0 03 

95.07 

1:)9.96 

89.96 

100 0 00 

104.92 

110 0 03 

89.96 

100.00 

89.96 

95.43 + 8.2 

* Added to the plasma of normal, non-tuberculosis 
donors. 

26 



TJ\BLE: 4 Absorbn n cc 0 r ll r u p force Plas1lln 
~, 

*Subject Numb er 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

* Normal healthy donors . 

Absorb a nce 
(4 30 mp) 

0 0 00 3 

0 . 007 

0 0005 

Ou005 

0 0 003 

0 . 006 

0 0 003 

0.003 

Ou004 

0 0007 

** 0.0046 ~ 0.0014 

** Ikprcscnts mean.:!:. stanuaru dev iation . 

27 



TABLE: 5 

. T + est 

Che mical Quality** of Isonex 
(I s oni az id) Tabl e ts * 

Values 

2 8 

Identification Identified as Isoniazid 

Weight variation 

Desintegratioh time 

J\s s ay 

* 100 mg INH pe r tabl e t . 

Maximum 
Minimum 

7 minutes 

stated 
100 mg 

0.191 
0 .165 

found 
97 mg 

** The chemical quality parameters analys e d comply 
with the British Pharmacopoeia standards (B . P ., 19 73 ) . 

+ for the procedures used sec materials and methods . 



(j'\ 
C\I 

5 . :\0 _ 

1 .., 

3 
4 
5 
6 
7 
8 
9 

III 
11 
1 2 
1 :':' 
U 
15 
16 
1 7 
18 
19 
20 
21 
22 
r - .) 

24 
25 
26 
27 
28 
29 
30 
31 
- ) 
.) -

.).) 

34 
35 
36 
:':'7 
:':'8 
:':'9 
40 

n=SIi; x 
,-S t II d c 11 t s 

l i''': II . ll:; J 

T_\Bl.E: (1 The estimatcd le\-cls of (pg/ml) plasma 1:\1-1 found in norm:ll and tuberculosi s patlen:,;:: 

_\onnal subjects 
C,u g/m l) 

Lc\-c1 0 f 1\1 1 5 . \0 . 

:.:, II 1 (I .n 
4.108 42 
3.984 43 
:':'.490 44 
5.:':'59 45 
6.669 46 
5.597 47 
4.:':'59 48 
7 .419 49 
4 . 764 50 
5.:':'59 51 
2.:':'64 52 
2 . 2:':'7 5:':' 
4.:':'57 54 
6 '-+:':'1 55 
4 . 406 56 
4 . 357 57 
2 . 237 58 
4 , 407 59 
2 . .nO 60 
2.361 61 
6 . 550 62 
4 . 644 63 
7 .1 46 - 64 
6.312 65 
2 . 490 66 
4 . 644 67 
6.809 68 
4 . 764 69 
2 . 375 70 
6 .3 12 71 
5.002 7? 
4 .5 25 / .) 

2 . 490 n 
3.984 I :> 

2 . 7.37 76 
2.490 77 
3 _ 6 ;1 - S 
2.":.)0 79 
2.301 80 

Leve l of IXl l 

7.026 
1 , 741 
7 . 384 
2.490 
4 . 525 
2 . :':'85 I 4 ,2 85 
6 , 074 I 4 , 108 
7 . 146 
:':' . 984 I 5 . 716 
5 , 478 I. 
L 74:':' 
8 , 098 
8 . 572 
2 . 44 0 
3 0 984 
4 , 287 
2 . 230 
4 , 525 
6 . 550 
1. 992 
4 . 406 
2 . 45 0 
2 . 490 
7 . 146 
2 . 460 
6 . 809 
7,400 
4 . 644 
8,572 
5 . 121 
7 . 503 
3 . 984 
4 . :':'57 
2 .2 30 
2 . 500 
4 . 76 4 
-l 0108 

-i .. ~(H); S~) = J . SS; 
t _ test conl';1I" isi o n r, i\-cS :: = 11 . 4397 ; non significant 
J l' 1-,' 1 

5 . ;\0 . 

1 
2 
:.:, 

4 
5 
6 
7 
'" u 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
.).) 

34 
35 
36 
3 7 
3S 
:':'9 
40 

11=77 

Tubercu l os is Pa t ients 
C)lg/ml) 

Le \-e 1 0 f 1\11 5 . 1\0 . 

5 . 12 1 H 
5 . 240 42 
3 . 811 4 3-
6 .312 44 
3 . 9 30 45 
3.735 46 
2 . 500 47 
3 , 62 0 48 
5 .1 21 49 
2, 237 50 
1. 871 51 
4 . 406 52 
4 . 400 53 
3 ,6 10 54 
4 . 76 0 55 
2 . 486 56 
6 .550 57 
2.336 58 
4.644 59 
6,341 60 
2 . 363 61 
6. 074 62 
5 , 478 6 3 
5 . 359 64 
6 .193 65 
5 . 716 66 
6 . 193 67 
4 . 644 68 
S.7 16 69 
~ .410 70 
5 . 230 71 
1 . 250 72 
2 . 450 73 
-l. 200 74 
3 . 620 7S 
2 .3 20 76 
2 .3 20 77 
J . 287 
4 . 88 3 
5.835 

x =-l.~303 ; 5D=1. 305 

Leyel 0 f I \H 

3.692 
3 . 692 
3.720 
4 .1 00 
2.450 
7 . 278 
2 . 237 
7 , 631 
1. 992 
6.809 
7.045 
6 , 431 
5.478 
4.525 
5.955 
2.336 
7.326 
5.359 
4 .1 68 
2 . 237 
2 . 440 
2.100 
4 . 000 
2 .3 00 
2 .1 00 
2 . 450 
4 . 600 
2 .3 36 
6 . 431 

10.012 
6 .31 2 
3 . 811 
2 . 442 
4 . 126 
2 .5 00 
2 . 316 
2.421 



0 
t<'\ ';:\h LE: 7 ~s ti rna t ed le\'c l or (pg/ml) [!lasl'I:1 1:\11 founci :l!lIong f:1st and 510\\ acctylators 

Rapid AcctylatoTs 510~ Acctvlators 
()lg/ml) (yg/Pl'l) 

5 . \0 . Levcl of 1:\\1 5 1\0 , Level of INII 5 . \0. Lcvcl of 1\11 5 . \0 . Lcvcl cf 1\11 S . \0. Lcvel of 1\11 

1 2 490 26 2, 25 7 1 :i .611 -l1 5 . 984 81 ,1.. 200 

? 2.564 27 1. 2S0 2 + . 108 4:2 4.287 82 5.620 
- ;; 3.984 45 
5 2 .2 57 28 2.486 4 .525 85 4 . 287 

-+ Z. 23 7 29 2 . 336 4 5.559 +4 6.550 84 4.885 

5 2.410 50 2 . 363 5 6 .66 9 45 4.406 85 5.835 

6 2 , 361 31 2 "410 6 5.597 46 7.146 86 3.692 

7 2 . 490 32 1. G71 
7 4.559 47 6.809 87 3.692 

8 2 . 375 33 Z.450 8 7.419 48 7.400 88 3.720 

9 2 . 490 34 2 . 320 9 4.764 49 4.644 89 4.100 

10 2.237 35 2.320 10 5.559 50 8.572 90 7.278 

11 2 ,490 36 2.450 11 4. 557 51 5.121 91 7.631 

12 2.450 37 2.337 12 6.431 52 7.503 92 6.309 

15 2 .36 1 , 38 1. 992 13 4.406 :>.'1 5.984 95 7.045 

U 2 .4 90 39 2 . 336 14 4 .557 54 4.357 94 6 . ~ 51 

15 2 .38 5 40 2.336 15 4.407 55 4.764 95 5.478 

16 1. 745 41 2 . 440 16 6.550 56 4 . 108 96 5. 32 5 

17 2.440 42 2.100 17 4.644 57 . 5 . 121 97 5. 955 

1 8 2 . 250 43 2.300 18 7.146 58 5 . 240 98 7.526 

19 1.992 44 2 . 100 19 6 .312 59 5 . 811 99 5.359 

20 2 .4 50 45 2".450 20 4.644 60 6 . 512 100 4 .168 

21 2.490 46 2 .336 21 6 .80 9 61 5 . 950 101 4 . 00 0 

:22 2.460 47 2 .442 
22 4.764 62 5 . 755 102 4 . 600 

7 - 2 . 230 48 2 . 500 
23 6 .312 65 3 . 620 105 1> . 430 

-.) 24 
.., 1 2 .5 00 49 2.316 

5.002 64 5.121 104 1 ). 012 
-~ 

25 4 .525 
., - 2. 500 50 2.421 

65 4.406 105 6 . 512 
-.) 26 3.984 66 4 .406 106 3 . 811 

27 7 . 026 67 5.610 107 4 . 126 
28 4 .764 68 4 . 760 
29 7 .7 41 69 6 . 550 
50 7 .5 84 -0 4 . 644 
51 4 .525 71 6 . 541 
52 4.285 - ., 4 . 074 
.).) 0 . 074 . .) 5 . 478 
54 + . 108 ,-l 5 . 559 
55 7 . 146 ;, 6 . 193 
36 5 . 98 -1 - 6 5.716 
57 5 . 716 6 .193 
38 5 . .J 78 - s -l . 6-l-l 
39 8 . 098 - 9 ;) . 716 
40 8 . 572 SO 5 . :230 

[= :;0 ; - 2.5:;; SD= 0 . 18 1 
n=107; i =5 . 32; 5il=1.37~ 

x 
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TAB LE: 8 The es tiBated levels lpg/ml) of pla s ma I~H found amo~g 
tuberculosis patients recen t (fast and slow acety lat o rs) . 
and chronic tuberculosis pa tients fast a nd SI OK acetylat o rs~ 

Re cent 

Fast Slow 

5.:\0. =..e\-e 1 0 f 5 . \0. Level of 
=~1{ I:\H 

,I 2 .363 1 5. 12 1 
2 2 .410 2 :i. 240 
3 2 .450 3 3. 930 
4 2 .320 /I 3. ~35 -. 
5 2 . 4:i0 5 5.121 
6 '1 '1 - -; _ • _ J • 6 3. 610 
7 2 .23 7 6 .5:i 0 
8 2 . 100 8 6 .3-+ 1 
9 2 .300 9 :i.-+~ 8 

10 2 .316 10 5.~1 6 

11 2 .-1-21 11 ~. 6~ -+ 
12 4 . 200 
13 3 ,6 20 
14- 4 .2 37 
15 3 . 69 2 
16 3. 692 
17 :. 631 
18 -+ . j2:i 
19 - q - -

:l • _ :l :l 

20 4 . 168 
21 4 . 600 
77 6 . -+31 
2 ~ 3 . 811 
L-+ 4 .1 26 

~lcan< ~-32 7 ;5':' =0.10 -; , r·jca;1=-L 8:+2; S['=1. Il99 
;-:C o~'J3.ri sc::-_ be t ,\-een recent L:.st and Ci:rO :llC 
~ = O-. 08 3 (::-_.s.) 

Chronic 

Fast Sl ow 

S.I\O , Level of S . :\0 . Le \-e l of 
I :\H IVi 

1 2 , :i 00 1 3.811 
2 2.23 7 2 6 .312 
3 1. 8 ~ 1 3 :5.620 
4 2 . 486 ~ .406 

5 2.33 6 :i 4 . 406 
6 1. 25 0 6 -L 760 

2.32 0 ~ . 6 4 4 
8 1. 99 2 8 6 .074 
9 2.33 6 9 5.359 

10 2 .-+-+ 0 10 6 .193 
11 2. 100 11 5. 716 
12 2.-\:i 0 1 ::: 5.230 
13 2.33 6 13 4 . 38 3 . , 
1-. 2.-+~2 14 j .8 3j 
1:i 2.5 00 15 :5 .72 0 

16 -+ .100 
17 - .278 
IS 6 . 80 9 
19 - .045 
20 6 . 4 31 
21 5 .47 8 
" '1 -.3 26 
7 -_J j.359 
24 -LO OO 
7 -_:l 10 . 012 
26 6 .312 
7 -: 
_ I 4 .2 01 

:,;ean=::: .2-H:-;S[J=() . 32:i9 )1eai"1=3. 5S3 :SIJ= 1.1427 
fast ace~:-lato rs ~i'\-es s ~ udcn ts t t es t \-a lue 

CO:~:-~ll'isc::-_ bc~\\"C'cn recen t 510\\- ;:ll1C :; l~' Oil ic s l o",' :l~c-t\-~a~Or 5 :.: i\-es students t test \-a lue : 
t =O . .30 -:- (:~ .s. ) 



TABLE: 9 

lHoocl Group 

0 

B 

AB 

Number and Percentage of Vari ou s Blood 
Groups (ABO) Fo und in Normal Subj ects 
and Pulmonary Tub erculosis Patients 

Normal subjects Patients 

(24) (25) 
33.802% 36 0 231% 

(4) (8 ) 
5.633% 11. 594% 

(29) (29) 
40 0 845% 42 u 028% 

(14) (7) 
19 .718% lO.144~ 

32 

The d::ta were analysed by 2 xj contingency Chi - square 

test lX~ = ~.64) not significant at 0 . 05 lcvcl of 

signiCicancc u 



TABLE: 10 Shmvin g Non-association Bctwecn 
Blood Gro ups and Acety1ators 

Acety1 a tor s Bloou Gr oup s 

B o 

l~api J 17 18 

Slow 41 31 

A,AB 

24 

The c1o.ta ":-.;: 'C a n alysed b y 2x2 Con t ingency Chi-squ are 

test (A~ = 1 u 03) not significant at 0 0 05 level of 

significanceo 



TABLE: 11 

Types of 
subjects 

Normal 

Tuberculosis 
patients 

34 

Number and Distribution of l-' ~l st and Slow 
Acetylators lPolymorphs) Amollg l:ormal 
Subjects and Tuberculosis Patients 

Total 
numbers 

80 

77 

157 

fast 

24 
~O.O~ 

26 
33.8% 

50 
31. 8% 

Acety1ators 

Slow 

51 
66.2% 

107 
68.2% 
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TABLE: Ilea) Number and Distribution of fast and slow 
Acetylators (Polymorphs) among recent 
and chronic tuberculosis patients 

Types of subjects Total 
(Tuberculosis patients) number 

Recent 3S 

Chronic 4 2 

77 

Acetylators 

fast s low 

11 
31.42% 

15 
35 . 71% 

26 
33.8% 

24 
68.58 % 

27 
64.28% 

51 
66.2% 



TABLE 12 

Type of 
subject 

Nonnal 

Tuberculosis 
patients 

Total 

36 

Segration ot Fas't and Slow Acetylators 
Found Arnon ~ Blootl Group 

----------~-----------------

No. of 
Samples 

71 

69 

140 

A 

1 

1 

2 

fast /\ccty lators 
ABU 

B AB 0 

7 7 7 

10 11 

17 7 18 

Slow Acetylators 
ABO 

A B AB 0 

3 22 7 17 

7 19 7 14 

10 41 14 31 



TJ\.l) LE : 13 

Race 

Caucasian and 
Negro 

Caucasian 

Negro 

Japanese 

Japanese 

Ainu 

Korean 

Ryukyan 

Thai 

Bunnese 

S. Imlians 

Present Study 

Frequencies for Isonia ziJ Acetyl a tion 
i n Di ffe r ent Popul a tions 

No 

484 

105 

116 

209 

1808 

86 

65 

124 

108 

121 

Percent 
Slow 
Acetylation 

52 

57 

53 

8 

11 

9 

11 

16 

29 

57 
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DISCU SS IO N 

Sc vc ral e arli c r s tuc1ic s have shown the polymorph ic 

nature of human populations with respect to the acetylation 

of commonly used anti-tuberculosis drug, INH (Wade, 1977) . 

Accordingly, it has been founu that in the human bouy, 

cithcr thc rotc of :l.cctyl:l.tion is slow (slow acctyl:l.tors) 

or fast (fast acetylators). The relative ratio of slow 

and fast acetylators has b een shown to vary in different 

ethnic gro ups (Ak e Lanngran et a l., 1970). The hi ghest 

ratio of slow acetylators has been found amongst Caucausian 

(57 percent Gangaclharam ~J: al., 1961) . The highest 

pe r ce nt;J ge o f fas t a ce tyl a t o r s h as been founu aIllon gs t 

Koreans ( 89 percen t Sun ah ara e t a l . , 19 6 1) and Ai nuans 

( 9 1 p e r c ent S Ull ~ IIl ; lr ; 1 et ~., 19 (>1 ). Til e c Lini c I] S i g llLfic:Ill CC 

o f both s low and fast ac e tylators is widely reco gnize d 

(Evans £! al., 1960), since, the prolonged r e tention of 

the dru g in slow ace tylators, caus e s neuropathy (runKyi., 

und Smith, 1970), and its rapid acetylation in fnst 

acetylators causes hepatitis (Mitchell et al., 1975). 

Por these reasons, it has been considered appropriate to 

adjust the dose of INH in tuberculosis patients according 

to the polymorphic capacity of the liver (Evans ct al. ,1960). 

In the present investigation 157 subj ects (80 

norma l, anu 77 tub e r culosis p a ti e nts) we r e s tudied. Ou r 
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data demonstrate that in the limited population studie(l, 

both slow and Cast acetylators are present. In this 

regard, there was no significant difference In the normal 

population (fast acetylators; 30.0 percent; s low acetylator 

70.0 percent) and s ubj ect, suffering fro m tuberculosis 

(chronic fast acetylators 35.·i l?~ percent; chronic s low 

<Jcetyl:1tors li4. 28 perce nt; recent f:l st :l cetyl:ltors :I ~ . ~ 2 ; 

perce nt; recent s lmv acetyLltors 64 . 28 percent). These 

data are in agree ment \-vi th those reported by others (Sharma 

et a l., 1976; Tunkyi and Smith, 19 70; and Wade, 197 7). --

Since no difference was found in normal subjects and 

subjects suffering fro m tuberculosis, the pooled datu. of 

157 subjects was analysed and compared \vith similar data 

obtained in different ethnic groups, we have found that 

the Pakistani population studied (slow acetylators 68.2 

percent; fast acetylators 31.8 percent) compares favourably 

with the South Indian population (slow acetylators 61 

percent; fas t ace tyla tors 39 pe rcen t, Gangadha ram eta 1. , 

1961) and Caucasian population (Slow acety lators 57 percent; 

fast acety1ators 43 percent; Dufour et a1., 1964). In other 

populations, for exampl e Burmease, Jap anese , Koreans a nd 

Thais, the fast acety1ators predominat~ (Wade, 1977; 

TunKyi and Smith, 1977). 

Si nce the polymorplli si m is an autoso mal, inherited 

trait, the dichotomy in po1ymorphisim seems to be related 



Since the polymorphisim is an autosomal, 

inherited trait, the dichotomy In polymorphisim seems 

4() 

to be related to the gene flow in various human races, 

the Caucasian from which the Indo-Pakistan group has 

descended, receiving a ge ne pooled with dominant s low 

ace tylators. Our data on Pakis tani population is therefore 

not surprising and receives further s upport fro m the 

studi es of Sharma et al. (Sharma et al., 19 76) who 

de monstrated a distribution 39.0 percent fast acetylators 

and 61 percent slow acetylators in an Indian population, 

though the IN!! was esti mat ed fro m urine, in these studies, 

Since earlier studies have bee n co n fi ned essentially 

to normal subjects, the information provided by us on 

tuberculosis patients, usin g normal subjects as controls, 

ass umes hi gh c linica l importance. When the chron ic 

tuberculosis patients wer e compared with thos e who had 

contacted the disease recently, no significant difference 

\vas found in the ratio or slow a nd fast acetylator s i n the 

ei ther group. The relative ratios were identical to thos e 

observed in pool e d data ( chronic patients: 35 percent 

fas t acetylator; recent patients 31 percent fast acetylators). 

It can b e concluded, that p r olonged exposure o f th e pati ent 

to the dru g do es not effec t the ex t e nt of acetylation. 

Althou gh we have not studied the relative distribution of 

510\'1 and fnst acctylators amongs mnle and remnlc populations, 



but the previous studies have indicated that such a 

Jifference Joes not exist (Lvans ~ ~., 1960) for 

this reason we have, for ease of rec nlL ti ng s ub jects 

confine d our studies only to the ma l es. How ever, for 

clinical use, data in the male may well be int r. r~ l rctecl 

For the Female populations as well. Sin ce acetylation 

of I N!! is an Clutosomally inhcritcd trClit, wc have mncl e 

4 ] 

an attempt to find out wheth er blood gr oup (ABO), could 

be use as genetic marker's for this polymorphic trait. 

Our statistical analysis (Table 10) shows that there is 

no association between blood groups, ABO, and acetylation 

ln th r population studied. Since no other comparabl e data 

are 1.vailable, it is difficul t to speculate about the 

association or disassociation of blood groups, or, of any 

other genetic marker with the polymorphic acetylation 

trait. In the absence of any definite information on this 

co unt , it may be worth while to study the polymorphic nature 

of the enzyme N-acetyltransferase. 

The present study clearly brings out the cli nic al 

us e of studying the distribution of slow acetylators and 

fast acetylators in a population. Although our study was 

made on a limited number or ge ographically restricted 

population yet, the clata of this investigation suggest 

that a geographically more wide spread population s hould 

oe studied in Pakistan, in order to find diffcrencc, if 
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any, so that the use of thc drug I NI-\ can be rationalizcrl. 

The study also emplwsizcs that, sincc, both In slow ancl 

fast acetylators: the incliscrirninate use of INH is 

likely to cause e ither hep ati tis or n e urop athy, the 

clinician will bc well advised to find out the rate of 

a cety lrttlo n 0f TNI I In a p::tti e nt for prescr ibin ,Q a clo se 

regjmen of TNII . 
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