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Isoniazid Acetyla tor Phenotyping ol Amharas in Ethiopia 

S O N I A L . R U S S E L L A N D D . W . R U S S E L L 

Departments of Biology and Biochemistry, Dalhousie University, Halifax, Canada 

{Received 26 February 1972; accepted 8 March 1972) 

Summary . T h e rate of isoniazid acetylation was measured in eighty-seven members 
of the A m h a r a tribe using a simple dosage and urine analysis procedure. An 
extremely low propor t ion (17%) of phenotypically rapid acetylators was found . 

Resume. La vitesse d 'acetylat ion de Tisoniazide a ete mesuree chez quatre-vingt 
sept membres du tr ibu A m h a r a , en suivant des procedes posologiques et analyti-
ques tres simples. Une propor t ion tres basse (17%) ont possede le trait genet ique 
qui compor t e de Pacetylation rapide. 

A m o n g the varied peoples of Ethiopia the A m h a r a s const i tute an ethnically distinct g roup . 
They appea r to be part icularly susceptible to mycobacterial infections; for example , the 
incidence of leprosy may be as high as 3 % of the populat ion in parts of the Central Ethio-
pian Highlands, an area peopled a lmost entirely by A m h a r a s (Dr E. W. Price, personal com-
munication). Since the ou tcome of intermittent isoniazid chemotherapy for tuberculosis 
(and possibly of dapsone therapy for leprosy) relates to the individual pat ient ' s acetyla tor 
phenotype, we determined this phenotype in groups of Ethiopians, most of w h o m were 
Amharas . 

The two groups of Eth iopians who were studied had volunteered a f te r being advised that the 
results of the survey might help to improve ant i tuberculosis t rea tment in their count ry . 

Group A consisted originally of fifty-six adul t male prisoners in Bhata Prison, G o n d a r . 
They were aged 13-53, averaging 32 years. The prison dressers certified that all were in good 
health and were receiving no medicat ion. Fifty-five of these men were s tudied: f if ty-one 
were Amharas , the major i ty f rom Beghemdir Province, and four were Tigres. 

Group B consisted of seventy-one healthy male s tudents at the Public Heal th College, 
G o n d a r , who were being trained as health officers or sani tar ians. They were aged 17-30, 
averaging 21 years. Thirty-six were A m h a r a s , f rom nine provinces, fifteen were Tigres, 
fourteen were Gallas, and six were of other tribes. 

Corrcspondcncc: Professor D. W. Russell, Department of Biochemistry, Faculty of Medicine, Dalhousie 
University, Halifax, Nova Scotia, Canada. 
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2 Sonia L. Russell and D. W. Russell 

M E T H O D S 

Subjects in G r o u p A were paraded at 8 a .m. N a m e , age , province o f origin and tribe were 
recorded, and an identif ication number w a s attached to each man s c lothing. Each was 
observed to swal low one 100 nig tablet o f isoniazid ( R i m i f o n ) at that t ime, at noon , and at 5 
p.m. A t 7 a .m. the next day a sample o f the first m o r n i n g urine w a s col lected from each 

subject, into a conta iner bearing his identif ication number. 
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FIG. 1. Nominal steady-slate urinary acctylisoniazid: isoniazid ratios in 120 healthy Ethiopian 
males. Stippled columns. Group A subjects; diagonally hatched columns, Group B subjects. 

The men in Group B were similarly registered. Each was seen to s w a l l o w a 100 mg tablet 
o f isoniazid after breakfast ( 7 - 8 a .m.) , dinner (12-1 p .m.) , and supper ( 6 - 7 p.m.). A num-
bered container was issued to each man after supper; he returned it the next day (7-8 a.m.) 
with a sample of the first morning urine. 

Analyses 

Equipment and supplies for the analyses were assembled in this laboratory; they fitted into 
one large suitcase. The methods used to determine steady-state nominal acctylisoniazid; 
isoniazid ratios ( A : I ) were as described previously (Russel l , 1970), with modifications for 
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Isoniazid acetylator phenotyping 3 
grea te r speed a n d prec is ion . T h u s , ur ine samples were measured using E p p e n d o r f pipet tes , 
and liquid r eagen t s were del ivered f r o m Repe t te repeti t ive syr inge dispensers . Also , the 
K 2 H P 0 4 so lu t ion was rep laced by 100 mg K2HPO4. table ts which had been p repa red to a 
special f o r m u l a t i o n deve loped by D r B. Roufa i l in the Da lhous ie College of P h a r m a c y ; the 
table ts d i s in tegra te r ap id ly ( 2 - 3 min ) in ur ine. Each ur ine specimen was tested with H e m a -
Combis t ix fo r p H , p ro t e in , g lucose a n d b lood . 

F o r i son iaz id , 1 ml of u r ine was measu red in to a tube con ta in ing one K 2 H P 0 4 t ab le t . 
Ur ines were processed in ba tches of e ighteen , so tha t by the t ime the 2 ,4 ,6- t r in i t robenzene-
su lphon ic acid reagent (0-25 ml) was a d d e d , the tablet had dis integrated. T h e de t e rmina t i on 
was c o m p l e t e d as previous ly descr ibed . F o r acetyl isoniazid, 0-2 ml of ur ine was t reated with 
cyan ide (0-2 ml) a n d c h l o r a m i n e T (0-45 ml) reagents and then with ace tone (0-3 ml) , the 
m e t h o d be ing o the rwise una l t e red . Analyses were comple ted within 4 hr. 

R E S U L T S 

T h e u r ine of o n e G r o u p A vo lun teer con ta ined a mode ra t e a m o u n t of glucose. Since the 
ur ine of d iabe t ics in p rev ious s tudies had given false-posit ive react ions fo r I N H ( M a s o n & 
Russel l , 1971), th is m a n was excluded f r o m the s tudy. All o the r specimens were no rma) bv 
the H e m a - C o m b i s t i x test . 

In the A m h a r a s , rap id and s low ace ty la tors were clearly dis t inguished (Fig. I) ; the ant i -
m o d e was a t A : I 20. O f the o t h e r tr ibes, only Tigres and Gal las were sufficiently n u m e r o u s 
for an a n t i m o d e to be d i s t ingu i shed : as shown in the figure, this was A : I 10 in the f o r m e r 
and A : I 40 in t h e lat ter . 

In ass ign ing p h e n o t y p e , a rapid ace ty la to r was defined as one whose s teady-s ta te u r i n a r y 
A : I was g rea t e r t h a n t h a t of the a n t i m o d e . O n this basis, r ap id acety la t ion occur red in 
fifteen ( 1 7 % ) of the A m h a r a s , t h e 9 5 % conf idence limits be ing 1 0 - 2 7 % ( M a i n l a n d , H e r r e r a 
& SutclifTe, 1956), a n d in n ine Tigres ( 4 7 % ) , in w h o m the 9 5 % conf idence l imits were 
2 4 - 7 1 % . T h e n u m b e r of Ga l l a s was t o o small f o r valid conclus ions to be d r a w n . 

D I S C U S S I O N 

In deve lop ing coun t r i e s , pa r t i cu l a r interest a t t aches to the use of in te rmi t t en t c h e m o t h e r a -
peut ic regimes, such as those used in an t i tube rcu los i s t r e a tmen t wi th i soniazid . T h e efficacy 
of weekly isoniazid t r e a t m e n t d e p e n d s o n the pa t i en t ' s ace ty la to r p h e n o t y p e ( M e n o n , 1968; 
T r ipa thy , 1968), a n d recent ly it was r epor t ed tha t the ace ty la t ion charac te r i s t ics of the an t i -
leprosy d r u g , d a p s o n e , paral lel those of i soniazid ( G e l b e r e / al.y 1971). Since a weekly dosage 
schedule fo r d a p s o n e is widely used in these coun t r i es , it is i m p o r t a n t t o d e t e r m i n e w h e t h e r 
the efficacy of th is a l so is re lated to ace ty l a to r pheno type . T h u s , a p h e n o t y p i n g p r o c e d u r e is 
needed tha t can be used even w h e n l a b o r a t o r y facili t ies a r e no t avai lable . 

T h e present s tudy c o n f i r m s t h a t the u r ina ry A : I ra t io d i s t inguishes clearly be tween the 
two ace ty la to r p h e n o t y p e s , a n d t h a t the m e t h o d used t o d e t e r m i n e it sat isf ies t h e cr i ter ia o f 
cheapness , por tab i l i ty of e q u i p m e n t , a n d s implici ty o f d o s a g e a n d analysis . O n e d i s a d v a n t a g e 
is tha t s t a n d a r d d i lu t ions of isoniazid a n d acetyl isoniazid in the / /g/ml r a n g e a r e needed fo r 
c o m p a r i s o n . F o r this survey, su i tab le quan t i t i e s of the t w o c o m p o u n d s were weighed in to 
plast ic vials in this l a b o r a t o r y and were used to p r e p a r e d i lu t ions as requ i red (it is h o p e d to 
deve lop a set o f p e r m a n e n t s t a n d a r d s ) . T h e sol ids requ i red fo r p r e p a r i n g reagen ts c an be 
weighed accura te ly e n o u g h on a p o r t a b l e d i spens ing ba lance . 
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4 Sonia L. Russell and D. W. Russell 
T w o f e a t u r e s o f t h e f ind ings in A m h a r a s a r e n o t e w o r t h y . T h e first is t he p o s i t i o n o f t he 

a n t i m o d a l A : I a t 20 : t h i s r a t i o w a s 10 in p r e v i o u s s t u d i e s o f sub j ec t s of E u r o p e a n or ig in 
(Russe l l , 1970; M a s o n & Russe l l , 1971). T h e d i f f e r ence is unl ike ly t o be d u e t o v a r i a t i o n s in 
t e c h n i q u e , s ince t h e d i s t r i b u t i o n f o r T i g r e s tes ted s i m u l t a n e o u s l y s h o w e d a c l ea r a n t i m o d c 
a t A : I 10. In t he f i f teen G a l l a s t e s t ed , the d i s t r i b u t i o n w a s a p p a r e n t l y b i m o d a l , bu t wi th a n 
a n t i m o d c a t A : I 40. T h e smal l n u m b e r o f o b s e r v a t i o n s on T i g r e s a n d G a l l a s res t r ic t s t he 
u s e f u l n e s s o f these a d d i t i o n a l f ind ings , bu t t he resu l t s sugges t t ha t t he gene t i c bas i s o f iso-
n iaz id a c c t y l a t i o n p o l y m o r p h i s m m a y be m o r e c o m p l i c a t e d t h a n w a s s u p p o s e d . T h e p o i n t is 
c l in ica l ly i m p o r t a n t : in d e t e r m i n i n g a s u i t a b l e i son iaz id r e g i m e f o r a n y i nd iv idua l , the 
p e r t i n e n t f a c t o r is no t his a p p a r e n t p h e n o t y p e , bu t t he a b s o l u t e r a t e a t wh ich lie acc ty l a t e s 
t h e d r u g . T h u s , in cl inical a p p l i c a t i o n it m a y p r o v e neces sa ry to a d o p t a n o p e r a t i o n a l r a t h e r 
t h a n a p h e n o t y p i c de f in i t i on o f a r a p i d a c e t y l a t o r . 

T h e s c c o n d p o i n t o f in teres t is t h e e x t r e m e l y low p r o p o r t i o n ( 1 7 % ) o f r ap id a c e t y l a t o r s 
a m o n g the A m h a r a s : it is ha l f t h a t o f the lowest p r e v i o u s l y r e c o r d e d , n a m e l y 3 2 % in a 
s a m p l e o f 130 S w e d e s ( H a n n g r e n , Borga & S jdqv i s t , 1970). A p a r t f r o m t h e e t h n o g r a p h i c 
in te res t o f th is resu l t , it a p p e a r s t h a t A m h a r a s a s a g r o u p (1) s h o u l d r e s p o n d well t o o n c e -
week ly i son iaz id t r e a t m e n t , as in t he S H O W r e g i m e f o r m u l a t e d by M e n o n (1968) . a n d (2) 
a r e l ikely t o su f fe r a high inc idence o f py r idox inc -dc f i c i ency s y m p t o m s ( H u g h e s el al.% 1954) 
in a s s o c i a t i o n w i t h i soniaz id t h e r a p y , pa r t i cu l a r ly s ince t he m a j o r i t y o f t h e m c o n s u m e a 
d ie t def ic ient in th i s v i t a m i n ( M r s P a m e l a Mi l le r , p e r s o n a l c o m m u n i c a t i o n ) . 

T h e r e l evance of these f ind ings to i n t e r m i t t e n t d a p s o n c t h e r a p y o f l e p r o s y m e r i t s f u r t h e r 
s t u d y . 
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