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OLSEN, H. AND J. MORLAND. Ethanol interaction with drug ucetylation in vivo and in vitro. PHARMACOL 
BIOCHEM BEHAV 18: Suppl. 1, 295-300, 1983.--The acute effect of ethanol on sulfadimidine or procainamide phar- 
macokinetics was studied in healthy drug-free volunteers. Ethanol treatment increased the elimination rate, as well as the 
amount of acetylated drug measured in blood and urine. No changes of apparent volume of distribution or renal drug 
clearance were found. In three out of seven slow acetylators tested, the rate of acetylation increased so noticeably after 
ethanol that they would otherwise have been classified as rapid acetylators. Using suspensions of isolated rat liver 
parenchymal cells, the effect of ethanol, acetate, citrate, pyruvate, and L(-)carnitine on acetylation of sulfanilamide and 
procainamide was studied. Ethanol treatment enhanced sulfanilamide acetylation, whereas the acetylation of procainamide 
was unchanged. Acetate, citrate, and pyruvate treatment enhanced the acetylation of both drugs. Acetate treatment 
increased both Km and Vm,x of both sulfanilamide and procainamide acetylation. In rat liver homogenates, acetyl-CoA 
increased the rate of sulfanilamide acetylation in a dose-dependent manner. 

Drug acetylation Ethanol Interaction In vivo In vitro 

THE acute interaction between ethanol and drugs usually 
leads to decreased rates of drug metabolism. Both oxidation 
and conjugation of drugs with glucuronic acid, may be inhib- 
ited by ethanol [9, 13, 20, 21]. Theoretically, however, 
ethanol could have the opposite effect on drug acetylation 
and enhance the speed of this conjugation reaction since 
ethanol is metabolised to acetate and may increase the forma- 
tion and concentration of acetyl-CoA, the acetate donor in 
the N-acetyltransferase reaction leading to acetylation of 
drugs I25]. This would require that low concentrations of 
acetyl-CoA be rate-limiting in this reaction. Also other sub- 
stances, e.g., pyruvate and citrate, which may enhance the 
hepatic level of acetyl-CoA should then enhance drug acety- 
lation. For some drugs acetylated; hydrallazine, isoniazid, 
procainam~de, and certain sulfonamides, great interindivid- 
ual differences in the acetylation rate have been found [10, 
16, 18]. Furthermore it has been found that the activity of the 
enzyme N-acetyltransferase is controlled by genes of large 
effect in humans and rabbits, and people may thus be 
classified as slow or rapid acetylators [5, 6, 7]. 

The hypotesis of a nongenetic regulation of the 
N-acetyltran-sferase reaction, by means of substances which 
may regulate the acetyl-CoA level at the site of reaction, has 
been tested both in vivo and in vitro. The results of these 
experiments have been published in detail previously [15, 16, 
18]. This report contains a review of the results. 

METHOD 

In Vivo Studies in Man 

Drug-free healthy volunteers took part in two separate 

cross-over studies. In one [16], sixteen subjects, aged 18-36 
years, were given sulfadimidine (10 mg/kg). In the other 
[18], eleven subjects aged 25-36 years were given 
procainamide (10 mg/kg). The participants were fasted 
over-night and at 8 a.m. the drug was given by mouth. Half 
of the subjects receiving sulfadimidine or procainamide re- 
ceived no further treatment, while the others had ethanol 
(0.73 g/kg) 1.5 and 2 hr after taking procainamide or sul- 
fadimidine, respectively. Ethanol was then given hourly 
(0.11 g/kg) until 7.5 or 10 hr after procainamide or sul- 
fadimidine intake, respectively. Usually venous blood sam- 
ples were collected at 2 hr, and then hourly until 8 hr or 10 hr 
after procainamide or sulfadimidine intake. Occasionally 
urine was collected. One week later, the experiment was 
repeated; the ethanol-treated and control groups were re- 
versed. Thus each subject served as his or her own control. 

In Vitro Studies in Rat 

The acetylation of sulfanilamide and procainamide in the 
absence and presence of ethanol (33 raM), acetate (0.5-5 
mM), citrate (4 mM), pyruvate (4 mM) and L(-)carni t ine (2 
mM) was studied in suspensions isolated rat liver paren- 
chymal cells [15]. The cell suspensions were prepared from 
rat livers perfused with CA ++ free buffer and 0.5% col- 
lagenase, according to the method of Berry and Friend [1], as 
described elsewhere [14]. 

Additionally, the effect of various acetyl-CoA concentra- 
tions (0.05-0.8 mM) on sulfanilamide acetylation in homoge- 
nates of rat liver was studied [15]. 

1Present address of both authors: National Institute of Forensic Toxicology, Sognsvannsveien 28, Oslo 3, Norway. 
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T A B L E  1 
E T H A N O L  EFFECT ON SULFADIMIDINE H A L F - L I F E  

AND ACETYLATION* [16] 

Acetylation* 

Hours after sulfadimidine 
Half-Life 

N (min) 2 8 

Rapid acetylators 9 
Control value 129 _+ 12 44.0 ± 30.6 79.3 ± 17.1 
After ethanol 99 -+ 9¢ 40.2 + 25.2 84.7 _+ 17.1t 

Slow acetylators 7 
Control value 301 + 53 15.3 ± 11.9 30.0 ± 7.7 
After ethanol 250 + 585 17.1 _+ 5.0 36.7 _+ 20.4¢ 

*N-Acetylsulfadimidine in percentage of the sum of recorded sul- 
fadimidine and N-acetylsulfadimidine. 

tp<0.05 compared with control value. 
Sp<0.01 compared with control value. 

Analytical Methods 

Sulfadimidine,  sulfanilamide, acetylsulfadimidine and 
acetylsulfanilamide concentrat ions were measured by Bratton 
and Marshal l ' s  method  [2]. Procainamide and N±acetylpro- 
cainamide (NAPA)  were  measured by gas chromatography 
[15,18]. Blood ethanol  and acetate  concent ra t ions  were 
measured  as descr ibed e lsewhere  [18]. 

The formula used for pharmacokine t ic  calculat ions are 
descr ibed in the respect ive  papers  [16,18]. Abbrevia t ions  
used are: T t~2 = el imination half-life, k~ = apparent  el imination 
rate constant  at f i rs t-order kinetics,  K=e l imina t ion  rate 
constant  at ze ro-order  kinetics,  ClR=renal  drug clearance,  
CIT=tOtal body clearance,  V~=apparen t  vo lume of  distribu- 
tion. 

RESULTS 

In Vivo Studies in Man 

Sulfadimidine. Wide variat ions in rates o f  sulfadimidine 
el imination and acetylat ion were  found among the 16 volun- 
teers.  Nine subjects  could be classified as rapid acetylators  
and seven as slow acetylators .  In Table 1, the results con- 
cerning ethanol  effect  on sulfadimidine el imination and 
acetylat ion are shown.  As can be seen, ethanol  intake caused 
a reduct ion in sulfadimidine half-lives in both rapid and slow 
acetylators ,  whereas  the percentage  o f  acetylated sul- 
fadimidine increased more be tween  2 and 8 hours when 
ethanol was present  than without  ethanol.  In three slow 
acetylators ,  the percentage acetylated sulfadimidine meas-  
ured in blood at eight hours was increased so noticeably after 
e thanol  that they would have been classified as rapid 
acetyla tor  according to the criteria o f  Evans  [5]. 

The  ethanol  dosage regimen used was fol lowed by rela- 
t ively constant  blood ethanol  (approximately  1 g/l) and ace- 
tate (approximately  0.8 mmol/1) concentrat ions .  H o w e v e r  
large variat ions be tween  individuals in blood acetate  concen-  
trations was found. When  the mean concent ra t ion  of  acetate ,  
measured  be tween  four  and 10 hours,  was plotted against the 
part of  the increase in the amount  o f ace ty l a t ed  sulfadimidine 

T A B L E  2 

E T H A N O L  EFFECT ON PROCAINAMIDE PHARMACOKINETICS  [181 

Control After 
N value ethanol 

Tvz (min) 11 171 _+ 41 128 ± 25* 

slow acetylators 5 186 _+ 38 138 + 28t 
rapid acetylators 6 153 _+ 43 120 ± 21' 

Cl,r (ml • min 1) 11 532 -+ 132 711 _+ 149" 

slow acetylators 5 472 +_ 108 719 +_ 1695 
rapid acetylators 6 582 + 138 704 _+ 169' 

V~(1 - kg -~) 11 2.1 ± 0.5 2.0 _+ 0.5 

slow acetylators 5 1.8 _+ 0.2 2.0 ± 0.5 
rapid acetylators 6 2.3 -+ 0.6 2.0 ± 0.4 

CIR (ml . min -~) 

PA 7 468 ± 148 484 _+ 150 
NAPA 6 230 ± 147 218 _+ 58 

*p<0.01 compared with control value. 
#p<0.05 compared with control value. 
$p<0.05 compared with control value and with the increase found 

in the rapid acetylators. 

that could be ascribed to ethanol ,  a correlat ion was found 
which bordered on significance at 5 % level.  

Procainamide. Tables 2 and 3 show the results of  
procainamide el imination (Table 2) and acetylat ion (Table 3) 
in absence and presence  of  ethanol.  As can be seen, the 
half-life was significantly reduced (apparent  elimination rate 
constant  increased by 32+ 12%), and the total body clearance 
increased (37+27%), while the apparent  volume of  distribu- 
tion (V~) as well as the renal c learance (CIR) of  both 
procainamide and N-ace ty lproca inamide  were  unchanged 
when ethanol  was present.  The relat ive effect of  ethanol  on 
procainamide half-life or  apparent  elimination rate constant  
was similar in the slow and rapid acetylators  while the rela- 
t ive increase in total c learance was significantly higher in the 
slow than in the rapid acetylators ,  55+-26% versus  23+_20%,. 
In all subjects,  the percentage acetylated procainamide in 
blood increased with time. This  increase was greater  when 
ethanol  was present.  Also in urine,  the percentage of  acety- 
iated procainamide was increased significantly when ethanol 
was present ,  in both the 0-8 hr and 0-48 hr period. Again, 
when the individual mean acetate  concentra t ion  measured 
be tween  3 and 8 hr was plotted against the ethanol  mediated 
increase in percentage acetylated procainamide be tween 8 
and 2 hr, a correlat ion was found (r=0.753, p<0.05) .  

In Vitro Studies in Rat 

The effect  of  ethanol  (33 mM) on sulfanilamide and 
procainamide acetylat ion in suspensions of  isolated rat l iver 
cells is shown in Table  4. With sulfanilamide as substrate,  
e thanol  t rea tment  increased the el imination (k~ increased by 
15+-~, ,  p<0.05) .  The level of  acetylated sulfanilamide also 
increased significantly. With procainamide as substrate,  the 
percentage of  N-ace ty lproca inamide  and the elimination rate 
of  procainamide was similar in both ethanol  treated and con- 
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T A B L E  3 

ETHANOL EFFECT OF PROCAINAMIDE ACETYLATION* [18] 

Control After 
N value ethanol 

Blood 
whole group 

2hr  11 18.9 + 8.3 23.0 ± 7.8 
8 hr 11 44.6 ± 14.3 58.0 ± 15.8 
Difference 25.7 ± 7.2 32.8 + 13.9+ 

slow acetylators 
2 hr 5 12.2 ± 2.2 17.7 + 5.6 
8 hr 5 34.3 ± 8.1 48.0 ± 6.6 
Difference 22.1 ± 6.4 30.3 + 8.2 + 

rapid acetylators 
2 hr 6 24.4 + 7.4 27.5 + 6.7 
8 hr 6 53.2 ± 13.1 66.9 _+ 16.7 
Difference 28.8 ± 6.9§ 39.4 ± 8.25 

Urine 
0-8 hr 7 16 ± I0 19 ± 8+ 
0-48hr 6 26 ± 7 30 ± 85 

*The figures represent N-acetylprocainamide as percentage of the 
sum of recorded procainamide and N-acetylprocainamide. 

tp<0.01 compared with the control value. 
$p<0.05 compared with the control value. 
§p<0.05 compared with the corresponding increase found in the 

slow acetylators. 

trol cells. Addit ion o f  ethanol  to the cell suspensions caused 
a more pronounced  decline of  the medium pH than obse rved  
in the control  (Table 4). Since pH variat ions of  the incuba- 
tion medium may change the acetylat ion rate [15,17] it seems 
necessary  to have close pH control  when studies on drug 
acetylat ion in isolated rat l iver  cells are performed.  Due to 
the findings that both procainamide and sulfanilamide acety- 
lation are pH dependen t  [15,17], the decreased  medium pH 
caused by ethanol  t rea tment  may probably abolish a stimu- 
lating effect  of  ethanol  or  ethanol  metabol i tes .  Table 5 shows 
the effect  of  var ious  acetate  (0.5-5 raM) concentra t ions  on 
sulfanilamide and procainamide acetylat ion in cell suspen- 
sions. Aceta te  concent ra t ions  of  1.0 mM and higher in- 
creased the relative acetylat ion o f  both drugs,  and concen-  
trations of  2.0 mM and higher increased the rate o f  disap- 
pearance  of  parent  drug (Table 5). In separa te  exper iments  
[15], the acetylat ion rate at various sulfanilamide and 
procainamide concent ra t ions  was studied in the absence and 
presence  of  4 mM acetate.  By means of  double-reciprocal  
plots (L ineweaver -Burk  plot) it could be calculated that Vmax 
increased by 77% and 70% and Km by 78% and 7(FA for 
sulfanilamide and procainamide acetylat ion,  respect ively ,  in 
the acetate  t reated cells. In Table  6, the effects  of  equimolar  
concentrat ions (4 mM) of  acetate,  citrate, and pyruvate alone 
and combined  with L ( - ) c a r n i t i n e  (2 mM) on sulfanilamide 
and proca inamide  acetylat ion are shown. With sulfanilamide 
as test substance,  acetate ,  citrate,  and pyruvate  t rea tment  
caused increased acetylat ion,  and combined with 
L ( - ) c a r n i t i n e ,  the effect  o f  each o f  the precursors  o f  
ace ty l -CoA was further  enhanced (Table 6). It is, however ,  
perceivable  that sulfanilamide acetyla t ion changed from 
zero- to an apparent  f i rs t-order kinetics in the cells treated 

T A B L E  4 

ETHANOL EFFECT ON SULFANILAMIDE AND PROCAINAMIDE 
ACETYLAT1ON IN SUSPENSIONS OF ISOLATED RAT LIVER 

PARENCHYMAL CELLS [151 

N Control After ethanol 

Sulfanilamide 
k,q.lD ~ 5 3.38 + 0.70 3.92 + 1.08" 

acSNA 

0-2 hr 5 32.7 ± 5.1 35.9 _+ 5.9* 
0-4 hr 5 54.9 ± 7.8 60.2 ± 9.8* 

mean pH 5 7.16 + 0.40 6.85 ± 0.14 
Procainamide 

k,q.l(P 6 5.72 -+ 2.4 5.55 ± 3.77 
%NAPA 

0-1 hr 6 8.3 ± 2.6 8.7 -+ 2.0 
0-2 hr 6 22.6 ± 6.3 24.9 -+ 9.7 

Mean pH 6 7.34 ± 0.05 7.23 + 0.09 

*p<0.05 compared with control value. 

with acetate  or  pyruvate  combined with L ( - ) ca rn i t i ne .  With 
procainamide as test drug, acetate  and pyruvate  t reatment  
enhanced  the el imination of  procainamide  as well as the per- 
centage acetylated drug, while citrate t rea tment  enhanced  
the percentage acetyla ted drug only (Table 6). H o w e v e r ,  the 
effect of  pyruvate  t reatment  was significantly s t ronger  than 
that caused by acetate  t rea tment  (p<0.05).  Combining 
L ( - ) c a r n i t i n e  with each o f  the precursors  of  ace ty l -CoA en- 
hanced the percentage N-ace ty lproca inamide  further  in 
pyruvate  and ci trate treated cells, whereas  the elimination 
rate was further enhanced in the pyruvate  t reated cells only. 

Figure 1 shows the effect  o f  var ious ace ty l -CoA concen-  
trat ions on the rate of  sulfanilamide acetylat ion in homoge-  
nates of  rat livers. As can be seen, the rate of  sulfanilamide 
acetylat ion increased with increasing ace ty l -CoA concentra-  
tions, indicating that an exper imenta l  Vmax value of  the 
enzyme  may also be dependent  on the cofac tor  concentra-  
tion. 

DISCUSSION 

Our studies showed that in humans,  acute  administrat ion 
of ethanol  enhanced  the el imination of  both sulfadimidine 
and procainamide.  The enhanced el imination could have 
been caused by more extens ive  distribution, increased me- 
tabolism (caused,  e.g. ,  by enhancement  o f  ei ther  enzyme  
act ivi ty or  cofac tor  level or  more drug available for the 
enzyme) ,  and/or enhanced excret ion.  Since we found that 
both the renal c learance  and the apparent  vo lume of  distri- 
bution of  sulfadimidine and procainamide  were  similar in 
both controls  and after ethanol t reatment ,  the most  likely 
explanat ion of  our  findings seem to be increased acetylat ion.  
The increased percentage of  acetyla ted drug measured  in 
both blood and urine after ethanol  t rea tment  supports  this 
assumption.  Reduced  protein binding during ethanol treat- 
ment  could have  made more drug available to the enzyme ,  
and thereby enhanced the rate of  acetylat ion of  the drugs. 
H o w e v e r ,  a d isplacement  effect of  ethanol  on protein bind- 
ing is doubtful  [9]. Displacement  from tissue binding sites or  
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T A B L E  5 

ACETATE EFFECT ON SULFANILAMIDE AND PROCAINAMIDE ACETYLATION IN SUSPENSIONS OF ISOLATED 
RAT LIVER PARENCHYMAL CELLS* [15] 

Acetate 

Control 0.5 mM 1.0 mM 2.0 mM 5.0 mM 

Sulfanilamide 
K (tzM/min) 0.35 ± 0.09 0.44 ± 0.13 0.43 ± 0.07 0.44 ± 0.10t 0.49 ± 0.13t 
% acSNA 

0-2 hr 8.6 ± 2.4 12.3 ± 5.8 12.0 ± 2.6t 14.0 ± 3.4t 13.3 ± 5.0t 
0-4 hr 19.9 ± 5.5 24.5 ± 7.2 23.9 ± 3.6 24.9 ± 5.5 26.8 ± 7.5t 

Procainamide 
kel.103 5.3 __. 1.3 5.1 ± 0.6 6.1 ± 1.5 6.9 ± 2.2t 6.6 ± 2.15 
% NAPA 

0-1 hr 8.1 ± 1.8 8.5 ± 2.4 9.9 ± 2.4 10.9 ± 1.9t 12.2 ± 2.25 
0-2 hr 25.3 _+ 2.7 27.6 _ 1.0 32.4 ± 5.6t 35.0 - 7.8t 35.7 ± 7.15 

*The results are means ± SD of five experiments, except in the procainamide treated cells combined with 5.0 
mM acetate which represents mean of four experiments ± SD. 

tp<0.05 compared with control value. 
5p<0.05 compared with control value (Wilcoxon-Mann-Whitney test). 

T A B L E  6 

EFFECT OF VARIOUS ACETYL-CoA PRECURSORS ON SULFANILAMIDE AND 
PROCAINAMIDE ACETYLATION IN SUSPENSIONS OF ISOLATED RAT LIVER 

PARENCHYMAL CELLS* [15] 

Sulfanilamide Procainamide 

K % acSNA ker 10 a % NAPA 
Control 0.39 ± 0.11 13.1 ± 4.3 4.5 ± 1.2 25.8 ± 6.9 
Citrate 0.45 ± 0.09t 15.1 ± 2.95 4.8 ± 1.3 28.6 ± 8.65 
Acetate 0,46 ± 0.095 15.6 ± 3.25 5.5 ± 1.35 30.9 ___ 8.0~: 
Pyruvate 0.46 ± 0.105 15.5 ± 3.65 6.6 ± 1.55 39.3 ± 15.85¶ 
Carnitine 

Citrate 0.61 ± 0.165 21.2 ± 6.15§ 5.7 ± 1.75 36.3 ± 10.55§ 
Acetate 1.7 ± 1.2 .10-st 22.0 ± 2.75§ 6.5 ± 2.25 38.5 ± 16.15 
Pyruvate 1.9 ± 0.2 .10-s~ " 24.6 ± 3.25§ 8.1 ±- 3.95§¶ 47.7 ± 17.65§¶ 

*The cells were incubated for 3 hours with sulfanilamide and 2 hours with 
procainamide as substrate. The results are means ± SD of five experiments. 

tThe elimination changed from zero to apparent first order kinetics, and the apparent 
elimination rate constant (1%0 is given. 

5p<0.05 compared with control value. 
§p <0.05 compared with the values obtained with the corresponding precursor alone. 
¶p <0.05 compared with the acetate treated cells or acetate plus carnitine treated cells. 

increased  dis t r ibut ion would probably  have  caused  changes  
of  the apparen t  vo lume of  dis t r ibut ion [26]. E n h a n c e d  
e n z y m e  concen t ra t ion  as a c o n s e q u e n c e  of  acute  e thanol  
intake seems  unlikely,  whe reas  e n h a n c e d  e n z y m e  activi ty 
due  to e thanol  (e.g. ,  al losteric effects  on the e n z y m e  leading 
to e n h a n c e d  activity) can not  be ruled out  as an explanat ion.  
H o w e v e r ,  since the level o f  ace ty l -CoA in the env i ronmen t  
of  the e n z y m e  is part ly rate limiting for the acetyla t ion proc-  
ess  ([25], Fig. 1), and since e thanol  may  increase  the cellular 
level o f  ace ty l -CoA [8,22] it s eems  more  reasonab le  to ex- 
plain our  resul ts  as a c o n s e q u e n c e  o f  an e n h a n c e d  availabil- 
ity of  ace ty l -CoA at the  site o f  drug acety la t ion  caused  by 
e thanol  metabol i sm.  This a s sumpt ion  was  suppor t ed  part ly 

by the finding of  some corre la t ion b e t w een  the individual 
blood aceta te  level  and the increase  in percen tage  of  acety-  
lated drug [16,18]. 

The in vitrostudy showed  that  e thanol  t r ea tment  o f  iso- 
lated rat l iver cells may increase  the rate of  sulfanilamide 
acetyla t ion (Table 4), whe reas  p roca inamide  acetyla t ion and 
el iminat ion were  unchanged.  Because  o f  e thanol  media ted  
reduc t ion  of  cell med ium pH,  these  observa t ions  were  dif- 
ficult to interpret .  It therefore  b ecame  o f  impor tance  to s tudy 
the  effect  o f  o the r  subs tances  which  could enhance  the cellu- 
lar concen t ra t ion  of  ace ty l -CoA wi thout  changing the 
med ium pH.  

T rea tmen t  o f  the  cell suspens ions  with aceta te  e n h a n c e d  
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FIG. 1. Effect of increasing concentrations of acetyl-CoA on the rate 
of sulfanilamide acetylation in rat liver homogenates. Each point 
represents mean of four experiments ±SD 115]. 

the acetylation of both procainamide and sulfanilamide at 
acetate concentrations comparable with those found in hu- 
mans after ethanol ingestion [16,18]. If the acetate-mediated 
increase in drug acetylation was caused by enhancement of 
cellular concentrations of  acetyI-CoA, acetate treatment 
should, according to [25], enhance both Km and Vm~ of the 
reaction. This was indeed the case for both sulfanilamide and 

procainamide (see Results section). Also, other precursors 
of acetyl-CoA; citrate and pyruvate, enhanced the acetyla- 
tion of the two drugs. L(-)carni t ine  has been reported to be 
linked to the transport of acyl- and acetyl-CoA across the 
mitochondrial membrane [3, 11, 19, 24]. Combining 
L(-)carni t ine  with acetate, citrate or pyruvate enhanced sul- 
fanilamide acetylation more than acetate, citrate or pyruvate 
did alone (Table 6). With procainamide as test drug, a further 
increase of the acetylation rate was found when 
L(-)carni t ine was added together with citrate or pyruvate. 
In rat liver homogenates, a c e t y l - C o A  increased the sul- 
fanilamide acetylation in a dose-dependent manner. Our 
present conclusion is, therefore, that the concentration of 
the cosubstrate, acetyl-CoA, might be rate limiting in drug 
acetylation reactions. It is further indicated that ethanol can 
increase the rate of such reactions by enhancing the availa- 
bility of acetyl-CoA for such reactions. This might influence 
the outcome of treatment with drugs that are acetylated with 
regard to effects and side-effects [10] when drug and ethanol 
are combined. The observation that isoniazid hepatotoxicity 
occurs more frequently when the rate of acetylation is high 
may be particularly interesting in this respect. Some carsino- 
gens will become more rapid metabolically activated in or- 
ganisms with a high rate of  drug acetylation. Future 
epidemilogic and experimental studies might reveal whether 
ethanol-mediated enhanced acetylation is of importance to 
such biological consequences and other clinical states that 
have been reported to be linked to rapid acetylation. 

Our findings that the rate-limiting factor for drug acetyla- 
tion may not be the enzyme per se, but rather the amount of 
cofactor in the intact cell system, seem to be valid for other 
cytosolic conjugation reactions also. Others have shown that 
the factors limiting choline acetylation [4] and sulphate con- 
jugation [12,23], may be the amount of cofactor. 
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