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Abstract-Inter-individual variation in the in vitro acetylation of the antibacterial drug sulphamethazine 
by human whole blood was studied using reverse phase HPLC. The mean (range) values of blood N- 
acetyltransferase activity in vitro were 0.50 (0.29-0.83) nmol per lo9 red blood cells (rbc) (N = 23), 
3.33 (2.22-5.27) nmol per lo9 rbc (N = 27) and 9.36 (6.72-15.76) nmol per lo9 rbc (N = 23) at initial 
sulphamethazine concentrations of 0.018 mM, 0.18 mM and 1.44 mM respectively. The mean (range) 
values of the initial rate of sulphamethazine acetylation at these substrate concentrations were 28.1 
(20.9-35.0) pmol/hr per lo9 rbc (N = ll), 0.26 (0.18-0.42) nmol/hr per lo9 rbc (N = 19) and 0.91 (0.61- 
1.50) nmol/hr per log rbc (N = 14) respectively. The mean (range) half life of thermal inactivation of 
blood acetylation capacity at 50” was 0.91 (0.59-1.27) min (N = 12) at an initial substrate concentration 
of 0.18 mM. In each of these cases, there was no significant differences between the values obtained 
using blood samples from rapid and slow acetylators. 

Intra-individual variation of blood N-acetyltransferase activity was studied in a single subject on 24 
separate occasions during a two year period and was less than 10% at each of the three sulphamethazine 
concentrations studied. The correlation between the in vitro blood N-acetyltransferase activity of eight 
volunteers measured on two separate occasions at least 6 weeks apart was 0.84, 0.98 and 0.98 at initial 
sulphamethazine concentrations of 0.018 mM, 0.18 mM and 1.44 mM respectively. 

Increasing the acetyl-CoA concentration of blood samples from 4 subjects by 0.34, 0.85 and 1.67 mM 
significantly increased both the initial acetylation rate of sulphamethazine and the amount of ace- 
tylsulphamethazine produced after an incubation time of 24 hr (initial sulphamethazine concentration = 
0.18 mM). 

N-acetylation of foreign compounds containing aryl- 
amine or hydrazino groups is catalysed by the group 
of enzymes known as N-acetyltransferases (EC 
2.3.1.5) and requires acetyl-CoA as the acetyl group 
donor. Drugs such as sulphamethazine, isoniazid and 
hydralazine display a genetic polymorphism in man, 
a metabolic feature which has important therapeutic 
and toxic implications [l]. Since detoxification of 
foreign compounds is principally associated with the 
liver, most studies have been directed towards 
characterisation of liver N-acetyltransferase. Cor- 
relation between the activity of this enzyme in vitro 
and the in vivo acetylator phenotype has been 
demonstrated in man using all the above substrates 

PI. 
Extrahepatic sites of N-acetyltransferase activity 

such as the intestine, kidney and peripheral blood 
have also been identified [3]. Human blood has been 
shown to acetylate dapsone [4], p-aminobenzoic acid 
[S] and p-aminosalicylic acid [6] although there is no 
significant correlation between the in vitro acety- 
lation of these substrates and the in vivo acetylator 
phenotype of the blood donors. 

An unusual case of polymorphic acetylation has 
been reported using rabbit blood. The in vitro blood 
N-acetyltransferase activity towardsp-aminobenzoic 
acid is significantly higher in rabbits which are pheno- 
typically slow acetylators in vivo. Discrimination 
between the two groups is clear, especially if fam- 
ilially related animals are studied when no substantial 

overlap occurs [7]. Preliminary studies using human 
reticulocytes also appear to exhibit similar pheno- 
typic differences in p-aminobenzoic acid acetylation 
in vitro. These differences are not apparent in either 
erythrocyte preparations which have not been frac- 
tionated according to age or in polymorphonuclear 
leucocytes, lymphocytes and whole blood [3]. Pheno- 
typic differences in the apparent rate of thermal 
inactivation at 44” of human lymphocyte N-ace- 
tyltransferase have been identified using p-amino- 
benzoic acid as substrate [8] although discrimination 
of the two phenotypes is not complete and there is 
considerable overlap between the two groups. 

Two of the most commonly used compounds for 
acetylator phenotyping in vivo are isoniazid and 
sulphamethazine. However, in vitro studies on blood 
N-acetyltransferase using these substrates have 
shown little, if any, activity. Isoniazid is not ace- 
tylated by either rabbit blood N-acetyltransferase 
purified over 300-fold [9] or human red cell resus- 
pensions supplied with the acetyl-CoA precursors 
acetate, CoA and ATP [6]. Previous studies on the 
acetylation of sulphamethazine by human blood have 
either been unable to detect any activity [lo, 111 
or have failed to detect activity in all the samples 
analysed [12]. The inability to reliably detect and 
quantify blood N-acetyltransferase activity using sul- 
phamethazine has prevented investigations on inter- 
individual variation and therefore possible poly- 
morphism of this enzyme has not been studied with 
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this substrate. In this study, we have used a reverse 
phase HPLC assay developed in our laboratory [ 131 
to study variation of this enzyme activity in vitro 
amongst healthy volunteers. The principal aim was 
to determine if the use of this more sensitive and 
specific analytical method would permit detection 
of any significant differences in the in vitro blood 
acetylation capacity of samples from donors of 
known acetylator phenotype. 

MATERIALS AND METHODS 

Materials. Sulphamethazine and acetic anhydride 
were obtained from the Aldrich Chemical Co. Ltd 
(Gillingham, U.K.). Sulphapyridine and acetyl-CoA 
were purchased from the Sigma Chemical Co. Ltd 
(Poole, U.K.). Potassium dihydrogen phosphate and 
disodium hydrogen phosphate were obtained from 
the BDH Chemical Co. Ltd (Poole, U.K.). HPLC- 
grade acetonitrile and ethyl acetate were supplied by 
Rathbum Chemicals (Peebleshire, U.K.) and May & 
Baker (Dagenham, U.K.) respectively. All reagents 
were of the highest grade commercially available. 
Acetylsulphamethazine was synthesised from sul- 
phamethazine by heating with acetic anhydride and 
was recrystallised from aqueous ethanol (m.p. 254 
255’). Its structure was confirmed by mass spectro- 
metry and its purity was 100% by HPLC analysis. 
Sulphamethazine tablets (500 mg) were obtained 
from the Department of Pharmacy, Ninewells Hos- 
pital and Medical School, Dundee. 

Subjects. Blood samples were donated by healthy 
volunteers (15 males and 12 females) from Ninewells 
Hospital and Medical School. These subjects were 
not currently receiving any medication and their 
mean age and range was 28 years and 19-58 years 
respectively. 

Acetylator phenotyping. Ethical approval for the 
acetylator phenotyping procedure was granted by 
the Ethics Committee of the Faculty of Medicine, 
University of Dundee and written informed consent 
was obtained from all subjects. To determine the 
acetylator phenotype of the volunteers, the subjects 
fasted overnight and then orally ingested 750 mg 
(compressed tablet) of sulphamethazine. Blood 
samples were collected 6 hr later by venepuncture 
and dispensed into lithium-heparin anticoagulant 
tubes, extracted immediately and analysed by HPLC 
[13]. The acetylating capacity of each subject was 
expressed quantitatively as the percentage of sul- 
phamethazine acetylated. This value was calculated 
by dividing the amount of acetylsulphamethazine 
present by the total amount of sulphonamide present 
(i.e. sulphamethazine and acetylsulphamethazine), 
expressed as a percentage. The percentage acety- 
lation for rapid acetylators ranged from 70 to 89% 
(mean = 79%) and that for slow acetylators ranged 
from 23 to 43% (mean = 31%). 

In vitro blood N-acetyltransferase assay. The incu- 
bation protocol was as documented previously [13] 
and involved mixing 0.2 ml of heparinised whole 
blood and 0.2 ml of sulphamethazine in 33.3 mmol/l 
phosphate buffer (pH 7.4) to produce final substrate 
concentrations of either 0.018,0.18 or 1.44 mM. The 
samples were incubated at 37” for periods up to 24 hr 
then extracted with ethyl acetate and analysed by 

HPLC as previously described [13]. The limit of 
detection of this assay (at a signal-to-noise ratio = 
3) is approximately 3 pm01 (1 ng) of acetyl- 
sulphamethazine. The coefficient of variation for 
analysis of replicate samples (N > 4) in this study 
did not exceed 5%. Since variations in the number 
of blood cells may result in differences in the 
observed N-acetyltransferase activity, the results 
obtained for each individual were corrected for the 
number of red blood cells present. 

Inter-individual variation of blood N- 
acetyltransferase was investigated by three methods. 
An end point study using initial sulphamethazine 
concentrations of 0.018 mM, 0.18 mM and 1.44 mM 
was conducted by incubating the blood samples for 
24 hr. Kinetic acetylation studies at these three sul- 
phamethazine levels were also performed in which 
the initial rates of acetylsulphamethazine production 
were measured. Finally the thermal inactivation of 
blood sulphamethazine N-acetyltransferase at 50” 
was investigated using an initial sulphamethazine 
concentration of 0.18 mM as described below. 

The effect of added acetyl-CoA on blood N-ace- 
tyltransferase activity in vitro. In a further set of 
experiments using blood samples from four vol- 
unteers only, the substrate solution was augmented 
with acetyl-CoA to increase the incubation con- 
centration of this cofactor by either 0.34, 0.85 or 
1.67 mM. 

Thermal inactivation of blood acetylation capacity 
at 50”. The apparent thermal inactivation of blood 
N-acetyltransferase was monitored by pre-incubating 
blood samples from 12 individuals at 50” for periods 
of 0, 1, 3, 5, 7 and 9 min prior to incubation with 
sulphamethazine at 37”. A semi-log regression pro- 
gram was used to calculate the apparent half life of 
N-acetyltransferase inactivation. 

Haematological analysis. Determination of packed 
cell volume and counting of red and white blood cells 
were performed by the Department of Haematology 
at Ninewells Hospital and Medical School using an 
Ortho Diagnostics Systems coulter counter (Model 
ELT-8OO/WS). 

RESULTS 

Zntra-individual variation in human blood N-ace- 
tyltransferase activity in vitro 

The coefficient of variation for the amounts of 
acetylsulphamethazine produced by 24 blood 
samples collected during 2 years from a single healthy 
volunteer was less than 10% at each of the three 
substrate concentrations studied. The reproducibility 
of in vitro blood N-acetyltransferase activity was 
also studied using samples from eight individuals 
collected on two separate occasions at least 6 weeks 
apart, The correlation between the values obtained 
in the initial and repeat experiments at initial sul- 
phamethazine concentrations of 0.018 mM, 0.18 mM 
and 1.44 mM were 0.84, 0.98 and 0.98 respectively. 
Intra-individual variation in the rate of acetyl- 
sulphamethazine production at each of the three 
substrate levels using blood samples obtained from 
a single individual on seven occasions over a period 
of approximately 1 year was slight (coefficient of 
variation < 7%). 
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Fig. 1. The inter-individu~ variation of the in v&o acetylation of sulphameth~ine by buman whole 
blood from rapid and slow acetylator subjects. Values shown represent the mean of at least four 
replicates (error bars represent the upper 95% confidence limits). Subjects in Group 1 are rapid 
acetylators of sulphamethazine in vivo. Subjects in Group 2 are slow acetylators of sulphamethazine in 

vivo. 

Inter-individual variation of human blood N-ace- 
tyltransferase activity in vitro 

~nd~o~~tstudy. The mean (range) values of blood 
IV-acetyltransferase activity in vitro were 0.50 (0.29- 
0.83) nmol per lo9 red blood cells (rbc) (N = 23), 
3.33 (2.22-5.27) nmoi per IO9 rbc (N = 27) and 
9.36 (6.72-15.76) nmol per log rbc (N = 23) at initial 
sulphamethazine concentrations of 0.018 mM, 
0.18 mM and 1.44 mM respectively. The difference 
in the amount of product obtained using blood from 
rapid acetylators and slow acetylators was insig- 
nificant (P > 0.1, Student’s t-test; Fig. la-c). There 

was also no significant difference in the in vitro blood 
N-acetyltransferase activities of samples obtained 
from male and female volunteers (P > 0.1, Student’s 
t-test). No significant correlation existed between the 
in vitro blood N-acetyltransferase activity and the 
age of the donor (r = 0.20, P > 0.1). 

Kinetic acetylation study. The mean (range) values 
of the initial acetylation rate at sulphamethazine 
concentrations of 0.018 mM, 0.18 mM and 1.44 mM 
were 28.1 (20.9-35.0) pmol/hr per IO9 rbc (N = ll), 
0.26 (0.18-0.42) nmol/hr per IO9 rbc (N = 19) and 
0.91 (0.61-1.50) nmol/hr per 10’ rbc (N = 14) 
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Fig. 2. The inter-individual variation of the initial acetylation rate of sulphamethazine by human whole 
blood from rapid and slow acetylator subjects. Values shown represent the mean of at least four 
replicates (error bars represent the upper 95% confidence limits). Subjects in Group 1 are rapid 
acetylators of sulphamethazine in vivo. Subjects in Group 2 are slow acetylators of sulphamethazine in 

vivo. 

respectively. There was no significant difference 
(P > 0.1, Student’s t-test) in the rates of acetyl- 
sulphamethazine production by blood samples from 
rapid or slow acetylators (Fig. 2a-c). A study using 
blood from a single volunteer established that in the 
absence of added acetyl-CoA, the reaction is linear 
up to 17, 10 and 7 hr at sulphamethazine con- 
centrations of O.O18mM, 0.18mM and 1.44mM 
respectively (Fig. 3). The limit of reaction linearity 
was not studied using blood samples from other 
volunteers. The maximum incubation times used to 

calculate the initial acetylation rates shown in Fig. 
2(a-c) ranged from 4.5 to 7.5 hr and therefore the 
reaction was linear up to these times. Linearity may 
have extended beyond these times but this was not 
investigated since the only other incubation time 
studied was 24 hr. Linearity did not extend to 24 hr 
with any of the blood samples received. 

Thermal inactivation of blood acetylarion capacity 
at 50”. There was no significant difference (P > 0.1, 
paired t-test) in N-acetyltransferase activity between 
untreated samples and those heated at 50” for 1 min. 
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Fig. 3. The in virro acetylation of sulphamethazine by 
human whole blood from a single healthy volunteer over a 
24 hr period: initial substrate concen~ation = 0.018 mmol/ 
1 (---), O.l8mmol/l (+-+), 1.44 mmol/l (X-X). 
Mean and 95% confidence limits are shown for points with 

more than three samples. 

The amount of acetylsulphameth~ne produced by 
untreated samples was significantly higher than those 
incubated at SO” for 3 min (P < 0.01, paired t-test). 
Heating at 50” for 9 min resulted in no detectable N- 
acetyltransferase activity. Semi-log plots of N-ace- 
tyltransferase activity against pre-incubation time at 
50” were linear (r > 0.87, N = 16, P < 0.001). In 
instructing these graphs the point at zero time was 
omitted due to the insi~i~cant change in activity 

after heating for 1 min. The mean (range) values for 
the apparent half life of N-acetyltransferase inac- 
tivation in vitro using samples from rapid (N = 7) 
and slow (N = 5) acetylators were 0.85 (0.59- 
0.99) min and 1.00 (0.70-1.27) minrespectively. The 
values for the two groups were not significantly dif- 
ferent (P > 0.1, Student’s t-test). 

The effect of added acetyl-CoA on blood N-ace- 
~ltra~ferase activity in vitro. The addition of acetyl- 
CoA significantly raised both the initial acetylation 
rate of sulphamethazine (P < 0.05, paired t-test; 
Table 1) and the amount of acetylsulphamethazine 
produced after an incubation time of 24 hr (P < 0.05, 
paired t-test; Table 2). 

DISCUSSION 

Intra-individual variation of blood acetylation 
capacity was slight and the relative constancy of the 
values suggest that blood N-acetyltransferase activity 
or the blood acetyl-CoA level or both is a charac- 
teristic of the individual. A similar result has been 
obtained using rabbit blood with p-aminobenzoic 
acid as substrate [7]. 

The absence of any significant relationship 
between blood N-acetyltransferase activity in vitro 
and the in vivo acetylator phenotype of the blood 
donor suggests that blood N-acetyltransferase and 
liver N-acetyltransferase may be under independent 
genetic control. However, studies in the rabbit, a 
species which also exhibits the acetylation poly- 
morphism, have shown that an inverse relationship 
exists between these parameters. It has been pro- 
posed that the two enzymes are probably products 
of the same gene but undergo post-translational 
modification which is tissue-specific to produce the 
different isoenzymes [14]. As described earlier, the 
available evidence using human blood suggests that 

Table 1. The effect of added acetyl-CoA on the initial rate of sulphamethazine acetylation in vitro by human whole blood 

Increase in incubation 
Acetylator acetyl-CoA concentration Rate of acetylsulphameth~ne Incubation 

Subject phenotype (mmol/l) production (nmol/hr per lo9 rbc) time (hr) 

1 Slow 0 0.18 (0.X-0.21) 0, 4.5, 8, 12 
0.34 0.26 (0.25-0.27)* 
0.85 0.31 (0.27-0.35)* 
1.67 0.33 (0.32-0.35)* 

2 Slow 0 0.19 (0.16-0.21) 0, 4, 7.5, 12 
0.34 0.28 (0.27~.30)* 
0.85 0.30 (0.28-0.32)* 
1.67 0.34 (0.32-0.36)* 

3 Rapid 0 0.19 (0.17-0.20) 0, 4.5, 8, 12 
0.34 0.26 (0.25-0.27)* 
0.85 0.32 (0.29-0.35)* 
1.67 0.36 (0.33-0.38)* 

4 Rapid 0 0.26 (0.24-0.28) 0,3,6,9 
0.34 0.28 (0.27-0.29)T 
0.85 0.32 (0.29-0.34)t 
1.67 0.34 (0.32-0.36)* 

Initial sulphamethazine concentration = 0.18 mmoI/l (72 nmol per sample). 
Rate values are the mean and 95% confidence limits of at least four replicates performed at the indicated times. 
The values were significantly different from the control samples (no acetyl-CoA added) by paired r-test. 
* P < 0.01. 
t P < 0.05. 
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Table 2. The effect of added acetyl-CoA on the in uitro acetylation of sulphamethazine by human whole 
blood 

Mean (range) amount of acetyl- 
Increase in incubation acetyl-CoA 

Subjects (number) concentration (mmol/l) 
sulphamethazine produced (nmol/ 

per 10’ rbc) 

Healthy volunteers (4) 0 2.76 (2.57-3.06) 
0.34 3.29 (3.14-3.67)* 
0.85 4.14 (3.89-4.41)’ 
I.67 4.81 (4.40-5.35)* 

Initial s~phameth~ine concentration = 0.18 mmol/l (72 nmol per sample). 
Incubation time = 24 hr. 
The values were significantly different from the control samples (no acetyl-CoA added) by paired f- 

test. 
* P<O.O5. 

the in vitro N-acetyltransferase activity obtained with 
p-aminobenzoic acid as substrate is also inversely 
related to the acetylator phenotype of the blood 
donor although this relationship is only apparent 
when reticulocyte preparations are compared 131. 

Further evidence for the non-identity of blood 
and liver N-acetyltransferase in the rabbit has been 
provided by thermal inactivation [ 151, isoelectric 
focusing [7] and immunochemical[16] studies. None 
of these studies have been conducted using human 
blood or liver preparations. 

Previous investigations on inter-individual vari- 
ation of human blood acetylation capacity have been 
performed using a single substrate concentration [4- 
61. These studies appear to have involved end-point 
methods although the limits of reaction linearity are 
not always reported. The use of a range of substrate 
concentrations to enable calculation of V,, and I(, 
has only been reported by one group [8]. An in 
uitro phenotyping assay which involves only a single 
substrate concentration would be simpler and 
quicker to both perform and interpret although more 
detailed information about the catalytic capacity and 
substrate affinity of blood N-acetyltransferase would 
be obtained by using a range of substrate 
concentrations. In the current study, a compromise 
between these approaches was used. The three initial 
sulphamethazine concentrations studied were chosen 
since preliminary experiments demonstrated that 
they represent concentrations at which the acety- 
lation reaction is approximately first order, a mixture 
of first and zero order and zero order respectively. 

The inter-individual variation of blood N-acetyl- 
transferase activity in vitro in any of the studies 
reported here was approximately Z-3-fold. This vari- 
ation is slightly less than the approximately 45fold 
variation observed in viuo in this study and in others 
[17,18] but is much lower than the 56-fold ranges 
reported for N-acetyltransferase preparations from 
both human liver and intestinal mucosa [19]. Since 
the variation in blood N-acetyltransferase activity 
may be due to either differences in the enzyme 
activity or the amount of acetyl-CoA present, the 
effect of added acetyl-CoA was investigated in a 
small number of subjects. These limited studies sug- 
gested that blood N-acetyltransferase was not satu- 
rated by the endogenous level of this cofactor 
although a substantial increase in acetyl CoA level 

(relative to the initial sulphamethazine concentra- 
tion) was needed to significantly affect the acety- 
lation capacity. However, in the absence of published 
data on the influence of blood levels of this cofactor 
on in vitro acetylation capacity, this explanation 
should not be overlooked. 

Compared to previous studies on blood N-ace- 
tyltransferase activity in vitro, the period of reaction 
linearity is long (Fig. 3). The time course of p- 
aminobenzoic acid acetylation using human whole 
blood lysates in the presence of added acetyl-CoA is 
linear up to 30 min using a substrate concentration of 
0.2 mM [ 121. This shorter period of reaction linearity 
may be due to the higher blood N-acetyltransferase 
activity towards p-aminobenzoic acid than 
sulphamethazine. The acetylation of dapsone (initial 
concentration = 0.013 mM) [4] and procainamide 
(initial concentration = 0.084mM) 1201 by human 
whole blood in the absence of added acetyl CoA is 
linear up to at least 5 hr and 8 hr respectively. The 
limit of reaction linearity therefore depends on the 
substrate studied. 

The rate at which N-acetyltransferase is thermally 
inactivated was studied since previous studies on 
human lymphocyte N-acetyltransferase demon- 
strated that the enzyme preparation from rapid 
acetylators was more heat labile at 44” than that 
from slow acetylators [8]. However, the two 
phenotypes were poorly resolved by this method. 
The current study did not find any significant dif- 
ference in the thermal inactivation rate of blood 
sulphamethazine N-acetyltransferase at 50” from 
rapid acetylators and slow acetylators. 

The inability of this study to distinguish rapid and 
slow acetylators in vitro may be due to the relatively 
crude N-acetyltransferase preparation used. Further 
purification of the enzyme may permit segregation 
of the two phenotypes but would also lengthen and 
complicate the assay. The use of a readily accessible 
tissue such as peripheral blood as a means of pheno- 
typing individuals in vitro is attractive since it would 
be simpler and more economical to perform on a 
large scale than the current in vivo methods. 
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