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Genetic slow acetylators are predisposed to the 
development of antinuclear antibody (ANA) and sys- 
temic lupus erythematosus-like illness from procaina- 
mide ( I ) ,  hydralazine (2-5) ,  and possibly isoniazid (6). 
These drugs are all aromatic amine or hydrazine 
compounds that are substrates for the polymorphic N- 
acetyltransferase pathway of drug metabolism by hu- 
mans. This would suggest that the parent drug and not 
the acetylated metabolite is etiologically important in 
inducing the lupus. Some, but not all studies have 
shown an excess of slow acetylators among patients 
with idiopathic systemic lupus erythematosus (SLE) 
(6-8), an observation suggesting that substrates for 
this enzyme, aromatic amines, and hydrazines, may 
possibly induce some cases of disease presently con- 
sidered to be idiopathic SLE. 

An alternate hypothesis is that a gene for SLE 
susceptibility is closely linked to the gene for slow 
acetylation and that slow acetylation is merely a 
marker for some other genetic susceptibility factor for 
the development of ANA and SLE. Many drugs that 
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are not amines or hydrazines, such as the anticonvul- 
sants, can also induce ANA and lupus. Another drug, 
captopril, can induce ANA. Captopril does not contain 
any amine or hydrazine groups and is therefore not a 
substrate for N-acetyltransferase (9). No acetylated 
metabolite of the sulfhydryl group in captopril has 
been detected; if one exists, it is a very minor metabo- 
lite (Migdalof B: personal communication). 

During the first phase of clinical investigation of 
this drug, doses up to 1 gm daily were given, repre- 
senting a marked excess of drug dosage subsequently 
found to be needed. In this setting, a small number of 
patients who developed ANA have been reported (10). 
Thus, the genetic linkage hypothesis could be tested 
by learning if there is an excess of slow acetylators 
among patients in whom captopril induces ANA. 

Patients and methods. Hypertensive patients 
who had been entered into early clinical trials of 
captopril at the doses then in use were the subjects of 
this study. Each patient was given a single oral dose of 
dapsone, 100 mg, and then had a blood sample drawn 
at least 2 hours later for determination of acetylator 
phenotype as previously described (8) except that 
now, N-propionyldapsone was used as an internal 
standard. After acetylation phenotyping, the patients' 
records during the prior clinical trial were reviewed 
and data from them tabulated. 

During the clinical trial, ANA tests were done 
approximately monthly starting before the initiation of 
captopril therapy. These tests were performed by 
Metpath Laboratories, Teterboro, NJ, using mouse 
connective tissues, fibroblasts, mouse kidney sec- 
tions, and human cell monolayers as substrates. Titers 
1 1  : 40 were considered positive. 
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Figure 1. Rate of antinuclear antibody (ANA) development during 
captopril treatment of hypertensive patients. There is no statistically 
significant difference between slow and rapid acetylators. 

Fifty-one patients had their acetylation pheno- 
types determined. Excluded from further analysis 
were 1 patient with preexisting idiopathic systemic 
lupus erythematosus, 2 whose records from the capto- 
pril trial were not available, 2 without a recorded pre- 
captopril ANA test result, 6 with positive ANA tests 
prior to starting captopril, and 3 of indeterminate 
acetylator phenotype. The remaining 37 patients were 
included in the study. Twenty-one of these had essen- 
tial hypertension, 1 1 had renovascular disease, and the 
remainder had glomerulonephritis, nephrosclerosis, or 
primary aldosteronism undiagnosed at the time of the 
trial. Six patients had a history of malignant or acceler- 
ated hypertension more than 2 months after starting 
captopril. One of these developed ANA, while 5 did 
not. All but 1 of the patients were white. 

Results. Ten of 37 patients developed posi- 
tive ANA while taking high doses of captopril in 
this study. Five men and 5 women developed ANA; 
19 men and 8 women did not. The mean (-CSD) age of 
the patients with ANA was 60 2 14 years; for those 
without, it was 50 2 14. The serum creatinine was 
1.6 2 0.7 mg/dl in those with ANA and 1.6 -+ 0.9 in 
those without ANA. All patients had normal liver 
function test results except for 1 who had an elevated 
serum transaminase. Many of the patients took diuret- 
ics during the captopril trial. Some took beta blockers 
and/or benzodiazepines. Individual patients took a 
variety of other medications, such as antibiotics, at 

times during the period of captopril therapy. There 
was no apparent difference between the ANA positive 
and negative groups with respect to these drugs. Three 
of the patients with ANA, and 2 without, are known to 
have had hydralazine prior to receiving captopril. 

The rates of development of ANA in the pa- 
tients stratified by acetylator phenotype are shown in 
Figure 1 .  There was no tendency for slow acetylators 
to develop ANA more rapidly than rapid acetylators. 

Four of 23 slow acetylators developed ANA 
after 3,85,89, and 91 days while taking doses of 1,000, 
200, 100, and 300 mg/day, respectively. Six of 14 rapid 
acetylators developed ANA after 17, 80, 95, 97, 166, 
and 544 days while taking 400, 600, 600, 150, 150, and 
400 mglday , respectively. The 19 slow acetylators 
whose ANA test results remained negative were pre- 
scribed a mean dose of 258 + 158 (SD) mg/day for a 
mean of 723 _t 427 days. The 8 rapid acetylators whose 
ANA test results remained negative were prescribed a 
mean dose of 250 2 87 mg/day for a mean of 716 -t. 295 
days. 

The observed distribution of 14 rapid acetyla- 
tors and 23 slow acetylators is not statistically different 
from the expected distribution of 48% rapid and 52% 
slow of a normal North American population ( 1  1). The 
difference in total ANA positivity between 6 of 14 
rapid acetylators and 4 of 23 slow acetylators is not 
statistically significant (P  > 0.1, chi-square with 
Yates’ correction for small numbers). None of our 
patients developed clinical features of a lupus syn- 
drome during this study. 

Discussion. Our observations demonstrate that 
slow acetylators are not predisposed to the early 
development of ANA due to high-dose captopril. 
These results, therefore, are strong evidence against 
the hypothesis that the gene for slow acetylation is 
linked to a gene for susceptibility to ANA develop- 
ment, since slow acetylation did not predispose to 
rapid development of ANA induced by a drug without 
an arnine. This study therefore indirectly supports the 
hypothesis that slow acetylators are susceptible to 
ANA induction or lupus from amines or hydrazines 
because the unacetylated form of the drug incites the 
effect. 

The development of positive ANA was not 
followed by the occurrence of a lupus syndrome. 
Studies of the captopril-induced skin rash (12) and 
proteinuria (13) also did not reveal an association with 
ANA development. Thus, we have no evidence at this 
time that ANA development during high-dose capto- 
pril therapy has any clinical significance. 
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