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Abstract—Induction of experimental diabetes using streptozotoein significantly reduced the extent of
sulphamethazine acetylation by Sprague~Dawley rats. This treatment did not significantly change the
total amount of sulphonomide excreted in the urine. The in vitro blood N-acetyltransferase activity of
rats treated with streptozotocin was significantly higher than that of untreated animals. Increasing the
in vitro glucose concentration of blood samples from both groups significantly increased the amount of
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acetyisulphamethazine produced.

The major metabolic route for drugs containing aryl-
amine or hydrazino groups is acetylation, a reaction
catalysed by the enzyme N-acetyitransferase (EC
2.3.1.5) and which requires acetyl-CoA as the acetyl
group donor. The acetylation of certain compounds,
including the antibacterial agent sulphamethazine, is
subject to a genetic polymorphism, enabling classifi-
cation of individuals as either rapid or slow acetyl-
ators. This feature may be clinically important with
respect to both drug therapy and susceptibility to
certain disorders [1].

The relationship between acetylator phenotype
and diabetes remains controversial. The increased
incidence of rapid acetylators amongst both Type 1
{2,3] and Type 2 [4] diabetic patients has been
disputed {5, 6]. A recent comprehensive review does
suggest that the proportion of rapid acetylators in
diabetic patients is significantly higher than that in a
control population [7].

An alternative explanation for the increased inci-
dence of rapid acetylators amongst diabetics is that
the higher blood glucose levels of diabetics could
result in increased levels of acetyl-CoA, the acetyl
group donor for the reaction. This could result in
misclassification of certain individuals and the change
in phenotype distribution may therefore be a bio-
chemical artefact. The increased acetylation of sul-
phamethazine by both Type 1 and Type 2 diabetic
subjects in vivo irrespective of acetylator phenotype
[2], and the decrease in isoniazid half-life in healthy
volunteers given a glucose load [8] support this
hypothesis. We have previously demonstrated that
blood samples obtained from diabetic subjects have
higher in vitro N-acetyltransferase activities than
those from healthy volunteers and that the addition
of glucose increases the acetylation capacity of
samples from both groups [9]. Recent work from our
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laboratory involving the addition of acetyl-CoA to
human blood samples donated from diabetic and
non-diabetic volunteers suggests that diabetic sub-
jects have higher blood levels of this cofactor or one
of its precursors {10]. These in vitro results provide
support for the hypothesis that the increased in vivo
acetylation of sulphamethazine by diabetic subjects
is due to their higher blood acetyl-CoA levels.

In this study, we have investigated the effect of
streptozotocin-induced diabetes on the in vivo acety-
lation capacity of the rat. The effect of diabetogenesis
on the in vitro blood N-acetyltransferase activity of
the rat has also been studied to determine if the
activities in diabetic and non-diabetic animals display
a pattern similar to that observed with human blood
samples.

MATERIALS AND METHODS

Materials. Streptozotocin, sodium sulphamethaz-
ine and sulphapyridine were supplied by the Sigma
Chemical Co. (Poole, U.K.). Sulphamethazine and
acetic anhydride were obtained from the Aldrich
Chemical Co. (Gillingham, U.K.). D-Glucose, pot-
assium dihydrogen phosphate and disodium hydro-
gen phosphate were obtained from the BDH
Chemical Co. Ltd (Poole, U.K.). HPLC grade ace-
tonitrile and ethyl acetate were supplied by Rathburn
Chemicals (Peebleshire, U.K.) and May & Baker
{Dagenham, U.K.), respectively. All other reagents
were of the highest grade commercially available.
Acetylsulphamethazine was synthesized from sul-
phamethazine by heating with acetic anhydride and
was recrystallized from aqueous ethanol (m.p, 254~
255%). The structure of the product was confirmed
by mass spectrometry and its purity was 100% as
judged by HPLC analysis.

Animals. Adult male Sprague-Dawley rats were
purchased from Charles River Ltd (Margate, U.K.}.
These animals (approx. 425-575 g) were maintained
at 20° on 12 hr light/dark cycles in individual cages
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and were fed SDS rat and mouse No. 1 expanded
feed (Special Diet Services Ltd., Witham, U.K.) and
water ad lib.

Administration of streptozotocin. Streptozotocin
was used to induce experimental diabetes in adult
male Sprague-Dawley rats after anaesthetizing the
animals with diethyl ether. A single intravenous
injection of streptozotocin (50 mg/kg; 0.2 mL/kg
body wt) in citrate buffered (pH 4.5) isotonic saline
was made into the tail.

In vivo studies: experimental design. The object of
this study was to investigate the effect of chemically
induced diabetes on the in vive acetylation of sul-
phamethazine by the rat. The initial experiment
(Trial 1) involved oral administration of sulpha-
methazine to rats as described below. This exper-
iment was then repeated 1 week later (Trial 2) to
determine the extent of intra-individual variability
in acetylation capacity. After a further week, strep-
tozotocin was administered and one week later the
animals were again orally dosed with sulphame-
thazine (Trial 3). Urine samples collected from the
animals shortly before dosing with sulphamethazine
indicated that the time period between each acety-
lation study was sufficient to ensure that the parent
compound and its metabolite had been completely
eliminated from the previous trial.

Administration of sulphamethazine. The sodium
salt of sulphamethazine was used in these studies
because of its increased solubility in aqueous solu-
tion relative to the free compound. Sodium sulpha-
methazine (dissolved in isotonic saline) was admin-
istered orally (via oral-gastric tube) at a dose of
40 mg/kg and in an amount of 1.0mL/kg body
weight. The rats (N = 10) had previously been fasted
for approximately 12 hr and immediately after dosing
they were transferred to metabolic cages and starved
for a further 2 hr. The animals had free access to
water throughout the experiment. Urine samples
were collected between the following time intervals;
0~4 hr, 4-8hr, 812 hr, 12-24 hr, 24-32 hr and 32-
48 hr post administration. The volumes of these
samples were measured and they were then frozen
prior to analysis.

HPLC analysis. Urine samples were centrifuged
at 400 g for 10 min to deposit any particulate matter.
Samples from non-diuretic rats were diluted 10-fold
with 33.3 mmol/L phosphate buffer (pH 7.4) before
reverse phase HPLC analysis. Samples from diuretic
rats were analysed directly without dilution. Stand-
ard solutions of sulphamethazine and acetylsui-
phamethazine covering the range 0 to 0.750 mmol/
L were prepared in 33.3 mmol/L phosphate buffer
{pH 7.4) and analysed by HPLC. The HPLC system
used to determine sulphamethazine and the ace-
tylated metabolite was as previously reported [11].

Urine analysis. Labstix reagent strips (Ames Div-
ision, Miles Laboratories Ltd, Slough, U.K.) were
used to measure the pH of urine samples and to test
for the presence of glucose, ketones and protein.

In vitro blood N-acetyltransferase assay. Blood
samples were collected from rats (non-fasting) after
stunning and cervical dislocation. These samples
were collected into heparinized syringes and were
dispensed into potassium-EDTA anticoagulant con-
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tainers. Rats were classified as diabetic if the non-
fasting plasma glucose was above 15 mmol/L and
urinary glucose was 35 mmol/L or above. These
animals were killed 7 days after administration of
streptozotocin. The acetylation capacity of blood
samples from non-diabetic (N = 8) and diabetic (N =
8) rats was determined by adding 0.2 mL of whole
blood to 0.2 mL of 33.3 mmol/L phosphate buffer
{pH 7.4) containing sulphamethazine (72 nmol} and
D-glucose (0 or 20 ymol). The samples were incu-
bated at 37° for 24 hr then extracted with ethyl
acetate. The extracts were analysed by HPLC using
sulphapyridine as internal standard as previously
described [11].

Glucose analysis. A Beckman glucose analyser 2
(Beckman-RIIC, High Wycombe, U.K.) emploving
a glucose oxidase method was used to determine
plasma glucose concentrations.

RESULTS

The effect of streptozotocin on the in vivo acetvlation
capacity of the rat

The mean (SE) weights of the rats at Trials 1, 2
and 3were 497 (£13) g, 503 (£ 14) gand 470 (=14) g.
respectively. Administration of streptozotocin there-
fore caused significant (P < 0.001, paired rtest)
weight loss. Urinary glucose levels before strep-
tozotocin dosing did not exceed trace levels
(<5.5 mmol/L). In contrast, streptozotocin treated
rats exhibited significant glycosuria (urine glucose
levels = 55-=111 mmol/L). The mean (=SE) urine
pH at Trials 1, 2 and 3 were 7.3 (£0.2), 7.2 (=0.2)
and 7.4 (£0.3), respectively. There was no significant
change in urine pH between the three trials (P > 0.1,
paired r-test). Streptozotocin administration had no
significant effect on the levels of protein and ketones
excreted in the urine (levels detected never exceeded
trace). Nine of the treated rats also became diuretic
and showed a marked increase in water intake after
injection of the drug. The plasma glucose cor-
centrations (Non fasting) of streptozotocin treated
rats  (mean =22.5mmol/L, range=16.6 to
32.3 mmol/L) were significantly higher (P < 0.005,
one-tailed Student’s f-test) than those of untreated
animals  (mean = 6.6 mmol/L, range=4.5 to
7.8 mmol/L).

The percentage of sulphamethazine acetylated in
vivo by 10 adult male Sprague-Dawley rats before
and after administration of streptozotocin is shown
in Table I. Intra-individual variation of the in vivo
acetylation of sulphamethazine was insignificant
{P > 0.05, paired r-test) and the coefficient of vari-
ation of the values obtained on Trials 1 and 2 was
7.0%. Induction of experimental diabetes reduced
the extent of sulphamethazine acetylation sig-
nificantly (P < 0.001, paired r-test).

The mean (=SE) amounts of total sulphameth-
azine (free and acetylated forms) recovered in urine
samples during Trials 1, 2 and 3 expressed as a
percentage of the original dose were 13.7 (£2.2)%,
15.3(£2.6)% and 13.3 (=1.7)%, respectively. There
was no significant difference (P > 0.05, paired r-test)
between these values.
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Table 1. The effect of streptozotocin on the in vivoe acetylation of sulphamethazine by
adult male Sprague-Dawley rats

Percentage acetylation of SMZ

Time interval of

urine collection (hr) Trial 1 Trial 2 Trial 3
0-4 476 2.4 48.6 = 2.7 43.0x3.4
4-8 58.7x2.3 57319 525+ 1.6
8-12 59.0+23 57.8+2.4 497+ 1.6
12-24 57.6+28 583+25 49.2+2.3
24-32 51.8+4.2 52.5+3.8 41.8 = 4.0
32-48 357434 34337 27.1+4.0

Trials 1 and 2 were performed 2 weeks and 1 week, respectively, before treatment
with streptozotocin. Trial 3 was performed 1 week after streptozotocin administration.

Number of animals in each trial = 10.

Each value represents the mean = SE of duplicate analyses.

In vitro acetylation of sulphamethazine by rat whole
blood

Blood samples from rats rendered diabetic had
significantly higher (non-fasting) plasma glucose con-
centrations (P < 0.0005, one tailed Student’s ttest)
and in vifro acetylation capacities (P <0.02, two
tailed Student’s -test) than those from non-diabetic
animals. Elevating the incubation glucose con-
centration of samples from diabetic and non-diabetic
rats by 50 mmol/L increased the in vitro blood N-
acetyltransferase activity significantly (P < 0.01,
paired t-test; Table 2). In addition to a peak at the
retention time of authentic acetylsulphamethazine,
rat blood samples incubated with sulphamethazine
also produced another compound which eluted
before sulphamethazine and its acetylated metab-
olite.

DISCUSSION

The effect of streptozotocin on the in vivo acetylation
capacity of the rat

This study demonstrates that streptozotocin-
induced diabetes significantly reduces the in vive
acetylation capacity of adult male Sprague-Dawley
rats. Although several groups have reported that
chemically-induced diabetes significantly alters hep-
atic mixed function oxidase activity of rats [12-14],
only two other groups have compared the acetylation
capacities of diabetic and non-diabetic rats. Induc-
tion of diabetes in rats using alloxan and strep-
tozotocin significantly reduces the acetylation of p-
aminobenzoic acid {15] and procainamide etho-
bromide [16], respectively. It has also recently been
reported that streptozotocin treated rats are less
efficient than control animals in activating the aryl-
amine 2-aminofluorene, a compound which is poly-
morphically acetylated [17], to mutagenic oxidized
intermediates [18].

One particular advantage of the experimental
design used in the current investigation compared to
the above studies is that each animal serves as its own
control. The insignificant intraindividual variation in
acetylation capacity prior to streptozotocin adminis-
tration demonstrates that induction or inhibition of
the acetylating enzymes did not occur following the

initial exposure to sulphamethazine. The percentage
acetylation of sulphamethazine observed during the
two day collection period after administration
increased to a maximum value which remained con-
stant for between 8 and 24 hr before decreasing. A
previous study reported no significant change [19] in
this parameter 0-24 hr post-administration.

Streptozotocin treatment did not significantly
change the percentage of the original dose excreted
in the urine despite the significantly increased urine
volumes produced by the diabetic rats. One possible
explanation to account for the relatively low amounts
of sulphamethazine recovered in this study is that
the drug was poorly absorbed. Alternatively, rats
may metabolize sulphamethazine by additional
routes, a hypothesis supported by in vitro studies
using isolated rat liver cells [20] and rat whole blood
(see discussion below).

The results obtained in this study do not suggest
a relationship between the induction of diabetes and
increased in vivo acetylation capacity. However, if
rats metabolize sulphamethazine by additional path-
ways to acetylation, induction of diabetes may pref-
erentially increase the activities of these other
enzymes. In man, the mass balance between the
amounts of sulphamethazine and acetylsulphameth-
azine recovered and the original dose of sulpha-
methazine is virtually 100% [21] and therefore in the
absence of any alternative metabolic pathways in
human subjects, acetylation may be stimulated by
the onset of diabetes.

In vitro acetylation of sulphamethazine by whole
blood from heaithy and diabetic rats

The production of an additional (and more polar)
metabolite of sulphamethazine observed in this study
has previously been reported with isolated rat liver
cells [20]. Blood samples from diabetic rats did not
produce more of the unknown compound than
samples from non-diabetic animals. Previous studies
on the in vitro acetylation of sulphamethazine by rat
blood have either failed to detect any activity [22] or
have been unable to accurately quantify the ace-
tylsulphamethazine produced [23]. The increased
sensitivity and specificity of the HPLC method used
in the current study allows measurement of the low
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Table 2. The effect of added glucose on the in vitro acetylation of sulphamethazine by whole blood obtained from non-diabetic and streptozotocin-induced

diabetic rats

Mean (range) amount of
acetylsulphamethazine

Increase in incubation glucose

Mean (range) initial plasma glucose

producedt (nmol)

concentration (mmol/L)

concentration* (mmol/L)

Subjects (N)

2.13 (1.50-3.48)

6.6 (4.5-7.8)

Non-diabetic rats (8)

4.52 (3.17-8.35)%
3.55 (2.56-4.45)

50

26.4 (22.2-32.3)

Diabetic rats (8)

7.39 (5.38-9.74)%

50

0.18 mmol/L (72 nmol per sample).

Initial sulphamethazine concentration

Incubation time = 24 hr.
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The respective values in the two groups are significantly different using Student’s r-test, * P < 0.0005 (one tailed test); + P < 0.02 (two tailed test).

} The values were significantly different from the control samples (no glucose added) by paired t-test (P < 0.01).

N-acetyltransferase activity present in blood from
this species.

Blood samples from diabetic rats acetylated sig-
nificantly more sulphamethazine in vitro than those
from untreated animals. Elevating the incubation
glucose concentration by 50 mmol/L significantly
increased the N-acetyltransferase activity of both
groups. Similar results have been obtained using
human blood [9] although the acetylation capacity
of rat blood is significantly lower (P <0.05, two
tailed Student’s f-test) than that of human blood,
irrespective of whether the donors are diabetic or
not. The enhanced blood N-acetyltransferase activi-
ties of samples from non-diabetic rats in the presence
of added glucose has previously been reported
[24, 25].

The contrasting results of our in vivo and in vitro
studies with diabetic and non-diabetic rats could
indicate that the contribution of blood N-ace-
tyltransferase activity to the total in vivo acetylating
ability is insignificant in this species. In the rabbit,
the in vitro acetylating ability of blood is estimated
to be less than 4% of the total in vitro acetylating
capacity [26].

Clarification of whether rapid acetylators are more
susceptible to development of diabetes may be
assisted by the use of certain strains of rabbits and
mice which display the acetylation polymorphism.
There are clearly ethical limitations about conducting
any of these studies using human subjects. However,
since the occurrence of diabetes seems to be at least
partially genetically linked [27], a prospective study
of sulphamethazine acetylation in potential diabetics
may indicate if acetylator status and any form of
diabetes segregate together or if the in vivo acety-
lation capacity changes with the onset of diabetes.
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