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Effects of four chemicals on N-—acetyltransferase activities:

in human U937 cell line
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ABSTRACT The effects of p—aminobenzoic acid
(PABA), procainamide (PA), anisidine (AN) and
isoniazid (INH) on N-—acetyltransferase (NAT) activ-
ities in cultured human cells were determined. PABA
increased the specific activity of PABA NAT in the
U937 cells but not in the Hep G, cells. The enzyme
activity in the PABA—treated U937 cells was restored
to normal within 4 d after removing PABA from me-
dium. These results imply that the PABA NAT activ-
ity in the U937 cells can be induced by PABA and the
PABA NAT in the U937 celis is different from that in
the Hep G2 cells. INH increased the INH NAT spe-
cific activity in the U937 cells but decreased the PABA
NAT activity. AN decreased both the AN NAT and
the PABA NAT specific activities in the U937 cells.
PA did not affect the specific activities of PABA NAT
or glucose—6—phosphate dihydrogenase (G—6~P DH)
in the U937 cells. PABA also increased the specific ac-
tivities of AN NAT and G—6-P DH. This implies
that the induction effect of PABA on the PABA NAT
activity is not specific. In this study the PABA NAT
specific activity was increased only by PABA, and the
INH NAT activity only by INH. However, the AN
NAT activity could be induced by PABA but not by
AN. These results inducate that induction of some
but not all NAT activities has a limiting specificity.
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N—Acetyltransferase (NAT, EC 2.3.1.5) is the
main enzyme that involves in the acetylation of

drugs and endogenous substances that are -

arylamines or hydrazine derivatives. The reac-
tton is an important metabolic route for
inactivation of these compounds. Although
the effects of the human hepatic NAT on the
metabolism and toxicity of certain hydrazine
derivative and arylamine drugs Thave
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been well studiedm, the effects of chemical on
the enzyme have not been elucidated, and
there is no information available on induction
of the NAT at activity either in vivo or in
vitro. For this reason, we studied the effects of
isoniazid, a hydrazine derivative, and 3
arylamines {p—aminobenzoic aid, procain—
amide, and anisidine) on the NAT activity, in
the cultured human cell lines U937 and Hep
G2cells.

MATERIALS AND METHODS

RPMI1640 medium, minimum essential
medium (MEM), non—essential amino acids
(NEAA), foetal calf serum, new—born calf se-
rum, and penicillin—streptomycin were from
Gibco (Paisley, UK). Acetyl coenzyme A
(AcCoA), phosphotransacetylase, acetyl—
phosphate, EDTA, DIL—dithioerythritol
(DTT), L-glutamine, glucose—6—phosphate
(G—6—P), bovine serum albumin, nicotin—
amide—adenine dinucleotide phosphate
(NADP), p—dimethylaminobezaldehyde
(DM AB), potassium borate, p—aminobenzoic
acid (PABA), procainamide (PA), anisidine
{AN), and isoniazid (INH) were purchased
from Sigma Chemical Co.

Cell culture The U937 cells were seeded
and grown as suspension cultures in 100 ml
flasks in RPMI1640 medium supplemented
with 10% (vol/ vol) new—born calf serum,
penicillin (100 units « ml™") and streptomycin
(100 pg » mi™"). The Hep G2 cells were grown
as monolayer or multilayer cultures in 100 ml
flasks in MEM supplemented with 1%
(vol/ vol) NEAA and L-—glutamine, 10%
(vol/ vol) foetal calf serum, penicillin (100
units « m1™") and streptomycin (100 gg » ml™).



Both the U937 cells and the Hep G2 cells were
grown in a humidified atmosphere of 5%
CO, in air at 37C.

Induction For the U937 cells, inducing
agents were added into medium to specified
concentrations either at the same time as cells
were seeded or 24 h after cells were seeded as
indicated in the legend and footnote for Fig 1
and Tab 1, cells were then exposed to these
chemicals for 24 or 48 h. PABA was added to
the medium 72 h after the Hep G2 cells were
seeded in MEM, and the cells were further cul-
tured for 48 h.

Harvesting and measurement The U937
cells were counted from indentical 100 ml
flasks each initially containing approximately
6x 10° cells. At appropriate times, the cells
were washed 3 times in S0 m] of phoéphatc
buffered saline, pH 7.6, and for determination
of the cells number and viability an aliquot
(100 pl) was added to 100 ul of trypan blue
saline.

Finally both the U937 and the Hep G2
cell pellets were resuspended in an equal vol-
ume (referring to’ the cell pellets) of lysis
buffer®, then frozen at —70C in liquid nitro-
gen for at least 12 h in order to assay the NAT
activity and protein content in the cytosol.

The PABA NAT, the AN NAT, and the
PANAT activities were determined®.

The INH NAT activity assays were car-

red out by a modification of Weber’s proce-
dure®®.
Protein determination The protein con-
tent in supernatants of the cell lysates was de-
termined by Bio—Rad protein assay or
microassay procedure as described by the
manufacturer.

Statistical analyses The ¢ test was
used to compare the enzyme specific activities
and protein content in supernatants of cell

lysates with the control. ot
=]

RESULTS
The inhibitory effects of PA, AN, and

.25‘

INH on the U937 cell growth were very strong
and increased sharply with concentrations in
the medium. The U937 cells were all killed at
concentrations of PA 3 mmol- L™, AN §
mmol » L', and INH 10 mmol+ L7}, re—
spe-tiviely, after 48 h. PABA was comparative-
ly weakly toxic and caused loss of
approximately 30%, and 30—40% of the U937
cells respectively, as the cells were cultured in
medium containing PABA 20 mmol» L™ for
24 h and 48 h (Fig 1).
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Fig 1. Inhibitory effects of PA, AN, INH and PABA on
U937 cell growth. Chemicals were added 24 h after cells
were seeded (O) for the cells treated for 24 h; Chemi-
cals were added at the same time as (@) or 24 h after
(%) the cells were seeded in the case of the cells treated
for 48 h. %t SD, from 2 to 15 flasks.

PA did not obviously affect the PABA
NAT and the G—6—~P DH activities (data not
shown). No PA NAT activity was found in the
U937 cells whether or not they were exposed
to PA (Tab 1).

AN, even at 0.1 mmol » L™ in medium,
decreased significantly both the AN NAT and
the PABA NAT specific activities in the U937
cell cytosol (Tab 1).

INH significantly decreased the PABA
NAT activity, but significantly increased INH
NAT activity, although the absolute quantita-
tive increase of the INH NAT activity was
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Tab 1. Effects of PA, AN, INH and PABA on NAT in U937 cells for 48 h. PA, INH and PABA were added at the
gsame time as cells were seeded respectively; AN was added 24 h after cells seeded. For PA n=325, for AN, INH, and

PABA, n=3. x:iSD. ""P<0.05 ""'P<0.01.

Chemical INH NAT Total cytosol
(mmol - L™ PABANAT  PANAT ANNAT (x 107 protein / flask
PA 0 23.1%1.7 0 - - 3.16£0.20

0.5 209+ 1.4 0 - - 3.10£0.27
1 211125 0 - ~ 3.22+0.05
2 198+ 1.2 0 - - 1.79£0.02°""
AN 0 17338 - 126129 - 4.08+0.21
0.1 103108 - 6810.5" - 3.1320.02°°
1 11.6£0.7" - 84105 - 2.09£001"""
INH ()} 246110 - - 0.16+0.02 2.3410.13
2 23.0+0.5 - - 0.27+0.02°" 2.16£0.03""
4 184108 - - 0.4610.03"° 1.56+0.12""
PABA 0 162129 - 65103 - 318 04
5 2094 2.0 - 73103 - 3.5 +0.2
10 224120 - 8.1+0.1 - 30 £0.3°"°°
20 235427 - 10.6+0.4"" - 24 x0.1°""
40 432+99 - 10.7£1.2°" - 1.1 £0.1"""

NAT specific activity: nmol » L™ » min™"

very low (Tab 1).

PABA increased the PABA NAT, the AN
NAT specific activities, but increased the
PABA NAT activity to a greater extent than
the AN NAT (Tab 1). The PABA NAT and
the AN NAT specific activitics were increased
by PABA, but total activities in the U937 cell
population per flask were decreased in 48
h—PABA—treated groups as the toxicity of
PABA to the cell growth and protein synthesis
(Tab 1).

Tab 2 summarizes the restoration process
of the PABA NAT activities after PABA was
removed from the mdium. The activity of the
PABA-treated group decrcased with time af-
ter PABA was removed from the medium, and
decreased to a similar extent to that in the con-
trol group during the 4 d after PABA was re-
moved (Tab 2).

PABA significantly increased the PABA
NAT specific activity in the U937 cells, and
decreased the PABA NAT specific activity In
the Hep G2 cells, the PABA NAT activity of
the U937 cells was higher (8—fold) than the

- mg”! protein.

‘Days after Generation Control

Hep G2 cells (data not shown).
DISCUSSION

PABA increased the PABA NAT, the AN
NAT, and the G—-6—P DH specific activities.

Tab 2. Restoration of PABA NAT in PABA—-treated
U937 cells after removal of PABA from medinm. After
the cells were exposed to PABA 15 mmol - L™ in me-
dium for 48 h, the celis were washed 3 times using me-
dium without PABA, and then cultured continuously
and pessaged in medium without PABA. n=2, x =+
SD. *P>0.05, ""P<0.05, *"P<0.01

PABA- NAT

PABA after PABA treated ratio
removed removed (%)
0 Ist 15811 19.6x0.7" 124
2 2nd 14.7£0.5 200£1.0°° 136
4 3rd 12215 93+12° 77
9 5th - 139+1.6 123+£1.0° 88
14 9th 14.0£0.6 145200 103
24 14th 14004 152£1.1° 109

NAT ratio = (NAT of PABA—-treated cells) / (NAT
of control cells).



This indicated that PABA was not a special
inducing agent to the PABA NAT activity.
However, the results also indicate that the
PABA NAT spectfic activity can be induced
only by PABA and not by PA, AN, or INH.
The INH NAT activity can be induced only by
INH. The AN NAT activity can be induced by
PABA, but not by AN. These results suggest
that the induction of some NAT activities
needs a special inducing agent and has a lim-
iting specificity, but some NAT activities do
not.

PABA increased both the PABA NAT
and the AN NAT specific activities, namely
the two activities per cell in the U937 cell cul-
ture were increased by PABA, but their total
activitics in the cell population per flask were
not increcased and even decreased bacause of
the inhibitory effects of PABA on the cell divi-
sion. Further in vivo - studies will be necessary
to determine the biological significance of this
induction of NAT activity.

The results indicate that there seems to be
a relationship between the induction of the
NAT activity and the toxicity of inducing
agents to the cells. The U937 cells all died as
they were cultured in medium containing 3
mmol + L™, Smmol + L™, 10 mmol - L™}, and
>40 mmol+ L™ of PA, AN, INH and
PABA, respectively. In this study, PA and AN
did not induce the NAT specific activity, INH
decrecased the PABA NAT activity but in-
creased the INH NAT activity, PABA in-
creased the PABA NAT, the AN NAT and

N At Bt et ottt It I It ot s Tt ot ot ot ot i ik o s ot ot o

e 27

G—6—P DH specific activities. These results
imply that PA and AN are too toxic to the
cells to be an inducer.
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