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Succinate Dehydrogenase Inhibition Test for
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Abstract—The succinate dehydrogenase inhibition (SDI) test and the adenosine triphosphate
(ATP) assay, are both used for in vitro human tumor chemosensitivity testing.

We exposed HeLa cells to various concentrations of mitomycin C for 1, 2 or 3 days and found
that the decrease in number of viable cells correlated with that of succinate dehydrogenase (EC
1.3.99.1) activity and that of intracellular ATP level of the viable cells. In the dead cells, the
ATP level was extensively decreased, but the succinate dehydrogenase activity remained at a level
of 24% of that of mitomycin C-untreated viable cells, even on day 3. Thus, the ATP level better
reflected the cell viability. In clinical situations, the succinate dehydrogenase activity and the ATP
level are assayed in whole cells following exposure to anticancer drugs, therefore the activity
remaining in the dead cells must be taken into consideration for the chemosensitive prediction with
the SDI test, but not with the ATP assay. This higher sensitivity of the ATP assay will enable

a more accurate prediction of cell viability.

INTRODUCTION

Tissue culture systems arc often used in studies
related to chemosensitivity testing in cases of
malignancy. Several biochemical methods, i.c. iso-
tope incorporation method [1, 2], succinate
dehydrogenase inhibition (SDI) test [3, 4] and
adenosine triphosphate (ATP) assay [5] can be
considered for research and clinical applications.
The advantages of these methods are speed, tech-
nical simplicity and sensitivity. However, the iso-
tope incorporation method nceds an isotope lab-
oratory set-up. The SDI test was introduced for
clinical chemosensitivity testing, based on the cor-
relation of the succinate dehydrogenase (EC
1.3.99.1) activity using tetrazolium salt as a hydro-
gen acceptor with the cell viability [6]. ATP is a
basic source of intracellular energy and the intra-
cellular ATP content correlates with the biomass
of living cclls [7]. Recently, Kangas et al. [7], Kuz-
mits ef al. {8] and Garewal ef al. [9] reported that
the intracellular ATP level was a good index for
evaluating the sensitivity to anticancer drugs.
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We compared the biochemical chemosensitivity
between the SDI test and ATP assay, using HeLa
cells and following mitomycin C treatment.

MATERIALS AND METHODS

Cell

HeLa cells were routinely cultured in mono-
layers on plastic dishes using minimal essential
medium (Nissui Seiyaku Co., Tokyo) with L-glu-
tamine {292 mg/l), 10% fetal calf serum (Difco
Laboratories, U.S.A.), penicillin (100 U/mi),
streptomycin (100 pg/ml) and gentamycin (40 ug/
ml). Two X 10° HeLa cells were plated in 60 mm
plastic dishes in the absence of the drug and were
incubated at 37°C in a humidified 5% CO,
atmosphere for 2 days. The cells in each dish were
then exposed to various concentrations: 0.3125,
0.625, 1.25, 2.5, 5.0 and 10.0 pg/ml of mitomycin
C with medium changes and were then incubated
for 1, 2 or 3 days. The cells were then divided into
the floating ones and those attached to the dish.
Almost all the floating cells were dead (= 100%)
while over 95% of the attached cells were viable,
determined using the novel dye exclusion method
[10]. Both viable and dead cells were washed with
phosphate-buffered saline (PBS, pH 7.2) and
assayed for succinate dehydrogenase activity and
intracellular ATP content.



274 Y. Maehara et al.
Day 1 Day 2 Day 3
(e
(<) E L) (7]
6 o
) L i 4 4
210 0, _A_ A ’,A 1.0 ®
'g © .\ O\ - A" ~& o
-9 Q—O0~— -
> 0 N f\o_o‘o \ O\ g
[ ] o—0%—o =
' T .\. \. .\ —0 <
e 4 ~e O \’8,- NP
a A ‘XA-—A e e a'd
- & (o]
A 4 [} ?
[ 5 ! ’I 8\. : l
s 10°% |} Sl & X+ N, 0.1 B0
L IAf __A" “A o <
E t A"A o =
=) ! , o (@] [ et
£ ! o’ a 2
= 41 o \ ©
[ L] o (5] o
© /’4 = o
I,,l “ =
1
i
4 ‘II
' P 2 —- 0.01

il

10 ——
S )
&

e

o

o /0 o
b (YA/LS
o/ O

2

5 S

MMC {(mcg/ml)

Fig. 1. Changes in cell number and succinate dehydrogenase activity afier treating Hela cells with mitomycin C. Two X 10°
HelLa cells were cultured in 60 mm plastic dishes for 2 days, then were exposed to various concentrations: 0.3125, 0.625, 1.25,
2.5, 5.0 and 10.0 ng/ml of mitomycin C for 1, 2 or 3 days. Floating cells (dead) and those attached to the dish (viable) were
obtained. The cell number was determined by the novel dye exclusion method [10] (@, viable cells; A, dead cells). Succinate
dehydrogenase (SD) activity was assayed using MTT as a hydrogen acceptor (O, viable cells, A\, dead cells).

Assay of succinate dehydrogenase activity

The reaction mixture, in a total volume of 1 ml,
consisted of PBS, 10 mM sodium succinate and
0.04% 3-(4,5-dimcthyl-2-thiazolyl)-2,5-diphenyl-
2H tetrazolium bromide (MTT) [11], as the hydro-
gen acceptor. After incubation at 37°C for 1 hr,
the cells in the reaction mixture were precipitated
by centrifugation, the formed formazan from MTT
was cxtracted with 3 ml of acctone containing
0.5% trichloroacetic acid and absorbance (optical
density, OD) of formazan was mecasured at
565 nm, using a spectrophotometer. OD of 0.01
could be determined using a DU-30 spec-
trophotometer (Beckman Co., U.S.A)).

Assay of intracellular ATP

The intracellular ATP was measured using the
luciferin—luciferase method [7, 8]. Hela cells were
suspended in 1 ml of 50 mM Tris—-HCI (pH 7.75)
and 4 mM EDTA, and a 100 pl fraction was
transferred to a tube containing 300 ul ATP
releasing reagent (Analytical Luminescence Lab-
oratory, U.S.A.). After a vortexing for 15 sec the
reaction was initiated by injecting 100 pl of fire-
light reagent with an automatic injection system.
The ATP level was rcad in a luminophotometer
(TD-4000, Labo-Science, Japan), using an internal
standardizing technique. The ATP level of

1 X 107!2 moles could thus be determincd with
this system.

RESULTS

Change in succinale dehydrogenase activity after mitomycin
C treatment

The succinate dehydrogenase activity of mito-
mycin C-untreated HeLa cells was 1.3 OD/
1 X 10°® cells, on cach day (Fig. 1). The decrease
of succinate dehydrogenase activity of the viable
cells correlated with that of the viable cell number,
after mitomycin C treatment. The correlation was
r=0.9417 on day 1, r=0.9933 on day 2 and
r = 0.9994 on day 3. The high dose of mitomycin
C reduced the succinate dehydrogenase activity
per viable cell number on day 3, that is 0.5 OD/
1 X 10% cells at the concentration of 10 pg/ml.
The dead cells retained succinate dehydrogenase
activity at the level of 35% of that of mitomycin
C-untreated cells on day 1, 27% on day 2 and
24% on day 3.

Change in intracellular ATP level after mitomycin C
ireatmen!

The intraccllular ATP level of mitomycin C-
untreated HeLa cells was 10.5 fmoles/cell, on cach
day (Fig. 2). The decrease in intracellular ATP
level of the viable cells correlated with that of the
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Fig. 2. Changes in cell number and intracellular ATP level after treating HeLa cells with mitomycin C. Details are shown
in Fig. 1. The cell number was determined by the novel dye exclusion method [10] (@, viable cells; A, dead cells). Intracellular
ATP level was measured using the luciferin-luciferase method 7, 8] (O, viable cells; A\, dead cells).

viable cell number after mitomycin C treatment.
The correlation was 7 =0.8666 on day 1,
r=0.9857 on day 2 and r=0.9998 on day 3.
The ATP level of one cell was decreased in pro-
portion to the concentration of mitomycin C, that
is 0.41 fmoles/cell at 10 pg/ml on day 3. The ATP
level of dead cells was significantly lower, i.c. two
magnitudes lower than that of the viable cells.

DISCUSSION

In vilre test systems measuring changes in cell
metabolism allow for prediction of anticancer drug
effects [1-5, 12]. Succinate dchydrogenase 1s an
ATP-producing key enzyme of the citric cycle and
as the activity of this enzyme correlated well with
the cell viability, it could be used to predict the
clinical response [3, 4]. The SDI test is a simple,
inexpensive and rapid technique for screcning anti-
cancer drugs. The number of viable cells correlated
with the succinate dehydrogenase activity of the
viable cells. However, the dead cells did retain
24% of the succinate dehydrogenase activity scen
in the viable cells, even on day 3 after mitomycin

C treatment. Much the same was noted in Hela
cells and Chinese hamster V79 cells following
mitomycin C, adriamycin or 5-fluorouracil treat-
ment (data not shown). As the succinate dehydro-
genase activity is assayed clinically in whole cells
in casec of the SDI test, the activity remaining in
the dead cells must be taken into consideration
when assessing chemosensitivity.

On the other hand, the viable cell number cor-
related with the intracellular ATP level of the
viable cells. When the cell died, the respiratory
activity ccased and a rapid ATP depression
followed. Kangas et al. [7] reported that the intra-
cellular ATP level significantly correlated with cell
number, viability, [*H]-thymidine incorporation
and clonogenic assay. The results can be obtained
in a short time and the required number of cells
1s few with the ATP assay. One determination can
be performed using 1000 cells in case of the ATP
assay, while 100,000 cells are needed for the SDI
test. Therefore, with the ATP assay, a repeat deter-
mination of ATP can be carried out at various
times of incubation [8]. However, as the two assays
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are time-consuming, and the SDI test is less
expensive than the ATP assay, the SDI test may
be advantageous for mass anticancer drug scre-
ening. As the intracellular ATP level of one cell
was markedly decreased and the nuclei and cyto-
plasm were swollen and flattened (data not shown)
in the case of 10 pg/ml of mitomycin C on day 3,
the biological activity is probably decreased, even
if cells are proved to be viable in the novel dye
exclusion method.

Y. Macehara et al.

Our results suggest that compared to succinate
dehydrogenase, ATP is a more labile molecule and
is rapidly destroyed upon cell death. Thus, the
ATP assay has a higher sensitivity than the SDI
test for the prediction of cell viability.
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