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Glutathione antagonized cyclophosphamide- and acrolein-induced

cytotoxicity of PC; cells and immunosuppressive actions in mice
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ABSTRACT

ATM. To study the antagonistic effect of glutathione
(GSH} on toucity of PG cell induced by
cyclophosphamide ( Cyc) and acrolein ( Acr) and on
immunosuppressive actions caused by Cyc. METH-
ODS. Splenocyte, PC; cell proliferation and cell
protein content were measured by tetrazolium ( MTT)
assay and Coomassie brilliant blue assay. Serum anti-
SRBC hemolysin, agglutinin, and splenocyte
proliferation were measured in pormal and S-180-
bearing mice. Tumors were weighed, RESULTS:
Pretreatment with GSH 2 mmol+L.~! reduced splenocyte
proliferation inhibition from 18.64 %, 49.72 % to
6.78 %, 18.36 % {induced by Cyc 1, and 5 mmol*
L~'), and PC; cell proliferation inhibition from
27,7 %, 45.3 % ,and 74.6 % to 14.6 %, 18.8 %,
and 49,1 % (induced by Cyc 1, 3, and 5 mmol *
L1, and from 62.6 %, 85.4 %, and 90.6 % to
41.9 % . 57.7 %, and 86.4 % (induced by Acr 10,
25, and 50 pmol « L™'), respectively. In normal
mice, sc GSH 75 or 150 mg-kg~' bid x 5 d after ip
Cyc 40 mg - kg !, the hemolysin and the splenocyte
proliferation were higher than those in normal mice ip
Cyc 40 mg - kg™' alone. Hemolysin, serum
agglutinin, and splenocyte proliferation in S-180-
bearing mice given sc GSH 150 mg-kg~' bid x 10d
after ip Cyc 40 mg - kg ! were also markedly higher
than those it S-180-bearing mice given ip Cyc alone.
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But. according to tumor weight, GSH did not interfere
the antitumor activity of Cyc in S-180-bearing mice.
CONCLUSION: GSH exhibited protective effects
against Cyc and Acr, but had no effect on the antitamor
action of Cyc.

INTRODUCTION

Cyclophosphamide ( Cyc ), has been widely used
for the treatment of many tumors and for
immunosuppression prior to organ transplantation as
well as for the treatment of some autoimmune diseases.
However, it is cytotoxic. especially to the hemopoietic
and immunologic systems. Acrolein { Acr). a very
toxic compound, is believed to be the primary toxic
metabolite of Cycm. Acr exhibited toxicity at 10
pmol + L™ concentrations'”’ . Glutathione ( GSH )’
protected against Cyc and Acr cytotoxicity and did pot
interfere the antitumor activity of Cyc*. The subject
of this paper was to observe the effects of GSH on PG,
cell cytotoxicity induced by Cyc and Acr, and on
immunosuppressive actions caused by Cyc.

MATERIALS AND METHODS

Chemicals GSH was purchased from Biomedica
Foscama, Roma, Italy., Cyc was from Shanghai
Hualian Pharmaceutical Co. Acr was from Niansha
Chemical Factory. Jiangsw Province. China. MTIT,
concanavalin A {Con A} and Coomassie brilliant blue
G230 were from Sigma. Hams' F12 and RPMI-1640
medium were from Gibco/BRL. Fetal Bovine Serum
{FBS} and SRBC were provided by Hangzhou Sijiging
Corp. All other chemicals were AR.

Cell culture PCy cell, a human prostate
adenocarcinoma cell line, was obtained from ATCC
{ American Tissue Culture Collection ), USA., and
cultured in Hams' F)y medium containing 10 % FBS in
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5 % CO, amosphere at 37 . Splenocytes of mice
were cultured in RPMI-1640 medium containing 10 %
FBS in 5 % CO, atmosphere at 37 .

Mice ICR mice. T, weighing 18-22 g were
supplied by Zhejiang Experimental Animal Center.
Mice were caged in groups of 6 or 8 and received
commerctal chow and water ad fib .

Cytotoxicity in vitre  Cytotoxicity of Cyc and

Act and the protective action of GSH were measured by
modified MTT assay'”) and Coomassie brilliant blue
4]
1) MIT assay was used to measure cell
proliferation { PC, and splenocyte ).  Briefly. cell
suspension was prepared in comesponding medium
containing 10 % FBS. The cell concentration was:
PC; 5% W¥ cells*L~", splenocyte 1 x 10" cells* L™,
Cells were seeded on Nunclon 9%6-well plate. 100 gL
for each well. In splenocyte experiment. after adding
splenocyte {4 wells for one mouse splenocyte ), Con A
5mg L~ '{in RPMI-1640) 100 uL was added. In
splenocyte experiment of normal mice, after adding
splenocyte and Con A, Cyc or Acr was added (10 pL
for each well, 4 wells for one concentration}. In PCy
cell experiment, after 24-h incubation in 5 % CO»
atmosphere at 37 C, indicated chemicals { dissolved in
PBS} were added, 100 uL for each well, 8 wells as a
group.  Serum-free medium 100 gl was added as
control. In GSH protective experiment. splenocyte or
PC; cell was pretreated with GSH 2 mmol - L™' {in
incubation} for 15 min. Then GSH was removed and
Cyc or Acr was added.  After incubation for 94 h (PC;
cell) or 70 h {splenocyte}, MTT (1 g -L~! in serum-
free medium) 100 pL. was added, and the plate was
incubated for 2 h. Then all chemicals and medium in
each well were discarded, acid-isopropyl alcohol 150
pl. was added. The plate was kept in dark ar 22 -
25 C for 30 min. Using a DG 3022 A type ELISA-
READER, absorbance { A} was read at 570 nm. The
result was expressed as ¥ + 5. The cell proliferation
inhibitory rate (%) = (Aol gosp — Arested growp 1
A comtrol group X 100

2) Coomassie brillient blue assay was used
to measure cell protein content. Briefly, PC; cell {5
x 107 cells* ™!} was seeded on Costar 24-well plate,
I mL for each well. After 24-h incubation, GSH,
Cyc or Acr was added, 1 mL in each well, 4 wells as a

assay

group { After adding GSH 15 min. removed GSH. then
added Cyc or Acr). Plate was incubated for 96 h.
Cell protein content was measured by Coomassie
brillient blue assay'*’. Using UV-751 spectro-
photometer, A was measured at 595 nm. The results
were expressed as reduced proteln content rate.
Reduced protein content rate { %) = { A ol growp —
Alesied group )/ A conwol groop X 10, The  cytotoxicity
assays were performed for 4 independent times.

Antitumor activity in vivoe On the day after
inoculating S-180 (1 x 10" cells/mouse) . mice were ip
Cyc 40 mg-kg ™' alone or at the same time, s¢ GSH 75
or 150 mgrkg~'-d~'bidx 10 d. For control group,
nuce were s¢ 0.9 % NaCl solution bid x 10 d. On d
11, the tumor was weighed -

Immunologic assay Nomnal mice or S-180-
bearing mice were treated with Cye or Cyc + GSH, or
0.9 % NaCl. Each mouse was injected ip 20 %
SRBC 0.2 mL and was killed after 4 d. The blood
taken from femoral artery was used for detenmining
immunologic effects.  Splenocytes proliferation  was
measured by MTT assay.
measured' >

Statistical analysis Results were expressed as
* + 5 and compared with ¢ test.

Hemolysin, serum agglu-
splenocyte proliferation were

RESULTS

Protective effects of GSH against PC; cell
cytotoxicity induced by Cyc and Acr MTT assay
indicated that both Cyc and Acr inhibited PC; cell
proliferation in a copcentration-dependent manner.
Pretreatment with GSH 2 mmol © L' reduced the
inhibitory rate of Cyc or Acr, except Acr 50 1:mol-L ™!
{Tab 1},

Cocmassie brilliant blue assay indicated that Cyc
reduced the protein content of PC; cell in a
concentration-dependent manner.  After pretreatment
with GSH 2 mmol - ™!, the protein content was less
reduced than that without GSH pretreatment (Tab 2) .

Protective effects of GSH against immuno-
suppresive actions caused by Cyc i vitre and
in vivo In virre splenocyte proliferation of nommal
tice was inhibited by Cyc in a concentration-dependent
manner. GSH 2 mmol* L~" pretreatment reduced the
inhibitory rate of Cyc (Tab 1}.
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Tab 1. Effects of GSH on splenocyte and PC; cell
proliferation inhibited by Cyc and Acr. n =4 tests.
xxs5. "P<0.05, ‘Pc0.01 vs Cyc. [P <0.01 vs Acr.

Cell Drug/mmol-L~! Absorbance hr‘:l“t;:‘%"“
Splenocyte Control 0. 732007 0
Cye 1 0.65% 0.06 18.64
5 0.5+ 0.05 4u.72
GSH 2+ Cye 1 0.70+ .05 6.78
GSH 2+ Cye 5 .65 = (.08 18.36
PC, Control 0.86+0.10 0
Cye 1 0.62+0.03 7.7
3 0.47 + (.02 45.3
5 0.2210.08 7.6
GSH 2+ Cyc 1 0.73+0.07 14.6
GSH 2+ Cyc 3 0.60 = 106 148.8
GSH 2+ Cyc 5 044010 491
AcT 0,010 0.32:0.08 62.6
AcT 11,025 .13 0.2 85.4
Act 0.050 0.08 + (.02 o).t
GSH 2+ Act 0.010  0.50z 0.09¢ 41.9
GSH 2+ Acr 0095 0.36+ 0.08° 3.7
GSH 2+ Acr 0050 0.1220.03 86.4

Tab 2. Effects of GSH on PC; cell pratein content
reduced by Cyc. n=4tests. Txs. "P<0.05 vs Cyc
1 mmol'L~!. P <0.01 vs Cyc 5 mmol-L~*,

Drug/mmol - L~" Absorbance Reduced protein 5o
Control 0.664+ 0.0531 0

Cycl 0.472 £ 0.060 3.9

Cyc 3 0.4+ 0. 064 33.1

Cyc 5 0.233 £ 0.089 19.3
GSH2+Cw 1 0.663 + 0.023" 1.5
GSH2+Cye 5 0.62420.112° 0.0

Im vive hemolysin, semam agelutinin, and

splenocyte proliferation were markedly reduced in
normal and S-180-bearing mice after ip Cyc 40 mg
kg~'. However, in normal mice ip Cyc 40 mg kg~ ',
at the same time sc GSH 75 or 150 mg-kg ' bid x 5
d, hemolysin and splenocyte proliferation were higher
than those in normal mice ip Cyc alone ( P < 0.05),
In S-180-bearing mice ip Cyc 40 mg-kg !, at the same
time sc GSH 150 mg-kg™' bid x 10 d, hemolysin,
serum agglutinin, and splenccyte proliferation were
higher than those in $-180-bearing mice ip Cyc alone
(P<0.05) (Tab3).

Effect of GSH on antitumor activity of Cyc

Tab 3. Effects of GSH on immunosuppresion induced

by Cyc in normal and S-180-bearing mice. n =6 mice.

Xz 5. "P<0.05, P<0.01 s normal mice ip Cyc 40
mgkg™'. *P<0.05, [P <0.01 vs $-180-hearing mice ip
Cyc 40 mg-kg™'.
. Serum agglu-  Splenocyte
Mice mrg)r_”ki’: , Hmmgf'“ finin/antbody proliferation
score /A
Normal Control 692+ 120 164z U 0.55x0.02
Cye 40 247 99 12110 0.46x0.02
GSH + Cye
Tobhidx5+40 485+ 14Y 13321 0.5320.0%
150 bidx 5+ 40 407+ 93 13010 Qo002
S-180  Control M8+ 138 131x20 0.%4zx0.15
Cyc 40 370+ 163 1l1zx15 0.40+0.14
GSH + Cyc
Tobidx 10+ W399+ 101 116+23  0.59+0.16°
150 bidx 10+40 533 % 79 132+ 17° 0.7320.17

According to the weight of tumor, the antitumor
activity was not interfered by GSH. Body weight
( subtracting tumor weight ) of S-180-bearing mice
between groups GSH 75, 150 mg-kg ' bid x 10 d +
Cyc and group Cyc showed little difference ( P >
0.053). But body weight { subtracting tumor weight)
of mice in group GSH 150 mg-kg~' hid x 10 d + Cyc
was heavier than that in control group ( P < (.05)
(Tab 4).

Tab 4. Effect of GSH on antitmmor activity of Cyc and
body weight of 5-180-bearing mice. n = 8§ mice.

x5, P>0.05 vs Cyc 40 mg-kg ',

P <0.05, P <0.01 vs control.

T
Drug/  Tomorwt/ ,‘",':;; Body wi’g  Reduoed
mg kg ! E p before  aiter body wi/ %
Control 3.99+1.3 0 N5x09 [97+1.1 4H.3
G d0x1 3.04+0.51F 402 21.4+1.1 M4223 16

GSH 75 bidx 10 2 853057 52.3 21612 2p9+2.3 3.2
+Cyc d0x 1
GSH150 bid= 10 2 68+ 0.61% 55.2 21.4+0.5 2] 1+1.4* 1.4
+Cpc W x1

DISCUSSION

Our study indicated that in vifro GSH exhibited
protective effect against the cytotoxicity of Cyc and Acr
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in PCs cell and it did not interfere with the antitumor
activity in 5-180-bearing mice. This is consistent with
previous studies, though they wused Asy cells and
Walker 256 carcinoma m rats'**'. In our experi-
ments, GSH 2 mmol - L™! did not reduce PC; cell
proliferation inhibition induced by Acr 50 pmol-L~!, it
was most likely due to the high dose of Acr, GSH
could only partly antagonize Acr-induced cytotoxicity of
PC; and showed no difference. The mechanism of
GSH protective action has not been very clear yet.
However, it is useful for those patients using Cyc as a
chemotherapeutic agent to use GSH to get the same
therapeutic effects and to have less side effect. On the
other side, it has not been reported that GSH exhibited
actions against immunosuppression of Cye ir vive and
fn vitro, As our experiments showed that fn vitro
pretreatment with GSH reduced splenocyte proliferation
inhibition ( induced by Cyc) and in normal and $-180-
bearing mice sc GSH 5 - 10 d after ip Cyc 40 mg -
kg~!, the hemolysin. serum agglutinin, and splenocyte
proliferation were higher than those in mice given ip
Cyc alone. And this is important for cases using Cyc
to treat tumor or using Cyc as an immunosuppressive
agent,
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