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Abstract

Objective: To investigate the effects of DNA damage agent methyl mesylate (MMS) on cardiovascu-
lar system in Sprague-Dawley (SD) rats. Methods: SD rats were intraperitoneally injected with
MMS (25 or 60 mg/kg). One day or 3 days later, rats were sacrificed and the following parameters
were measured and examined: peripheral blood cell count, blood pressure, heart rate, ultrastruc-
ture of the vascular wall, thoracic aorta tension, and platelet aggregation. Results: It was found
that MMS could significantly decrease the white blood cell counts at both doses compared to con-
trols. On the other hand, heart rate and blood pressure were not affected. In addition, MMS had no
effect on the tension in thoracic aorti, and electromicroscopy analysis also revealed no significant
damage to the thoracic aortic ultrastructure. Finally, ADP-induced platelet aggregation was eva-
luated in both MMS-treated and control rats, and the results showed no significant difference be-
tween the two groups. Conclusion: Taken together, it is suggested that MMS does not have any sig-
nificant effect on the cardiovascular system in the rat model.
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1. 5|8

AL EEME W) 5 I R FP B (methyl methanesulfate, MMS) 2 4 #L AT DNA Kifb57), B85 SHIE b s
FIEAL, NS B (5 O DNA B [RhG, G 2l il BE R R QL AR I A2 [ 1] [2]. MMS 1y 3L
) DNA #1557, RAEMIER 22900 % vz N ) B s AL 554, 8% — FEAE I BRI 704 FH O POL U M4 o2 2
UHGR G o AR s S HRI[3], B E NER S« B RIER AL S S AL A RS 2599 |32 S [4]. MMS
(A2 A 7K fife = 4 FR i R (methanessulfonic acid) 7R AT R g ] 108 (1) B2 H s 7R K 55 1 e 22 2451

HH MMS [T 78 32 2288 72 DNA 1450518 5 DA R 8 A% B PR RN 0 AR B 2 B 453 40 R0 Jr e T2 R
SZMA[3] [6] [7] [8]e NEMIFATIN: S SLI8 M 78 K IR 2 8% BRI R 755 O ISP R A R e T B
fERR R, W37 K2 It [benzo(a)pyrene, BaP], LJT 2544 (cisplatin)Z5[9]-[14]. [FIFEZ#L R
PEVIBL MMS J& Rz 5 O UV R RV 2 H A LA SRAIE TR D o BT DAASHIEFE ) H BIR0E
M, O, MRS K&/ S DD RERIAL A 2 07 THRAR T MMS X SD K B ML 22 Guits B PR 51 o

2. HRE7E
2.1. #%

2.1.1. AR5
FH 2 H 16 (methyl methanesulfonate, MMS). 244§ Il % (phenylephrine, PE). Z Bt H#H (acetylcholine,
ACh). TR IR 7 (ADP) A & (malondialdehyde, MDA )3 [ 3¢ [F Sigma 2 7] (Saint Louis, MO, USA).
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HopRE i B R et 5§ [ 25 £ LAl a IR A= (B, A ED).

2.1.2. SEEGEhH

HiE 93 Sprague-Dawley (SD)K R JE FH Wil & L5z P 0, fRE 200~250 g, A AKIES:
SCXK(#7)20080033 . K FR7EE M MR — ] J5, DAAEERERKAE 25 AR IR, — P I s v 5 R R 7R R
(MMS =7 EH 60 mg/kg, KA 25 mg/kg), 70nlHees 1 KM 3 K. A, TREATE, 728E %
SR B AR AR A

2.1.3. SCIG{YEE

ADVIA2120 MR, fEEFHAF; BPISA KR LANME, HARKEAT; ERIME R
EAEE . MedLab v5.0 EME S RERG, MEESRHLAR: CHORNO-LOG IL/MURES T, 3
Chrono-Log A 7

2.2. A&

2.2.1. SD X R B3 zh k3K a9 E

ARG IR SD KB 10%/K & 58 0.4 ml/100g FE R S RRIE, SO ARSE 5 FT P, 3
M B E Sk, BT 4°CH 95% 0, F1 5% CO, VB A AR T MAN 1) K-H ¥ [mmol-L™' NaCl 120.0; KC1 4.5;
CaCl, 1.25; KH,PO, 1.2; MgSO, 1.2; NaHCO;25.0; # % #H 10.0 (pH 7.4)], /INU5IBRFE 45 4R 44, B
B 3~4 mm LA FR . B M PR B T- PS5 mL K-H W0 B R MU PR 38 B b o L BRI 3 43 39 e
K 4 BE 2RISR S B AN B4M 22, 8 Medlabv5.0 ZE¥15 5 R 4E RGCTE[15] [16]. MAFFAEIERLTK
718 2.0 g KRS N E 60 min, £ 15 min #t K-H ¥ 1R, S6)5 H 2ALIRE AN 10, 20, 30, 40, 50,
60 mmol-L™" ) KCI 1 EFILUKE S 10°~107" mol-L™" f¥) PE T35 I /5 FR g 45 kA6 I i 7 (i Ue 4 Th g .
10°M-L™" 1 PE Y& 1 PRk 8, PN BRAIRE N 107°~107 mol-L™" ) ACh 475K I 31 SR A Il afi.
B N AR Y 1L A T TR TR

222, MEEBYIRHIZFREHRENE

[l 5E: ¥ EURAIBR TN E A H AR M T E T 2.5%M K ARl 2l %, A 0.1 mol-L
T % 1 2% i 1% 7 (phosphate buffered solution, PBS)E ¥/, BFIK 15 min. FF 1% 5 ER [ 2 W8 € 1 ho
[ 5E 56 5, H PBS ImBEPIIR, RFK 15 mine Wi/K: H 2% BN K R G4 30 min, R)5450 5 H L BE
AR EHEATRAE K : 50% % 15 min, 70%Z.EE 15 min, 90%Z.B 15 min, 95%Z. % 15 min, 100%
ZBE 20 min, 100% A ER 7K 20 min (FIIK). &3 MIFE a0 N R AR R AW i) = 1:1 i
W, TEEIRY 2 he BH. K MUEHHACMEN, HERBEME, HEHRE 1.5~2 h, REHE37CEM
24 h £, 7E45°C (24 h), 60°C (48 hy/EAH N R AR . FIFEY A HLY) T IEEL09 120 nm M) 7,
F & T TR G e 4 4%BE R A 4 €4 20 min, PRI MR ET 445 5 min, 7E TECNAI 10 &5 LB~

2.2.3. M/MREBESLLE

IR KL, B R OK B ZUHL 6 ml, A PH = 6.5 AT I B8 4 BE (ACD) Lt (LA U] = 6:1).
150 gmin ', HIEE 0 20 min, R L E /MRS (PRP). AR ML 800 g min ' &5
20 min 43 2 H 3T /MR L3 (PPP), F PPP #iF% PRP 15 /MRG0 250~300 x 10°mL™" . R, W
B 250 ul #i B J5 i) PRP BN R, HN T8 HEER A1 S ul 100 mmol-L™' D fJ CaCl, T & FLiE W 37°C
W E 2 min, HAMRALIE, FHEF, A 5ul 100 umol-L™' ) ADP, WEEEERKZELL, WEL 5 min.
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2.2.4. Gk
WIGEER Ll 3 +5 FEAK R, WALRILLBCRH ¢ 1658, 2410 HECRH ANOVA Fl Dunnett’s ¢ 5607
HEAT BT (SAS9.1 Guit i At), Ki/KHE N P <0.05.

3. 458
3.1. MMS ¥f SD KER&E, mE, (OREINE MM

— MR RS MMS J5 1K, EFEA 60 mg/kg SD KR IIAREEN N 44+ 1.6 g, KFIEL 25
mg/kg SD KRR E I E N 17.9 2.2 g, IELXF AL 18.7 + 1.8 g 945 PR, JUH A& a7 4L I PR AR 2 2,
FEAK T 76.5%, P < 0.01(% 1)o PHARERZE K BRI IR () 1RO 2R B V3 i) BR X R AH LE A 2 4k, Ak
JEL I A 4 SOH AR LT B ZH A 10.4 + 0.63 10°- L7 B £ 8.0 + 0.54 10°-L™" (25 mg/ml)F1 5.2 +0.83 10°-L™" (60
mg/ml), P < 0.01, Fr DAk ZH M AT b P b 4 R v 50 A B A B R (F2 2) 0 £ 20 BT I /N T 5 PR 0 iR
LA, — R IEES MMS J5 3 K, mflEdREEE N 29.9 £ 13 g, MHELXTHHZL38.6 £1.5¢
HREWEZER, MET 22.5%, P <0.01 (% 1), KA A 9 R0 IR H 2 sk b, (B8t 5 2%
Sto PHALERZH R BRI R (1] 1) RO 28 (B ¥ B ) AR AL BR X B LTS o 22 5, T A0 40 i v H 250 AL PR
P — R E A PICE IR RA BR).

Table 1. The weight gain of SD rats in each group (g)
1. BIELEM SD KRAEEME (9

Time Control (1) 25 mg/kg (n) 60 mg/kg (1)
1 day 18.7 +1.8(14) 17.9+2.2(8) 44+1.6"(14)
3 days 38.6+1.5(7) 33.5+5.7(7) 299+ 13" (7)

Xts, "p< 0.01, compared with control.

©

A. Day 1 Day 3

m Control (12)

m Control (8) )
10 ' @ MMS 25 mglkg (8) 140 @ MMS 25 mgikg (1)
;’7 120 O MMS 60 mglkg (8) S 1207 O MMS 60 mglkg (12)
€ € |
g 100 r - £ 100
g - ¢ 80t
g 80 g
2 60 f g 6o0r
5 40 E gl
3 3
2 20+ S 20t
0 . . ) 0
SBP DBP MBP SBP DBP MBP

Figure 1. Systolic blood pressure (SBP), diastolic blood pressure (DBP) and mean arterial blood pressure (MBP) of
BaP-treated and vehicle-treated rats

1. &£FIE4E SD AR HULSEE(SBP), &F3k/E(DBP), FEiEMBP)EEL

Table 2. Analysis of peripheral blood cells in SD rats 1 day after treated with MMS (10°-L™")
% 2.SD KRRE | RESNA MBI (101"

Cells Control (n =8) 25 mg/kg (n =38) 60 mg/kg (n=38)

=Ll 10.4 +0.63 8.0+0.54" 52+0.83"
By ]l 1.3+0.12 1.240.20 0.7 +0.07"
WEgIR 8.5+0.53 63+0.46" 3.9+0.84"
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Continued
=2l 0.42+0.03 0.33+0.03 0.45 = 0.06
pAK ) 6285+ 115 6165 £ 161 6423 + 74
MR 1068 + 114 1210 £49 1073 £ 121

Xts, p< 0.05, “p< 0.01, compared with control.

3.2. MMS 3f SD X B3 BhAkET 48 & B LA HrI s

KCI Al PE /228 #1935 S M B IR A8 IRl . MMS e a5 1 R, BRI A 10~60 mmol-L™ ) KCI
A% HR 2 P S I P YRR N 0.11 £ 0.06~0.96 + 0.08 g; KC1 75 SR E2H.(25 mg/kg)SD K i & 5 ik i
MR A 0.12 +£0.02~0.98 £ 0.10 g, = 71E41(60 mg/kg) ¥ 0.25 + 0.09~0.94 £ 0.10 g (&l 2(A)~(C)). Fikb
RO BRGT R L, Tk AR . BAHREE N 10°~10" mol-L™" /) PE £t HA4H i S i & Ui 4 i et i
4 0.05+0.01~0.44 £ 0.10 g; PE - FKFE 2 SD KB 3= 30 kIS4 RN 0.05 £ 0.01~0.38 £ 0.06 g, =1
FIELN 0.05 £ 0.01~0.39 £ 0.07 g (4] 2(A)~(C)), ERF A EL IR T 22 57 . BRUKSE A 10710 mol-L™" Y Ach
XTI A S 2 PE B ML PR EF5KEE A 0.11 £ 0.02~1.00 + 0.03; FEMKFIELLN 0.11 £ 0.02~0.99 +
0.06; TEmiffE41 0.08 £0.01~1.00 +0.07, KbERZPRXSIEA LMY T . MMS J88 /5508 3 R ML
TS B 1 RIAALE 2(D)~(F)). FLBEMEE SD KRN F 2 ik B T gl i (s (14 3): PRARERA 1,
To i 2 P WLAH B I HE S 77 20, B TR )P LA T (5 3 ) A 4[] Py ] i A 2R s A4 TR Y
SN g PR B2 AR B 57

Day 1 Day 3

>
N

o
EN

~ 10 12
2 3
508 5 10
% k]
< =4
% 06 —— Control (7) " >
ontrol ]
% o £ 06 —— Control (6)
204 —— MMS 25 mglkg (7) 2
g g 04 —— MMS 25 mg/kg (5)
02 —&— MMS 60 mg/kg (7)
- 0.2 —— MMS 60 mg/kg (6)
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Figure 2. The effect of MMS on thoracic aortic tension of SD rats
B 2. MMS 3 SD K 5 Al = 5h Bk M & 3K I R0
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Figure 3. The effect of MMS on thoracic aortic ultrastructure of SD rats
3. MMS % SD A FRBZE mh Bk EE B I 45 ) R

Table 3. The effect of MMS on smooth muscle cell count (mm 2)
7 3. MMS 3 I & FE AL AR H AN (mm )

Control (n = 6) 25 mg/kg (n = 6) 60 mg/kg (n=6)

Count 20,968 + 1229 23,958 + 1094 18,515+ 1976

3.3. MMS *f SD KR M/MMREBETHEERISAT

ADP & 2 B i) S5 /N B BE 115 S 75 22— o ADP IO HE ZE I /M SR R IR SR SR RS 53.0% + 5.4%,
TR INR R RS 56.3% + 4.2%, i m AL/ MR IR ERIE 51.9% £ 4.3%, —HHBEB LS
2SR, P>0.05 (5 4). MMS 33 1 K, WIVMECREEDIREA 227 A 50 o

é 100 «
c

80+
2 KTLE —_ o

L e
> 60+ b . 12
o s )
g ole — +°
- L ]

2 w01 =2 -
5 . ¢
2 204 .
2
K
o 0

4’\'{\ 4‘5'\ ;‘\7:\
Qo‘\“o\ N 2% ((\9“‘9 « &0 mg'\‘g «

Figure 4. The effect of MMS on ADP induced platelet aggregation of SD rats
& 4. MMS Xt SD A ADP i S M1/ iR BB E R #2010

4. it

HIZ 1 TR, MMS 35 1 3 &, SD KRIKE R E T, HhRd)ad 3 Rk E K EH
s 1 RAFTETE, $il MMS ZER M A, SD ok BASEE Bl ACEE MMS ML i 1 F 454 o
Cumming, R. BA7E/NRSZI0F R IL, MMS B 515 R BB A E R, FEHSE N6 THF. B il

LD SR OREN. SO OMESCEFIEL, 24 /DI EIXLEER TR MMS IS R FE(17], Xt
—OUSCRF TARSERAT LA R . Ash, MMS REFEAR 7 AN A A ECR (R 2), XA HERE MMS XA
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JE) AL 58 3RE 240 B () 200 M 25 R BT B 18], PR K SCRRHRIE MMS REF 541 &) 1L bk B2 4 38 4% 40 i 1) 58 MK
TS ENFIT[19] [20]. 2R1T, MMS FEEA A SD K RAILE(E 1), XK MMS 1) 205 X i
B RESK ) ML B 715 T RETC RN

B 2 A, MMS X KCI Al PE 953 M Y 4E S ACh 531 A R (0O I 4 sk e g, X 3R
MMS TEA P PR M A = TR M-I NUE R P8P 4a Thae . [FRF 3 p s A BoR, MMS ik
of I A B PR A 45 R A o) T LA B ) B 2 A v B 4, X — 2B Ui MMIS 1) 2 25 14 ] REAS 2%
ST E TR =R R . hgh R — B T MMS RIS S EUME AR, S5 1 RIE A
W) 4o

BT OMERFRNERMTEN RS, AR TR MMS X4, (E, G5 RAME I
YIRS I 2 A1, EAEE T MMS X MR T R IR . IRUONAE AR T G R rh, i/ IR R T &
REZMEM[21], FTUAASER:RA] ADP 5 S/ MRS 77 1R W8 MMS /2 15 22553 1L/ R S D e
PRI, MIMHIP RS MMS FENUVR AT B /E R . B 4TI, MMS ZbE 5 090K BRI/ SR 4R
KRG L B2 5, R EM Y MMS A4xt ADP i S0 /MRS, #E—5a]
DAHEWT MMS AT BEA 22k SD KB IMAR 1T . HrTBRJR R MMS 1E A28 HL ¥ DNA $id75 55, FZELL
DNA JfEFHE S, Tiifil/MRERZ DNA, 322 15200 1] 5N

R FAFIE—E A RFRIRYE. B, RUCGRE NIRRT, WERNRERE, TETFN MMS
XF SD KRG I R G IR . thah, BT RWEREZEWEER, X MMS $20 SD K foG I
RGMTBIED THHIRBEEATIRAN T Bk, ERRIT S, &EE ISR [, 7850 MMS
X SD K B Cr ML 22 e R s e 22 o] RE 1R 43T B o

i LATR, BEAR MMS ZANISEESREYR, fetili 24 s 2 MMM BHEYI, i S S04 s
FEBGIETS, P R Z A B A A AN ThAE, (2 MMS I EMESIE A SR KRR, 0%, I
Bk /MR IREETNRE, B MMS 6HO L5 R G E & ThEEFE A I A2, 3 mT REERILAE ¢ oy (PR
AR ARG
=

E X B3 R F} 22 5 & 3 4 3L 42 (81602795) s WivL & H AR Bl % 3 4 (LZ19H260001, LQ15H26002,
LY 19H260002).
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