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Evaluation of Antfibacterial and Therapeutic Effects of a Sodium salts Mixture
against Salmonella typhimurium in Murine Salmonellosis
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ABSTRACT - salmonellosis is a major bacterial zoonosis that causes self-limited enteritis to fatal infection in
animals and food-borne infection and typhoid fever in humans. Multidrug-resistant strains of Salmonella spp. has
increased over the last several decades and recently causes more serious problems in public health. The present study
was investigated bacteriocidal effects of sodium chlorate, sodium azide, sodium cyanide, and sodium salts mixture
containing sodium chlorate, sodium azide, and sodium cyanide on infection with S. fyphimurium in macrophage RAW
264.7 cells, and antibacterial effects of sodium salts mixture for murine salmonellosis. In infection assay of S. #yph-
imurium in RAW 264.7 cells, bacterial survival rates within macrophage in all treated groups was significantly
reduced comparing to that of the control group with the passage of incubation time. Administration of sodium salts
mixture showed a therapeutic effect for S. fyphimurium infected ICR mice. The mortality of mice treated with sodium
salts mixture was 70% until 12 days, while that of control mice was 100% until 9 days after S. fyphimurium infection.
The results of this study strongly indicate that sodium salts mixture has a potency treatment for murine salmonellosis.
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SAIHH

2 Ago A ALEE sodium chlorate, sodium azide, Z.E]
3L sodium cyanide™ Sigma-Al
oM Fdske] ARG

Sodium chlorate, sodium azide, ZL#] 3. sodium cyanides=
Aeksted zhzh 1Mo] g ThE] 4°C WAL B}
WA, Aol AMRE o, FR,E FAEte] HH ¥rE
e B‘r%, H it FE|(Millipore mebrane filter, Maryland,
g3kl Dafgh vhe Aol A&ttt

drich Korea (Yongin, Korea)

Agw 9 Ui

W Ao A28t Salmonella enterica serovar Typhimurium
(S, typhimurium) (ATCC 14028)& =¥ 42)x}ey o 25 E
woftol ARE-gkint.

S. typhimurium®] PRF-E 1.5% LB agar 3 ¥ <] of] wl

H o 2hs ¢4 £98ld Luria-Bertani (LB) broth (Difco
Laboratories, Michigan, USAYl HE38L2 37°ColA] 2042+
o]} stationary phase?} %= Wyl wjoFsiitt.

AT U S at

upe-2 EAIA EQL RAW 264.7 AI3EE 10% fetal bovine
serum (Difco Laboratories, Michigan, USA}C’] 2 7vE RPMI
1640 BA] & o] &8t 5% CO,, 37°C BAolA] w3l
b A EE 2 A AR-E7] 8 ol 96-well cell
culture plate (Nunc, Roskilde, Denmark)el] 5 x 10%/well®] &
EE B F 5% CO, 37°C 7 st widEte] 60-
70%7F SRS EIE A MEE olgal] A FHs
S a A 2ol S pphimuriums ZFAA 7171 98], MOL 20
(multiplex of infection)©] ¥1# ZGAIA 37°C, 5% CO, &
Aol 1IAIZE Bot wikst & Ao gAEA] & X
el el g FHol7] #18ke] 7]Ee] iAol 30 pgmle]
gentamicing H7Feh A2 wA S &, 308 B9k o v
SR}, o] Fof] 71 Art-g ALY, 15 mM sodium
chlorate, 0.1 mM sodium azide, 0.1 mM sodium cyanide, Z12]
3L E3A (15 mM sodium chlorate +0.1 mM sodium azide +
0.1 mM sodium cyanide)E 222} vl A|oll 718l 4, 8, 16,
2477F E9F 37°C, 5% CO, 7300 wiFstd ).
dE AEE 7h7he]

ol% 7t
A7t 2 e phosphate buffer
saline(pH 7.4)0.2 33| A X 5, B9 FHTE o84
M35 GlAlA ME W 9+ LB agar JU?HHZ] Il spreading
sto] ThA 37°ColM 244123 B WiSE -, CFUE &4
stk

HEsE
5%, BaAFT 179+ 1.6g9 Specific Pathogen Free
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S. typhzmurzumvo— ule-2of ZFEA 7] Bt RTole <k
A& H7VehA] @2 S85E, dd¢ e 285 1
sodium chlorate® 1.6 g (15 mM) H7F%t S-848, 183
AT Nofl= S84 1 Lol sodium chlorate, sodium azide,
223 sodium cyanide® ZHZF 1.6g (15mM), 19.5mg
(0.1 mM), 14.7mg (0.1 mM)yS 718 845 Fo3k
E} +&re Y AHEA AFHEES S, 129 F
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SHAdNE e SERE YS9 5ol wol B 9
3le] g oA AEE YA GNU-LA-2011-63).

e rlr rUlO

B 2

At gk BAA X2l Sigma plot(Systat Software
Inc., USA)S ©| 83l student's t-test® A3} oo,
p<005¢ W ek Zo|7t e AR 7FFsio).
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UAME Ul g2am

Fig. 12 vl$2& S22 A 322 RAW 2647 Al X S
typhimurivms ZFEGA1Z) O, 15 mM sodium chlorate, 0.3
mM sodium azide, 22|32 0.3 mM sodium cyanide= 37}
ste], AAEE S pphimuriume ME W F494) a7
£ vl Zejth

Sodium chlorate, sodium cyanide, sodium azide, Z#] 2 =
9 37d E(sodium chlorate + sodium cyanide + sodium azide)
S ks wiX A ME W S saphimurium®) F20] o]
Zatd Bkl FAEE ulg fog FAE BHYow
(p <0.05), BiF 247 7ol = oFAE H7Fe BE vfA] o)A

ME W S nphimuriume] S2o] 23 ¥ sl 90%

Log CFU

Incubation time (h)

Fig. 1. The effects of sodium chlorate, sodium azide, sodium cya-
nide and sodium salts mixture containing sodium chlorate, sodium
azide, and sodium cyanide on intracellular replication of S. typh-
imurium in macrophages. M, control; A, the group treated with
0.1 mM sodium azide; @, the group treated with 0.1 mM sodium
cyanide; ¥, the group treated with 15 mM sodium chlorate; 4 , the
group treated with sodium salts mixture (15 mM sodium chlorate,
0.1 mM sodium cyanide, 0.1 mM sodium azide). At different
times of incubation 4, 8, 16 and 24 h, RAW 264.7 cells infected
with S. fyphimurium were lysed, and the numbers of viable bacte-
ria were monitored. Intracellular replication efficiency was evalu-
ated by Log,,CFU. Data are the averages of the three experiments,
and error bars represent the standard deviations. Statistically sig-
nificant differences with untreated value are indicated by asterisks
(*, p <0.05; **, p < 0.01).
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AA == 235 ETh

Brian 5% E. coli DH,, 778
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Fig. 2. Therapeutic effects of a sodium salts mixture containing
sodium chlorate, sodium azide and sodium cyanide for murine
salmonellosis. Mortality was observed daily for 12 days postin-
fection. W, control group treated with water (n=10); @, group |
treated with sodium chlorate (1.6 g/LL water, n = 10); A, group II
treated with a combination of sodium chlorate (1.6 g/L), sodium
azide (19.5 mg/L) and sodium cyanide (14.7 mg/L) (n = 10).

S. fyphimurium Ztg Of2Aof L9t X|2 1}
Fig. 22 w20 S nphimuriums 574 HE23 %,

sodium chlorate®} £-§}A(sodium chlorate + sodium azide +
sodium cyanideyg 717} 52 F98 & S nphimurium
of ek AZaHRE AAYE pRe-so] AEEE ekl A
olr},

TR tixdle 249 3 4UANE vRe-so) FAlrt
LEfL7] AlEske] 9dA] 2% HAYE19. 27 | sodium chlorate
5 285 1L 16gS 3H7Iste] Folgh AgF e
S. yphimuriums FAAZ § SUAFE HAPE A5t

Z 7F st AEE 30%E YER
Aok REHol, 2-89 119 sodium chlorate, sodium azide,

2] 3 sodium cyanide® 77+ 1.6 g (15 mM), 19.5 mg (0.1
mM), 147 mg (0.1 mM) 7Fste] Foigh AdT [1e4]
=, S tphimuriume FAAZ - 6UAFE HA7E gy
stod ARER A7 entel vt AESES 60%2] = AE
& BHch

Jung 50 ol BFFEES S nphimuriumdl] Z+GH
BALB/c w20l 4mg¥ 129 B9k B4 Foislo] npo-
Z=o] AEEo] 30%A okl BBE T Anton 5L S
nyphimurivme ZYEAZ] CF-1 vF9-220 ampicillin, cefiriaxone,
Z12]5 moxalactam YA E 2t FEE R 35 gA7F
AR08 33]o AXA] Fstel Fodste] S yphimurium 7
AEoll NP AFZEIS Blaiet 2 A3 ampicilling
64 mg/kg body weight® Foigh el A= sUA| o 60% A3
EE&E eI, cefiriaxone 1 mg/kg body weight®
ok M= 12479 60% BEE-S 199 moxalactam
5 16 mg/kg body weightZ F8F oA 5ol 20%
AEEE YERAT A B sk}
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B Aol A, sodium chlorate® -84 1L 1.6g2 3
7Fete] gojst A 13 584 1Le sodium chlorate,
sodium azide, 22|13 sodium cyanideZ 27} 1.6 g (15 mM),
19.5 mg (0.1 mM), 14.7 mg (0.1 mM)Y& E7lele] Foist A
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5 YERIAL, AEEEU U] A9 13 AdT
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0021247).

A= A Wl 1A S sphimuriume] A3 W)
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