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Single Oral Dose Toxicity Test and Four Weeks Repeated Oral
Dose Determination Test of Crude Antifungal Compounds Produced by
Bacillus subtilis SN7 in Rats

Hae—Choon Chang - Sang-Bum Koh" - Jae-Joon Lee "
Dept. of Food and Nutrition, Chosun University, Gwangju, Korea

Korea Testing & Research Institute, Health Care Research Laboratory, Hwasun, Korea?

ABSTRACT

To provide information on the safety of crude antifungal compounds produced by Bacillus
subtilus SN7 isolated from Meju, we carried out an acute (single) oral dose toxicity test and
4 week repeated oral dose determination test on crude antifungal compounds in male and female
Sprague Dawley rats. In the acute toxicity test, rats were treated with crude antifungal compounds
produced by Bacillus subtilus SNT orally at increasing dose levels (500, 1,000, and 2,000 mg/kg)
and observed for 2 weeks. In the repeated—dose 28—day oral dose determination study, rats were
orally administered doses of 500, 1,000, and 2,000 mg/kg daily for 4 weeks. There were no
test article—related deaths or abnormal clinical signs in the two studies. In the 4 week repeated
oral dose determination test, there were also no significant differences in clinical signs, body and
organ weight changes, or any other hematological and biochemical parameters between the control
and treated groups. The results suggest that the crude antifungal compounds produced by Bacillus
subtilus SNT up to a dosage level of 2,000 mg/kg are not toxic in male and female rats.

Key words: Bacillus subtilus SN, crude antifungal compounds, acute toxicity, safety, 4 week
repeated dose determination, safety
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Table 1. Mortality and clinical signs in male and
female rats treated orally with crude
antifungal compounds produced by Bacillus
subtilis SN7 for 2 weeks

Dose

Sex (mg/kg BW.) Mortality ~ Clinical signs
0 0% (0/5) NADY
500 0% (0/5) NAD
Male
1000 0% (0/5) NAD
2000 0% (0/5) NAD
0 0% (0/5) NAD
500 0% (0/5) NAD
Female
1000 0% (0/5) NAD
2000 0% (0/5) NAD

Y NAD: No Abnormality Detected.
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Table 2. Body weight changes in male and female rats treated orally with crude antifungal
compounds produced by Bacillus subtilis SN7 for 2 weeks

s Dose Days after administration (g)
X
(mg/kg B.W.) 0 7 14
0 176.4 + 440N 2672 £ 9.3 3149 + 13.1
vl 500 176.6 + 5.1 2589 + 169 299.1 + 294
ae 1000 1742 + 49 2584 + 11.5 3022 + 145
2000 1731 + 70 2600 + 6.6 3031 + 122
0 1372 + 62 190.1 + 104 2014 + 150
- 500 1403 + 5.1 1913 + 7.1 2104 + 9.1
emae 1000 1415 + 76 1944 + 172 217.0 + 20.5
2000 1392 + 59 1960 + 52 2047 + 43

Y Values are expressed as means + SD (n=5)
2 NS: not significantly different among groups.

Table 3. Body weight changes in male and female rats treated orally with crude antifungal
compounds produced by Bacillus subtilis SN7 for 4 weeks

Sex Dose Days after administration (g)
(mg/kg) 1 2 3 4
0 262.6 + 1232 3222 + 189 368.7 £ 25.2 402.6 + 27.1
Male 500 268.8 + 12.4 330.4 £ 21.5 3743 + 32.2 404.0 £ 35.8
1000 263.0 £ 12.3 318.8 £ 20.6 356.4 + 24.6 378.8 + 244
2000 2658 £ 13.1 3259 + 268 371.8 + 37.7 404.2 £ 453
0 1783 + 17.5 206.7 + 15.5 226.3 + 16.2 238.1 + 135
Female 500 179.7 + 11.4 205.7 + 15.0 230.0 £ 174 240.7 + 16.4
1000 184.1 =+ 9.5 2117 £ 175 2346 £ 21.0 245.8 + 24.5
2000 1756 £ 9.2 2054 + 7.7 2250 £ 69 236.4 + 10.2

Y Values are expressed as means + SD (n=5)
2 NS: not significantly different among groups.

Table 4. Food consumption in male and female rats treated orally with crude antifungal compounds
produced by Bacillus subtilis SN7 for 4 weeks

Dose Week after administration (mL)
Sex
(mg/kg) 8 15 22 28
0 2068 + 06170 3062 + 0.06 36.76 + 2.61 3652 + 3.72
ke 500 47.06 + 13.25 3036 + 0.33 37.10 + 3.93 34.16 + 2.27
1000 3040 + 1.00 30.16 + 0.33 3434 + 026 31.20 + 027
2000 3052 = 0.94 30.66 + 0.65 38.10 + 429 35.02 + 3.04
0 2326 + 163 2120 + 1.00 2750 + 0.59 216 + 246
1 500 2144 + 090 2148 + 207 2604 + 1.10 2126 + 037
Female 1000 2440 £ 0.68 20.84 + 2.25 2480 + 215 28.80 + 1,647
2000 2154 + 051 270 + 123 2644 + 0.15 2042 + 1.94

Y Values are expressed as means + SD (n=5).
2 NS: not significantly different among groups.
¥ Statistically significant from control ('p<0.03).
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Table 5. Necropsy findingsin male and female
rats treated orally with crude antifungal
compounds produced by Bacillus subtilis
SN7 for 4 weeks

Dose Necropsy finding
Sex

(mg/kg B.W.) Extrenal Internal

0 NADY NAD

500 NAD NAD
Male

1000 NAD NAD

2000 NAD NAD

0 NAD NAD

500 NAD NAD
Female

1000 NAD NAD

2000 NAD NAD

Y NAD: No Abnormality Detected.
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Table 6. Organ weights of male and female rats treated orally with crude antifungal compounds
produced by Bacillus subtilis SN7 for 4 weeks

Dose(mg/kg)
Sex Organs
0 500 1000 2000
Liver (g) 1093 + 0.68"™2 1096 + 1.40 10.38 + 1.02 10.80 + 2.11
Kidney (g) 298 + 0.34 297 + 043 279 £ 0.26 289 + 032
Spleen (g) 0.74 £ 0.11 0.78 + 0.08 0.68 =+ 0.07 0.69 + 0.14
Adrenal gland (g) 0.068 + 0.008 0.081 = 0.016 0.066 = 0.010 0.070 £ 0.011
Testis (g) 290 + 0.19 3.01 + 0.16 299 + 022 3.15 + 0.30
Male  Brain (g) 2.06 =+ 0.08 2.10 £ 0.05 202 + 0.07 205 £ 0.10
Heart (g) 1.28 + 0.07 1.32 + 017 1.25 + 0.04 1.31 + 0.08
Lung (g) 146 + 0.12 1.56 + 0.27 148 £ 025 1.52 £ 0.13
Thymus (g) 0.53 £ 0.12 0.61 + 0.10 0.52 + 0.07 0.55 + 0.10
Prostate (g) 0.57 £ 0.08 0.61 =+ 0.09 0.58 =+ 0.15 0.56 + 0.09
Epididymis (g) 1.00 £ 0.09 1.09 <+ 0.09 1.08 £ 0.09 1.07 £ 0.05
Liver (g) 6.58 + 0.84 6.61 + 0.76 724 £ 0.71 6.27 + 043
Kidney (g) 1.81 £ 0.19 1.79 £ 0.21 1.88 £ 0.16 1.80 £ 0.23
Spleen (g) 0.46 £ 0.06 0.53 + 0.08 052 + 0.14 0.46 =+ 0.05
Adrenal gland (g) 0.092 + 0.012 0.102 + 0.019 0.098 + 0.012 0.087 = 0.015
Ovary (g) 0.137 + 0.027 0.135 = 0.022 0.142 £ 0.021 0.124 £+ 0.015
Female Brain (g) 1.92 + 0.04 1.87 + 0.06 1.97 £ 0.10 191 + 0.06
Heart (g) 0.83 £ 0.07 0.84 + 0.07 089 + 0.12 0.82 + 0.03
Lung (g) 1.20 £ 0.13 1.21 + 0.11 1.28 + 0.20 1.15 + 0.10
Thymus (g) 0.51 £ 0.11 0.57 + 0.07 0.57 £ 0.12 052 + 0.11
Uterus (g) 0.60 £ 0.13 0.58 + 0.25 0.63 + 0.15 0.55 + 0.17

Y Values are expressed as means + SD (n=5).
2 NS: not significantly different among groups.
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Table 7. Relative organ weights ofmale and female rats treated orally with crude antifungal compounds
produced by Bacillus subtilis SN7 for 4 weeks

Dose(mg/kg)
Sex Organs
0 500 1000 2000

Body weight (g) 3732 £+ 262 3752  + 329 3548 + 25.2 375.7 £ 40.2
Liver (%) 293 £ 005”2 291 + 0.8 292 + 015 285 + 026
Kidney (%) 0.80 + 0.04 0.79 + 0.06 0.79 + 0.04 0.77 + 0.02
Spleen (%) 020 + 0.02 021 = 0.01 0.19 + 0.01 0.18 + 0.02
Adrenal gland (%) 0.018 £ 0.002 0.022 + 0.003 0.019 £ 0.004 0.019 £ 0.003
Testis (%) 0.78 + 0.05 081 + 0.08 0.85 + 0.10 0.84 + 0.09

Ml Brain (%) 055 + 0.03 0.56 = 0.04 0.57 + 0.02 0.55 + 0.08
Heart (%) 034 + 0.02 041 + 0.03 035 + 0.03 035 + 003
Lung (%) 039 + 0.03 156 + 0.27 041 = 0.04 041 + 001
Thymus (%) 0.14 + 0.04 0.16 = 0.02 0.15 + 0.01 0.15 + 001
Prostate (%) 0.15 + 0.02 0.16 = 0.02 0.16 + 0.04 0.15 + 003
Epididymis (%) 027 + 0.03 029 + 0.02 0.31 + 0.03 029 + 0.03
Body weight (g) 2187  + 157 2226 * 167 2257 227 2164 + 10.2
Liver (%) 300 + 020 297 + 015 321 = 0.16 290 + 0.11
Kidney (%) 083 + 0.07 0.80 + 0.06 0.83 + 0.05 0.83 + 0.08
Spleen (%) 021 + 0.02 024 + 003 0.23 + 0.05 021 + 0.02
Adrenal gland (%) 0.042 = 0.005 0.046 + 0.009 0.044 = 0.005 0.040 £ 0.007

Female Ovary (%) 0.062 £ 0.009 0.061 + 0.013 0.063 £ 0.009 0.057 £ 0.007
Brain (%) 0.88 + 0.05 0.84 + 0.8 0.88 + 0.05 0.89 + 0.04
Heart (%) 038 + 0.02 038 + 0.04 040 = 0.02 0.38 + 0.01
Lung (%) 055 + 0.03 0.54 + 0.02 0.56 + 0.05 0.53 + 0.04
Thymus (%) 023 + 0.04 0.26 + 0.03 0.25 + 0.03 0.24 + 0.05
Uterus (%) 028 + 0.04 0.26 + 0.09 0.28 + 0.07 0.25 + 0.07

Y Values are expressed as means + SD (n=5).
2 NS: not significantly different among groups.
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Table 8. Hematology of male and female rats treated orally crude antifungal compounds produced
by Bacillus subtilis SN7 for 4 weeks

Dose(mg/kg)
Sex Parameters
500 1000 2000

WBC (10°/uL) 555 + 14392 506 + 122 462 = 054 411 £ 1.08
RBC (10%/uL) 720 = 0.21 749 £ 041 749 £ 0.38 737 £ 033
Hb (g/dL) 141 + 03 144 + 05 149 + 06 145 + 08
Het (%) 414 £ 1.0 421 £ 1.2 436 + 1.6 425 £ 20
MCV(fL) 5715 £ 19 564 + 24 582 + 26 576 + 16
MCH (pg) 197 £ 06 193 + 09 199 + 10 197 £ 0.7
MCHC (g/dL) 342 £+ 03 342 £+ 03 342 + 03 342 + 08

Male Reticulocytes (%) 301 + 0.39 2.68 £ 0.27 246 £ 0.16 270 £ 0.63
Platelets (10*/ul) 936 + 71 1058 =+ 94 962 + 67 1007 £ 146
PT (sec) 129 + 1.1 124 £+ 05 127 £ 03 124 + 03
APTT (sec) 170 + 4.0 150 = 24 157 £ 20 149 + 23
Neutrophils (%) 162 + 6.8 123 + 64 171 £ 33 133 + 41
Eosinophils (%) 1.6 =+ 07 1.2 £+ 03 1.7 £ 06 1.3 £ 05
Basophils (%) 02 =+ 0.1 02 = 0.1 0.1 = 0.1 0.1 = 0.1
Lymphocytes (%) 791 + 74 839 * 69 779 + 35 823 + 39
Monocytes (%) 20 + 05 1.6 = 0.6 21 £ 08 1.8 £ 02
WBC (10%/uL) 375 + 1.52 485 + 0.87 540 £ 271 507 £ 1.02
RBC (10%/uL) 775 + 0.35 755 £ 0.37 7.63 £ 0.31 791 £ 0.24
Hb (g/dL) 151 + 04 150 £ 06 154 + 04 154 + 03
Het (%) 430 £ 1.3 426 + 20 437 + 1.0 438 + 1.2
MCV (fL) 555 + 19 564 + 1.0 573 + 1.9 554 + 06
MCH (pg) 195 + 0.7 198 + 04 202 + 0.7 195 £ 03
MCHC (g/dL) 352 £+ 02 352 = 0.6 352 + 0.2 353 £ 05

Female Reticulocytes (%) 215 = 025 226 £ 0.63 249 £ 0.66 201 £ 036
Platelets (10*/uL) 1023 +135 957  £230 1060  +137 1116 £ 67
PT (sec) 130 + 03 133 + 1.0 127 + 04 131 + 05
APTT (sec) 168 £ 15 144 + 35 173 £ 0.7 16.7 £ 20
Neutrophils (%) 104 + 3.1 109 £+ 59 100 £ 3.2 87 + 17
Eosinophils (%) 1.8 £ 08 1.4 £+ 05 1.6 £ 05 12 £ 04
Basophils (%) 02 £ 0.1 0.1 = 0.1 02 + 0.1 0.1 £ 0.0
Lymphocytes (%) 83.8 + 49 843 + 56 842 + 37 862 + 1.6
Monocytes (%) 26 £ 1.3 21 £ 02 26 £ 04 24 + 04

Y Values are expressed as means + SD (n=5).
2 NS: not significantly different among groups.
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Table 9. Levels of serum biochemical indices in male and female rats treated orally with crude
antifungal compounds produced by Bacillus subtilis SN7 for 4 weeks
Dose(mg/kg)
Sex Parameters
0 500 1000 2000

ALP (U/L) 675 + 185 N2 690 £ 73 691 118 534 £ 76
AST (U/L) 111 + 26 114 £ 26 114 + 23 115 + 25
ALT(U/L) 33 + 3 30 £ 5 30 £ 5 29 £+ 1
GLU (mg/dL) 154 + 13 159 £ 17 151 £ 10 150 £ 23
BUN (mg/dL) 122 + 20 124 £+ 3.1 125 £ 19 133 £ 16
TC (mg/dL) 61 + 19 61 £ 15 52 £ 11 68 £ 10
TG (mg/dL) 24 + 11 26 £ 22 34 + 5 31 £ 13
TP (g/dL) 59 £ 02 58 £+ 0.1 57 £ 02 58 + 04

Male  Albumin (mg/dL) 38 + 0.1 38 + 0.0 38 =+ 0.1 38 + 0.1
A/G 1.8 £+ 0.1 19 £ 01 20 £ 0.1 19 + 01
T-BIL (mg/dL) 0.03 £ 0.02 0.02 £ 0.01 0.02 £ 0.02 0.02 £ 0.01
CREA (mg/dL) 04 + 0.1 05 £ 00 05 = 0.1 05 = 0.1
Ca (mg/dL) 9.0 + 03 89 + 04 80 + 04 82 + 06
IP (mg/dL) 78 + 0.8 74 + 1.0 75 + 04 73 + 0.6
Na (mmol/L) 1457 + 0.7 1466 + 09 1465 + 14 1459 + 1.2
K (mmol/L) 435 + 0.35 437 + 035 432 + 0.35 456 + 0.34
Cl (mmol/L) 106.7 £ 1.2 1068 + 1.5 1074 £+ 1.0 1064 + 0.9
ALP (U/L) 428 £+ 80 436 £ 83 448  + 88 388 £ 76
AST (U/L) 102 + 16 102 =+ 94  +26 92 £ 20
ALT (U/L) 21 £ 4 21 % 21 £ 1 22 £ 2
GLU (mg/dL) 121 + 14 124 + 18 132 +11 130 + 8
BUN (mg/dL) 152 £ 13 181 + 44 154 + 22 16.0 = 1.6
TC (mg/dL) 51 £ 7 43 £ 12 58 20 51 £ 10
TG (mg/dL) 14 +£ 5 13 + 7 14 +5 9 + 3
TP (g/dL) 59 + 0.2 60 + 02 6.1 + 0.1 60 + 0.1

Female Albumin (mg/dL) 39 £ 0.1 40 + 0.1 40 + 0.1 39 + 0.1
A/G 20 £ 0.1 20 = 0.1 1.9 =+ 01 19 £ 0.1
T-BIL (mg/dL) 0.03 + 0.01 0.03 + 0.02 0.04 £+ 0.01 0.03 =+ 0.02
CREA (mg/dL) 0.5 = 0.0 06 = 0.1 05 £+ 0.1 0.5 = 0.0
Ca (mg/dL) 86 + 06 88 + 06 88 + 0.6 86 £ 05
IP (mg/dL) 73 + 0.1 74 + 04 72 + 07 75 £ 03
Na (mmol/L) 1449 + 08 1441 + 12 1448 + 13 1443 + 04
K (mmol/L) 411 £ 0.22 405 £ 0.39 3.80 £ 0.07 404 £ 0.19
Cl (mmol/L) 105.1 £ 09 1047 + 1.3 106.1 + 1.3 1060 + 14

Y Values are expressed as means = SD (n=5).

2 NS: not significantly different among groups.



448 SrRA|GAt2 S nete|X| H273 3= 2016

Iv. aF 51 A&

wFolA Eelgt FddS 7FA|H, bacteriocin
S A& = Qe B osubtilis SN70) AakelE 28
At B i AAES S Hrkekaat sb

A AFoA AFEAS &3] ARt 47 v
BTe] &5 AAIES Akl =3I
, 82500, 1,000 H 2,000 mg/kg) S

=
Ao 457 X]—ini" Sthalo, el
IFHsls ot 23 5 471e) 8914 27, &
NERedn) 9 @m%—%w, Hoisha] o Holaysiel

2 AN = Al E

ﬂ

sh= 2T B FE AAES @3 AT
2 47 Nk AR 87 A o3k =4
7 Al =/38HAQ) Wt B EA] efgtoH, A%

E4E AAEHAY £ A= o|F
135 Aol o] & 4R 27 A==

<= AolH, 135 FHEFo] SAAR0A
T 8% 2,000 mg/kge] k= Aol kst
oo Alg "o}, &8 B subtilis SN70] ArkelE &
R o] BE AAES o] 2FddA AR
EAARA &8 F Qs FEREER

References

Chang HC, Koh SB, Lee JJ(2015) Oral toxicity of crude
antifungal compounds produced by Lactobacillus
plantarum AF1 and Lactobacillus plantarum HDI1,
Korean ] Community Living Sci 26(3), 511-522

Cleveland J, Montcile TJ, Nes IF, Chikindas ML(2001)
Bateriocins; safe, natural antimicrobials for food
preservation, Int J Food Microb 71(1), 1-20

Friedman CR, Neiemann J, Wegenr HC, Tauxe RV(2000)
Epidemiology of Campylobacter jejuni infections in
the United States and other industrialized nations,
Campylobacter 2(6), 121-138

Fuller R(1989) Probiotics in man and animal. Bacteriol
66(5), 265-378

Kang BH, Kim YB, Lee HS, Kim YH, Im WJ, Ha CS(2004)
Background data on hematology, blood biochemistry
and organ weights for 2 weeks and 4 weeks
repeated-dose toxicity studies using Sprague-Dawley
(SD) rats, Korean J Lab Ani Sci 20(2), 134-140

KFDA(2009a) Good laboratory practice regulation for
non-clinical laboratory studies, Korea, ppl-74

KFDA(2009b) Guidelines for toxicity tests of drugs and
related materials notification, Korea, ppl-5

Kim BS, Thee CH, Hong YA, Woo Ch, Jang CM, Kim YB,
Park HD(2007) Changes of enzyme activity and
physiological functionality of traditional doenjang
during fermentation using Bacilus Sp. SP-KSW3.
Korean J Food Preserv 14(5), 545-551

Kim KH, Jeong CH, Joo SJ, Park JH, Moon JY, Cho EJ,
Lee HT, Kwon HJ, Kim BW, Eom SH, Lee EW(2015)
Single dose oral toxicity of Baciluus subtilis JNS in
ICR mice, J Korean Soc Food Sci Nutr 44(1), 24-28

Lee H, Lee MY, Chang HC, Lee ]JJ(2013) Repeated-dose
oral toxicity study of crude antifungal compounds
produced by Lactobacillus plantarum AF1 in rats.
Korean J Food Preserv 20(3), 394-403

Lee HD, Lee CH, Lee GG(2003) Changes in sensory
characteristics during salt aging of doenjang(fermented
soybean paste) made by different starters, Food Engin
Prog 7(1), 13-19

Lee JY, Shim JM, Liu X, Yao Z, Lee KW, Cho KM, Kim
GM, Shin JH, Kim JS, Kim JH(2016) Inhibition of
Bacillus cereus in Cheonggukjang fermented with
Bacillus starters with antimicrobial activities, ] Korean
Soc Food Sci Nutr 45(5), 736-745

Lee SG(2014) Isolation and characterization of Baciluus
subtilis harboring anti-Baciluus cereus activity from
Meju and purification of its antimicrobial compound.
MS Dissertation, Chosun university

Lee SG, Han KS, Jeong SG, Oh MH, Jang AR, Kim DH,
Bae IH, Ham JS (2010) A study on the sensory
characteristic of yogurt and antimicrobial activity of
Lactobacillus plantarum LHC52 isolated form kimchi,



Bacillus subtilis SN70| 445t Rad & ©3

Korean ] Food Sci Ani Resour 30(2), 328-335

Lim JH, Park BK, Kim MS, Rhee MH, Park SC, Yun
HI(2004) Acute oral toxicity and pathogenicity of a
potential probiotic Bacillus sp. A9184 isolated from
soybean paste. J Toxicol Pub Health 20(4), 359-363

Lorke DA(1983) A new approach to practical acute toxicity
testing. Arch Toxicol 54(4), 275-287

Organization for Economic Cooperation and Development
(OECD)(2001) OECD Guideline for the Testing of
Chemicals, Acute Oral Toxicity; Up-down-Procedure
(UDP). p425

Schallmey M, Singh A, Ward OP(2004) Development in
the use of Bacillus speecies for industrial production.
Can ] Microbiol 50(1), 1-17

Jn
0x
=
oo
p

4% Bi= ZATE0] 8Y AY AIF 449

Schoeni JL, Wong AC(2005) Bacillus cereus food poisoning
and its toxins, J Food Protect 68(3), 636-648

Sharp RJ, Scawen MD, Atkinson T(1989) Fermentation and
downstream processing of Baciluus,
Handbooks 2, 255-292

Stenfors Arnesen LP, Fagerlund A, Granum PE(2008) From
soil to gut: Bacillus cereus and its food poisoning
toxins, FEMS Microbiol Rev 32(4), 579-606

Tagg JR, Dajani AS, Wannamaker LW(1976) Bactericoins
of gram-positive bacteria, Bacteriol Rev 40(3), 722-756

Wolford ST, Schroer RA, Cohs FX(1986) Reference range
data base for serum chemistry and hematology values
in laboratory animals. J Tox Env Health 18(2), 161-188

Biotechnol





