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Abstract

This study was performed to investigate the four-week repeated-dose toxicity of the crude antifungal compounds
produced by Lactobacillus plantarum AF1 (Lb. plantarum AF1), a lactic acid bacterium isolated from kimchi, in
male and female rats. Sprague-Dawley male and female rats were divided into four groups, with 10 animals in
each group. The test article was administered once daily by gavage to rats at dosage levels of 0, 500, 1,000, and
2,000 mg/kg/day for four weeks. There were no test-article-related deaths or abnormal clinical signs in both the
male and female rats during the observation period. Furthermore, no differences in the body weight changes, food
intake and water consumption levels of the control and treatment groups were found. The hematological parameters,
serum biochemical analysis results, histopathological examination results and all other findings also showed no
significant or dose-dependent changes. There were also no changes in the organ weights upon the administration
of the crude antifungal compounds produced by Lb. plantarum AF1. These results suggest that the oral administration
of the crude antifungal compounds produced by Lb. plantarum AF1 had no adverse effects up to a dosage level

of 2,000 mg/kg in both male and female rats.
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Table 1. Mortality of male and female SD rats treated orally with
crude antifungal compounds produced by Lb. plantarum AF1 for
28 days

Dose No. of Days after treatment Final
Sex . .
(mgkg) animal ) 7 4 21 28 end mortality
0 10 010" 10 010 0o/10 010 TS /10
il 500 10 010 10 OI0 10 Q10 TS 010
ale
000 10 010 O10 010 010 010 TS /10
2000 10 010 010 0/10 o0 010 TS 0/10
0 10 010 010 010 o0 010 TS /10
500 10 010 10 010 /10 10 TS 010
Female

000 10  0/10 O/10 0/10 010 010 TS /10
2000 10 010 O10 0/10 010 010 TS /10

DValues are expressed as the numbers of dead animalsjtotal numbers of animals
PT.S: terminal sacrifice.

Table 2. Clinical signs of male and female SD rats treated orally
with crude antifungal compounds produced by Lb. plantarum
AF1 for 28 days

Sex Dose Clinical Days after treatment
(mgfkg)  signs 0 7 14 2 28
0 NAD” @10 Q10 10 10 /10
500 NAD Q10 Q10 Q10 10 /10

Male
1,000 NAD 0/10 0/10 010 010 010
2,000 NAD 010 010 010 010 /10
0 NAD /10 00 010 010 010
500 NAD 010 010 010 010 /10
Female

1,000 NAD 10 o0 010 10 010
2,000 NAD 10 010 010 10 010

"NAD : no abnormalities detected.
PValues are expressed as number of animals with the sign/number of animals examined.

o= BF A AN ERAA FaktQ) b plantarum
AF10] Aaet 2305 B4 B GAES s HE
gate] 433 AT 54 & AT Wk AARAAT 2
FRAHTFS 4B AvE Table 3, 4 2 59 2t) A8
A 712+ F AF2] W3} Table 39149} 7o) ok 8
EE g27Y AgE2 A(500 mgkg/day), (1,000
mg/kg/day) B 11(2,000 mg/kg/day) -&-F T Kol A
Folg vkt Al wshke HEEA] Gk g A EEE
FALEZREH Al T8 A7HA] 23 AdEd T
25 AR 71zke]l AAgel whet AR A S
HEE A AAR AT A FHAFE Table 49} 50014
9} o] A|F7|7r Bt b BF AP EE Tty R
T 7l 94 e ¥ske UERA] Yol AlsEd Fo
2 AEAAAF 2 FEAAHE FI4 e S HAA
NE Aow FordEh

AR FAHTFQ) Lb. plantarum AF10] A2t
A BE GAES A(500 mgkg/day), T
(1,000 mg/kg/day) 2 T(2,000 mg/ke/day) &0 2 %
Z}zre] HF A 4531 §HE Fo] & 38 A7)l vX=
QEFs St A Ar|FAL wsE B8l S A7
= Table 63} 73 2tk EARRE A3} 2E 7HA| 2] 70l A
o e Wsht AIFEZ Y Fo= Qg 85 o&FQ
ol vhel AL HAL RFEEA @tk 7] FAC] 7
- X(brain), H|(lung), 1L 8H(testis), ‘T4~ (ovary), -5 A%
(kidney), 417 (heart), 3|"g(spleen) 3 FH(liver)®] FAl= &
T2 AF BT A 524 Fod o3 2po|rt WA
okal, Fof & oEZQl o) WslE FEEA] itk
ok A 3F 9 #Ho FAZE 32,000 mg/kg/day) &7F
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Table 3. Body weight changes of male and female SD rats treated orally with crude antifungal compounds produced by Lb. plantarum

AF1 for 28 days
Body weight (g)
Sex (Iggieg) Days after treatment
0 7 14 21 28

0 107.01:£11.01"™ 13842£11.43" 19338£11.07"° 24527+10.58™ 292.45:9.66"°

e 500 109.53+12.03 142.7249.58 2012641322 251.22+8.67 294.77+14.74
1,000 109.4149.78 140.60£12.17 199.17+9.88 248.34+10.64 29047+12.63

2,000 108.7549.02 141.45+14.35 197.45+8.66 249.58+12.22 290.88+10.89
0 9241632 121.44£1037" 145.2347.69™ 176.7545.45" 209.256.55"

Foe 500 91.52+4.01 120.866.38 143.75:8.53 177.33£8.53 208.22+8.86
1,000 92.63£9.43 116.74+6.23 14595952 17144+9.68 207.556.98

2,000 92.7547.67 117.28+9.63 143.36+7.86 172.98+8.36 20647836

Values are expressed as meansiS.E. (n=10).
PNS: ot significantly different among groups.

Table 4. Daily food consumption of male and female SD rats
treated orally with crude antifungal compounds produced by Lb.
plantarum AF1 for 28 days

Food consumption (g/day/rat)

Sex (n?;/ieg) Days after treatment
7 14 21 28
0 1836+2.84™ 21724365 27254247 31.14:237
il 500 17.36+357 23354377 25664378 28324367
c
1000 16224358 22474267 2627+355  29.14+2.34
2000 1624#364  2166:2.33 24584335  26.34%2.85
0 14247193 14844199 18774165 21714143
Fod 500 13684267 1325081 18.05+276  21.25+2.48
€ (¢
1000 13574207 1376%5.16 17.82+1.52 2020350
2000 1268:236  1428+1.58  17.96t327  20.01:091

Valu% are expressed as meanstS.E. (n=10).
ANS: not significantly different among groups.

Table 5. Daily water consumption of male and female SD rats
treated orally with crude antifungal compounds produced by Lb.
plantarum AF1 for 28 days

Water consumption (mL/day/rat)

Sex (rlr?;slfg) Days after treatment
7 14 21 2
0 27724144™9 32122234 3836:4.48" 4357+434"
500 28398246  33.52£321 39253525 44324376
Male 1000 2771£185  33.684221 3963376 43.6515.15
2000 2756264 32458212 3875:451 4274%235
0 23.1743.14%  29.1122.80% 33.17:2.54" 37822433
- 500 24153434 28248306 34.53£312 3855153
1,000 24644335 2938+2.12 3222228 3646119
2000 2345412 29541324  3248:345 34551342

Valua are expressed as meansiS.E. (n=10).
ONS: not significantly different among groups.

Fofizo] fzzol vlste] AstEiRlort felke Ik
QJu} zjog,_ E/Ho] 9= %;‘go] AJHy} 5]1:!4 7}x1— n%x{
el sz akgo] Yot 7ol 71y 2 IFL F 4 e
tl@3D), 7He] FAE AHEA 7} 7 7ol o vkt Ajo]
o] Kolx] °}°}E} 01%91 A3} Lb. plantarum AF1°] A%k
& 23T =42 FE AAE FoAe A7) FA 9 wstel
BEFE 7IAA] °‘t Ao g Atgdr)

g

o ot rr - 12

ZaH 2L AIREAS TS d59 AR Axrd
3 % ﬂ%@?‘%@ 71E o83t 1é"4ﬁfj]ﬂ_‘T""F(WBC),
d7+(RBC), 4| 4=F(Hb), s|IPFEZZ EXHCT), &

& 47(red blood cells, RBC), H 23+ &% (MCV),
B AT HLFEMCH), BE AT L =
(MCHC), &4¥H(platelets), -2 & -4=(reticulocytes), 2.
Z“(neutrophils), & A+ (eosinophils), Z ¥ 7] (basophils),
7 (lymphocytes) 3 @3 F-(monocytes) ] WiE&S =
A%k A7, Table 8ollX 9} o] oF- BF tixw3 AHE
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T A ST 2] BT B4 H933)l &atlom,
| AT HolA] %L?}ﬂ'. An 5(32)2 FFAIQD W
= ARV EA 8317 95 47 RSN TS
AAS A7 18 T By S5, g 2 w3
T9 FE7F Fro|F o2 Frtete] W &Ado] Hloka
E_ﬂé 93\%13] B Ao e =7 gF e Ff Wy
9 el o] 79 312,000 mg/kg/day) &
5‘04%9] A5 izt Boh X171 o SRR o v 9
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oA Bi33)g MLk AR

2
°¥“a

4
il

o2



Repeated-dose oral toxicity study of crude antifungal compounds produced by Lacfobacillus plantarum AF1 in rats 399

Table 6. Gross findings of male and female SD rats treated orally with crude antifungal compounds produced by Lb. plantarum AF1

for 28 days
Sex Male Female

Dose (mgfkg) 0 500 1,000 2,000 0 500 1,000 2,000
Thyroid gland NGF” 10(100)” 10(100) 10(100) 10(100) 10(100) 10(100) 10(100) 10(100)
Brain NGF 10(100) 10(100) 10(100) 10(100) 10(100) 10(100) 10(100) 10(100)
Heart NGF 10(100) 10(100) 10(100) 10(100) 10(100) 10(100) 10(100) 10(100)
Liver NGF 10(100) 10(100) 10(100) 10(100) 10(100) 10(100) 10(100) 10(100)
Kidney NGF 10(100) 10(100) 10(100) 10(100) 10(100) 10(100) 10(100) 10(100)
Lung NGF 10(100) 10(100) 10(100) 10(100) 10(100) 10(100) 10(100) 10(100)
Spleen NGF 10(100) 10(100) 10(100) 10(100) 10(100) 10(100) 10(100) 10(100)
Adrenal gland NGF 10(100) 10(100) 10(100) 10(100) 10(100) 10(100) 10(100) 10(100)
Testis NGF 10(100) 10(100) 10(100) 10(100)
Ovary NGF 10(100) 10(100) 10(100) 10(100)
Thymus NGF 10(100) 10(100) 10(100) 10(100) 10(100) 10(100) 10(100) 10(100)

NGF: no gross finding.
alues are expressed as animal numbers (the percentage of animal numbers).

Table 7. Organ weights of male and female SD rats treated orally
with crude antifungal compounds produced by Lb. plantarum AF1
for 28 days

Sex Organs Dose (mg'kg)
©® 0 500 1,000 2,000
Brain 1960177 195+0.18  191+0.14  194+0.13
Lungs 1281023 131:033 1354034 1294027
Testis 2854052 290+057  2.86:062  2.88+0.68
Kidney-L — 1.17:0.62° 118068  120:058  121+048
Mal Y
c
KidneyR 118041  1.19:032 1194033 120061
Heart 090022 095:021  096+0.18  092+037
Spleen 068042 0612043  0.65:036  0.68+038
Liver 890:234"° 893334  891+44l 8924457
Brain 1631024 1.65:027 165031  1.66+0.34
Lungs 121064 L19:074 1212028  1.01£0.68
Ovary 0066001  0.065:001  0.0630.02  0.064+0.01
- Kidney-L ~ 089:025%  091:033  092:045  092:0.12
‘emale
Kidney-R 088022  092:018 093023 092031
Heart 075:0.14%  0760.16  077t0.17  0.76+0.13
Spleen 055022 0561029  057+028  0.56+0.26
Liver 6674368 659364 665348 6714362

?Valum are expressed as meanstS.E. (n=10).
ONS: not significantly different among groups.

il
e 2
i)

oy ooz RE st Yoz HE A AYs)
£ o]&3te] FAAYs}HA A2l dEpd
o}m| = 7| - 0] A (ALT), okufe} Ak opu| 7| Mol g4

(AST), &2 A Q14HE3] A (ALP), EE=F(GLU), &4
(BUN), & Z#2HZ(TC), A AZA(TG), F T A(TP),
e albumin) 2 FYo}E] U (CRE)S =743+ A3}, Table
9ol A e} o] ¢hF BE Tt il Blst AlY
4 5o 7|03 foA = A AsE st
AR ektom WZTH b plantarum AF10] 2§AFsE
AT B FE AR FAT BT A FXE Y
WAtk 7t 715 A% 42 SR P4 ASTS ALT 24
& HA|EL] Z=A Aol ZEA| S]] Aol 7} haiEte] ThM 7}
5o Ao o]5 F4 o] WEo] FrlE o] Ao
Z7Velth(34). 3 84 S ALPS §=A HA = 7F
A Fol 93l 1 Eo] FTHHAAE EAZ, F4 A
g, IAEF 2L HBAF0] S o) ThA| 1 3

b
o
o

i
-9,
2
N
%

i

N

>
2
=
1
o3
=
N
s
o
()
=
o
fru
ro,
o,
2
gl
oY

Y 2EHE o] AsHE Aoz dEA JTh3s). B
AT A7 A F ALT, AST 2 ALP 849 45 57
31F = ALT, AST % ALP o], &7l 3F+= ASTS}
ALP &/g0] & oJEH 02 AslEe oI oH f
2= AATE. XA 8 A Av= L plantarum AF1 15
£ AFd gk MEFo S4AE 194 o AYslst
2 AAA TS} FARIA T B AT A P AY3}etA
FAE 5 A W30l WazE &3 dadol
AAEH AFED FAZ g 545 eyt YehiA|

ke,

|8 ZE[HA

Lb. plantarum AF1°0] A4+ek 287 B4 22 A&

A



400 S A F A A58 2] #2038 A3Z (2013)

Table 8. Hematology of male and female SD rats treated orally
with crude antifungal compounds produced by Lb. plantarum AF1
for 28 days

Sex Parameters Dose (nghe
0 500 1,000 2,000
WBC (<I0L)  731:026™7 728069 736078  741:0.64
RBC (<10L)  749:096°  732£045  739:056  7.25:084
Hb (%) 15324246 1522£2.18 15284247 1526168
HCT (%) 47121536 41208574 47315582 47514569
MCV (L) 6208:632 62256638 62361457 6248532
MCH (pg) 21672236%  2180£2.68  2065:347 20714276
e MCHC (gdl)  3356:836" 34211764 3525:849 33614738
Platelets (<10°i) 9043617741 899367435 915.03£70.12 908.37:70.36
Reticulocytes (%)~ 3861051 395:056 3691053  3.65:0.72
Neuropils (%)~ 7.13:064°  725:069  7.05:072 793078
Eosinopils (%)~ 077:038"  076:042  076:031  0.80£0.24
Basophils (%) 095:032°  097:043  080:047 089039
Lymphocytes (%) 87.61£6.11"° 82676935 8569935  90.12:9.18
Monocytes (%) 099:007°  098:008  1.02:004  112:006
WBC (<I0uL)  666:087°  667:019 6716038 672024
RBC (xIOfL)  645:051™ 6461071 650036  649:0.68
Hb (%) 1335328° B33 12266223 13284481
HCT (%) 0514436 4048+425 43694471 42342318
MCV (L) 59462561 5768£5.18 5995547 60214532
MCH (pg) 1890261 19124263 2025274 19472276
i MCHC (gdl)  2944+457°  2858:581 3114567 30364618
Platelets (<1071L) 856.31:87.52"° 82935:69.36 891.74:66.68 884.20:6821
Reticulocytes (%)~ 283:026°  296:033  285:051 299043
Neumopils (%) 6861063  698:053 608057  6.81:0.64
Eosinopils (%) 061:029°  063:018  057:0.11  059:0.14
Basophils (%) 087:023°  080:0.13 0891022  0.84:041
Lymphocytes (%) 8521978 81361945 9095865  87.69:832
Monocytes (%) 096:009™  099:008  098:007  1.010.09
ZValu% are e*pr%sed as meanstS.E. (n=10).
NS: not significantly different among groups.
< Fog 23] 73 Ao Wty 24 A Aie
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Table 9. Levels of serum biochemical indices of male and female
SD rats treated orally with crude antifungal compounds produced
by Lb. plantarum AF1 for 28 days

Dose (m
Sex Parameters (mg/ke)
500 1,000 2,000
ALT (UL) B82U3B™ 3726336 3836+421 3275458
AST (UL) 15636+32.13" 1577642365 1586142475 1497443345
ALP (UL) 142254936% 145362170 139.28+9.50 135.48+15.65
GLU (mgdl)  11001£1563" 109231642 99472675 107.36£1685
il BUN (mgdl) 1507328 16591364 17461410  1832t435
(¥}
TC (mgidL) 7150859 69804775  7365£7.00 72714751
TG (mg/d) 99.36+1324  9034+13.59 88461248 96251440
TP (g/dL) 754£157° 7984136  7.08+136  869+138
Albumin (mg/dl) 4.11:0.185°  395:018  409:0.18  405:0.18
CRE (mgdl)  073:006°  075:008  069:009 071003
ALT (UL) 30544336° 35674354 35741318 3268476
AST (UL) 151.36:45.08" 155.24+42.12 14949+29.84 146473634
ALP (UL) 10021+1146™ 125.63+22.14 10428+1945 98.36+11.18
GLU (mgdl)  9336:1542% 897541515 92471536 93.64+15325
o BUN (mgdl)  1264:3025° 1146347 13268314 13244342
€male
TC (mgidL) 6945:604° 75324768  6265t632 71474672
TG (mg/dL) 863421023 79484735 803242118 85.19:9.41
TP (gidL) 731:102° 7474130 815107 864<L14
Albumin (ngidl) 3.69:023%  346:011 3112019  299:0.19
CRE mgdl)  036:002% 0412003  038:005  037:007

"Values are expressed as meanstS.E. (n=10).
ONS: not significantly different among groups.
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Fig. 1. Histopathological examinations of the liver of male and female SD rats treated orally with crude antifungal compounds produced

by Lb. plantarum AF1 for 28 days
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Fig. 2. Histopathological examinations of the kidney of male and female SD rats treated orally with crude antifungal compounds produced

by Lb. plantarum AF1 for 28 days
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