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Repeated-Dose Oral Toxicity Study of Lactobacillus Plantarum
AF1 Isolated from Kimchi in Rats

Jae-Joon Lee, Ah—-Ra Kim, Hae-Choon Chang, and Myung-Yul Lee’

Dept. of Food and Nutrition, Chosun University, Gwangju 501-759, Korea

Abstract

This study was performed to investigate the 4-week repeated—dose toxicity of Lactobacillus plantarum AF1
(Lb. plantarum AF1), a lactic acid bacteria 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, 0.5, 1.0, and 2.0 g/kg/day for 4-weeks. There were no test article-
related deaths or abnormal clinical signs in either gender of rat during the observation period. Furthermore, no
differences were found between the control and treatment groups in terms of body weight changes, food intake,
and water consumptions. Hematological parameters, serum biochemical analysis, and any other findings also
showed no significant or dose-dependent alterations. There were no alterations in organ weights upon admin-
istration of Lb. plantarum AF1. These results suggest that there were no adverse effects of oral application
of Lb. plantarum AF1 up to a dosage level of 2.0 g/kg in both male and female rats.
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Donohue 5 (16)0] fatite] FAZA AT wpg-2=9
22| AbFO] 6 g/kg ol deletal Bast A w9 bHE B
Aolgta 3}t Lb. acidophilus HNO17, Lb. rhamnosus
HNOO1 ¥ Bifidobacterium lactis HNO19 A3} Ab#S v}
oA 7L vl AR st Aug dASEE
#FEE A ok SRT7). B3 AXZHE BT
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T B e gRE d fdste] 42 ] dF-E EDTA
23 223k tubeoll Yol BA3I tFS 143 oluoll
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Japan)E ©]&-3le] & F S (red blood cells, RBC), 8%
2T 8] S (hematocrit, HCT), sl 222" 3% (hemoglo-
bin, Hb), H+ HEF &F(mean corpuscular volume,
MCV), 3 A&+
bin, MCH), B Z &3 24 FX(mean corpuscular he-
moglobin concentration, MCHC), & 2% (platelets), 833
4 (reticulocytes), & 8 F<4=(white blood cells, WBC),
% % (neutrophils), &2 (eosinophils), & ¥ 7] (baso-
phils), & 3ZF(lymphocytes) ¥ @317 (monocytes) 2] Bl &

2439,
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Table 1. Mortality of male and female SD rats treated orally with Lbh. plantarum AF1 for 28 days

Sex Dose No. of animal Days after treatment Final
(mg/kg) ’ 0 7 14 21 28 End mortality

0 10 0/10” 0/10 0/10 0/10 0/10 T.8” 0/10

Male 500 10 0/10 0/10 0/10 0/10 0/10 T.S 0/10
1,000 10 0/10 0/10 0/10 0/10 0/10 T.S 0/10

2,000 10 0/10 0/10 0/10 0/10 0/10 T.S 0/10

0 10 0/10 0/10 0/10 0/10 0/10 T.S 0/10

Female 500 10 0/10 0/10 0/10 0/10 0/10 T.S 0/10
1,000 10 0/10 0/10 0/10 0/10 0/10 T.S 0/10

2,000 10 0/10 0/10 0/10 0/10 0/10 T.S 0/10

DValues are expressed as the numbers of dead animals/total numbers of animals.

2 .. . . e
T S: terminal sacrifice.
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Table 2. Clinical signs of male and female SD rats treated orally with Lb. plantarum AF1 for 28 days
Dose - o Days after treatment
Sex (mg/ke) Clinical signs 0 - I 21 53
0 NAD" 0/10? 0/10 0/10 0/10 0/10
Male 500 NAD 0/10 0/10 0/10 0/10 0/10
1,000 NAD 0/10 0/10 0/10 0/10 0/10
2,000 NAD 0/10 0/10 0/10 0/10 0/10
0 NAD 0/10 0/10 0/10 0/10 0/10
Female 500 NAD 0/10 0/10 0/10 0/10 0/10
1,000 NAD 0/10 0/10 0/10 0/10 0/10
2,000 NAD 0/10 0/10 0/10 0/10 0/10
YNAD: no abnormalities detected.
PValues are expressed as number of animals with the sign/number of animals examined.
Table 3. Body weight changes of male and female SD rats treated orally with Lb. plantarum AF1 for 28 days
D Body weight (g)
Sex (m O/S; ) Days after treatment
758 0 7 14 21 28
0 111.1442.99"™2 151344553 203.81+14.39™° 252.89+12.58"° 307.82+11.28™
Male 500 111.81+3.08 153.77+3.83 209.60+9.25 258.21+19.76 315.91+15.71
1,000 110.28+1.81 154.80+£2.18 207.074+9.08 249.004+8.46 312.504+12.82
2,000 111.4943.02 147.91+£5.25 206.40+5.62 258.454+16.72 308.13+13.76
0 96.71+2.66™° 121.62414.32"° 154.0649.39™° 192.42+16.30™° 221.82415.75"°
Fermal 500 96.65+4.15 124.14+£7.08 157.92+7.50 199.20+15.52 230.07+13.87
emaie 1,000 95.9242.47 116.23+14.27 159.80+13.54 192.14+12.66 225.61+18.69
2,000 95.9941.53 119.81+4.05 155.71+£8.72 199.42+10.71 229.254+11.94
DValues are expressed as means+SE (n=10). ?NS: not significantly different among groups.
37 2o A AP 77 Bt AT Hele o F BF Ho = ®T}
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Table 4. Daily food consumption of male and female SD rats treated orally with Lb. plantarum AF1 for 28 days

Food consumption (g/day/rat)

Sex (nlq)go/skeg) Days after treatment
7 14 21 28
0 15.3244.29VN52 20.4741.99%° 25.2642.14% 29.3242.79™°
Male 500 15.09+2.01 21.4242.78 24.91+3.65 28.14+3.74
1,000 17.09+2.13 20.14+1.45 26.17+1.78 29.17+1.99
2,000 15.43+1.79 19.81+1.88 24.12+2.33 28.90+3.74
0 13.4242.44N 14.20+1.99™ 19.97+3.01™ 23.01+2.13%
Female 500 13.09+3.64 14.08+3.01 18.34+2.46 22.39+3.41
1,000 12.5242.49 13.61+4.16 18.02+1.18 22.1045.01
2,000 13.64+4.29 13.08+2.08 17.96+4.57 21.38+4.11

DValues are expressed as means+SE (n=10). INS: not significantly different among groups.

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

Water consumption (mL/day/rat)

Dose
Sex Days after treatment
(mg/kg) - 11 o1 8
0 26224321 33.7843.26™° 41.3342.14% 45.2042.14°
Mal 500 27.00+3.66 35.0245.01 40.65+3.12 47.31+8.84
ae 1,000 26.23+5.01 36.48+9.18 43.26+9.95 46.01+6.28
2,000 25.63+2.29 35.23+8.42 42.09+3.21 48.11+5.97
0 21.28+2.19% 29.2042.01%° 42.01+2.15% 46.33+5.23
Formal 500 23.09+2.36 28.69+5.04 42.64+4.01 47.43+6.78
cmale 1,000 23.21+2.26 30.51+9.02 41.08+1.98 4821+5.47
2,000 26.23+4.33 32.3645.21 43.4542.49 49.97+6.28

DValues are expressed as means+SE (n=10). ?NS: not significantly different among groups.

Table 6. Gross findings of male and female SD rats treated orally with Lb. plantarum AF1 for 28 days

D (me/kg) Male Female

0S¢ TmesKs 0 500 1,000 2,000 0 500 1,000 2,000
Thyroid gland NGF" 1001007 101000 10(100)  10(100) 1001000 10(100)  10(100)  10(100)
Brain NGF 1001000 10(100)  10(100)  10(100) 1001000 10(100) 101000 10(100)
Heart NGF 1001000 10(100)  10(100)  10(100) 1001000 10(100)  10(100)  10(100)
Liver NGF 1001000 10(100)  10(100)  10(100) 1001000 10100)  10(100)  10(100)
Kidney NGF 1001000 10(100)  10(100)  10(100) 1001000 10(100)  10(100)  10(100)
Lung NGF 1001000 10(100)  10(100)  10(100) 1001000 10(100)  10(100)  10(100)
Spleen NGF 1001000 10(100)  10(100)  10(100) 1001000 10100)  10(100)  10(100)
Adrenal gland NGF 1001000 10(100)  10(100)  10(100) 1001000 10100)  10(100)  10(100)
Testes NGF 1001000 10(100)  10(100)  10(100)
Ovary NGF 1001000 10(100)  10(100)  10(100)
Thymus NGF 1001000 10(100)  10(100)  10(100) 1001000 10(100)  10(100)  10(100)

UNGF: no gross finding. DValues are expressed as animal numbers (the percentage of animal numbers).

2 F J=u(@2R), 7t FAE AHEYE 7+ 7 1o F9F
kel zpolH o] Holx| gkt vl FA= 44 3FH B
T 3(2,000 mg/kg/day) €O ®2 B3 BL Z71EH o
U frofabe A ggew g v FA ] HY Wl &
StAth ol tE Avle FA S &8 uiFe £A FUte
AA & o]l EAE vHE BT o £3] Yeue &0 F,

HZ EAY] F7le 2318 W7 &3 FHo
Aoz F2313 JYH29). webA Lb. plantarum AF1 5
= A7 FA L sl FEFS AR Ee ALE AlgHT

M2
rr

= OH%_!-X-I I7:-IIA |._/‘\_7I_1

B % W7 24712 o3l MPTRWEC), 487

F(RBO), A4 (Hb), dvfEIY EXHCT), T 48+
=(red blood cells, RBC), H¥ J&+ &4 (MCV), H+ 4
g5 A LFMCH), B A8 44 F=(MCHO), €
A F(platelets), WAHE 84 (reticulocytes), &5 T-(neu-
trophils), &4+ (eosinophils), & A 7]+ (basophils), B X+
(lymphocytes) ¥ ©31 3 (monocytes)e] ME &S =43
A3}, Table 8|4 &} 2o ¢4 BT A|PED Fo7H 4
Z7 e 794 e Hsht #F A st dAEA
AAF A7 Q27T A EFAT BT A HYd &s8L
H, &% &GS HolA &t} o] Kang 5(30)0] Bil
3k SDA| BFHE o] 83 4F HHEF o F4A A
84 7|2 AFA Bs He9 FAMFA
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Table 7. Organ weights of male and female SD rats treated orally with Lb. plantarum AF1 for 28 days (unit: g)

Dose (mg/kg)

Sex Organs 0 500 1,000 2,000
Brain 1.8540.18"~52 1.86+0.12 1.84+0.15 1.83+0.13
Lungs 1.30+0.14™ 1.28+0.09 1.29+0.07 1.29+0.15
Testes 2.86+0.31™ 2.82+0.25 2.79+0.34 2.824+0.45
Male Kidney-L 1.17¢0.03§Z 1.20+0.05 1.12+0.06 1.12+0.10
Kidney-R 1.18+0.04™ 1.1940.06 1.12+0.06 1.16+0.02
Heart 0.9240.09™° 0.88+0.19 0.86+0.07 0.85+0.19
Spleen 0.68+0.01™ 0.67+0.08 0.69+0.10 0.70+0.08
Liver 8.81+0.36™° 8.77+0.67 8.75+0.65 8.72+0.27
Brain 1.62+0.10™ 1.60+0.58 1.63+0.81 1.62+0.26
Lungs 1.09+0.09" 0.98+0.04 0.99+0.02 1.01+0.05
Ovaries 0.062+0.01™° 0.061+£0.01 0.062+0.01 0.06040.02
Female Kidney-L O.88i0.02§z 0.87+0.02 0.81+0.09 0.83+0.07
Kidney-R 0.8940.04™° 0.86+0.03 0.82+0.09 0.82+0.06
Heart 0.70+£0.09™° 0.75+0.04 0.77+0.07 0.72+0.07
Spleen 0.50+0.03" 0.524+0.05 0.53+0.04 0.55+0.04
Liver 6.3040.23"° 6.8440.46 6.7440.80 6.5040.31
DValues are expressed as means+SE (n=10). INS: not significantly different among groups.
Table 8. Hematology of male and female SD rats treated orally with Lb. plantarum AF1 for 28 days
Sex Parameters Dose (mg/kg)
0 500 1,000 2,000
WBC (x10%/uL) 7.3640.45""% 7.3240.35 7.38+0.51 7.55+0.47
RBC (x10%/uL) 7.4240.98Y° 7.30+0.36 7.61+0.76 7.02+0.92
Hb (%) 14.36+1.24 14.96+0.52 14.01+0.66 14.94+0.46
HCT (%) 45824527 46.12+1.73 43.16+9.96 46.32+4.69
MCV (L) 62.48+0.88"° 61.12+0.58 60.82+0.71 60.44+0.99
MCH (pg) 20.2840.83" 20.46+0.52 19.24+0.92 19.62+1.22
Male MCHC (g/dL) 32.1841.36™ 33.4640.74 31.86+1.67 32.29+2.12
Platelets (x10°/uL) 891.61+86.85™ 924.84+71.74 903.06+49.73 882.66+90.25
Reticulocytes (%) 3814027 3.87+0.50 3.80+0.74 3.85+0.75
Neutropils (%) 7.2141.01% 7.99+1.21 6.97+0.79 7.01+0.87
Eosinopils (%) 0.65+0.10™ 0.61+0.09 0.62+0.12 0.62+0.08
Basophils (%) 0.9840.13%° 0.93+0.09 0.94+0.08 0.93+0.05
Lymphocytes (%) 86.6144.29N° 85.3445.10 84.1446.29 85.454+9.97
Monocytes (%) 0.9940.02% 1.054+0.08 0.91+0.12 0.98+0.21
WBC (x10°/uL) 6.8640.71°° 6.94+1.26 5.66+0.68 5.99-+0.36
RBC (x10°/uL) 6.2840.15"° 5.92-+0.99 6.19+0.48 5.94+0.85
Hb (%) 13.34+0.39™ 13.70+1.02 12.98+0.92 13.96+0.34
HCT (%) 41.38+0.61™" 39.28+5.07 41.14+2.82 40.90+4.48
MCV (L) 59.46+0.34"° 57.82+0.75 60.26+0.88 59.46+1.19
MCH (pg) 19.66+0.34™° 18.82+0.58 19.54+1.64 19.88+0.75
Female MCHC (g/dL) 30.1240.79™ 29.3641.36 29.7442.9 28.2841.36
Platelets (x10%/uL) 854.24+57.84"° 888.2+91.96 839.8491.16 881.6+£106.31
Reticulocytes (%) 2.55+0.52 2.4640.61 2.5940.24 2.47+0.46
Neutropils (%) 6.5940.84"° 6.69+0.57 6.44+1.10 6.52+1.00
Eosinopils (%) 0.5940.12"° 0.58+0.07 0.55+0.12 0.50+0.15
Basophils (%) 0.9940.07"° 0.93+0.06 0.96+0.11 0.92-+0.07
Lymphocytes (%) 85.0445.98%° 86.16+9.12 88.374+8.87 84.1242.46
Monocytes (%) 0.9240.07" 0.91+0.11 0.96+0.10 0.90+0.12

"Values are expressed as means+SE (n=10). ?NS: not significantly different among groups.
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Table 9. Levels of serum biochemical indices of male and female SD rats treated orally with Lb. plantarum AF1 for 28 days

Dose (mg/kg)

Sex Parameters 0 500 1.000 5000
ALT (U/L) 36.12+15.26'"°” 37.26+9.12 35.26+6.29 35.23+2.69
AST (U/L) 151.23435.26™° 141.29+29.46 154.13+51.23 135.21+30.12
ALP (U/L) 131.23+32.12"° 123.22421.45 126.31+40.00 130.09424.11
GLU (mg/dL) 111.22411.46"° 103.22432.14 99.774+21.11 100.32422.88

Male BUN (mg/dL) 12.46+3.21™° 13.26+5.01 12.29+1.04 11.61+2.51
TC (mg/dL) 70.23+4.29™ 69.29+9.12 66.79+4.29 65.19+5.319
TG (mg/dD) 99.13+10.26™ 95.234+9.12 90.08+12.78 89.26+9.26
TP (g/dL) 6.20+1.02"° 6.09+0.42 6.96+0.33 6.2340.91
Albumin (mg/dL) 3.2240.23™° 3.42+0.90 351+0.30 3.9140.74
CRE (mg/dL) 0.62+0.07"° 0.60+0.04 0.59+0.24 0.65+0.07
ALT (U/L) 39.23+3.69™ 39.7749.02 36.1745.49 39.0249.13
AST (U/L) 150.23+32.65"° 142.21+24.08 152.71+50.12 158.80+41.23
ALP (U/L) 103.21+66.02"° 99.78+21.03 107.27+27.46 109.324+35.26
GLU (mg/dL) 90.26+26.34™° 93.17+15.96 97.16+30.21 99.29+12.46

Fermale BUN (mg/dL) 11.2642.01™ 12.16+0.98 10.49+3.26 11.62+0.87
TC (mg/dL) 72.3645.64%° 70.1244.78 69.2949.17 71.7848.23
TG (mg/dL) 91.46+24.23™ 90.69+21.22 85.16+9.78 84.79+20.31
TP (g/dL) 5924027 6.20+0.91 6.36+0.46 5.99+0.24
Albumin (mg/dL) 3174017 3.60+0.47 3.55+0.17 3.54+0.61
CRE (mg/dL) 0.59+0.07"° 0.51+0.01 0.60+0.09 0.59+0.04

DValues are expressed as means+SE (n=10). INS: not significantly different among groups.
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Table 10. Histopathlogical changes of male and female SD rats treated orally with Lbh. plantarum AF1 for 28 days

Organ and histopatholo Sex Male Female

g P £Y" Dose (mg/kg) 0 500 1,000 2,000 0 500 1,000 2,000
Lung

focal hemorrahge /10 0/10 0/10 1/10 0/10 0/10 0/10 0/10

dark red spots 0/10 0/10 0/10 0/10 0/10 1/10 0/10 0/10
Liver

focal fatty change 0/10 1/10 0/10 0/10 0/10 0/10 1/10 0/10

UNumber of observed showing gross findings/total observed animals.
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