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Single- and Repeated-Dose Oral Toxicity in Rats and Bacterial
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ABSTRACT This study was carried out to evaluate the toxicity of ethanolic extracts of Morus alba L. branch (ME).
In the reverse mutation test, Salmonella Typhimurium TA98, TA100, TA1535, TA1357, and Escherichia coli WP2uvrA
were used to estimate the mutagenic potential of ME. Sprague-Dawley rats were orally administered ME at levels
of 1,250, 2,500, and 5,000 mg/kg for the single-dose toxicity test and 500, 1,000, and 2,000 mg/kg/d for the re-
peated-dose toxicity test for 28 consecutive days. As expected, reverse mutation was not detected at any concentration
of ME, regardless of application of the metabolic activation system with or without S9 mix. In the single-dose toxicity
test, ME caused neither significant visible signs of toxicity nor mortality in rats, and LDsy was estimated to be over
5,000 mg/kg. In the repeated-dose toxicity test, ME administration at 500, 1,000, and 2,000 mg/kg for 28 days to
male or female rats did not result in mortality. Similarly, no toxicologically significant treatment-related changes in
body weight, food intake, or organ weights were noted. Several hematological and biochemical parameters in both
genders showed significant differences, but these were within normal ranges. These results support the safe use of

ME.
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A EZFER, HFAE T84 (mean corpuscular volume;
MCV), a4 d 8 M (mean corpuscular hemoglo—
bin; MCH), #4878 A A% %(mean corpuscular he—
moglobin concentration; MCHC), &4 2 9yt 71
Al9=(neutrophil, lymphocyte, monocyte, eosinophil, ba-

sophil) o]t}
%O—'Vgﬁrﬁm HARE A Y dHE A2 3083t
1}%] 5} % 3,000 rpmoll A 1587 4R ke

&3
de A& 7]'7\]3’— A5 A A 7](Modular analytics,
Mannheim, Roche, Germany)® #4335t} & A 3)st
2 HAAb gEe 4wl (albumin), EZEA QAR E A
(alkaline phosphatase; ALP), o}2=3 2 H| o] E o}n| =4 o]
@ A(aspartate aminotransferase; AST), &ehd o}n|
7 o] & 2~ (alanine aminotransferase; ALT), ¥4, Z=2
2HE, AW, ZdolEd, A8 Ad A (blood urea
nitrogen; BUN), Z§, S92, 7“& oA Fukald B,
dHw /22 5 v S (albumin/globulin ratio; A/G ratio)
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Table 1. Bacterial reverse mutation assay with ethanolic extracts of Morus alba L. branch

Number of colonies/plate

I;/([;fitj:ggz (ug%}?ifte) Base-pair substitution type FrAmeshift type
TA100 TA1535 WP2uvrA TA98 TA1537
0 15612 14+1 18+1 18+1 11+1
15 158+7 14+1 12+1 16+1 8+2
50 158+1 150 19+4 22+1 10+0
S9 Mix (—) 150 17145 14+0 10+1 21+1 10+5
500 16440 10+2 1243 16+1 8+0
1,500 15343 12+5 16+4 23+2 13+4
5,000 161+1 1243 15+1 22+4 9+4
0 14345 11+1 2143 2445 1542
15 167+1 12+3 16+1 29+1 13+4
50 141+4 14+0 18+1 1945 13+1
S9 Mix (+) 150 180+4 1545 13+4 27+4 13+4
500 1810 1543 16+1 3343 1542
1,500 190+1 10+1 16+4 25+1 13+1
5,000 187+6 1343 20+4 4145 16+2
S9 Mix Positive controls SA SA 4NQO 2-NF ICR-191
_ Dose (pg/plate) 0.5 0.5 0.5 2.0 0.5
Positive ) Number of colony 360+3 208+11 66+5 224+1 56+5
controls 9 Mi Positive controls 2-AA 2-AA 2-AA B[a]P 2-AA
( +)IX Dose (ug/plate) 0.5 0.5 2.0 1.0 1.0
Number of colony 1,764+40 136+25 114+5 170+1 60+8

Value are expressed as mean+SD.

2-AA: 2-aminoanthracene, B[a]P: benzo[a]pyrene, SA: sodium azide, 2-NF: 2-nitrofluorene, 4NQO: 4-nitroquinoline N-oxide, ICR-191:

acridine mutagen ICR 191.
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Table 2. Body weight in the acute toxicity study

LR P 1409

Group Body weight (g)
(n=5) (mg/kg/d) 1 day 4 day 7 day 10 day 14 day
Control 207.4+8.4 227.84+8.2 251.3+£10.3 272.0£11.9 298.7+10.7
Mal 1,250 206.9+6.8 227.0+8.0 249.249.3 267.4+10.1 289.9+11.8
ale 2,500 206.4+7.5 230.443.8 246.8+12.4 269.1411.8 290.2+8.8
5,000 206.7+7.0 227.6+7.5 248.3+12.4 268.4+14.9 291.8+15.6
Control 162.4+4.8 174.2+4.1 180.8+2.8 186.0+2.3 195.3£2.9
Female 1,250 162.3+4.5 174.2+6.0 184.4+£9.0 189.1£13.8 199.1+10.5
2,500 162.2+4.3 173.4£2.3 183.1+£3.9 188.6+6.7 196.4+6.3
5,000 161.84£3.8 171.1£4.5 180.9+5.5 188.9+4.3 200.9+4.0
Value are expressed as meantSD (N=5/sex/group).
Table 3. Organ weights in the acute toxicity study
o Male Female
r(gga;ns Control 1,250 2,500 5,000 Control 1,250 2,500 5,000
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Brain 1.82+0.11 1.72+0.09 1.71+0.10 1.72+0.14 1.65+0.03 1.58+0.08 1.60+0.06 1.61£0.13
Liver 9.01£0.71 8.32+0.38 8.26+0.41 8.53+0.53 5.30+0.25 5.93+0.53 5.67+0.29 5.69+0.24
Kidney 2.07+0.10 2.06+0.14 1.96+0.13 2.02+0.12 1.31+0.08 1.28+0.07 1.32+0.07 1.40+0.06
Heart 0.97+0.12 0.89+0.13 1.00+0.05 0.92+0.07 0.68+0.08 0.72+0.07 0.66+0.04 0.69+0.06
Thymus 0.54+0.20 0.44+0.06 0.48+0.06 0.54+0.14 0.36+0.07 0.35+0.04 0.36+0.07 0.39+0.03
Spleen 0.74+0.06 0.73+0.07 0.76+0.05 0.75+0.05 0.54+0.05 0.56+0.03 0.58+0.03 0.56+0.03
Lungs 1.31+0.13 1.33+0.13 1.31+0.15 1.29+0.09 1.08+0.14 1.05+0.10 1.02+0.06 1.08+0.07
Thyroid 0.62+0.19 0.54+0.02 0.55+0.08 0.57+0.05 0.41+0.04 0.44+0.03 0.43£0.03 0.41+0.03
Prostate 0.49+0.17 0.53+0.08 0.60+0.13 0.56+0.05
Testis 2.98+1.21 3.41+0.27 3.56+0.14 3.38+0.21
Uterus 0.32+0.04 0.37+0.04 0.31+0.02 0.38+0.07
Ovarium 0.11+0.01 0.11+0.02 0.10+0.01 0.11+0.02
Value are expressed as mean+SD (N=5/sex/group).
CHSIE0] M A 4 500, 1,000

317] Y8te] SD &4 rats AFgsle] A EE
o Rtk Al EA S T3 F 1443 )
P A3 o glRT 2 AP EE Rl Al EES

71 918t SD & rats o]&3t] A HE
2 2,000 mg/kg +FoE TS AT
stk Ad Ay gxTs LI BE ATl A ALY
FE2 WEEA Gt (Table 4). A1E
ZES 5o RE FoA AAFZ ¢
3, gz vlaske] A EH ] Fojof & f
=z Wgte YElA] gtk (Fig. 1. B3
tol Ao] AL xfo] F Eolgt o
29k tH(Table 5).
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Table 4. Mortality of male and female rats orally administered with ethanolic extracts of Morus alba L. branch for 4 weeks

Male Female
Weeks Control 500 1,000 2,000 Control 500 1,000 2,000

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
0 0/0/10" 0/0/10 0/0/10 0/0/10 0/0/10 0/0/10 0/0/10 0/0/10
1 0/0/10 0/0/10 0/0/10 0/0/10 0/0/10 0/0/10 0/0/10 0/0/10
2 0/0/10 0/0/10 0/0/10 0/0/10 0/0/10 0/0/10 0/0/10 0/0/10
3 0/0/10 0/0/10 0/0/10 0/0/10 0/0/10 0/0/10 0/0/10 0/0/10
4 0/0/10 0/0/10 0/0/10 0/0/10 0/0/10 0/0/10 0/0/10 0/0/10

UNumber of animals with the sign / number of dead animals/number of animals examined.

A 400 ~~Control B 250 ~—Control
500 mg’kg 500 mg/kg
-+1,000 mg/kg { -+-1,000 mg/kg
350 -<2,000 mg/kg I —<2,000 mg/kg

300

250

Body weight (g)
Body weight (g)
N
8

200

150

T T T T d 150 T T T T "
0 1 2 3 4 Weeks 0 1 2 3 4 Weeks

Fig. 1. Mean body weight of rats during 28 days treatment with ethanolic extracts of Morus alba L. branch. (A) male (B) female.
Value are expressed as mean+SD (N=10/sex/group).

Table 5. Clinical signs and food intake of male and female rats orally administered with ethanolic extracts of Morus alba L. branch
for 4 weeks

Ob d Male Female
Weeks = 0 control 500 1,000 2,000 Contral 500 1,000 2,000

(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)  (mg/kg)

0 No finding

1 No finding ~ 21.5+0.3  21.5£04  20.6£1.0  21.3%0.3 148404  13.8+1.6  14.5+0.5  14.8+0.7

2 No finding ~ 22.5+0.4  23.1£1.1 222403  232+1.4 15.140.8  14.6+0.6  14.8t1.3  14.9+0.3

3 No finding 227404  22.6£0.9  22.0£0.4  22.5+0.7 157409  145+0.8  15.0£0.6  15.5+0.6

4 No finding ~ 22.7+#1.0  23.0£1.2 222404  23.120.9 16719 153409  15.6+1.0  15.7+0.4

Value are expressed as mean+SD (N=10/sex/group).

Table 6. Organ weights of male and female rats orally administered with ethanolic extracts of Morus alba L. branch for 4 weeks

Male Female
Organs
(@) Control 500 1,000 2,000 Control 500 1,000 2,000
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Brain 1.77+0.06 1.80+0.07  1.78+0.06 1.81£0.10 1.68+0.06 1.64+0.05 1.64+0.08 1.65+0.08

Liver 10.43+£0.71  10.51£1.02 9.66+0.98 10.14+0.85 5.90+0.70 5.10+1.67 5.60+0.51 5.83+0.60
Kidney 2.31+0.15 2.36+0.21 0.32+0.15 2.31+0.09 1.43+0.09 1.38+0.08 1.42+0.13 1.42+0.10
Heart 1.05+0.06 1.03+0.09 1.00+0.05 0.98+0.07 0.74+0.06 0.75+0.06 0.71£0.06 0.77+0.02
Thymus 0.46+0.06 0.48+0.09 0.43+0.08 0.47+0.08 0.32+0.07 0.29+0.05 0.30+0.07 0.29+0.05
Spleen 0.73+0.08 0.75+0.10 0.74+0.09 0.71£0.11 0.61+0.09 0.57+0.07 0.56+0.07 0.54+0.08
Lungs 1.29+0.11 1.34+0.13 1.35+0.10 1.29+0.09 1.15+0.18 1.09+0.12 1.08+0.07 1.14+0.12
Thyroid 0.62+0.05 0.60+0.04 0.62+0.06 0.62+0.05 0.41+0.06 0.41+0.03 0.39+0.03 0.43+0.04
Prostate 0.61+0.12 0.58+0.15 0.58+0.06 0.55+0.07

Testis 3.91+0.16 3.57+0.95 3.85+0.27 3.99+0.33
Uterus 0.49+0.14 0.39+0.05 0.46+0.11 0.47+0.09
Ovarium 0.11£0.02 0.11+0.01 0.11+0.04 0.11+0.02

Value are expressed as mean+SD (N=10/sex/group).
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Table 7. Hematological analysis of SD rats treated orally with ethanolic extracts of Morus alba L. branch for 4 weeks

Group

Hematological parameters

Control 500 (mg/kg) 1,000 (mg/kg) 2,000 (mg/kg)
Male
RBC (10%uL) 8.6+0.2 8.6+0.3 8.620.2 8.6+0.2
WBC (10%/uL) 7.4+1.9 5.7+1.7 8.0+1.0 8.0+1.3
Hct (%) 51.0£1.2 51.1£1.0 50.7£1.8 51.0+1.3
Hb (g/dL) 16.540.3 16.6+0.3 16.6+0.6 6.7+0.6
MCV (fL) 59.5¢1.5 59.8+1.3 58.8+1.4 59.0+1.2
MCH (pg) 19.7+0.5 19.4+0.5 19.2+0.5 19.3£0.6
MCHC (g/dL) 32.240.4 32.5+0.4 32.7+0.3 32.740.5
Platelet (lOs/pL) 938.6£146.8 945.1£172.9 927.8+178.0 962.9+145.4
S.Neutrophil (%) 14.743.5 14.5+4.4 17.4+7.4 11.942.1
Lymphocyte (%) 79.94+4.0 80.8+5.5 77.7+8.6 83.7£3.3
Monocyte (%) 0.67+£0.22 0.62+0.13 0.85+0.29 0.74+0.25
Eosinophil (%) 4.6+2.2 4.0+1.2 4.0+2.0 3.5£1.5
Basophil (%) 0.10£0.05 0.09+0.07 0.16+0.05 0.12+0.04
Female
RBC (10°/uL) 8.0+0.3 7.940.4 8.2+0.3 8.240.5
WBC (10°/uL) 5.3+0.9 6.0+1.3 5.9+0.7 6.3+1.3
Het (%) 45.1+0.9 44.1+£1.9 45.7£2.0 45.1£2.5
Hb (g/dL) 15.5+0.4 15.3£0.4 15.8+0.6 14.7+£2.0
MCV (fL) 56.1£1.4 55.6£1.2 56.0£1.7 549+2.4
MCH (pg) 19.3+0.7 19.4+0.8 19.4+0.8 18.142.9
MCHC (g/dL) 34.4+0.8 34.8+1.0 34.6+1.1 32.8+4.6
Platelet (10°/uL) 1,186.0+150.7° 1,083.14235.8™ 1,095.5+176.8% 893.9+144.8°
S.Neutrophil (%) 16.8+3.6 18.6+6.1 14.0+4.3 16.4+4.3
Lymphocyte (%) 79.5+£3.8 75.5+7.4 80.5+5.6 77.2+5.9
Monocyte (%) 1.0+£0.3 1.1+0.2 1.2+0.5 1.0+£0.3
Eosinophil (%) 2.6+0.5 4.6+2.2 42423 5.3+2.6
Basophil (%) 0.11£0.03 0.12+0.08 0.15+0.07 0.13£0.05

Value are expressed as mean+SD (N=10/sex/group).

Values with different superscript letters are significantly different among groups at a=0.05 by Tukey's multiple range test.
RBC: red blood cell, WBC: white blood cell, Hct: hematocrit, Hb: hemoglobin, MCV: mean corpuscular volume, MCH: mean
corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin concentration.
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Table 8. Serum biochemical values of male SD rats treated orally with ethanolic extracts of Morus alba L. branch for 4 weeks

Biochemical parameters Group
Control 500 (mg/kg) 1,000 (mg/kg) 2,000 (mg/kg)

Albumin (g/dL) 4.3+0.1 434402 4.3840.2 4.25+0.2
ALP (U/L) 138.8+£19.3 140.0+£21.7 128.904+9.4 130.1£10.5
AST (U/L) 116.1+£8.5 121.2+11.8 119.54+21.3 100.3+7.0
ALT (U/L) 57.9+£6.0 58.844.1 59.7£7.4 55.345.5
Glucose (mg/dL) 104.1+£5.5 107.2+8.4 98.4+5.7 111.3+12.4
Total cholesterol (mg/dL) 103.9£11.2 109.5£10.7 114.6+13.9 98.2+15.3
Triglyceride (mg/dL) 79.8+13.8 89.0+38.6 70.8+18.9 73.3+£17.5
Creatinine (mg/dL) 0.36+£0.04 0.40+0.05 0.40+0.05 0.360.04
BUN (mg/dL) 19.04£2.6 20.74£3.0 20.0£2.8 20.3£1.2
K (mmol/L) 6.6£0.2° 7.120.2° 7.3+0.4° 7.4+0.3°
Cl (mmol/L) 98.4+0.8 97.8+1.1 98.5+1.3 99.1+1.1
Ca (mg/dL) 10.840.1° 10.9+0.3* 11.120.3® 11.20.3°
P (mg/dL) 9.0+0.3" 10.0£0.5° 10.420.7° 10.3£0.4°
Total protein (g/dL) 6.5+0.3 6.5+0.3 6.5+0.3 6.3+0.3
Globulin (g/dL) 2.1£0.1 2.1£0.2 2.1£0.2 2.0£0.2
A/G ratio 2.0£0.1 2.1£0.2 2.1x0.1 2.1£0.1

Value are expressed as mean+SD (N=10/sex/group).
Values with different superscript letters are significantly different among groups at a=0.05 by Tukey's multiple range test.

ALP: alkaline phosphatase, AST: aspartate aminotransferase, ALT: alanine aminotransferase, BUN: blood urea nitrogen, A/G ratio:
albumin/globulin ratio.

Table 9. Serum biochemical values of female SD rats treated orally with ethanolic extracts of Morus alba L. branch for 4 weeks

. . Group

Biochemical parameters Control 500 (mg/kg) 1,000 (mg/kg) 2,000 (mg/kg)
Albumin (g/dL) 4.5+0.1 4.6+0.2 4.6+0.2 4.440.2
ALP (U/L) 91.5+9.6 99.8+12.6 97.1x17.2 92.1£12.0
AST (U/L) 119.7+13.5 109.7+20.0 115.4+14.5 103.0+11.1
ALT (U/L) 60.2+10.1 57.247.5 54.7+11.4 54.7£10.8
Glucose (mg/dL) 105.3+£10.1 111.848.1 106.1£9.2 116.1£9.5
Total cholesterol (mg/dL) 115.2+7.8 108.6+22.5 106.4+22.0 119.4+13.9
Triglyceride (mg/dL) 48.5+10.4 42.449.3 40.6+£9.3 40.8+5.4
Creatinine (mg/dL) 0.41+0.04 0.42+0.03 0.43+0.08 0.43+0.04
BUN (mg/dL) 18.9+2.8 19.7+2.1 20.9+5.5 21.444.2
K (mmol/L) 6.7+0.4 7.240.3 6.8+0.4 7.1£0.4
Cl (mmol/L) 97.0+5.7 99.5£1.0 99.5+1.8 99.6+1.1
Ca (mg/dL) 10.9+0.1 10.9+0.2 10.9+0.2 10.9+0.2
P (mg/dL) 8.340.9 8.0+0.6 8.5+0.6 8.5+0.7
Total protein (g/dL) 6.5+0.2 6.4+0.2 6.4+0.2 6.3+0.1
Globulin (g/dL) 1.9+0.2° 1.840.1° 1.9+0.1° 1.9+0.2"
A/G ratio 2.3+0.2° 2.6+0.2° 2.5+0.2% 2.4+0.3%

Value are expressed as mean+SD (N=10/sex/group).
Values with different superscript letters are significantly different among groups at a=0.05 by Tukey's multiple range test.
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