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H&E
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mean+SD
Student’s t-test
p- 0.05
5,000 mg/kg BW 14
LDsg 5,000 mg/kg BW

WHO
@]

unlikely to present
hazard in normal use

Table 1. Feed consumption change of rats treated with yam powder by gastric gavage

consecutively for 28 days

Dose Mean of feed consumption per day in different week (g)
(mg/kg) 1 3 4
Male
Control 20.8+1.5Y 24.7+1.9 27.0+2.2 24.4+2.5
500 21.2+1.7 25.2+2.6 24.5+3.7 22.1+3.2
1,000 21.9+0.9 25.2+1.4 26.0+2.6 21.9+4.4
2,000 22.2+1.8 25.4+1.4 27.6+2.8 26.4+3.8
Female
Control 17.542.8 19.4+3.4 20.5+2.8 17.8+3.4
500 16.5+2.1 18.4+1.5 19.242.2 17.1+1.9
1,000 17.242.3 20.6+2.6 19.44+3.8 19.346.3
2,000 19.1+2.4 19.8+2.3 18.7+2.6 17.942.5

Y Datawere expressed as mean+SD.
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Fig. 1. The body weight change of rats treated with yam powder by gastric gavage
consecutively for 28 days. The body weight significant increased on the 4™ week
observation in the 2000 mg/kg treated male rats (A). No significant change was found in
al femalerats (B). *: Significant difference between control and treated group at p<0.05.
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Table 2. The changes of hematological parameter in rats treated with yam powder by gastric
gavage consecutively for 28 daysl)

Dose RBC HGB HCT MCV MCH MCHC PLT
(mg/kg)  (10%ul)  (g/dl) (%) (f) (pg) (g/dI) (10°/ul)
Male

Control  7.2+0.1? 15.9+0.2 47.1+0.4 65.2+0.4 22.1+0.3 33.840.2 1077.3+46.9
500 7.4+0.1 16.6+0.2*% 47.4+0.7 64.2405 22.4+0.3 34.9+0.3* 1178.5+36.7
1,000 7.6+0.2 16.8+0.5 47.9+1.3* 63.0+0.3* 22.1+0.2 35.0+0.2* 1271.8+46.7*
2,000 7.3+0.2 16.240.2 46.2+0.6 63.0+£0.5* 22.1+0.2 35.0+0.2* 1232.4+44.0*
Female
Control 7.0+0.1 15.9+0.2 44.240.7 63.1+0.4 22.840.2 36.1+0.2 1126.7+19.5
500 7.5+0.1* 17.0+0.2* 46.4+0.5* 62.3+0.5 22.8+0.2 36.7+0.3 1179.6+42.7
1,000 7.4+0.1* 16.3+0.2 44.840.7 60.6+0.4* 22.1+0.2* 36.4+0.1 1175.5+27.2
2,000 7.3+0.1 16.1+0.2 44.5+0.8 60.7+0.4* 21.9+0.2* 36.2+0.3 1170.5+39.2

Dose WBC Lymph Neutrophil (%) Monocyte Eosinophil  Basophil
(mg/kQ) (103/H|) (%) Band Segment (%) (%) (%)
Male
Control 9.9+1.0 835+1.8 2.0+0.8 10.3+1.4 4.2+0.8 0 0

500 14.5+1.2* 86.3+0.6  0.4+0.6* 10.3+0.6  3.0+0.6 0 0

1,000 13.4+1.2* 85.3+1.3 1.1+05 9.840.8 3.5+0.7 0 0

2,000 14.1+1.1* 84.8+1.5 0.7+0.3* 12.1+1.3 2.3+04 0.1+0.01 0
Female
Control 9.6£0.9 83.5+2.0 1.1+0.2 12.8+1.8 2.2+04 0 0

500 15.2+1.8* 89.3+1.4 0.4+0.2* 8.4+1.1* 2.1+06 0 0

1,000 13.0+0.9* 84.6+19 0.8+0.2 10.3+t1.7 3.6+0.7 0 0

2,000 11.6+1.5 81.3+1.5 0.7+0.3 152416 2.7+0.7 0.1+0.01 0

Y RBC: Red blood cell; Hb: hemoglobin; Hct: Hematocrit; MCV: Mean corpuscular volume;
MCH: Mean corpuscular hemoglobin; MCHC: Mean corpuscular hemoglobin concentration;
PLT: Platelet. WBC: White blood count; Lymph: Lymphocyte.

2 Data were expressed as mean+SD.

Vg gnificant difference between control and treated group at p<0.05.

BW
500 1,000 WBC
mg/kg BW RBC 500
mg/kg BW HGB 1,000 1,000 2,000 mg/kg BW
mg/kg BW HCT MCV MCH

MCHC 1,000 2,000 mg/kg
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Table 3. Serum biochemistry change of liver function in rats treated with yam powder by gastric
gavage consecutively for 28 days”

Dose ALT AST LDH Cholesterol Triglyceride T. protein
(mg/kg) um un umn (mg/dl) (mg/dl) (g/dl)
Male

Control  38.9+1.87 117.5+6.3  1205.3+141.7 60.9+1.5 43.6+2.3 5.340.1

500 36.1+1.8 1154+6.5  1052.8+144.7 61.3+1.6 43.8+2.5 5.540.2
1,000 31.5+3.0 110.248.5 880.8+143.7 75.4+4.0v¥ 52.3+2.6* 5.6+0.1*

2,000 35.1+2.1 97.3+4.9* 752.1+ 87.5* 62.6+2.5 52.0+3.1* 5.4+01

Female
Control  34.3+2.9 90.5+4.9 676.5+ 95.8 61.6+4.4 39.64+2.0 5.6+0.1
500 40.2+6.3 110.3+8.3*  885.7+211.5 73.5+3.7* 41.0+3.0 6.2+0.1*
1,000 30.3+0.8 92.7+3.6 576.0+ 73.7  70.9+3.1* 52.1+1.6* 5.7+0.1
2,000 34.9+19 91.3+7.3 617.7+151.4  68.3+4.1* 459+2.3* 5.9+0.1*
D ALT: Alanine ami notransferase; AST: Aspartate aminotransferase; LDH: Lactate dehydrogenase;
T. protein: Total protein.

% Datawere expressed as mean+SD.
8 Significant difference between control and treated group at p<0.05.
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Table 4. Serum biochemistry change of rats treated with yam powder by gastric gavage
consecutively for 28 days”

Dose BUN Creatinine CK T. bilirubin  Albumin ALP
(mg/kg)  (mg/dl) (mg/dl) um (mg/dl) (g/dl) (g/dl)
Male
Control  15.4+0.7%  594.5+80.1 0.20+0.03 0.24+0.01  3.91+0.03 287.6+14.5

500 15.8+0.4  420.5+43.1 0.18+0.03 0.23+0.02 3.92+0.05 456.7+185.3

1,000 15.6+0.9 412.8479.8 0.26+0.02 0.21+0.02 3.84+0.05 246.1+16.1

2,000 16.3+1.3 361.2+46.1*¥ 0.11+0.05 0.88+0.14 3.82+0.07 292.1+23.1
Female
Control 17.6+0.8 252.0+38.1 0.24+0.03 0.20+0.02 3.96+0.04 173.6+21.8

500 16.7+1.1 277.5+49.8 0.20+0.02 0.20+0.02  4.16+0.06* 150.7+29.3

1,000 17.5+0.5 257.3+29.2 0.17+0.03 0.20+0.01 3.82+0.04 173.9+17.8

2,000 14.4+0.7* 184.1+32.6 0.31+0.04  1.14+0.02* 3.96+0.07 135.4+22.2

Dose  Glucose Amylase P> ca Mg?* Cl
(mg/kg)  (mg/dl) um (mg/dl) (mg/dl) (mEg/dI) (mEg/dI)
Male
Control 135.8+7.9 727.2+ 2.1 8.3+0.2 10.0+0.4 1.5+0.1 104.8+0.8

500 135.3+10.1 661.2+20.1 8.7+0.1 10.4+0.2 1.5+0.2 105.3+0.6

1,000 112.9+104 622.7423.2 8.6+0.4 10.1+0.1 2.5+0.2* 107.1+1.1

2,000 145.4+5.4 786.8+26.9 8.7+0.2 9.6+0.2 1.9+0.3 103.1+0.9
Female
Control 130.2+3.2 422.2452.3 7.3+0.4 10.0+£0.2 2.0+0.3 106.3+0.6

500 124.349.5 592.8+50.4 7.9+0.3 9.6+0.4 1.3+0.2 108.7+0.6

1,000 110.2+4.1 554.8+34.4 8.0+0.3 9.9+0.2 3.2+0.1 106.0+0.6

2,000 130.9+4.2 592.2+37.5 7.4+0.3 10.1+0.2 1.7+0.2 107.4+0.9

D BUN: Blood urea nitrogen; CK: Creatine kinase; T. bilirubin: Total bilirubin; ALP: Alkaline

phosphatase
2 Datawere expressed as mean+SD.
Vg gnificant difference between control and treated group at p<0.05.

WTO

1.6-2.3kg

peroxidase

oxidase

P* K' ca' Mg¥ Fe*

Cu2+ Zn2+
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98.3 %

(1, 3, 10)

polyphenol

Mn%*
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Table 5. Alteration of urinary analyses in rats treated with yam powder by gastric gavage
consecutively for 28 days”

Dose Volume Appearance S. Gravity pH Protein Urobilinogen
(mg/kg) (ml) (mg/dl) (EU/I)
Male
Control  7.66+0.90? Y-YB 1.025+0.001 7.00+0.12  79.0+10.6 0.28+0.08

500 6.70+0.47 Y-YB 1.025+0.001 7.25+0.24 44.0+ 9.3*¥  0.28+0.08

1,000 6.70+0.81 Y-YB 1.025+0.001 6.95+0.15 87.5+26.9 0.20+0.01

2,000 6.40+0.62 Y-YB 1.027+0.001 6.80+0.11 97.5+25.1 0.20+0.01
Female
Control  5.60+0.47 P-Y 1.023+0.002 7.00£0.23 35.0+11.0 0.20+0.01

500 4.80+0.82 Y 1.027+0.001 6.72+0.14 18.3+2.1 0.20+0.01

1,000 6.90+0.64 Y 1.021+0.002 7.10+0.29 15.0+3.2 0.20+0.01

2,000 5.00+0.49 Y 1.026+0.001 6.80+0.18 24.0+3.3 0.20+0.01

Dose  Glucose” Bilirubin®  Ketone”  Nitrite?  Oc. Blood”  Leukocyte”
(mg/kg) - + -+ -+ o+ -+ - HHE - &+
Male
Control  10% 0 7 3 0 6 4 7 3 10 0 2 7 1 0

500 10 0 5 5 0 3 7 9 1 10 0 6 4 0 O

1,000 9 1 7 3 1 5 4 10 O 10 0 6 3 0 1

2,000 10 0 8 2 0 4 6 10 o0 9 1 3 7 0 O
Female
Control 10 0 9 1 6 4 0 9 1 10 0 10 0 0 O

500 9 1 8 2 8 2 0 10 o0 10 0 9 1 0 O

1,000 10 0 9 1 8 2 0 8 2 10 0 9 1 0 O

200009 1 9 1 6 4 0 8 2 10 o0 7 2 0 1

g, Gravity: Specific Gravity; Oc. blood.: Occult blood; P: Pale yellow; Y: Yellow; YB: Yellow brown; B: Brown.
2 Data were expressed as mean+SD.
9+ Significant difference between control and treated group at p<0.05.
4 Grades for glucose, ketone, Protein, Nitrite, occult blood and urobilinogen: Glucose (mg/dl): -, Nil; +, 25 ; Ketone

(mg/dl): Nil, -; 5, +; 15, +; Nitrite: normal, -; Positive, +; Oc. Blood: -; Positive, +++; Leukocyte: -, Negative; +,

Trace; +, Mild; ++, Moderate; +++, Remarkable.
% Examined rat number.
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Table 6. Urinary sediment change of rats treated with yam powder by gastric gavage
consecutively for 28 days”

Dose Urinary sediments (10°) Parasite Crystal

(mg/kg) RBC WBC  Epithelia Cast - + - + 4+t

Male

Control  1.240.4% 0.8+04 10+17 125¢15 10 0 0 0 2 2 6
500 1.1+0.2 1.1+404 7.2+19 1.0+21 10 0 0 2 3 4 1
1,000 1.8+03 0.2+01 1.1+18 80+08% 10 0 0 1 2 4 3
2,000 1.6+0.3 1.1+04 85+1.8 9.3+1.3 1o o o o 2 5 3

Female

Control 2.7+0.8 13.7+0.6 6.3+1.4 5.4+1.0 o o o o 7 1 2
500 12403 4.7+03 112419 117425~ 10 O O 3 7 0 O
1,000 0.8+0.2 4.1+1.6 5.0+0.8 4.8+1.0 0 0 O 5 3 1 1
2,000 21+15 24+0.7 8.4+1.1 85+1.2 0o o0 0 3 5 2 0

2 Urinary sediments: RBC: Red blood cells; WBC: White blood cells. Grades for observation:
Parasite: non, -; Positive, +; Crystal: -: Nil; +: afew in a few fields examined; +: a few in
some fields examined; ++: afew in all fields examined; +++: many in all fields examined.

2 Datawere expressed as mean+SD.

¥ Examined rat number.

KAE Significant difference between control and treated group at p<0.05.

28
Table 7. The body weight change of rats treated with yam powder by gastric gavage
consecutively for 28 days

Dose Brain Heart Thymus Spleen Kidney Liver  Testis/Ovary
(mg/kg) (9 (9 (9 (9 (9 (9 (9

Male
Control  2.01+0.04" 1.06+0.02 0.55+0.03 0.61+0.02 2.15+0.05 8.60+0.42 2.92+0.08
500 2.02+0.04 0.98+0.03 0.54+0.03 0.59+0.02 2.21+0.05 8.54+0.32 2.87+0.13
1,000 2.04+0.03 0.99+0.04 0.52+0.04 0.54+0.03 2.22+0.07 8.09+0.23 2.98+0.05
2,000 2.04+0.02 1.07+0.03 0.49+0.01*? 0.60+0.02 2.33+0.05 9.48+0.21* 2.96+0.08

Female
Control  1.87+0.03 0.76+0.01 0.41+0.03  0.44+0.01 1.57+0.05 6.22+0.32 0.090+0.004
500 1.85+0.03 0.76+0.05 0.38+0.02 0.42+0.03 1.67+0.10 6.99+0.86 0.085+0.005
1,000 1.88+0.03 0.77+0.03 0.43+0.02 0.47+0.02 1.54+0.07 5.98+0.23 0.087+0.003
2,000 1.91+0.03 0.75+0.03 0.40+0.03  0.50+0.02* 1.58+0.06 6.70+0.31 0.099+0.005

Y Datawere expressed as mean+SD.
2 Significant difference between control and treated group at p<0.05.
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ABSTRACT

Liao, J. W.}, Wang, S. C.}, Liu, S. Y.?, and Hwang, J. S™ 2002. Safety
evaluation of feeding yam tuber powder to rats by gavage for 28 days. Plant Prot.
Bull. 44: 75 - 88. (*Department of Applied Toxicology, Taiwan Agricultural Chemicals
and Toxic Substances Research Institute, Wufeng, Taichung, Taiwan, ROC;
“Department of Agronomy, Taiwan Agricultural Research Institute, Wufeng, Taichung,
Taiwan, ROC)

The objective of this study is to evaluate the single high dose and the 28-day
consecutively feeding toxicity of yam tuber powder in Sprague Dawely (SD) rats. For
the acute single dose oral toxicity, SD rats were gavaged by gastric tube with the
maximum test threshold dose of 5,000 mg/kg body weight (BW) of yam tuber powder.
Results showed that the dose of 5,000 mg/kg BW of yam tuber powder caused no
death or toxic effect in rats. It appeared the acute oral LDsp of this compound was
greater than 5,000 mg/kg BW in rats. In addition, the yam tuber powder was
administrated daily by gavage to each treated group consisting of 10 male and 10
female rats with different doses of 0, 500, 1,000, and 2,000 mg/kg BW for 28 days.
Rats were observed daily for clinical sign, and body weight and food consumption
measured weekly. Before and the end of experiment, ophthalmology was performed
on the control and high dose groups. At termination of treatment, all rats were
subjected to hematology, blood biochemistry, organ weighing, urinary analyses,
autopsy, and pathological examination. No dose-related toxic effect was found in
clinical sign, body and organ weight, food consumption, hematology, urinary analyses,
and autopsy after yam tuber powder consecutive supplement for 28 days. However,
rats treated with yam tuber powder showed the increase in serum cholesterol,
triglyceride and total protein levels in both sexes. This finding suggested that yam
tuber powder intake might relate to increase in protein and hormones related
synthesis, and improve the nutrition status. Evaluation of clinical observation,
mortality, body and organ weight, food consumption, ophthalmology, hematology,
biochemistry and pathology data revealed no significant change related to the yam
tuber powder consecutive supplement for 28 days. According to the result, the no
observed adverse effect level (NOAEL) of yam tuber powder in the 28-day feeding
toxicity (by gavage) is greater 2,000 mg/kg BW in rats, as well as the long-term
supplement of yam tuber powder is safe in mammalian.

(Key words: yam tuber, 28-day feeding toxicity, rats)
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