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Fig. 1. Fresh tubers (A), cross section (B), ground powder of turmeric (C), and the chemical

structure of curcumin (D, MW: 368.4, cited from CBADC, 1996, J. Cell. Biochem. 265:
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Fig. 2. Body weight changes of rats treated with turmeric powder and curcumin by daily
gavage for 28 days. No significant changes in body weight (g) were found in treated
male (A) and female (B) rats. TP: turmeric powder; TC: 65%—70% curcumin.
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Table 1. Changes 1n feed consumption and efficiency of rats treated with turmeric powder and
curcumin by daily gavage for 28 days

I -

Dose Feed consumption (g) Feed efficiency
(mg/kg) " 1 2 3 4 week (%)”
Male

Control 31.0+1.3% 30.2+1.5 30.4+2.1 28.5+£2.0 29.9+1.2
TP 100 29.8+2.9 31.1+2.4 29.7+£3.7 28.542.3 33.049.7
TP 500 29.4+1.3% 29.1+1.4 29.4+1.8 26.8+1.7 28.74¢1.3
TP 1,000 29.7£2.6 30.4£1.9 30.3£2.0 28.6t1.6 29.7+1.8
TC 1,000 30.6+£2.0 32.5+2.1 32.6+2.5 29.6+2.9 31.3+2.2
Female

Control 21.5¢1.5 21.242.4 22.844.2 20.8+1.3 12.4+1.6
TP 100 22.0+1.3 20.7+1.5 21.1+1.4 20.8+1.2 13.3+1.6
TP 500 21.0£1.9 22.444.6 22.5+1.4 22.0+1.1 13.8+1.8
TP 1,000 20.1£1.0 20.6t1.6 21.6£3.0 20.1£2.5 12.442.2
TC 1,000 20.1+£3.3 19.9+1.6 20.8+1.7 20.242.4 14.0+5.2

Y TP, turmeric powder; TC, 65 %—70 % curcumin.

) Feed efficiency (%) = [daily body weight gain (g)/daily food intake (g)] x 100%.
) Data are expressed as the mean+SD (n = 9-10).

* Significant difference between the control and treated groups at p < 0.05.
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Table 2. Changes in hematological parameters in rats treated with turmeric powder and curcumin
by daily gavage for 28 days

Dose RBC HGB HCT MCV MCH MCHC
(mg/kg)"”  (10%/uD)? (g/dl) (%) (f1) (pg) (g/dl)
Male

Control 7.540.1”7  16.240.1 46.9+1.0 61.8+0.4 21.440.3 34.740.5
TP 100 7.540.1 16.0+0.1 46.5+0.6 62.0+0.6 21.3+0.2 34.4+0.2
TP 500 7.340.1 15.5+0.1 46.2+0.6 62.5+0.6 21.1+0.2 33.740.3
TP 1,000  7.440.1 15.840.1 47.240.7 63.2+0.2 21.240.1 33.5+0.2
TC 1,000  8.0+0.1 16.8+0.1 49.4+0.5 61.7+0.4 21.0+0.2 34.0+0.2

Female

Control 6.7+0.7 15.340.1 41.540.3 61.71+0.3 22.7+0.1 36.8+0.1
TP 100 6.9+0.1 15.2+0.2 42.24+0.6 60.4+0.5 21.7+0.2 36.0+0.1
TP 500 6.610.1 15.0+0.2 42.9+0.9 65.0+0.5 22.7+0.3 35.0+0.3
TP 1,000 7.0+0.1 15.74£0.1 43.7+0.2 61.9+0.7 22.24+0.2 35.9+0.3
TC 1,000 6.940.1 15.440.2 42.0+0.5 60.6+0.6 22.3+0.2 36.8+0.2

WBC Lymph Neutrophil (%) Monocyte Eosinophil Basophil

(103/;11) (%) Band Segment (%) (%) (%)
Male
Control  11.6+1.2  83.2+1.4 1.240.2  13.0¢1.5  3.310.4 0 0
TP 100 7.0+£0.7*  85.0%1.5 0.8£0.3 10.4+1.0 3.1104 0.2+0.2 0
TP 500 12.2+1.1 85.4+0.9 0.4+1.6* 9.3+09  5.0£0.5* 0 0
TP 1,000  7.5+0.5* 82.3+1.1 0.6+0.1 13.2+0.9  3.9+0.6 0 0
TC 1,000 9.740.9  83.3%1.5 0.3+0.1* 13.3+1.4  3.740.4 0.1+0.1 0
Female
Control 5.740.4  83.6£1.5 0.840.2 12.24¢1.3  3.240.3 0 0
TP 100 5.540.5  84.2+0.6 1.3£0.2  10.840.4  3.3+0.5 0 0
TP 500 6.4+0.7  83.5%1.3 0.6£0.2 11.5¢1.2 3.840.4 0 0
TP 1,000  8.7+0.9* 84.1+1.1 0.7¢0.3 12.0¢1.0  2.74£0.5 0.1+0.1 0
TC 1,000 7.5+£0.9  85.2+1.3 0.1+0.1* 10.6+1.3  3.9+0.5 0 0

D TP, turmeric powder; TC, 65%—-70% curcumin.

) RBC, red blood cell; Hb, hemoglobin; Hct, hematocrit; MCV, mean corpuscular volume;
MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration;
WBC, white blood count; Lymph, lymphocytes.

) Data are expressed as the mean+SD (n = 9-10).

* Significant difference between the control and treated groups at p < 0.05.
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Table 3. Changes 1n blood coagulation parameters in rats treated with turmeric powder and

curcumin by daily gavage for 28 days

Dose PLT Fbg PT APTT
(mgkg)”  (10%uD)? s) (mg/d]) (s) (s)
Male

Control 1161+29% 19.9+0.2 245.34+2.8 33.6+0.2 25.9+1.0
TP 100 1108+30 19.8+0.2 246.3+£3.5 34.340.5 27.742.3
TP 500 1083431 23.3+1.0%* 213.648.9 29.3+0.5%* 22.5+1.0%*
TP 1,000 1004+28* 23.0+0.9%* 216.0+£8.0* 15.3+0.1%* 25.540.7
TC 1,000 1073435 17.3+0.2%* 281.2+4 4% 15.240.1%* 41.3+2.8%
Female

Control 1049+36 24.5+1.0 202.748.1 15.0+0.2 30.7+1.9
TP 100 1145438 30.4+1.6* 167.0+8.8* 15.0+0.1 40.9+1.7*
TP 500 1065428 30.1+1.4* 166.847.5* 15.540.1 34.6+0.7
TP 1,000 1095443 26.8+1.4 188.1+10.2 15.640.1 33.4+1.7
TC 1,000 1159480 25.9+41.6 195.6+10.7 15.240.3 25.4+1.6

D TP, turmeric powder; TC, 65 %-70 % curcumin.

2) PLT, platelets; Fbg, fibrinogen; PT, prothrombin time; APTT, activated partial thromboplastin
time.

? Data are expressed as the mean+SD (n = 9-10).

* Significant difference between the control and treated groups at p < 0.05.

Table 4. Serum biochemistry changes in liver functlon in rats treated with turmeric powder and
curcumin by daily gavage for 28 days

04 \i‘é’::g-f‘vﬁﬁq«(njﬁ’“%“ Ex-A 28 A U TIEF Js,‘”"ﬁ; PECo g

Dose ALT AST T. bilirubin Cholesterol Triglyceride @ BUN  Creatinine
(mg/kg) " (U/M)? un (mg/dl) (mg/dl) (mg/dl) (mg/dl)  (mg/dl)

Male

Control  23.842.8” 70.7+7.9  0.1240.01 35.4+4.6 29.843.0 12.9+41.4 0.3340.03
TP 100  32.742.3* 90.14£3.8* 0.20+0.01* 46.445.0 36.3+4.2 18.3+1.7* 0.44+0.04*
TP 500 28.9+1.8 89.543.2* 0.1940.01* 47.34£2.8* 45.245.0* 17.2+1.1* 0.41+0.02*
TP1,000 27.6+0.8 102.44+7.1* 0.20+0.01* 44.3+1.4* 44.3+45.6* 16.4+1.0* 0.44+0.01*
TC 1,000 30.6+1.4 103.7+6.0* 0.30+0.01* 40.6+2.1 34.7+3.4 19.441.4* 0.4440.02*

Female

Control 21.44+1.5 75.1£7.3 0.17+0.01 62.244.9 27.7+1.0 17.1+41.1 0.4540.03

TP 100 26.6+1.5* 82.944.7 0.1740.01 74.14+6.1 30.4+3.4 23.441.5* 0.5240.02

TP 500 27.743.0 103.7£7.1* 0.20+0.01 79.3+4.6* 48.7+6.5* 17.5£0.7 0.47+0.01

TP1,000 26.7+1.1* 92.64+3.3* 0.26+0.01* 85.843.0* 37.243.8* 24.1+1.0* 0.57+0.02*
TC 1,000 23.240.9 94.345.3* 0.31+0.01* 73.7+4.1  42.1+£3.0* 30.5+1.9* 0.64+0.04*

Y TP, turmeric powder; TC, 65%—-70% curcumin.

) ALT, alanine aminotransferase; AST, aspartate aminotransferase; T. bilirubin, total bilirubin;
BUN, blood urea nitrogen.

% Data are expressed as the mean+SD (n = 9-10).

* Significant difference between the control and treated groups at p < 0.05.



246 P I%?g%*ﬁ ﬁfu 5745 % 5731 2003

STy BRI GRS 282 U E RS [
Table 5. Serum biochemistry changes in rats treated with turmeric powder and curcumin by daily

gavage for 28 days

Dose CK LDH T. protein  Albumin ALP GGT
(mg/kg) " (U/n? (U (g/dl) (g/dl) (g/dl) (U/)
Male
Control 281.6+52.8” 610.6+102.5 3.3+0.3  2.540.2 169.4425.6  0.7+0.2
TP 100 203.0420.9  605.5+35.8 4.6+0.2%Y 3.3+0.1*% 174.3+8.1 0.6+0.2
TP 500 326.7424.2  639.8+40.4 4.940.3*  3.4+0.1* 183.448.3 0.8+0.2
TP1,000  253.2440.4  694.7+107.4  5.040.1*  3.6+0.1* 187.248.5 0.5+0.2
TC 1,000 332.7+51.4  775.1+73.6 5.240.1%  3.740.1* 192.6+14.0 1.1+0.2
Female
Control 223.8+41.6  483.7496.3 4.4+0.1  32+40.1 122.249.2 1.240.2
TP 100 115.7421.7% 335.8+64.1 5.540.1%  3.9+0.1* 94.2+8.4 1.6+0.1
TP 500 372.4460.2  867.84124.2*% 5.440.1*  3.940.1* 118.6+4.4 1.4+0.2
TP1,000  192.2429.4  568.4+53.7 5.540.1%  3.940.1*% 129.4410.0  0.840.1
TC 1,000 322.4+61.7  627.0+93.8 5.540.1%  3.940.1* 104.248.5 1.3+0.2
Glucose Amylase P Ca* Mg** Cr
(mg/dl) (U/) (mg/dl) (mg/dl) (mEq/dl) (mEq/dl)
Male
Control 98.5+7.6  590.8449.2  5.9+0.5 6.240.7 1.0740.18  79.846.5
TP 100 129.1+13.3  780.3+57.0%  7.3+0.3 8.1+0.4*  1.10+0.06  97.8+3.7*
TP 500 117.548.5  765.8449.4*  8.1+0.3*  8240.4*  1.9840.07* 90.8+3.7
TP1,000  117.3+7.4  851.5+46.9*  7.6+0.1*  8.2+0.1*  2.16+0.16* 101.0+1.2*
TC 1,000 1152463  823.3+32.2*  8.6+0.1*  8.2+0.1*  1.75+0.16* 104.3+1.4*
Female
Control 109.4+6.3  427.6425.1  5.6+0.3 7.4+0.3 1.1140.07  91.7+43.2
TP 100 108.646.4  486.5+19.7  7.4+0.2*  8.6+0.2*  1.34+0.08 93.2+1.8
TP 500 103.747.0  472.44233  7.240.1*  8.4+0.1*  1.9240.07* 95.240.7
TP1,000  106.1+6.0  363.5+71.7  7.4+0.3*  8.6+0.1*  1.90+0.05* 108.0+1.2*
TC 1,000 101.4+7.6 472.5+22.5  7.840.1*  8.2+0.1*  1.69+0.05* 106.1+0.4*

D TP, turmeric powder; TC, 65%—-70% curcumin.

) CK, creatine kinase; LDH, lactate dehydrogenase; T. protein, total protein; ALP, alkaline

phosphatase; GGT, gamma glutamyl-transferase.

?) Data are expressed as the mean+SD (n = 9-10).

* Significant difference between the control and treated groups at p < 0.05.
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Table 6. Changes 1n urinary analyses in rats treated with turmeric powder and curcumin by daily

gavage for 28 days

Dose Volume .2 Protein Urobilinogen
1 Appear.  S. Gravity pH
(mg/kg) (ml) (mg/dl) (EU/d])
Male
Control 12.6£0.7  PY  1.025+0.001  7.10+0.12 32.548.1 0.20+0.01
TP 100 11.7+1.1 PY 1.025+0.001  7.33+0.11 31.1+8.8 0.20+0.01
TP 500 12.8+0.7 PY 1.025+0.001  7.25+0.11 27.04£2.0 0.20+0.01
TP1,000 12.6+1.0 PY 1.02840.001  7.20+0.13 35.5+7.3 0.20+0.01
TC 1,000 13.440.8 PY~Y 1.050+0.027 7.40+0.14 51.0+10.6 0.20+0.01
Female
Control 7.5+£0.6 PY 1.024+0.001  6.95+0.13 15.0+2.2 0.20+0.01
TP 100 10.7+0.6 PY 1.023+£0.001  7.1540.10 10.5+£3.9 0.20+0.01
TP 500 8.5+0.4 PY 1.024+0.001  7.05+£0.05 20.0+4.1 0.20+0.01
TP1,000 8.5+0.4 PY 1.020+£0.001  7.38+0.24 15.0+3.3 0.20+0.01

TC 1,000 10.3+0.8 PY~Y 1.024+0.001  7.05+0.15 19.5+3.2%* 0.20+0.01

Glucose Bilirubin Ketone Nitrite Oc. Blood Leukocyte

-+ -+ - 4+ + - 4+ -+ o+ - 4+ o+ 4+
Male
Control 39 7 1 9 0 4 6 10 O 9 1 0 8 2 0 0
TP 100 8 1 8 1 0 8 1 5 4 9 0 0 6 2 0 1
TP 500 7 3 7 3 0 6 4 S5 5 10 0 0 9 1 0 0
TP1,000 8 2 9 1 o0 7 3 9 1 10 0 0 9 1 0 O
TC1,000 6 4 9 1 0 4 6 S5 5 10 0 0 8 2 0 0
Female
Control 6 4 10 0 4 6 0 9 1 6 0 4 9 1 0 0
TP 100 8 2 10 0 5 4 1 6 4 10 0 0 9 0 0 1
TP 500 9 0 8 1 3 6 0 6 3 9 0 0 9 0O 0 0
TP1,000 8 1 9 0 3 6 0 7 2 9 0 0 9 0 0 0
TC1,000 8 2 10 0 5 4 1 7 3 10 0 0 10 0o 0 0

D TP, turmeric powder; TC, 65%—70% curcumin.

7. gravity, specific gravity; Oc. blood, occult blood; PY, pale yellow; Y, yellow; Grades for
each value. Glucose (mg/dl): -, nil; &, 0.1; bilirubin (mg/dl) -, nil; +, 0.4; ketone (mg/dl): -,
nil; £, 5; +, 15; nitrite: -, normal; +, positive; occult blood and leukocyte: -, negative; =+,
trace; +, mild; ++, moderate.

% Data are expressed as the mean+SD (n = 9-10).

Y Affected rat number.[change the number in the table too]

* Significant difference between the control and treated groups at p < 0.05.
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Table 7. Urinary sediment changes in rats treated with turmeric powder and curcumin by daily

gavage for 28 days

Dose Urinary sediments (10°) ? Parasite Crystal
(mg/kg) " RBC WBC  Epithelia  Cast T
Male

Control 1.6£0.4Y 1.0+0.2 10.742.0 7.9+0.6 10 0 0 2 2 4 2
TP 100 0.6+0.2* 0.3+0.1* 52+13*% 76+14 9 0 0 0 5 3 1
TP 500 1.4+0.4  1.8+1.6  5.740.6* 5.1406* 10 0 0 0 S 2 3
TP1,000  1.240.3  0.840.3  6.2+40.8* 23+03* 10 0 0 1 4 2 3
TC 1,000 09403  0.1+0.1* 4.0+0.4* 24+0.1* 10 0 0 0 7 2 1
Female

Control 0.4+0.8  1.4+0.2  8.0+1.4 10614 10 0 0 6 3 1 0
TP 100 1.440.6  0.6+0.1* 6.3+0.8 56+0.7* 10 0 0 4 4 2 0
TP 500 33+42.1  1.0£0.5  2.7+04* 37+03* 9 0 0 5 2 0 2
TP1,000  0.840.3  0.3+0.1* 52408 32+403* 9 0 0 0 6 3 0
TC 1,000  1.540.8  0.7+0.1  3.7+0.7% 2.4404* 10 0 0 3 7 0 0

b TP, turmeric powder; TC, 65%—70% curcumin.

) Urinary sediments: RBC, red blood cells; WBC, white blood cells. Grades for observation:
Parasite: non, -; Positive, +; Crystal: -: Nil; £: a few in a few fields examined; +: a few in
some fields examined; ++: a few in all fields examined; +++: many in all fields examined.

?) Data are expressed as the mean+SD (n = 9-10).

Y Examined rat number.[change the number in the table too]

* Significant difference between the control and treated groups at p < 0.05.
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Table 8. Organ weight changes of rats treated with turmeric powder and curcumin by daily
gavage for 28 days

S BV PR A 528 P AR E B

Dose Brain Heart Thymus Spleen

(mg/kg) " (%) (%) (%) (%)

Male

Control 0.486+0.004% 0.287+0.005 0.120+0.005 0.184+0.006

TP 100 0.474+0.008 0.28440.006 0.112+0.007 0.176+0.008

TP 500 0.501+0.008 0.311+0.009* 0.114+0.004 0.196+0.009

TP1,000 0.477+0.009 0.297+0.014 0.112+0.006 0.208+0.006

TC 1,000 0.471+£0.013 0.25140.009 0.105+0.005 0.182+0.008

Female

Control 0.714+0.013 0.316+0.008 0.165+0.009 0.217+0.010

TP 100 0.700+0.013 0.313+0.006 0.177+0.012 0.212+0.006

TP 500 0.707+0.020 0.324+0.006 0.145+0.011 0.218+0.009

TP1,000 0.726+0.014 0.329+0.010 0.180+0.006 0.214+0.008

TC 1,000 0.710+0.016 0.326+0.011 0.162+0.008 0.221+0.012
Liver (%) Kidney (%) Testis (%) Ovary (%)

Male

Control 2.827+0.035 0.668+0.018 0.852+0.028 -

TP 100 2.697+0.023* 0.618+0.012%* 0.872+0.078 -

TP 500 2.872+40.035 0.682+0.016 0.861+0.024 -

TP1,000 2.875+0.060 0.721+0.010%* 0.835+0.016 -

TC 1,000 2.98440.058* 0.709+0.011 0.841+0.031 -

Female

Control 3.105+0.048 0.642+0.014 - 0.046+0.003

TP 100 3.019+0.071 0.661+0.014 - 0.048+0.002

TP 500 3.220+0.094 0.664+0.021 - 0.050+0.004

TP1,000 3.020+0.063 0.656+0.011 - 0.046+0.002

TC 1,000 3.148+0.042 0.679+0.020 - 0.045+0.003

b TP, turmeric powder; TC, 65%-70% curcumin.

% Organ weight (%) = [organ weight (g)/ final body weight (g)] x 100.

% Data are expressed as the mean+SD (n = 9-10).

* Significant difference between the control and treated groups at p < 0.05.
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Fig. 3. Histopathological findings in the liver and kidney of rats treated with turmeric powder
(TP) for 28 days. Hepatic vacuoles (arrow), (A) control; (B) 1000 mg/kg bw TP group.
Eosinophilic transudate (arrow), (C) control; (D) 1000 mg/kg bw TP group. C, central

vein; G, glomerulus (H&E stain, 200x).
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Table 9. Incidences of liver and kidney changes in rats treated with turmeric powder and

curcumin by daily gavage for 28 days

. Liver Kidney

Dose Animal % 5
(mg/k )1) No Vacuoles Glomerular exudation

gke ' - + + A+ - + + ++
Male
Control 10 39 7 0 0 0 7 2 1 0
TP 100 9 0 1 5 3 0 8 1 0 0
TP 500 10 4 5 0 0 1 10 0 0 0
TP1,000 10 3 3 2 0 2 6 1 1 2
TC 1,000 10 1 4 4 1 0 6 4 0 0
Female
Control 10 10 0 0 0 0 6 4 0 0
TP 100 10 7 2 1 0 0 10 0 0 0
TP 500 9 7 2 0 0 0 6 4 0 0
TP1,000 9 8 1 0 0 0 6 3 0 0
TC 1,000 10 8 2 0 0 0 3 7 0 0

b TP, turmeric powder; TC, 65%-70% curcumin.
? Vacuoles: -: 0; £: 1-5; +: 6-10; ++: 11-50; +++: 51-100 were found in the full section of

liver.

) Glomerular exudate: -: 0; +: 1-2; +: 3-5; ++: 610 glomeruli were found in the full section

of the kidney.
Y Affected rat number (n=9-10).
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ABSTRACT

Liao, J. W.l, Tsai, S, J.z, Wang, S. C.l, and Hwang, J. Sl Safety evaluation of
turmeric (Curcuma longa L.) powder via oral gavage for 28 days in rats. Plant Prot.
Bull. 45: 237-255. ('Division of Applied Toxicology, Taiwan Agricultural Chemicals
and Toxic Substances Research Institute, Wufeng, Taiwan 413, ROC; Division of
Agricultural Chemistry, Taiwan Agricultural Research Institute, Wufeng, Taiwan 413,
ROC)

Turmeric (Curcuma longa Linn.) contains curcumin that has antioxidative
effects on inflammatory and hepatic disorders, and inhibits carcinogen-induced
cancers in animal models. However, the chronic effect of turmeric is a concern of the
WHO/FAO. The objective of this study was to evaluate the oral acute and 28-day
feeding toxicity of turmeric powder (TP) in Sprague-Dawley (SD) rats. Results
revealed that the acute oral LDs, of TP was greater than 5000 mg/kg body weight (bw)
in rats. In addition, the TP was administered by daily gavage in rats at doses of 0, 100,
500, and 1000 mg/kg bw for 28 days. The positive control was 1000 mg/kg bw of
curcumin (65 %-70 %, Sigma). No toxic effects were found by evaluating clinical
signs, body weight, feed consumption and efficiency, hematology, and autopsy in the
TP- and curcumin-treated groups. TP but not curcumin decreased the content of
fibrinogen, shortened the prothrombin time (PT), and activated the partial
thromboplastin time (APTT) in plasma (p < 0.05). Turmeric powder treatment
increased organ weights of the liver and kidney in male rats (p < 0.05) and elevated
the levels of serum aspartate aminotransferase (AST), total bilirubin, cholesterol,
triglyceride, blood urine nitrogen (BUN), creatinine, and ions (P3', Ca%, Mg2+, and
CI) in both sexes (p < 0.05). Although, slight increases in hepatocytic vacuoles and
glomerular exudate were found in the liver and kidney, however, no significant toxic
effects were observed in treated male rats. These findings indicate that no acute oral
toxicity was observed, and the higher daily intake (1000 mg/kg) of TP for 28 days
also showed no significant toxic effects in rats. The changes in fibrinogen and PT in
plasma after TP treatment might relate to the use of turmeric for anticoagulation in
Chinese medicine; this effect needs to be illustrated by further studies.

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