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A 90-day Repeated Dose Toxicity Study of Madder Color in F344 Rats:
A Preliminary Study for Chronic Toxicity and Carcinogenicity Studies

A 90-day toxicity study of madder color was performed in F344 rats by feeding the pellet diet containing O,
0.6, 1.2, 2.5 and 5.0 % of test substance to clarify its toxic potential and to determine the dose levels for the fol-
lowing chronic toxicity/carcinogenicity studies. Body weight gain and food consumption were dose-dependently
decreased at 1.2 % or more in males and at 2.5 % or more in females throughout the experimental period. All
animals were survived until the end of experiment and subjected to autopsy. Hematologically, the following
parameters were fluctuated in relation to the treatment: decreases in the red blood cells, hemoglobin, and hemat-
ocrit in females at 2.5 % or more; increase of platelets in males at 2.5 % or more, and in females at 5 %; increase
in white blood cells in males at 5 %. Serum protein parameters were also affected by the treatment in males at
1.2 % or more and in females at all doses. Increase in the serum calcium level was observed in males at 2.5 % or
more and in females at 5 %. Serum inorganic phosphorus level was also increased in males at 1.2 % or more and
in females at 2.5 % or more. At autopsy, both absolute and relative kidney weights of females increased dose-
dependently at 0.6 % or more. Relative liver weight in females also increased at 1.2 % or more.
Histopathologically, microvesicular vacuolar degeneration of proximal tubules was observed in the kidney of
both sexes (males at 1.2 % or more; females at 0.6 % or more). In addition, mononuclear cell infiltration (both
sexes) and hyaline casts and tubular regeneration (male) appeared in the kidney at 5 %. In the female liver, focal
liver cell necrosis associated with mononuclear cell infiltration was evident at 5%. The results demonstrate the
toxic effects of madder color on the liver (in females at 5 %) and kidney (in males at 1.2 % or more; in females
at 0.6 % or more) of F344 rats when treated orally for 90 days. In addition, toxicities in hematopoietic system
and/or bone would probably be appeared when rats are treated with 1.2 % or more of madder color for long-term
over 90 days. NOAEL was determined to be 0.6 % in males, but could not be determined in females under the
condition of this study. Based on the results of this study, the dose levels for subsequent chronic toxicity and
carcinogenicity studies were determined to be 0.2, 1.0 and 5.0%, and 2.5 and 5.0%, respectively.
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Fig. 1. Growth curves for male and female F344 rats treated with mad-
der color for 13 weeks
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Fig.2. Daily food intake for male and female F344 rats treated with
madder color for 13 weeks

7

HEENNFHOREZEZRBYN2EC-EHL LT, #T
X 5% BT 120%, 25%ET6.6%, 12%ET21%TdH Y,
T 5% BET6.6%, 2.5%FEET55% CTh o7z,

Table 1. Food consumption and intake of madder color

Food consumption Daily intake (g/rat) Total intake (g/rat)

(g/rat/day)
Group Male Female Male Female Male Female
control 145 9.2 - - - -
0.6% 148 9.5 0.09 0.06 8.0 5.2
1.2% 141 9.3 0.17 0.1 154 102
2.5% 135 88 0.34 0.22 30.7 20.0
5% 133 8.6 0.67 0.43 60.6 39.1
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Table 2. Hematological and serum biochemical data of F344 male rats treated with madder color for 13 weeks

Items Groups
Control 0.6% 1.2% 2.5% 5%
RBC (x10%/uL) 919.5+2059 ¥ 938.6+20.27 915.3+2233 9248 ::27.98 912942255
Hb  (g/dl) 15.1 £0.24 154 :£0.37 150+0.34 150040 1484037
Ht % 438099 451 £0.76% 437+1.14 447+1.23 437 £1.09
MCV  (fL) 47.6£0.50 48.1 £0.44 478043 48.3 £ 0.28%x 47.9+0.38
MCH (pg) 16.5+0.20 16.3£0.20 164+£0.10 16.2+0.3% 16.2 £ 0.20%*
MCHC (g/dL) 346:£042 34.0:+056 3444044 33.6 £ 0.484% 338 0.3+
PLT (x10%uL) 78.8+1.66 76.9+4.08 779315 829+4.31% 87.8 £ 3.1%k
WBC (x10%/ L) 41.6+4.70 3861344 41.9+479 4454445 488+ 4.31%
Differential cell counts (%)
Neut-B 1.3+£0.92 041057 0.3:£0.35% 0.2:£0.24% 0.1 £0.16%
Neut-S 20.7 491 26.8 £ 5.40% 243336 20.8 £2.45 239:+555
Eosino 1.2+0.59 1.3:£0.65 1.1 £0.81 0.3 +0.35%% 0.9 +0.66
Baso 0.0 £0.00 0.1£0.16 0.0 :£0.00 0.0 £0.00 0.1 £0.16
Lymph 76.8 +4.64 71.1 £5.73% 7431349 784 %267 751542
Mono 0.1+0.16 0.4 +0.63 0.1+0.21 0.4 £057 0.1 +0.16
Eb} 234189 1.5+£1.78 1.2+0.92 1.8+1.40 23+1.49
TP (g/dL) 6.6:£0.17 683:0.17 6.9 £0.11%x% 7.1 0.1 1% 7.34£0.11%x
Ab  (g/dL) 45+0.06 464015 4.6 =+ 0.09%% 4.7 £0.084x 4.8 0.08%%
A/G 21+0.15 2.1 4009 2.00.09% 2.040.08 1.9 0.08%*
TC  (mg/dL) 76.3+236 744519 76.8 £4.57 7274798 789+4.25
TG  (mg/dL) 94.6 £15.90 95.2+19.90 1027 +£20.76 75.6 £15.70 70.0 * 19.37%
BUN (mg/dL) 19.5+1.08 20.1+1.49 224+ 1.71%% 20.7 241 22.5 % 0.93%%
CRE (mg/dL) 0.3£0.03 0.3£003" 0.3£0.00 0.3 £0.00 0.3:0.00
Ca  (mg/dl) 104017 10.2+0.13 10540.15 10.6 £ 0.13%% 10.8 £0.16%%
P (mg/dL) 5.7+0.31 6.1 +£0.30 6.8 + 0.36%% 7.3 £0.25%% 7.8 = 0.24%%
Na  (mEq/dL) 144.5 +0.52 1454 £:0.96 1445£0.70 145.7 £0.95%x 145.5 £0.85%
K (mEq/dL) 424024 44+0.29 44+0.17 4.6 :0.19%% 45+0.16%
cl (mEq/dl) 104.4 +0.69 104.5 +0.85 103.9+0.88 1036 +0.84 103.7+1.16
AST (/L) 71.7+4.69 79.8 = 5.03%% 728 +6.03 753657 66.6 +3.60
ALT  (u/L) 5264237 55.8 +4.98 §32+368 43.4 £ 5.06% 394+ 3.2
ALP  (lU/L) 353.1 £ 18.00 349.0 + 20.64 347.6 +16.67 332.5+£23.29 3504424
DBIL _ (mg/dL) 0.1 +0.00 0.2 4+0.03 0.3 +0.03% 0.5 =+ 0.03* 0.9 +0.04%
a) : Mean = SD

*, *% ; Significantly different from control at p < 0.05 and p < 0.01, respectively
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Table 3. Hematological and serum biochemical data of F344 female rats treated with madder color for 13 weeks

tems Groups __
Control 0.6% 1.2% 2.5% 5%
RBC (x10%ubL) 906.2£2151% 9039+21.33  884.2+28.16 8585+ 4879%¢  825.3 % 31.20%%
Hb  (g/dL) 16.0£0.32 16.0+0.29 15.6 047 15.1 £0.83% 14.6 £ 0.53*
Ht %) 46.1 +1.23 46.0 +1.14% 447 +1.45 43.2 & 2.43%% 42.3 + 1.474%
MCV (fL) 50.9 £0.32 50.9 +0.29 50.6 +0.32 50.3 = 0.46%* 51.3+033
MCH (pg 17.6+£0.13 17.7+0.20 17.6 £0.18 17.6 £0.09 17.6 £0.13
MCHC (g/dL) 34.7+0.39 3474043 34.8+0.39 34.9+0.26 34.4 £0.30
PLT (x10%uL) 81.2+4.29 80.5+371 80.6 = 4.34 86.0 +5.34 91.8 = 5.76%
WBC (x10%/uL) 38.7£4.77 38.8+4.37 38.2+6.27 40.0 +5.98 429 +545
Differential cell counts (%)
Neut-B 0.0 +£0.00 0.2 +0.34 0.2 +0.34 0.0 +£0.00 0.0 £0.00
Neut-S 159+6.18 157 +4.84 153+2.83 16.1 £4.68 16.9 +5.27
Eosino 14£1.13 0.9 +0.34 1.6£1.15 1.4 +£0.94 0.9 +0.66
Baso 0.0 +0.00 0.0 +0.00 0.0 £0.00 1.0£0.16 0.0 £0.00
Lymph 82.6 +6.13 83.1 +4.83 82.8 + 3.51 82.4+4.94 81.8+4.80
Mono 02+0.24 0.2+0.35 0.2+0.24 0.1+0.16 0.5+0.80
Ebl 274142 3.8+257 1.6+ 1.65 1.5+1.35 261246
TP (g/dD) 6.5+0.09 6.8+0.17% 6.8 +0.21% 6.9+001% 7.1£0.17%
Ab  (g/dL) 47+0.14 48+0.13 47+0.16 47010 47014
A/G 2.8+0.27 2.6 +0.22% 2.3 £0.16% 2.1 £0.14%x 2.0 £0.16%
TC (mg/dL) 90.7 £ 8.01 99.2 £7.07 105.0 & 5.83%* 108.6 £9.01%% 118.0 =+ 8.53%x*
TG (mg/dL) 31.8+745 427 +£12.49 48.2 £ 15.92% 48.8 £ 12.42%* 46.9 £ 8.09%
BUN (mg/dL) 19.3+£1.74 19.2+£0.65 19.1 +£2.40 19.9 +1.51 200+1.74
CRE (mg/dL) 0.3 +0.00 0.3£0.03 03210.03 0.3+0.03 0.310.05
Ca  (mg/dl) 10.4£0.24 10.5+0.23 10.3+0.23 10.3 +0.06 10.9 +0.19*
P (mg/dl) 6.2 +0.30 6.5+053 6.4 +0.29 8.7 £0.36% 7.1 2034+
Na  (mEq/dL) 145.340.67 146.4 +0.69 145.7 +0.82 1458 +1.03 1454 +1.07
K {(mEq/dL) 41024 414027 42+0.20 42021 424012
Cl  (mEg/dL) 106.8 +1.23 107.1 £0.99 1059 £ 057 104.6 £1.17%x 105.1 & 0.99%x
AST (u/L) 78.1+8.84 784 +7.01 67.7 £ 4.24%% 73.0 +4.81 69.4 =+ 3.95%*
ALT (U/D) 410271 405+ 344 35.4 + 2.59%% 345+ 2924 35.3 = 3.34%
ALP  (U/L) 25894744 22931929 2105+ 11.46% 2156 +24.14% 246.8 + 20.09
DBIL (mg/dL) 0.1 £0.03 0.2 +0.03 0.4 =+ 0.05% 0.6 :+0.03 1.1+£0.07%
a): Mean + SD

*, ¥k : Significantly different from control at p < 0.05 and p < 0.01, respectively
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Table 4. 'Absolute organ weights of F344 rats treated with madder color for 13 weeks (g)

Groups
Control 0.6% 1.2% 2.5% 5%

Male Body weight 3109 +£15.28 Y 307.1 +1450 2973+ 16.50 288.9 + 36.165% 261.7 £ 16.8%
Brain 1.94 £0.045 1.92 +0.041 1.94 £0.050 1.89 +£0.042 1.90 £0.052
Thymus 0.21 +:0.034 0.21 £0.030 0.20 0021 0.19+0.037 0.18 :0.030
Lung (R) 0.66 +£0.048 0.65+0.038 0.63 +0.057 0.59 X+ 0.036+x 0.61 £:0.032%
Lung (L 0.35+0.017 0.34 +£0.0t12 0.34 £0.022 0.31 £0.018*x 0.321:0.019%*
Heart 0.88 +0.079 0.95 +0.082 0.88 £0.057 0.86 £0.069 0.81 1:0.045
Spleen 0.63+0.051 0.64 £0.031 0.65+0.038 0.65+0.032 0.63:0.048
Liver 7.37£0474 7.57+0.353 7.64 +0.489 74710433 76710614
Adrenal (R) 0.017 £0.003 0.017 £0.002 0.018 £0.003 0.019 +£0.002 0.017 2:0.003
Adrenal (L) 0.020 +0.002 0.020 £ 0.002 0.019 +0.004 0.021 £0.002 0.021 1:0.002
Kidney (R) 0.94 £0.090 0.97 £0.051 0.98 £0.045 0.96 +0.059 0.934:0.045
Kidney (L) 0.98+0.056 1.00 £0.073 1.01 £0.058 0.97 +0.043 09540075
Testis (R) 1.46 +0.083 1.5t £0.068 1.49 +0084 1.52+0088 1.5140.067
Testis (L) 1.49 +0.079 1.53 +0.069 152 +0.094 1.53 +0.048 1.52 +0.090

Female Body weight 162.6 :4.86 162.3:7.17 158.1 +£8.03 150.1 £6.02%* 148.0 1 6.5%*
Brain 1.76 £0.038 1.79 £0.054 1.78 £0.037 1.77 £0.048 1.76 £ 0.032
Thymus 0.17+0.024 0.17+£0.023 0.17+0019 0.15+0014 0.16 +:0.042
Lung (R) 0440018 0.43+0.038 0.45+0025 0.43+0.026 0.43:£0.042
Lung (L) 0.24+£0.026 0.24 +0.018 0.24 £0.022 0.24 £0.015 0.2340.021
Heart 0.54 +:0.035 0530025 0.55+0.026 0.52 +£0.023 0.52 +0.027
Spleen 0.38 £0.022 0.39 +0.026 0.39 +0.030 0.41 +0.057 04120018
Liver 3.48+0.145 3.66 £0.226 3.78 £ 0.18%** 371 +0.269 3.8540.185%x*
Adrenal (R) 0.019 £0.002 0.021 £0.003 0.019 +0.002 0.020 +0.003 0.019 +0.003
Adrenal (L) 0.020 £0.003 0.023 +0.003 0.021 £0.003 0.020 +0.003 0.018 +0.003
Kidney (R) 0.51 £0.032 0.55+0.026% 0.59 £ 0.037%x 0.56 = 0.036%x 0.584:0.027+%+%
Kidney (L) 0.52 +£0.027 0.56 +£0.025 0.59 + 0.035%* 0.57 +0.037%* 0.57 % 0.027%%
a): Mean £ SD
*, ** : Significantly different from control at p < 0.05 and p < 0.01, respectively

Table 5. Relative organ weights of F344 rats treated with madder color for 13 weeks (g)
Groups
Contro) 06% 1.2% 2.5% 5%

Male Brain 0.63 £0028% 0.63 +£0.030 0.65 0023 0.66 £0.064 073 £0042
Thymus 0.07 £ 0010 0.07 £ 0.009 0.07 0007 0.07 £0015 007 £0013
Lung (R) 0.21 0015 021 +0016 0.21 +0020 0.21 +£0023 02340012
Lung (L) 0.11 = 0.007 0.11 +0.006 0.11 £0.009 01100114 0.12+0.006
Heart 0.28 £0.021 031 20025 0.30 0015 0.30 0034 0310015
Spleen 0200012 0.21 0007 0.22 +0.009 02310019 0240014
Liver 2.37 £0.067 247 £0053 257 +£0.067 260+0.185 283X0.108
Adrenal (R) 0.006 £0.001 0.006 -+ 0.000 0.006 £ 0.001 0.007 -+ 0.001 0.007 £ 0.001
Adrenal (L) 0.006 £0.001 0.007 +£0.001 0.007 £ 0.001 0.007 £ 0.001 0.008 +0.000
Kidney (R} 0.30 +0.017 0.32 +£0.009 03310011 0.33 +0034 0360018
Kidney (L) 0.31 £0.012 0320016 0.34 £ 0.001 0.34 £0.030 0.36 £ 0.009
Testis (R) 0.47 20.025 049 0022 050+0018 0.53 £ 0.061 05840026
Testis (L) 0.48 +0.023 0.50 + 0.022 0.51 + 0027 0.54 £ 0.057 0580018

Female Brain 1.08 £0.043 1.10 £ 0039 1.12£0050 1.18 £ 0.032%¢ 1192 0.038%+
Thymus 01010015 0.10 +0.011 0.11 +£0014 0.10 + 0.008 0.1t 0028
Lung (R) 0.27 £0.011 0.27 £ 0018 0.28 +0.019 0.29 +0.020 0.29 +£0.026
Lung (L) 0.15:+0014 0.15 £ 0010 0.15 0010 0.16 +0.009 0.16 £0015
Heart 0.33+0013 0.33 £ 0.009 03510017 0.35+0.013% 0.35 3+ 0.018%%
Spleen 0.23+£0010 024 20011t 0.24 + 0011t 0.28 £ 0048 0.28+0010
Liver 213 0059 2.25 20081 237 £ 0.066%¢ 247 £0.121%% 261 £0.077%x

Adrenal (R) 0.011 £0.001 0.013 £0.002 0.012 £ 0.001 0.013 £0.002 0.013 £ 0.002
Adrenal (L) 0.013 0001 0.014 +0.002 0.013:+0.002 0.013 £ 0.002 0.012 £ 0.002
Kidney (R) 0.31 20016 0.34 +£0012#%x 0.37 £0018%¢ 0.37 £ 0.014%% 0.39 £ 0.009%*%
Kidney (L) 0.32 +0.011 0.34 +0014% 037 +0018%*¢ 038 0018+ 0.39 + 0.013%%
a): Mean £ SD

*, %% : Significantly different from control at p < 0.05 and p < 0.01, respectively
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Table 6. Histological findings in male and female rats treated with madder color for 13 week

Sex Male Female
Group control _0.6% 12% 2.5% 5% control 0.6% 1.2% 25% 5%
No. of animals examined M 10 10 10 10 10 10 10 10 10 10
Liver
Focal necrosis, hepatocytes Total incidence 10 -~ - - 10 9 10 8 9 10##
Grade = 10 10 6 8 7 3 0
+ 0 0 3 1 1 5 2
++ 0 0 [} 0 0 1 8
Mononuclear cell infiltration Toal incidence 10 - - - 10 10 10 10 10 10##
Grade = 10 10 7 8 7 4 0
+ 0 0 3 1 3 5 2
++ 0 0 [ 1 0 1 8
Kidney
Tubular regeneration Toal incidence 10 10## 9#4 104## 104 3 1 1 2 4
Grade = 1 8 7 7 0 3 1 1 2 4
+ 8 1 2 3 4 0 0 0 0 0
++ 1 1 0 0 6 0 0 0 0 0
Hyaline cast. Toal incidence 8 3 5 2% 9 5 5 6 5 7
Grade = 8 3 5 2 4 5 5 6 4 7
+ 0 0 0 0 5 0 0 0 1 0
++ 0 0 0 0 [ 0 0 0 0 0
Microvesicular vacuolar Toal incidence 10 10 10##  10##%  104# 10 1044  10##  10#%  104#
degeneration, proximal tubules Grade = 10 10 4 0 0 10 [ 0 0 0
+ 0 0 6 10 4 0 10 5 [} 0
++ 0 0 0 0 6 0 0 5 10 10
Mononuclear cell infiltration Toal incidence 6 6 8 9 10## 4 2 1 5 10*##
Grade = [ 6 7 8 3 4 2 1 4 7
+ o 0 1 1 7 /] 0 0 1 3
++ 0 0 0 0 0 ¢ 0 0 0 0
Eosinophilic body Toal incidence 10 104#% 1044 4+ i Oxx i 0 0 0 0 0
Grade = ] 0 8 4 0 0 0 0 0 0
+ 0 4 2 0 0 0 0 0 0 0
++ o 6 0 o o [ 0 [} 0 0
++4 10 0 0 0 1] 1] 0 0 0 0

a) : Not examined

+ :very slight,  +:slight, ++:moderate, +++:severe

*, % ; Significantly different from control at p < 0.05 and p < 0.01, respectively {Fisher's test)
#, ## : Significantly different from control at p < 0.05 and p < 0.01, respectively (Mann-Whitney test)
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Fig. 3A. Microvesicular vacuolar degeneration of proximal tubulues in
the kidney of a male rat treated with 5% of madder color.
Focus of tubular regeneration (arrow) and lack of eosinophilic
bodies are shown as well. (H.E., x1320 magnification)

_I )/V\ . ! . 2

N .:} X R

Fig. 3B Eosinophilic bodies in the proximal tubular epithelia (arrow) in
the kidney of an untreated male rat (H.E., x1320 magnification)

i

Fig.4 Focal liver cell necrosis associated with infiltration of

mononuclear cells in a rat treated with 5% of madder color
(H.E., x1320 magnification)
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