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A 13-Week Subchronic Toxicity Study of Gardenia Blue in F344 Rats

Takayoshi Imazawa, Akiyoshi Nishikawa, Fumio Furukawa, Zen-yo Tanakamaru,
In-Seon Lee, Hyoung-Chin Kim and Michihito Takahashi

A 13-week oral toxicity study of gardenia blue was performed in male and female F344 rats at the
dose levels of 5.0, 2.5, 1.25, 0.6 and 09 in the diet, to determine the maximum tolerable dose (MTD) for
subsequent investigation of carcinogenicity. Rats were randomly allocated to 5 groups, each cousisting
of 10 males and 10 females.

No groups showed decreases in body weight gain and food intake, and all animals survived until the
end of the experiment.

A dose-dependent decrease in number of platelets was observed in females treated with gardenia blue
in hematological examination, but not in males. No histopathological change, relating to the treat-
ment, in megakaryocyte which is the progenitor cell of platelets was observed in the treated-females.

Serum biochemistry revealed increases in GOT and GPT in both sexes treated with the 5.0% and
2.5% gardenia blue, as compared to the control value. However, these were not considered to be
specific changes because of lack of any clear dose response. In addition, no histopathological changes
indicating obvious toxicity of gardenia blue were observed in the liver of both sexes treated with
gardenia blue. ‘

Based on these data, the MTD of gardenia blue for both sexes in F344 rats was considered to be 5.0%

or more in the diet.
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Fig.1. Growth curves of F344 rats treated with gardenia blue for 13

weeks
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Table 1. Body weight, food intake and total chemical intake in
rats fed diet containing gardenia blue for 13 weeks
Grou Final body Food intake Total chemical intake
P weight (g) (g/ rat/ day) (g/rat/ 13wk)
Male 5.0% 312.2+14.80 15.86 72.15
2.5% 314.3%+10.66 16.21 36.89
1.25% 312.9+8.77 15.76 17.93
0.6% 307.9x12.96 16.03 8.75
Control 314.0£10.04 16.15 -—
Female 5.0% 176.517.89 10.69 48.62
2.5% 172.4+10.07 10.58 24.07
1.25% 178.51+6.63 10.68 12.15
0.6% 179.9£8.37 11.03 6.02
Control 179.3+£9.62 10.96 -
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Fig. 2. Sequential changes of daily food intakes in F344 rats treated with

gardenia blue for 13 weeks
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Table 2. Hematological and serum biochemical data of male rats treated with gardenia blue for 13
weeks
Dose level
Item
5.0% 2.5% 1.25% 0.6% 0% (Control)
Hematology
WBC (><102/,u ) 36.5+4.93 33.6+3.17 344+542 38.3+6.02 % 33.1£3.28
RBC (X104/,u 1) 934.9%40.75 938.4+41.62 916.9121.38 941.2+38.08 917.5+£19.33
Hb (g/dD) 15.54%0.61 15.54+0.63 15.23+0.34 15.67+0.38 15.30+0.33
Ht (%) 4520%£1.99 4521%£1.94 4429+1.10 45812153 % 43.96+1.00
MCV  (fD) 48.36+£0.23 48.16£0.55 48.32+0.50 48.68+£0.70 479110.27
MCH. (pg) 16.63+0.27 16.57£0.13 16.6110.21 16.67+0.39 16.68+0.18
MCHC (g/dl) 34.38£0.66 34.39+0.43 34.4%+0.66 34.22+0.57 34.801+0.38
PLT (X 104/;1 ) 77.22+3.22 77.30+2.44 77.08+1.72 77.95+£3.40 76.30+£0.404
Serum biochemistry

Tp (g/dl) 6.46+0.05 6.52+£0.32 6.34%+0.11 6.4£0.003 6.44+3.23
A/G 2.88+0.11 2.88+0.25 2.88+0.31 3.24£0.33 2.88+0.13
Alb (g/dl) 4.8%+0.002 4.84%+0.21 4.7%+0.19 4.88+0.11 4.78+0.08
T.Cho (mg/dl) 682,55 ** 65.4+£3.57 6221311 63.4+4.67 61.8+3.03
BUN  (mg/dl) 18.28+1.90 21.9+£2.01 * 17.861£0.90 20.62+0.59 18.46+2.30
CRN  (mg/dl) 0.58+0.04 0.640.05 0.56+0.05 0.56+0.05 0.60+0
Na (mEQ/dl) 14244088 14524 1.64 1444+£1.13 144.8£0.84 143.8+£0.83
Cl (mEQ/dl) 104+ 1.00 105.4+£1.34 106.6+0.54 105.4+£2.51 105+0.70
K (mEQ/dl) 4.34+0.23 482+1.11 4.32+0.46 424+0.21 4.3610.09
Ca (mg/dl) 10.04£0.13 10.5%£0.57 10.3£0.12 10.54£0.22 10.24+0.11
P (mg/dl) 5.22:£0.04 *** 6.361+0.98 6.2240.20 ** 6.14+0.47 5.72x£0.13
GOT dun 120.6£9.04 ** 107.2+4.21 * 90.8£10.43 80.41+2.88 *** 97.41+5.27
GPT Ium 59.4+3.64 * 61.4£2.61** 532+£2.95 5913.08 * 53.414.04
ALP aum 248.21+13.18 277442171 245+5.48 252.6%£1293* 235.4+8.21
y -GTP (U/1) 1.2+045 1.2+1.30 0.4%0.55 ** 1.6£1.34 1.8+0.45
Cho-E  (IU/) 2.6+2.30 6.6+5.41 2.6+1.95 4.81%2.05* 1.4£2.07

Data represent mean values 3=S.D.

*, %% %% Sienificantly different from the control at p<0.05, p<0.01 and p<0.001, respectively
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Table 3. Hematological and serum biochemical data of female rats treated with gardenia blue for
13 weeks
Dose level
Item
5.0% 2.5% 1.25% 0.6% 0%~ (Comrol_)
Hematology

WBC (X10%/xD) 303%5.12 31.2£6.01 313558 29.9+4.61 293+4.72

RBC (X ]04/;1 1) 853.7+27.07* 854.4+35.59 869.3+£23.35 875.6+13.48 878+23.49

Hb (gD 1537+0.52 15.67%0.66 15.86£0.35 15.86+0.27 15.65£0.67

Ht (%) 42974131 43.234+1.76 4393+1.29 4439+0.74 44.16+1.53

MCV () 50.34+0.27 50.5740.26 5043£0.36 50.7+0.35 50.28+0.84

MCH (pg) 17.99£0.20 18.05£0.90 18.26+0.24 * 18.11£0.26 17.81£0.51

MCHC (g/d1) 35.77£0.34 36262037 36.11+042% 35.74:£0.69 35.44£0.70

PLT (X 104/;1 1) 77.01%6.00%* 80.48+4.27 ** 81.84+493 * 83.27+3.29* 98.4+15.87

Serum biochemistry

Tp (g/d1) 6.141+0.21 6.32%£0.11 6.3£0.10 6.34%0.55 6.2+0.23

AJG 344£0.51 3.66+0.41 3324026 3.64:£0.49 3.5410.48

Alb (g/d1) 4.74%0.31 4.96%0.89 4.84+0.11 496+0.13 4.821+0.16

T.Cho (mg/dl) 944451 96.4%4.88 95.6:£4.80 93.25.63 96.6+12.18

BUN  (mg/dl) 16.82£2.68 19.7+£2.22 16.88£2.86 18.46+1.30 16.0+£1.30

CRN  (mg/dl) 0.48+0.04 0.54£0.09 0.52+0.04 0.54£0.05 0.60%0

Na (mEQ/dl) 143.61£1.34 143.6+1.82 143.8+043 * 1454%2.07 * 142.8+0.83

Cl (mEQM)  1068%131 106.4%0.89 107+1.01 105.6%1.95° 106.2%1.48

K (mEQ/dl) 4244011 44+0.27 4.08+0.27 4.08+0.23 4.06%+0.33

Ca (mg/dl) 9.84+0.15 ** 10.2£0.23 10.24+0.19 10.34%£0.25 10.14£0.11

P (mg/d]) 4.74+£0.30* 5.82+0.64 5.26%0.30 5.7+0.56 5.28+0.40

GOT (un) 104.4£6.11 **++* 9441439 ** 86791 84.81+6.26 83.6Xx3.05

GPT (UM 464,18 % 45604 * 422+492 44:£5.70 37.6%3.36

ALP (/) 155120.09 191.4420.18 189.6£18.12 186.61+8.44 171.6+13.33

y -GTP (1U/1) 2+141 1.2%£0.84 1.2+0.84 14%1.14 1.411.67

Cho-E -(IU/) 6.6+2.07 8.2+2.68 5.4+1.52 6.61+3.13 6.61+0.89

Data represent mean values = S.D.

*, %%, **%: Significantly different from the control at p<0.05, p<0.01 and p<0.001, respectively

Table 4. Absolute and relative organ weights of male rats treated with gardenia blue for 13 weeks ‘

Dose level
Organs
5.0% 2.5% 1.25% 0.6% 0% (Control)

Body weight 310.2+14.80 314.3+£10.66 312.9+8.770 307.9£12.96 314.0£10.04
Brain 1.977£0.043 (0.64) 1.969+0.028 (0.63) 1.963+0.045 (0.63) 1.951+0.039 (0%3) 1.9631+0.055 (0.63)
Thymus 0.224+0.062 (0.07) 0.180+0.036 (0.06) 0.197+0.045 (0.06) 0.201%0.097 (0.07) 0.199%0.046 (0.06)
Lung (R) 0.66910.051 (0.22) 0.690x0.062 (0.22) 0.6370.053 (0.20) 0.688£0.043 (0.22%) 0.658+0.031 (0.21)
Lung (L) 0.346+0.018 (0.11) 0.361+0.033 (0.12) 0.3341+0.013 (0.10%)  0.347+0.020 (0.11) 0.351%0.021 (0.11)
Heart 0.907+0.045 (0.29) 0.919+0.048 (0.29) 0.949-0.065 (0.30) 0.9301+0.061 (0.30) 0.918 +0.045 (0.29)
Spleen 0.63710.041 (0.21) 0.6441+0.045 (0.21) 0.638+0.039 (0.20) 0.6611+0.034 (0.22) 0.65710.029 (0.21)
Liver 7.5231+0.430 (2.43) 7.8120.693 (2.49) 7.400£0.243 (2.37) 7.680£0.276 (2.50) 7.55910.396 (2.41)
Adrenal g. (R) 0.0180.003 (0.0059) 0.019£0.001 (0.0062) 0.018%£0.001 (0.0057) 0:0190.003 (0.0061)  0.018£0.002 (0.0059)
Adrenal g. (L) 0.020%0.004 (0.0063)  0.022+0.003 (0.0070) 0.020%+0.001 (0.0065) 0.022+0.004 (0.0071)  0.021£0.003 (0.0066)
Kidney (R) 0.877£0.037 (0.28) 0.87410.052 (0.28) 0.883+0.028 (0.28) 0.8810.050 (0.29) 0.916+0.061 (0.29)
Kidney (L) 0.897+0.034 (0.29) 0.906+0.056 (0.29) - 0.942+0.025 (0.30) 0.9210.053 (0.30) 0.93240.054 (0.30)
Testis (R) 1.446 +0.067 (0.47) 1.477+0.137 (0.47) 1.492+0.046 (0.47) 1.480+0.076 (0.48)  1.479+0.062 (0.47)
Testis (L) 1.482+0.033 (0.48) 1.513+0.075 (0.48) 1.504+0.069 (0.48) 1.528 +0.069 (0.50) 1.512+0.046 (0.48)

Data represent mean values (g) =S.D.
Relative organ weights are shown in parentheses (%)
*: Significantly different from the control at p<0.05
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Table 5. Absolute and relative organ weights of F344 female rats treated with gardenia blue for 13 weeks
Dose level
Organs
5.0% 2.5% 1.25% 0.6% 0% (Control)

Body weight 176.5+7.89 172.4£10.07 178.5+6.63 179.9+8.37 179.3+9.62
Brain 1.802£0.043 (1.02) 1.821£0.031 (1.06) 1.81610.054 (1.01) 1.877+0.147 (1.04) 1.79410.025 (1.00)
Thymus 0.167£0.027 (0.10) 0.171£0.037 (0.10) 0.17410.026 (0.10) 0.184+0.027 (0.10) 0.170+0.022 (0.09)
Lung (R) 0.451%£0.034 (0.26) 0.479+0.034 (0.28) 0.4571+0.030 (0.26) 0.493+0.040 (0.27) 0.478 =0.048 (0.27)
Lung (L) 0.250+0.016 (0.14) 0.237£0.034 (0.14) 0.256%0.017 (0.14) 0.272+0.041 (0.15) 0.255+0.014 (0.14)
Heart 0.582+0.042 (0.33) 0.582+0.043 (0.34) 0.602%0.031 (0.34) 0.609:0.038 (0.34) 0.590£0.046 (0.33)
Spleen 0.370£0.025 (0.21) 0.369+0.022 (0.21) 0.37240.021 (0.21) 0.395+0.021 (0.22) 0.449+0.217 (0.25)
Liver 3.703+0.220 (2.10*)  3.897+0.225 (2.26) 3.941£0.210 (2.21) 4.05810.136 (2.26) 4.0653+0.404 (2.27)
Adrenal g. (R)  0.019£0.002 (0.011*%) 0.021%0.003 (0.012)  0.020%0.003 (0.011)  0.023%0.002 (0.013)  0.022+0.002 (0.012)
Adrenal g. (L)  0.022%£0.002 (0.012) 0.021£0.004 (0.012)  0.022+0.003 (0.013)  0.023%+0.003 (0.013)  0.023%0.003 (0.013)
Kidney (R) 0.559+0.028 (0.32) 0.55440.053 (0.32*%)  0.53940.031 (0.30) 0.546+0.025 (0.30) 0.541%0.037 (0.30)
Kidney (L) 0.579+0.026 (0.33) 0.552£0.042 (0.32) 0.565+0.032 (0.32) 0.558+0.033 (0.31) 0.568+0.034 (0.32)

Data represent mean values (g) £ S.D.
Relative organ weights are shown in parentheses (%)
*: Significantly different from the control at p<0.05
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