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Subchronic Toxicity Test of Ferulic Acid, Natural Food Additive, in F344 Rats
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Male and female F344 rats were administered ferulic acid in the diet at levels of 0 (control), 0.32, 0.8, 2.0 and

5.0% for 13 weeks.
weeks.

lower than those of the controls.

Alopecia was observed in the 5.0% group of both sexes during the study period from 3 to 7
The mean body weights, food consumption and water intake of the high dose groups were significantly
Serum ALB, ALP and AMY in the male and female rats of the 5.0% group were

significantly increased. Histopathological findings showed a slight atrophy of the acinar cells in the parotid

gland, decreases in the metaphyseal trabecular bone and in the thickness of the diaphyseal cortical bone of the

femur, and atrophy or degeneration of the germinal epithelium in the testes of male and female rats of the 5.0%

group. These changes was not dose-dependent.
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Fig. 1. Mean Body Weights of F344 Rats given Ferulic Acid
in Diet for 13 Weeks. Those marked with asterisks
differ significantly (Scheffe's test) from the
corresponding control values (O p<0.05).
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Table 1. Food Consumption of F344 Rats given Ferulic Acid in Diet for 13 Weeks

Dose level (%) O(cont.) 0.32 0.8 2.0 5.0
Males

No. of rats 10 10 10 10 10
o¥ 10.6+ 0.8” 11.3+ 0.8 10.0+ 0.7 7.1 04" 2.2 04"
0 115+ 1.1 114+ 1.3 11.2+ 05 10.9+ 0.8 6.2+ 0.8"
ad 125+ 1.5 124+ 1.0 12.0+ 0.8 114+ 1.0 7.2+ 0.77
0 13.0+ 1.7 12.9+ 0.9 12.6+ 1.0 11.9+ 1.3 8.7+ 04"
0 13.2+ 2.0 13.2+ 0.9 125+ 1.3 12.0+ 1.7 9.3+ 0.6”
ad 119+ 1.5 11.7+ 0.8 11.6+ 0.9 11.5+ 1.5 9.2+ 0.9”
ad 125+ 1.3 12.1+ 0.6 12.1+ 1.2 11.8+ 1.5 10.0+ 0.67
ad 123+ 14 12.1+ 0.8 11.9+ 1.1 11.5+ 1.3 9.5+ 1.07
ad 11.8+ 1.2 112+ 1.5 113+ 1.3 11.1+ 14 11.0+ 4.6
10 11.9+ 1.6 11.2+ 0.8 119+ 1.2 11.5+ 1.3 9.7+ 14"
11 12.0+ 1.2 11.8+ 0.8 11.5+ 0.7 10.9+ 1.0 10.1+ 1.6
12 120+ 14 12.2+ 04 11.8+ 1.1 11.8+ 0.9 104+ 1.37
13 11.9+ 1.6 11.6+ 0.9 11.2+ 1.2 10.6+ 1.3 9.0 2.0°

Females

No. of rats 10 10 10 10 10
0 84+ 04 9.3+ 0.5" 7.8+ 0.8 5.8 0.5" 1.9+ 04"
0 8.9+ 0.5 9.1+ 0.5 9.0+ 0.6 8.7+ 0.6 5.5+ 0.6
0 8.6+ 0.6 9.2+ 0.9 8.7+ 0.5 85+ 0.5 6.5+ 0.6”
0 8.3+ 0.9 8.7+ 0.9 8.5+ 0.8 8.2+ 0.8 7.3+ 0.57
0 8.2+ 1.1 84+ 1.0 7.9+ 0.9 8.7+ 0.8 7.3+ 0.8
O 7.2+ 1.0 7.6+ 0.6 7.0+ 1.1 7.3+ 0.7 6.8+ 1.2
0 73+ 1.1 8.1+ 0.8 7.7+ 0.7 7.9+ 0.8 7.9+ 1.3
0 7.6+ 1.0 7.5 1.1 7.6+ 0.8 8.0+ 0.7 6.8+ 14
ad 71+ 1.2 7.0+ 1.0 6.9+ 1.0 6.5+ 0.8 6.6t 1.2
10 7.1+ 0.9 7.2+ 0.8 7.1+ 0.7 74+ 0.8 74+ 1.6
11 72+ 0.6 7.5+ 0.5 7.2+ 0.8 6.9+ 0.8 7.2+ 15
12 7.7+ 1.0 8.0+ 0.7 7.5+ 0.7 74+ 0.8 75+ 1.3
13 74+ 0.6 7.5 0.5 7.2+ 1.0 7.0+ 0.7 6.9+ 1.5

Values are means+ SD. *p<0.05 vs. controls(Scheffe's test).

a)Period of administration(weeks), b)Food consumption(g/rat/day)
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Table 2. Water Consumption of F344 Rats given Ferulic Acid in Diet for 13 Weeks

Dose level (%) 0 (cont.) 0.32 0.8 2.0 5.0
Males

No. of rats 10 10 10 10 10
o¥ 157+ 1.57 15.0+ 14 15.3+ 1.0 134+ 1.9 9.2+ 2.77
| 158+ 1.3 15.0+ 1.9 157+ 1.5 153+ 1.6 10.7+ 1.6
0 16.6+ 2.1 16.5+ 1.0 16.0+ 14 158+ 2.1 11.9+ 2.07
0 18.1+ 2.1 174+ 1.2 16.8+ 1.3 16.7+ 2.3 16.3+ 4.0
0 17.0+ 24 175+ 1.0 175+ 24 16.8+ 2.7 17.0+ 4.7
| 175+ 2.1 173+ 14 169+ 1.8 16.5+ 2.8 14.9+ 1.87
0 17.0+ 24 173+ 14 171+ 2.2 16.1+ 3.0 144+ 1.77
| 17.3+ 1.7 16.4+ 1.2 16.6+ 2.1 159+ 2.0 14.4+ 2.1*
0 16.0+ 1.7 16.0+ 1.0 16.7+ 1.8 155+ 2.6 14.2+ 2.1
10 158+ 1.6 155+ 1.3 159+ 2.1 157+ 2.3 14.3+ 25
11 172+ 4.0 16.6+ 1.4 155+ 14 15.1+ 2.2 14.8%+ 2.6
12 16.0+ 3.0 14.9+ 1.1 154+ 2.0 155+ 1.9 14.0+ 2.0
13 15.6+ 2.1 152+ 0.9 14.8+ 1.6 14.5+ 2.3 12.6+ 3.2

Females

No. of rats 10 10 10 10 10
1 13.3+ 1.0 14.1+ 0.9 13.1+ 14 12.7+ 14 8.6 3.27
2 13.7+ 1.3 134+ 0.9 13.7+ 14 13.6+ 1.5 9.6+ 14"
3 13.0+ 1.0 14.0+ 14 12.8+ 1.1 13.1+ 1.2 10.3+ 2.27
4 13.8+ 1.7 14.6+ 1.3 134+ 1.3 13.2+ 14 13.0+ 3.8
5 13.5+ 24 13.8+ 1.2 129+ 15 13.5+ 2.0 12.7+ 3.9
6 13.3+ 2.8 13.7+ 1.0 12.0+ 1.6 12.7+ 15 114+ 34
7 12.6+ 2.1 139+ 14 124+ 1.3 13.3+ 2.8 11.3+ 3.6
8 12.2+ 25 13.1+ 1.3 123+ 1.9 12.7+ 2.2 10.8+ 3.0
9 12.7+ 24 12.8+ 1.2 11.6+ 1.0 11.7+ 15 10.2+ 3.6
10 12.0+ 24 12.7+ 2.0 115+ 15 11.2+ 14 10.7+ 3.5
11 12.0+ 1.6 12.9+ 0.8 11.7+ 1.6 12.2+ 2.0 11.3+ 34
12 129+ 14 12.7+ 15 11.8+ 1.3 12.1+ 1.6 10.7+ 3.5
13 12.7+ 24 12.8+ 1.9 11.2+ 1.7 119+ 1.8 10.5+ 3.6

Values are means+ SD. *p<0.05 vs. controls(Scheffe's test).

a)Period of administration(weeks), b)Water consumption(g/rat/day)
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Table 3. Hematological Findings of F344 Rats given Ferulic Acid in Diet for 13 Weeks

Dose level (%) 0(cont.) 0.32 0.8 2.0 5.0
Males
No. of rats 10 10 10 10 10
RBC(x 10°/u L) 9.82+ 0.22 9.85+ 0.16 9.88+ 0.25 10.00+ 0.21 9.55+ 0.16"
Hghb(g/dL) 16.7+ 0.4 16.8+ 0.2 16.9+ 0.4 17.1% 0.37 17.1% 0.37
PCV(%) 48.9+ 1.0 49.3+ 0.6 50.0+ 1.3 50.7+ 0.97 50.1+ 1.0
MCV({L) 49.9+ 04 50.0+ 0.4 50.6% 0.5" 50.7+ 0.7" 52.5% 0.6"
MCH(pg) 17.0+ 0.2 17.0£ 0.2 17.1+ 0.3 17.1+ 0.2 17.9+ 0.37
MCHC(g/dL) 34.0+ 0.3 34.0+ 0.2 33.8+ 0.4 33.7+ 04 34.2+ 0.5
WBC(x 10°/p L) 6.4+ 0.7 6.6+ 0.8 59+ 0.8 5.8+ 0.8 59+ 0.7
Plt(x 10°/p L) 620+ 54 662+ 45 610+ 58 601+ 32 553+ 33"
Females
No. of rats 10 10 10 10 10
RBC (x 10°%/p L) 9.24+ 0.21 9.21+ 0.10 9.29+ 0.31 941+ 0.30 9.25+ 0.40
Hgb (g/dL) 16.6+ 0.4 16.6+ 0.3 16.6+ 0.5 16.8+ 0.4 16.9+ 0.7
PCV (%) 485+ 1.1 484+ 0.6 48,6+ 1.6 493+ 1.2 484+ 14
MCV (fL) 52.6+ 0.3 52.6+ 0.3 52.4+ 0.6 524+ 0.5 524+ 1.6
MCH (pg) 18.0+ 0.3 18.1+ 0.3 17.9+ 0.2 179+ 0.3 18.3+ 0.7
MCHC (g/dL) 34.2+ 04 344+ 0.6 34.2+ 0.3 34.1+ 04 34.8% 1.0
WBC (x 10°/u L) 5.6+ 1.0 58+ 1.1 53+ 1.2 5.1+ 0.9 59+ 14
Plt (x 10°/u L) 657+ 30 646+ 33 629+ 37 598+ 40" 501+ 16"

Abbreviations : RBC=red blood cells ; Hgb=hemoglobin ; PCV=packed cell volume ; MCV=mean corpuscular volume ; MCH=mean
corpuscular hemoglobin ; MCHC=mean corpuscular hemoglobin concentration ; WBC=white blood cells ; Plt=platelets.

Values are meanst SD. “p<0.05 vs. controls (Scheffe's test).
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Table 4. Serum Chemistry of F344 Rats given Ferulic Acid in Diet for 13 Weeks

Dose level (%) 0 (cont.) 0.32 0.8 2.0 5.0
Males

No. of rats 10 10 10 10 10
ALB(g/dL) 2.6+ 0.1 2.5% 0.1 2.6+ 0.1 2.6+ 0.1 2.9+ 0.17°
ALPIU/L) 506+ 38 430+ 29 505+ 38 540+ 40 798+ 1697"
AMY(IU/L) 1588+ 109 1666+ 176 1498+ 76 1589+ 74 2149+ 39370
ALT(IU/L) 46+ 11 40+ 4 41+ 4 44+ 5 52+ 13
AST(IU/L) 83+ 15 79+ 12 76t 8 80+ 17 81+ 16
CHO(mg/dL) 58+ 4 58+ 3 59+ 3 62+ 3 61+ 4
CRE(mg/dL) 0.48+ 0.04 0.48+ 0.04 047+ 0.03 044+ 0.04 047+ 0.05
TP(g/dL) 6.0+ 0.2 6.0+ 0.2 6.0+ 0.2 6.1+ 0.2 6.1+ 0.3
UN(mg/dL) 22.0+ 2.0 215+ 14 214+ 1.2 213+ 1.5 220+ 1.2
ClimEq/L) 99.3+ 1.3 98.5+ 2.9 994+ 2.0 100.2+ 1.5 101.2+ 1.9
K(mEq/L) 4.81+ 0.20 4.80+ 0.32 4.80+ 0.30 4.86+ 0.14 454+ 0.32
Na(mEq/L) 138.1+ 1.3 138.1+ 3.0 138.3+ 2.0 138.2+ 1.4 138.9+ 1.6

Females

No. of rats 10 10 10 10 10
ALB(g/dL) 2.5+ 0.1 2.5+ 0.1 25+ 0.2 2.7+ 0.19° 2.8+ 0.1°°
ALPIU/L) 430+ 36 405+ 38 422+ 57 439+ 56 677+ 237°°
AMY(IU/L) 1005+ 60 1042+ 52 975+ 116 1032+ 78 2052+ 6387"
ALT(IU/L) 41+ 5 43+ 6 43+ 5 41+ 4 46+ 18
AST(IU/L) 86+ 13 89+ 17 88+ 11 86+ 23 85+ 20
CHO(mg/dL) 68+ 5 67+ 5 67+ 6 75+ 5° 75+ 77
CRE(mg/dL) 047+ 0.03 047+ 0.03 0.45+ 0.03 047+ 0.03 0.45+ 0.04
TP(g/dL) 5.6+ 0.1 5.7+ 0.2 5.6% 0.1 5.8+ 0.1 5.7 0.2
UN(mg/dL) 224+ 1.7 214+ 1.3 224+ 2.0 212+ 24 225+ 3.8
Cl(mEq/L) 103.0+ 2.1 1034+ 1.6 103.9+ 2.3 103.9+ 2.0 105.2+ 1.6
K(mEq/L) 4.60+ 0.26 4.57+ 0.25 4.61+ 0.32 4.57+ 0.38 4.63+ 0.25
Na(mEq/L) 139.9+ 0.9 140.1+ 1.1 139.5+ 1.4 139.2+ 1.8 139.5+ 1.0

Abbreviations : ALB=albumin ; ALP=alkalinephosphatase ; AMY=amylase ; ALT=L-alanine . 2-oxoglutarate aminotransferase ,
AST=L-aspartate . 2-oxoglutarate aminotransferase ; CHO=cholesterol ; CRE=creatinine ; TP=total protein ; UN=urea

nitrogen ; Cl=chlorine ; K=kalium ; Na=natrium. Values are means+ SD. "p<0.05; “"p<0.01 vs. controls (Scheffe's test).
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Table 5. Final Body and Organ Weights of F344 Rats given Ferulic Acid in Diet for 13 Weeks
Dose level(%) O(cont.) 0.32 0.8 2.0 5.0
No. of rats 10 10 10 10 10
Final body weight (g) 268+ 29 269+ 14 263+ 19 247+ 19 176+ 157
Absolute organ weights
Thymus (mg) 158+ 19 161+ 21 143+ 16 142+ 19 81+ 11"
Spleen (mg) 540+ 55 553+ 26 531+ 43 511+ 50 372+ 317
Heart (mg) 748+ 55 752+ 55 725+ 57 691+ 69 484+ 42°
Lung (mg) 794+ 73 794+ 33 783+ 49 752+ 64 569+ 527
Liver (g) 8.69+ 1.05 8.66+ 0.56 8.73+ 1.05 8.99+ 0.91 751+ 0.93”
Kidneys (mg) 1681+ 155 1746+ 106 1675+ 116 1671+ 160 1415+ 134"
Testes (mg) 2907+ 111 2952+ 115 2863+ 121 2826+ 101 2035+ 4257
Prostate gl. (mg) 259+ 67 244+ 47 250+ 58 212+ 51 101+ 34"
Adrenal gl. (mg) 35+ 3 35+ 2 34+ 2 31+ 37 28+ 29
Brain (mg) 1937+ 43 1939+ 35 1939+ 29 1917+ 30 1808+ 40"
Relative organ weights (/100g body weight)
Thymus (mg) 59+ 5 60+ 6 55% 6 58+ 7 46+ 8"
Spleen (mg) 202+ 9 206+ 18 202+ 7 207+ 7 212+ 14
Heart (mg) 280+ 13 280 14 276+ 11 280+ 12 275+ 12
Lung (mg) 297+ 14 296+ 16 299+ 18 305+ 15 323+ 13"
Liver (g) 3.24+ 0.14 3.22+ 0.14 3.32+ 0.28 3.64+ 0.14"7 4.25+ 0.247
Kidneys (mg) 629+ 24 635+ 20 638+ 12 677+ 29"” 802+ 23"
Testes (mg) 1095+ 101 1099+ 36 1095+ 73 1050+ 66 1101+ 178
Prostate gl. (mg) 96+ 19 91+ 19 95+ 20 85+ 16 56+ 17
Adrenal gl. (mg) 13+ 1 13+ 1 13+ 1 13+ 1 16+ 1"
Brain (mg) 729+ 63 723+ 34 742+ 46 781+ 58 1032+ 76"
Females
No. of rats 10 10 10 10 10
Final body weight (g) 144+ 7 146+ 10 140+ 9 140+ 9 116+ 157
Absolute organ weights
Thymus (mg) 129+ 11 124+ 14 121+ 13 119+ 13 81+ 18"
Spleen (mg) 334+ 23 340+ 28 336+ 53 329+ 31 286+ 33"
Heart (mg) 468+ 23 471+ 26 446+ 38 444+ 18 358+ 26"
Lung (mg) 582+ 35 569+ 31 567+ 28 557+ 47 447+ 46"
Liver (g) 4.28+ 0.45 441+ 0.39 4.36+ 0.57 462+ 0.63 5.10% 0.58"
Kidneys (mg) 1027+ 63 1043+ 76 1003+ 66 1012+ 38 1042+ 73
Ovaries (mg) 49+ 5 51+ 5 47+ 6 45+ 6 33+ 8"
Uterus (mg) 373+ 105 368+ 71 338+ 70 387+ 113 142+ 63"
Adrenal gl. (mg) 38+ 4 37+ 4 37+ 4 33+ 4 28+ 37
Brain (mg) 1753+ 32 1765+ 29 1785+ 30 1759+ 49 1689+ 57
Relative organ weights (/100g body weight)
Thymus (mg) 90+ 6 85+ 10 87+ 12 85+ 5 69+ 12°
Spleen (mg) 232+ 10 232+ 12 239+ 38 236+ 14 248+ 23
Heart (mg) 326+ 13 322+ 13 318+ 16 320+ 21 312+ 449
Lung (mg) 405+ 21 390+ 18 405+ 29 401+ 46 387+ 30
Liver (g) 2.98+ 0.27 3.02+ 0.23 3.10£ 0.30 3.32+ 045 4.44+ 0.66"
Kidneys (mg) 715+ 48 735 62 715+ 33 728+ 57 912+ 152"
Ovaries (mg) 34+ 4 35+ 3 33+ 5 32+ 4 28+ 5
Uterus (mg) 258+ 64 251+ 40 241+ 46 278+ 79 120+ 43"
Adrenal gl. (mg) 27+ 2 25+ 2 26+ 3 24+ 3 25+ 5
Brain(mg) 1221+ 47 1210+ 59 1276+ 81 1265+ 76 1475+ 189"

Values are means+ SD.

U p<0.05 vs. controls (Scheffe's test).





