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Table 1.

Food consumption and intake of nivalenol by F344 rats fed diets containing the compound for 90 days.

Nivalenol No. of Mean daily intake Total intake
Sex in the diet rats Food consumption of nivalenol of nivalenol
(ppm) examined (gfrat/day) (mg/kg BW/day)* (mg/kg BW)®
Males 0 10 14.7(60.5)° 0 0
6.25 10 14.7(60.1) 0.4 33.8
25 10 14.2(61.5) 1.5 138.4
100 10 13.6(68.6) 6.9 6174
Females 0 10 10.1(65.6) 0 0
6.25 10 10.0(66.0) 0.4 36.9
25 10 9.6(64.2) 1.6 148.5
100 10 8.2%(63.6) 6.4 5724

*Values were calculated by multiplying the food consumption (g/kg BW/day) by the dietary level of nivalenol (mg/g diet).
®Values are the sums of nivalenol administered during the experimental period and were calculated by multiplying the mean
daily intake of nivalenol (mg/kg BW/day) by 90 (days).

“Values in parentheses are for food consumption calculated as g/kg BW/day.

Abbreviation: BW, Body weight.

*: Significantly different from the control value at P<0.01 (Dunnett's test or Dunnett type rank-sum test).
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Table 2.

Hematological data for F344 rats fed diets containing nivalenol for 90 days.

Nivalenol in the diet (ppm)

0 6.25 25 100
Males
No. of animals examined 10 10 10 9?
RBC (x10%ul) 906.5 + 18.3° 927.1 £29.7 901.2 £25.3 855.7 + 38.2%+
Hb (g/dl) 153+£0.3 156 £0.5 148 + 1.1 15.0 £ 0.7
Ht (%) 483+ 1.0 496+ 1.4 489+ 14 479 £ 2.0
MCV (fl) 533x0.5 53.5+0.5 54.3 £ (.2* 55.9 + 0.4%*
MCH (pg) 169+ 0.4 16.8 £ 0.3 164+ 1.0 17.5 £ 0.3*
MCHC (g/d}) 31.7+0.6 314+ 0.6 303+1.8 313+ 0.6
Pit (x10%p1) 66.1 £ 16.7 70.5+£3.8 66.3 £ 14.8 59.2 & 3.4%%
WBC (x10%ul) 385122 37.0+ 122 36.9 £ 6.1 21.6 £ 3.9%%
Differential leukocyte counts
Band form neutrophils (%) 0.0 +0.0 0.0+ 0.0 0.0+ 0.0 0.0 £ 0.0
Segmented neutrophils (%) 21.1 5.0 205+ 4.0 213 +2.1 29.7 & 5.1%*
Eosinophils (%) 0.6+£0.6 0.8+ 0.8 0.8+0.7 1.1+£12
Basophils (%) 0.0£0.0 0.0+ 0.0 0000 0.0 £ 0.0
Lymphocytes (%) 782 4.7 784 +39 77.5+22 68.8 = 5.4%%
Monocytes (%) 0.2+0.2 03+£0.6 04+0.6 0.4 + 0.2
Reticulocytes (/ 100 cells) 1.1£1.1 0.9+ 0.7 1.0 £ 1.0 1.9+ 18
Females
No. of animals examined 9¢ 10 10 10
RBC (x10%ul) 919.2 + 25.8° 9174+ 512 900.0 + 23.7 874.6 £ 59.2
Hb (g/dl) 16.3 £ 0.6 162+ 0.8 155+ 1.1 15.3 + 1.0%
Ht (%) 513+ 1.7 51427 503 %13 48.8 £ 3.3
MCV (f) 558 £ 0.4 559+ 0.4 559+ 0.4 55.8 + 0.5
MCH (pg) 178 £ 0.7 176 £0.5 173+1.2 175 £ 0.6
MCHC (g/dl) 319+ 1.2 31.5£09 309+£2.0 313+ 1.0
Plt (x10%/ul) 76.6 £ 6.5 735+ 3.0 742 £33 60.7 £ 5.3%%
WBC (x10%/ul) 388 £ 7.7 30.5 £ 10.1* 29.7 £ 5.5% 19.6 + 4.5%%*
Differential leukocyte counts
Band form neutrophils (%) 0.0 +0.0 0.0+ 0.0 0.0+ 0.0 0.0 £ 0.0
Segmented neutrophils (%) 193 £ 6.7 17.6 £ 3.8 18.3+45 20.2 £ 3.5
Eosinophils (%) 1.3+0.6 1.2+09 1.0+0.8 09=+09
Basophils (%) 0.0+ 0.0 0.0+0.0 0.0x£0.0 0.0 £ 0.0
Lymphocytes (%0) 79.0 £ 6.5 80.6 + 3.6 80.1 4.8 78.7 £ 3.7
Monocytes (%) 0.5+0.5 0.6+0.5 0.6 +0.5 02+04
Reticulocytes (/ 100 cells) 1.9+ 1.1 22+ 1.6 2.0:£0.9 24+ 1.6

*Blood sampling failed in one animal.

*Mean+SD.

Abbreviations: RBC, red blood cell; Hb, hemoglobin; Ht, hematocrit; MCV, mean corpuscular volume; MCHC, mean

corpuscular hemoglobin concentration; Plt, platelet; WBC, white blood cell.

* % Significantly different from the control values at P<0.05 and P<0.01, respectively (Dunnett's test or Dunnett type rank-

sum test).
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Table 3.

Serum biochemical data for F344 rats fed diets containing nivalenol for 90 days.

Nivalenol in the diet (ppm)

0 6.25 25 100
Males
No. of animals examined 9 10 9? ke
TP (g/dL) 6.46 + 0.27° 6.41 £ 0.19 6.27 £0.18 6.22 £ 0.10*
A/G 212+ 0.15 2.03 £0.07 2.26 £ 0.09 2.76 £ 0.25%*
Alb (g/dL) 437+ 0.17 430+ 0.14 433 +£0.12 4.57 £ 0.14%
Total Bil (mg/dL) 0.041 £ 0.006 0.038 + 0.004 0.042 £ 0.007 0.042 £ 0.004
Conjugated Bil (mg/dL) 0.021 £ 0.003 0.020 = 0.008 0.027 = 0.007 0.026 £+ 0.005
Free Bil (mg/dL) 0.020 + 0.007 0.018 £ 0.006 0.016 + 0.011 0.017 + 0.005
Glucose (mg/dL) 151.1 + 8.7 160.3 + 21.1 144.6 + 4.4 129.0 £ 10.0%*
TG (mg/dL) 62.8+ 178 71.8 £ 33.7 34.8 £ 10.0* 38.3 £ 10.1%
TC (mg/dL) 66.1 + 4.8 64.6 £ 4.6 58.7 &£ 2.8** 56.0 &+ 3.8%*
BUN (mg/dL) 184+ 1.1 184+ 2.1 16.7+ 14 182 £ 1.2
CRN (mg/dL) 0.28 + 0.03 0.29 £ 0.04 0.25 £ 0.03* 0.22 +£ 0.01**
Na (mEQ/L) 1447 £ 2.1 1442 £ 2.0 1443 £ 1.3 1450 £ 1.0
Cl (mEQ/L) 103.2+04 103.2+1.5 1044 £ 1.8 107.1 £ 2.1%%
K (mEQ/L) 4.69 + 0.17 4.61 £ 0.31 4,58 + 0.19 4.31 £ 0.24%*
Ca (mg/dL) 10.72 £ 0.43 10.62 + 0.48 10.60 = 0.19 9.59 + 2.90
IP (mg/dL) 6.30 £ 0.29 6.25 + 0.47 6.36 + 0.61 5.93 + 0.55
AST (1U/L) 98.0+ 14.8 919+ 6.6 87.8 £ 10.7 66.8 £ 6.0%*
ALT (1U/L) 524+ 16.6 46.1 £ 59 37.9 & 5.9%* 36.0 £ 5.3%%
Females

No. of animals examined 9? 10 10 10
TP (g/dL) 6.19 £ 0.21° 6.10 = 0.21 595 £ 0.21% 5.72 £ 0.19%*
A/G 232+0.16 241+ 0.11 2.58 £ 0.21* 3.13 & 0.24%*
Alb (g/dL) 431+£0.18 431+ 0.14 4.28 + 0.09 433 + 0.14
Total Bil (mg/dL) 0.049 £ 0.009 0.052 + 0.008 0.051 + 0.009 0.050 % 0.007
Conjugated Bil (mg/dL) 0.027 £+ 0.007 0.031 = 0.007 0.025 + 0.01 0.028 £ 0.009
Free Bil (mg/dL) 0.022 + 0.004 0.021 £ 0.007 0.026 + 0.005 0.022 = 0.009
Glucose (mg/dL) 103.0 £ 9.6 103.2 £ 10.3 107.0+£ 55 1104 + 189
TG (mg/dL) 19.8 + 10.1 145+ 4.8 16.5+5.2 240 £ 6.4
TC (mg/dL) 92.8 £ 10.5 859+ 6.1 782 & 8.1%* 80.9 + 7.3%%
BUN (mg/dL) 156+ 1.0 148+ 1.1 152+£1.8 16.6 £ 1.9
CRN (mg/dL) 0.27 + 0.02 0.26 + 0.02 0.23 £ 0.02*% 0.21 £ 0.02%*
Na (mEQ/L) 143.1+£ 1.2 1432+ 1.2 142.8 £ 0.6 143.7 £ 0.9
Cl (mEQ/L) 105.6 £ 1.3 1047+ 1.3 105.9 + 1.1 1056 + 1.3
K (mEQ/L) 4.32 £ 0.31 4.48 + 0.40 4.29 +0.22 4.50 + 0.37
Ca (mg/dL) 10.14 £ 0.24 10.18 £ 0.23 10.01 = 0.13 10.04 + 0.30
1P (mg/dL) 5.28 +£0.45 5.50 + 0.60 5.54 + 0.63 5.96 + 0.56
AST (IU/L) 789+ 4.6 7214+ 4.5 67.5 £ 5.3%% 67.7 £ 10.9%*
ALT (IU/L) 314+ 3.0 293+34 28.8+23 30.7 + 3.8

 Number of effective animals was reduced to nine due to the failure of blood sampling or insufficient blood volume for

serum biochemistry.
® Mean#SD.

Abbreviations: TP, total protein; A/G albumin: globulin ratio; Alb, albumin; Bil, bilirubin; TG, triglyceride; TC, total
cholesterol; BUN, blood urea nitrogen; CRN, creatinine; Na, sodium; Cl, chloride; K, potassium; Ca, calcium; IP, inorganic
phosphate; AST, aspartate amix}otransferase; ALT, alanine aminotransferase.

*, ®#*: Significantly different from the control values at P<0.05 and P<0.01, respectively (Dunnett's test or Dunnett type rank-

sum test).
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Table 4.

Final body and organ weights for F344 rats fed diets containing nivalenol for 90 days.

Nivalenol in the diet (ppm)

0. 6.25 25 100
Males
No. of animals examined 10 10 10 10
BW (2) 303.9 £ 10.5% 306.5 + 13.9 282.2 + 10.5%* 227.7 + 8.4%%
Brain (2) 1.93 = 0.03 1.92 + 0.05 1.91 £ 0.04 1.88 + 0.03**
(%) 0.636 + 0.021 0.627 = 0.029 0.677 £ 0.025** 0.826 & 0.027+%*
Thymus (2) 0.157 + 0.045 0.187 + 0.030 0.172 £ 0.019 0.092 & 0.039**
(g%) 0.052 + 0.015 0.061 + 0.008 0.061 £ 0.006 0.041 + 0.017
Lungs (g) 0.977 + 0.034 1.004 + 0.083 0.974 + 0.042 0.924 + 0.050
(g%) 0.322 + 0.009 0.328 = 0.020 0.345 + 0.015%* 0.406 + 0.013**
Heart (2) 0.928 + 0.049 0.940 + 0.075 0.912 £+ 0.053 0.824 + 0.043%*
(g%) 0.305 + 0.012 0.307 + 0.015 0.323 + 0.017* 0.362 + 0.017**
Spleen (2 0.622 + 0.040 0.622 + 0.032 0.618 + 0.031 0.557 = 0.032%*
(g%) 0.205 + 0.011 0.203 = 0.004 0.219 + 0.006 0.245 + 0.011%**
Liver ) 7.113 £ 0.45 7.24 + 0.49 6.54 + 0.26% 5.81 £ 0.68%¢*
(g%) 2.34 £ 0.09 2.36 = 0.08 2.32 £ 0.05 2.55 £ 0.24*
Adrenals  (mg) 34.70 + 7.617 32.10 £ 4.067 3430 + 8.616 33.80 + 11.98
(mg%) 114 £ 2.6 105+ 15 122 £ 32 149 £ 54
Kidneys  (g) 1.87 + 0.08 1.88 + 0.11 1.82 £ 0.10 1.62 + 0.08**
(g%) 0.616 + 0.023 0.615 + 0.021 0.644 £ 0.017* 0.710 £ 0.032%*
Testes (g) 3.18 + 0.10 3.20 £ 0.20 3.21 + 0.09 327 £ 0.07
(%) 1.05 £ 0.04 1.04 £ 0.03 1.14 £ 0.05%* 1.44 + 0.04%*
Females
No. of animals examined 10 10 10 10
BW (g) 167.7 + 8.1° 1679 £ 11.6 160.9 + 5.3 138.5 & 7.6%*
Brain (8 1.79 + 0.04 1.82 £ 0.05 1.80 + 0.04 1.70 £ 0.11%
(g%) 1.07 + 0.05 1.09 + 0.08 1.12 £ 0.04 1.23 + 0.10%*
Thymus (8 0.175 = 0.043 0.157 £ 0.019 0.154 % 0.015 0.091 =+ 0.020%*
(g%) 0.105 £ 0.024 0.094 + 0.011 0.096 £ 0.008 0.065 £ 0.013*=
Lungs (2) 0.699 £ 0.049 0.738 + 0.034 0.730 + 0.042 0.731 £ 0.091
(g%) 0.417 £ 0.018 0.441 £ 0.032 0.454 £ 0.026* 0.529 + 0.067**
Heart (2) 0.566 + 0.035 0.594 + 0.050 0.599 + 0.032 0.536 = 0.020
(g%) 0.338 + 0.015 0.354 + 0.031 0.373.+ 0.015% 0.388 +£ 0.015%*
Spleen (2) 0.387 + 0.021 0.400 + 0.016 0.413 £ 0.025 0.380 + 0.033
(g%) 0.231 + 0.012 0.238 = 0.018 0.257 £ 0.013%* 0.275 + 0.026**
Liver (g) 3.67 £ 0.25 3.84 £ 0.26 3.68 + 0.19 3.38 + 0.51*
(g%) 2.19 £ 0.11 230 £ 0.22 2.28 + 0.07 2.45 + 0.42%
Adrenals  (mg) 37.20 £ 5.224 47.60 £ 13.64 40.20 £ 6.215 33.70 & 15.81
(mg%) 222 +3.0 28.5 £ 9.0 250 £ 42 242 + 10.8
Kidneys  (g) 1.08 + 0.06 1.13 + 0.05 1.14 + 0.07 1.01 + 0.03*
(g%) 0.646 + 0.022 0.677 £ 0.040 0.711 = 0.037%* 0.729 £ 0.034%*
*Mean+SD.

Abbreviation: BW, Body weight.

# % Sionificantly different from the control values at P<0.05 and P<0.01, respectively (Dunnett's test or Dunnett type rank-

sum test).
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Table 5.

Treatment-related histopathological changes in F344 rats fed diets containing nivalenol for 90 days.

Nivalenol (ppm)

Dose 0 6.25 25 100
No. of animals examined 10 10 10 10
Males
Thymus Atrophy 0 0 0 g**
Femur/marrow Decrease of hematopoietic cells (Pancytopenia) 0 0 0 o**
Decrease of metaphyseal trabeculae 0 0 0 T**
Sternum/marrow Decrease of hematopoietic cells (Pancytopenia) 0 0 0 TE*
Decrease of metaphyseal trabeculae 0 0 0 g**
Thinning of the diaphysis 0 0 0 10**
Anterior pituitary Castration cells (£/+) 4(4/0)  5(5/0)  S(4/1) 9%(0/9)"
Focal hypertrophy, basophilic cells 0 I 0 0
Diffuse hypertrophy, basophilic cells 0 0 2 10%*
Thyroid Increase of dilated follicles lined by flattened epithelium 0 0 0 5%
Adrenal cortex Vacuolar degeneration, fine vesicular, zona fasciculata 0 0 0 10%*
Kidneys Eosinophilic bodies, proximal tubular epithelium (+/+) 10(0/10) 10(0/10) 10(0/10)  2**(2/0)*
Hyaline droplet degeneration, proximal tubular epithelium  10(0/10) 10(0/10) 10(1/9)  9(9/0)*
&)
Submandibular gland Decrease of granules, secretory granular ductal cells 0 0 0 10%*
Mesenteric L.N. Microgranuloma development 6 7 4 7
Aggregation of macrophages and mast cells, medullary 0 0 1 6%*
sinuses
Lungs Macrophage accumulation, focal, alveolar walls 0 0 0 1
Nasal cavity Increase of goblet cells, paranasal sinus epithelium (£/+) 0 2(2/0) 10%%(3/7y"
Females
Thymus Atrophy 0 0 0 TH*
Femur/marrow Decrease of hematopoietic cells (Pancytopenia) 0 0 2 9x*
Decrease of metaphyseal trabeculae 0 0 0 g
Sternum/marrow Decrease of hematopoietic cells (Pancytopenia) 0 0 0 10**
Decrease of metaphyseal trabeculae 0 0 0 [0**
Thinning of the diaphysis 0 0 0 gx*
Spleen Increase of extramedullary hematopoiesis (+/+) 0 0 0 5%(3/2)
Ovary/oviduct Increase of interstitial glands 0 0 0 10%*
No. of secondary follicles (0-9/10< per animal) (6/4) (6/4) (8/2) (8/2)
No. of atretic follicles (0-9/10-19/20< per animal) (8/2/0)  (7/3/10)  (5/5/0) 0173y
Loss of corpora lutea 0 0 0 6*
Mesothelioma 0 0 1 0
Uterus Atrophy with diestrus endometrial mucosal change 0 0 0 gk
Vagina Mucosal status classified based on estrous cycle (P/E/M/D)  (2/4/2/2) (1/3/5/1) (2/2/6/0)  (4/0/0/6)
Anterior pituitary Castration cells (+/+) 0 0 1 (1/0) 6**%(5/1y"
Focal hypertrophy, basophilic cells 0 0 0 0
Diffuse hypertrophy, basophilic cells 0 0 1 9¥*
Mammary glands Lobular hyperplasia 0 0 0 9k
Thyroid Increase of dilated follicles lined by flattened epithelium 0 0 1 TE*
Adrenal cortex Vacuolar degeneration, fine vesicular, zona fasciculata 10 10 10 10
Submandibular gland Decrease of granules, secretory granular ductal cells 0 0 0 10%*
Mesenteric L.N. Microgranuloma development 6 6 7 6
Aggregation of macrophages and mast cells, medullary 0 0 1 g%
sinuses
Lungs Macrophage accumulation, focal, alveolar walls I 0 0 6*
Nasal cavity Increase of goblet cells, paranasal sinus epithelium (£/+) 0 0 2(1/1) 10+%(1/9)*

Grade of change: +: minimal, +: slight.

* **: Sjgnificantly different from the control values at P<0.05 and P<0.01, respectively (Fisher's exact probability test).
* #. Significantly different from the control values at P<0.05 and P<0.01, respectively (Mann-Whitney's U-test).
Abbreviations: L.N., lymph node; P, proestrus; E, estrus; M, metestrus, D, diestrus.

- 131 —



350 Males

(
N W
o O
o O
T T

eigh
N
o
O

B

—

(-

(-
T

0 2 4 6 8 10 1213
Week

200 Females

s

oy}

o
T

Body weight (g)
o
o

~x Control
8o  *¥ -+ NIV 6.25 ppm
- -O- NIV 25 ppm

40 -&- NIV 100 ppm

0 i 1 i ] ) | ] ]
0 2 4 6 8 10 1213

Week
Fig. 1.

Body weight curves for male and female F344 rats given nivalenol (NIV)
for 90 days. *P<0.05; **P<0.01, as compared with the untreated controls
(Dunnett's test or Dunnett type rank-sum test).
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Food consumption by male and female F344 rats given NIV for 90 days.
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or Dunnett type rank-sum test).
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Fig. 3.
Histopathology of the thymus, femur bone marrow, ovary and uterus of rats given 0 or [100
ppm NIV for 90 days. (A) Normal thymus of a male at 0 ppm. (B) Atrophy-of-the-thymus
observed in a male at 100 ppm. (C) Femur bone marrow of a male at 0 ppm. (D) Decrease of
hematopoietic cells in the bone marrow found in a male at 100 ppm. (E) Normal ovary at 0
ppm. (F) Increase of atretic follicles and interstitial glands and lack of corpora lutea
development observed at 100 ppm. (G) Endometrial mucosa in proestrus observed at 0 ppm.
The uterine lumen is distended and the endometrium is lined by large columnar cells with
many endometrial glands. (H) Atrophy with diestrus endometrial mucosal changes found at
100 ppm. The uterus is markedly reduced in size and the slit-like lumen is lined by low
columnar cells. A-D, G, H: Bar=200 um. E, F: Bar=500 um. Hematoxylin and eosin.
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