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90-Day Inhalation Toxicity of Dimethylamine in F344 Rats
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ABSTRACT. Dimethylamine (DMA) is a widely used commodity chemical with few toxicity data.
Groups of 10 male and female F-344 rats were exposed by inhalation to 0, 5, 10, 20, 40 and
80 ppm of DMA for 6 hrs/day, 5 days/week for 90 days. The changes of body weight, organ weight,
hematology, clinical chemistry, and histopathological changes were evaluated after the exposure. As
the results, the body weight was significantly decreased at 80 ppm in male and female rats
(p<0.05). The absolute lung weight showed no statistically significant changes in any group. In con-
trast, the relative lung weight significantly increased at 80 ppm in male and female rats (p<0.05).
Erythrocytes, mean cell hemoglobin, leukocytes, neutrophil, and platelet numbers were significantly
increased in male and female at 40 or 80 ppm of DMA (p<0.05, p<0.01). In addition, the serum val-
ues of total protein, urea nitrogen were increased in male and creatine kinase, total protein were
increased in female rats at 40 or 80 pprn (p<0.05, p<0.01). Histopathological examinations of the
male and female lung samples showed slight hyperplasia and congestion at 80 ppm. Taken

together, our study revealed that maximum tolerated dose of DMA would be over 40 ppm.
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INTRODUCTION

Dimethylamine (DMA) is a flammable, colorless gas
used as an intermediate in the manufacture of rubber
accelerators and quaternary compound, pharmaceuti-
cal intermediates, fungicides and herbicides, solvents
and rocket fuels. DMA is also used as a dehairing
agent in leather processing (Steinhagen et al., 1982).
Annual production of DMA in Korea is reported to be up
to 18,000 tons in 1994 (CISChem, 1995). Inhalation of
DMA and direct contract with the agueous solution are
the most common routes of human exposure. Experi-
mental sources have reported that DMA irritates respira-
tory tract, eyes, skin, and mucous membranes (Buckley
et al., 1985; McNulty and Heck, 1983; Steinhagen et al.,
1982). The threshold limit values (TLVs) of 5ppm for
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DMA has been recommended by the American Confer-
ence of Governmental Industrial Hygienists (ACGIH) to
protect respiratory tract irritation including tracheitis,
bronchitis, pneumonitis, and pulmonary edema (ACGIH,
2002; Steinhagen et al., 1982).

Several DMA inhalation studies have been reported.
Animals repeatedly exposed to concentrations of appro-
ximately 100 to 200 ppm for 18~20 weeks showed irri-
tation of the respiratory tract with pulmonary edema as
well as hepatic injury (NIOSH, 1981). However, there is
no enough data accumulated for DMA-induced toxicity
by inhalation exposure. Therefore, this study was per-
formed to evaluate the toxicity of DMA inhalation to get
data applicable to health risk assessment. Here, we
report the total 90 days inhalation toxicity study of DMA.

MATERIALS AND METHODS

Chemical and animals
DMA gas (greater than 99.8% purity) was obtained
from Fluka (Sigma-Aldrich Chemie GmbH, Switzer-
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land). F344/NSlIc rats of both sexes were purchased at
the age of male 4 weeks, female 4.5 weeks from
Charles River Korea (Seoul, Korea). The animals were
acclimated for 10 days before the start of experiment.
The animals were housed individually in stainless-steel
wire hanging cages were placed in stainless steel inha-
lation exposure chambers (whole body type, 1.0 m’,
Dusturbo, Seoul, Korea). Environment in the chamber
was maintained constant at a temperature of 21~23°C
and a humidity of 35~70% with 12~15 air changes/hr.
The exposure chambers were installed in a barrier sys-
tem animal room. Lighting was controlled automatically
to give a 12-h light/dark cycle from 08:00 to 20:00 h.
The rats were given sterilized commercial pellet diet
(Biogenomics, Seoul, Korea) and tap water ad libitum.
Male and female rats weighting 105.9+4.8 g, 87.3+ 8.6
g were randomly assigned to 6 groups, respectively,
and exposed DMA. :

DMA exposure

A 90-day inhalation toxicity studies were conducted
under the OECD Guidelines for Testing of Chemicals
412 and 413 (OECD, 1981; NIH, 1997; Senoh et al.,
2003). Groups of 10 rats of both sexes were exposed
to DMA gas, and exposure concentration of 0, 5, 10,
20, 40, and 80 ppm based on the TLVs of 5ppm
(ACGIH, 2002) and dose response finding (DRF) study.

DMA gas was controlled by two-stage regulator (Har-
ris, USA) and low-range flowmeter (Cole-Parmer, USA),
and supplied to the inhalation exposure chambers. The
DMA gas in the chamber was sampled with a personal
sampler {(Cole-Parmer, USA)on every 30 min/hr for 6 hr/
day with a flow rate of 0.1 L/min. The concentration was
measured with gas chromatography-flame ionized detec-
tor (GC-FID, Hewlett Packard, USA) (Veciana-Nogues
ef al., 1995).

Study of inhalation toxicity

The animals were observed daily for their clinical
signs and mortality. Their body weight, food consump-
tion were measured weekly throughout the study
period. The day following the last exposure, the ani-
mals were anesthetized, and blood, organ samples was
collected for further studies. For blood analysis, erythro-
cytes, mean cell volume, hemoglobin, leukocytes, neu-
trophil, lymphocyte, monocyte, eosinophil, basophil, and
platelets were determined using a hematological autoan-
alyzer (Coulter T540 hematology system, Coulter World
Headquarters, USA). Serun biochemical analysis was
carried out to determine the levels of alkaline phos-
phatase, creatine kinase, creatinine, total protein, albu-
min, alanine aminotransferase, and total bilirubin using

a biochemical autoanalyzer (VITALAB, Merck, Nether-
lands). Organ weights of the heart, right kidney, liver,
lung, right testis, right ovary, and thymus were recorded
before fixation with 10% buffered formalin. Other tis-
sues such as brain, pituitary gland, trachea, spleen,
adrenal, pancreas, thyroid, and uterus were collected
and preserved in 10% formalin and subsequently pro-
cessed for microscopic examinations.

Statistical analysis

Data were expressed as means + S.D. Multiple vari-
ance of analysis and Duncan’s multiple range tests
were used.

RESULTS

Concentration of DMA in the exposure chambers

The concentration of DMA gas in the exposure cham-
bers were maintained constant throughout the 6 hrs
exposure period with satisfactory accuracy and preci-
sion (Fig. 1).

Body weight development and general observa-
tions

The body weight gain of rats exposed to 80 ppm of
DMA was significantly suppressed compared to control
group (P<0.05). No changes food consumption was
observed during the 90-day experiment in all groups
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Fig. 1. Concentration of dimethylamine in the inhalation cham-
ber for 6 hours. The dimethylamine concentrations in each
inhalation chamber were controlled with mixing of dimethy-
lamine and HEPA-filtered air. Dimethylamine chamber con-
centrations were monitored by gas chromatograph equipped
with flame ionization detector. The variations of dimethy-
lamine concentrations for 6 hours were less than 20% for
mean dimethylamine concentrations in each inhalation cham-
ber.
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Table 1. Absolute and relative organ weights of male rats in the 90-day inhalation study of dimethylamine®
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Items Control 5 ppm 10 ppm 20 ppm 40 ppm 80 ppm
n 10 10 10 10 10 10

Necropsy body wit. 2836+16.5 281.2+13.0 2765+ 11.0 286.9+3.7 2905+17.2 256.9£18.1*
Heart

Absolute 0.87 £0.09 0.92+0.17 0.85+0.08 0.95+0.11 0.93+0.10 0.92+0.17

Relative 0.31+£0.03 0.33+0.06 0.31+0.03 0.33+0.04 0.32+0.03 0.33+0.05
Kidney

Absolute 1.03+0.12 1.03+0.04 0.95+0.05 1.06 £0.10 1.09+0.15 0.91+0.08

Relative 0.36 £ 0.04 0.37£0.02 0.35+0.02 0.37£0.03 0.38+0.04 0.36 £ 0.04
Liver

Absolute 6.50 + 1.88 7.77+£1.02 720+1.14 6.85+0.69 8.03+0.80 7.16 £0.80

Relative 2.29+0.61 2.76+0.33 261+045 2391025 2.76+0.18 2.79+0.26
Lung

Absolute 1.53+0.32 1.69 £ 040 1.56 £0.25 1.36 £ 0.25 162+0.17 1.74 £0.22

Relative 0.54+0.10 060+0.13 0.56 £ 0.10 044 +0.19 0.58 £0.07 0.65+0.11*
Testis

Absolute 1.51+£0.13 1.55+0.16 1.56 £ 0.11 148 +0.10 1.57+£0.12 1.55+0.29

Relative 0.53+0.04 0.55+0.05 0.56 £ 0.04 0.48 +£0.04 0.54 £0.04 061+£024
Thymus

Absolute 0.23 +£0.04 0.21+0.04 024 +0.07 0.25+£0.06 0.26 + 0.02 0.22 +£0.06

Relative 0.08 £ 0.01 0.07 £0.02 0.09+0.03 0.09+0.02 0.09+0.01 0.09+0.02

n: number of animal. Significant differences as compared with control; * P<0.05.

®Organ weights and body weights are given in grams; relative organ weight is given as mg organ weight/g body weight x 100

(mean * standard deviation).

Table 2. Absolute and relative organ weights of female rats in the 90-day inhalation study of dimethylamine?

ltems Control 5 ppm 10 ppm 20 ppm 40 ppm 80 ppm
n 10 10 10 10 10 10

Necropsy body wt. 175.1+45 180.8+6.4 172.3+46 170.8 +10.0 169.8 +9.4 164.6 £ 4.3*
Heart

Absolute 0.67+0.14 0.66 +0.06 065017 0.65+0.11 0.62+0.06 0.58+0.26

Relative 0.38+0.13 0.36 £ 0.03 0.38x0.14 0.38+£0.05 0.37 +0.04 0.3510.14
Kidney

Absolute 0.64 +0.07 0.71+£0.19 063+£0.05 0.62+0.03 0.64 £0.07 0.62 £ 0.06

Relative 0.37 £0.04 0.39+0.11 0.37 £0.02 0.37£0.02 0.38 £ 0.06 0.37+£0.04
Liver

Absolute 4.66 £0.50 469+0.34 437 +£049 431+£047 4.35+0.30 427 +£047

Relative 2.66+027 260+0.29 254 +0.26 252+0.14 257 +0.25 2.60+0.29
Lung

Absolute 1.06 £0.14 1.17+0.25 1.03+0.11 0.99+0.21 1.32+0.36 1.21+0.27

Relative 0.60+0.08 065+0.19 0.60x0.07 0.58+0.16 0.59+0.08 0.72+0.14*
Ovary

Absolute 0.06 £ 0.02 0.06 £0.02 0.05+0.02 0.05+0.02 0.05+0.02 0.06 £0.03

Relative 0.03 £0.01 0.03+0.01 0.03+£0.01 0.03 £0.01 0.03+£0.01 0.03 £ 0.01
Thymus

Absolute 0.21+0.03 0.20+£0.09 0.18 £0.03 0.19+0.06 0.18 £ 0.05 0.22 £+0.03

Relative 0.12+£0.02 0.11 £ 0.05 0.10+£0.02 0.1 +0.04 0.09+£0.02 0.11+£0.02

n: number of animal. Significant differences as compared with control; * P<0.05.

*Organ weights and body weights are given in grams; relative organ weight is given as mg organ weight/g body weight x 100

(mean + standard deviation).

(data not shown). In addition, the DMA gas-exposed

animals did not show any distinct behavioral changes.
As shown in Table 1, 2, the absolute lung weight

showed no statistically significant changes in any group.

However, the relative lung weight was increased signifi-
cantly at 80 ppm in both male and female rats (P<0.05).
No other organ weights, including the heart, right kid-
ney, liver, right testis, ovary, and thymus showed any
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Table 3. Hematology data of male rats in the 90-day inhalation study of dimethylamine®

Platelets (10%ul)

641.1+1256 667.4+1776 705.7+184.8 736.3+194.5

869.9 + 129.2*

Items Control 5 ppm 10 ppm 20 ppm 40 ppm 80 ppm
n 10 10 10 10 10 10
Erythrocytes (10%/ul) 969+045 974+056 889+220 869+246 9811041 14.64 £ 0.69**
Mean cell volume (fl) 48461860 4824+712 48142763 4690+7.14 4839+465 4880590
Hemoglobin (g/d!) 18.03+£260 17.77+194 1581+396 1561+424 1829+183 17281104
Mean cell hemoglobin (pg) 1862 +0.58 1827090 17.78+1.04 18.10+1.13 2464250 27.97+3.20"
Mean cell hemoglobin concentration (g/dl) 38.46 +1.50 37.85+2.00 36.99+236 38.54x228 38.50+ 147 36.81+£2.31
Leukocytes (10°/pl) 13.99+4.15 1521+242 13.86+1.94 1368+1.23 1549+£138 18.75+1.86*
Leukocyte differential
Neutrophil (%) 3219+267 3553+11.54 32.86+9.14 33501438 37.57+277* 44411981"
Lymphocyte (%) 5669+7.08 51.03+943 58.12+11.24 5518+8.82 5262+917 48.8911063
Monocyte (%) 840+241 885+164 7.23+235 739+129 8411132 6.43+£4.62
Eosinophil (%) 333+144 3.36+116 353+158 337+050 3.20:028 3.35+1.38
Basophil (%) 113+0.16 118016 1.09+0.15 1.10+£0.13 1.12+0.14 1.28+0.27
Platelets (10%ul) 687.9+57.9 6371+53.0 627.7+453 6141832 6746412 827.7+70.1"
n: number of animal. Significant differences as compared with control; * P<0.05, ** P<0.01.
®Mean  standard deviation.
Table 4. Hematology data of female rats in the 90-day inhalation study of dimethylamine®
ltems ' Control 5 ppm 10 ppm’ 20 ppm 40 ppm 80 ppm
n 10 10 10 10 10 10
Erythrocytes (10%/ul) 914+153 892120 850+139 9121043 866+ 1.36 8.81+239
Mean cell volume (fl) 5236+257 52571645 5214+7.80 5031+464 5258+6.83 52.21+8.53
Hemoglobin (g/dl) 1812871 1530+216 16.00+271 17.01+103 16.49+3.07 16.65 +2.60
Mean cell hemoglobin (pg) 1911108 1938+112 1883+1.12 1867+1.23 2207+1.16* 25241227
Mean cell hemoglobin concentration (g/dl) 36.54+2.07 36.89+£220 36.10+235 37.12+262 36.53+2.18 36.26 £2.46
Leukocytes (10%/ul) 13.09+174 1282+078 12.24+147 1284+169 12471117 1239+ 1.04
Leukocyte differential
Neutrophil (%) 3473+6.87 3475+1094 3032+7.53 3978+545 46.41+442* 4276+518"
Lymphocyte (%) 5411 +554 52461886 5693+8.16 495111152 47381962 50.68 £ 7.46
Monocyte (%) 867+332 11.04+335 1132+340 996+2863 597 £4.36 6.03+2.28
Eosinophil (%) 119+014 128+012 112007 1.23+0.16 1.17+£0.12 1.35+0.38
Basophil (%) 034+008 032+016 0371012 0362017 0.38+0.13 0.35+0.09

911.4 £ 1241

n: number of animal. Significant differences as compared with control; * P<0.05, ** P<0.01.

®Mean + standard deviation.

significant change.

Hematological parameters

At terminal sacrifice major points of statistically signifi-
cant changes in hematological parameters were observed.
Erythrocytes were significantly increased in the male
exposed to 80 ppm (P<0.01). Mean cell hemoglobin
was increased in the male and female exposed to 40,
80 ppm (P<0.05, P<0.01). Leukocytes was significantly
increased in the male exposed to 80 ppm (P<0.05).
Neutrophil was significantly increased in the male and
female exposed to 40, 80 ppm (P<0.05). Platelets were
significantly increased in the male exposed to 80 ppm
(P<0.01) and the female exposed to 40, 80 ppm
(P<0.05, P<0.01). Other hematological parameters were

remained unchanged by DMA exposure (Table 3, 4).

Clinical chemistry parameters

Creatine kinase was significantly increased in the
female exposed to 40, 80 ppm (P<0.01). Total protein
was significantly increased in the male exposed to 40
ppm (P<0.05) and the female exposed to 40, 80 ppm
(P<0.05, P<0.01). Urea nitrogen was significantly in-
creased in the male exposed to 40, 80 ppm (P<0.05).
Alkaline phosphatase, creatinine, albumin, alanine ami-
notransferase, and total bilirubin levels were not affected
by DMA exposure (Table 5, 6).

Histopathological changes
Figure 4, 5 and Table 7, 8 shows the incidence of
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Fig. 2. Body weight of male rats exposed to dimethylamine
during the 90-day inhalation toxicity study. Six groups of 10
male rats were exposed to dimathylamine at concentrations
of 0, 5, 10, 20, 40, and 80 ppm for 6 hours/day, 5 days/week
for 90 days. The rats exposed to the dimethylamine showed
changes in body weight during the 90 days ex periment. Sig-
nificant differences as compared with control; * P<0.05.

lung lesions in the male and female rats exposed to
DMA for 90-day. In the 0, 5, 10, 20, and 40 ppm
groups, no significant changes was found in the termi-
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Fig. 3. Body weight of female rats exposed to dimethylamine
during the 90-day inhalation toxicity study. Six groups of 10
male rats were exposed to dimethylamine at concentrations of
0, 5, 10, 20, 40, and 80 ppm for 6 hours/day, 5 daysiveek for
90 days. The rats exposed to the dimethylamine showed
changes in body weight during the 90 days experiment. Signif-
icant differences as compared with control; * P<0.05.

nal bronchiole, and alveolar space with thin alveolar
septa. In contrast, in the 80 ppm male and female

Table 5. Serum biochemical data of male rats in the 90-day inhalation study of dimethylamine®

[tems Control 5 ppm 10 ppm 20 ppm 40 ppm 80 ppm
n 10 10 10 10 10 10

Alkaline phosphatase (mg/dl) 2723+£781 29721865 28361918 24581344 302.9£86.6 281.3+62.8
Creatine kinase (mg/dl) 182.5+452 2123+402 18641334 1903+547 205.3+594 182.6 £56.2
Creatinine (mg/dl) 0.58+0.34 0.61+0.31 0.93+0.52 0.78+0.64 1.03+0.48 0.95+0.40
Total protein (g/dl) 7.59+0.89 7.03+1.88 7.14+1.58 852+197 10.62+1.69* 854+1.77
Albumin (g/dl) 565+1.52 5.86 £ 0.66 5.92+0.57 5.54+£0.86 6.92 +2.66 6.45+1.42
Urea nitrogen (mg/dl) 1622+232 13311391 1597+1.03 1445+460 20.27 £2.70* 2113 £3.34*
Alanine aminotransferase (mg/dl) 24.70+4.72 2380+676 24.00+394 2510+567 3050+552 29.70 £ 12.96
Total bilirubin (mg/dl) 0.51+0.20 0.57+045 0.55+0.28 0.56+0.17 0.52+0.24 0.6310.12

n: number of animal. Significant differences as compared with control: * P<0.05.

*Mean  standard deviation.

Table 6. Serum biochemical data of female rats in the 90-day inhalation study of dimethylamine®

ltems Control 5 ppm 10 ppm 20 ppm 40 ppm 80 ppm
n 10 10 10 10 10 10

Alkaline phosphatase (mg/dl) 2355+789 296.1+67.3 2692+84.7 2665+403 24311352 253.5+63.3
Creatine kinase (mg/dl) 17514292 17631475 163.4+331 188.0+340 2245+ 21.8* 226.2 + 28.6**
Creatinine (mg/d!) 063+012 071+025 068+014 075+0.21 0.72+0.28 0.78 £0.31
Total protein (g/di) 6.29+2.93 7.51+1.36 8.22+3.26 751+2.10 11.24 £ 2.04* 13.51 £4.32**
Albumin (g/dl) 5.96 £ 2.60 5.18£3.65 6.26 + 1.49 568 +£1.17 6.57 £2.36 6.30+1.21
Urea nitrogen (mg/dl) 1684 +£327 1620+£520 1811+3.65 1854+465 20691523 19.16 £ 3.82
Alanine aminotransferase (mg/dl) 23.00+3.56 24.20+527 2368+406 26.50+3.57 25801588 20.90 £ 8.69
Total bilirubin (mg/dl) 0.31+0.19 0.39+0.25 0.38+0.24 041+0.28 0.35+0.24 0.32+0.16

n: number of animal. Significant differences as compared with control; * P<0.05, ** P<0.01.

#Mean + standard deviation.
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Fig. 4. Histopathological changes of lung from male rats exposed to dimethylamine (0, 5, 10, 20, 40, 80 ppm) and control. (A)
Control group showed normal terminal bronchiole, and alveolar septa. In the exposed groups (5, 10, 20, 40 ppm), no signifi-
cant change was found in the terminal bronchiole, and alveolar space with thin alveolar septa (B-E). In the F group (80 ppm)
rats, slightly and randomly distributed epithelial hyperplasia was noted in the bronchioles and alveoli. Hematoxylin & Eosin,

Magnification 200 x.

rats, slightly and randomly distributed epithelial hy-
perplasia was noted in the bronchioles and alveoli.
The others did not show any distinct histopathological
changes.

DISCUSSION

Of all the short-chain aliphatic amines, dimethylamine
has been investigated frequently owing to its ability to
act both in vitro and in vivo as a presursor of car-
cinogenic dimethylnitrosamine (Mirvish, 1975). Excess
amounts of both dimethylamine and dimethylnitrosamine
have been measured in the intestine of chronic renal
failure patients giving rise to concern (Dunn et al,
1990), and dimethylnitrosamine has been detected in
human urine, its presence being attributed to the nitro-
sation of dimethylamine catalysed by nitrogen oxides
within the modern urban atmosphere (Garland et al.,
1986).

Our study clearly showed that inhalation exposure of
DMA for 90 days caused some characteristic histo-
pathologic adverse effects on the lung, while other
organs were not affected. These results were well
matched with the change of relative lung weight which
was significantly increased at 80 ppm in male and
female rats. Single environmental chemical esposure is
not common, rather more than one chemical may be
co-exposed to humanbeing. Therefore, co-exposure of
different chemicals may produce unexpected endpoint.
In this, study, DMA alone exhibited characteristic toxic-
ity. The toxicity, however, may be associated with severe
damage if DMA is co-exposed with other chemicals. In
fact, DMA with sodium nitrite caused severe DNA dam-
age whereas each single chemical did not produce
such genotoxic effects (Ohsawa et al., 2003).

In conclusion, it was found that inhalation exposed to
rats of DMA gas for 90-day induced adverse effects on
the lung were affected histopathological changes at 80
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Fig. 5. Histopathological changes of lung from female rats exposed to dimethylamine (5, 10, 20, 40, 80 ppm) and control. {(A)
Control group showed normal terminal bronchiole, and alveolar septa. In the exposed groups (5, 10, 20, 40 ppm), no signifi-
cant change was found in the terminal bronchiole, and alveolar space with thin alveolar septa (B-E). In the F group (80 ppm)
rats, mild hyperplasia and congestion were observed in the bronchioles and alveoli. Hematoxylin & Eosin, 200 x.

Table 7. Histopathological findings in male F344 rats

Table 8. Histopathological findings in female F344 rats

Concentration (ppm) 0 5 10 20 40 80

Concentration (ppm) O 5 10 20 40 80

n 10 10 10 10 10 10
Heart N® N N N N N
Kidney
- Vaculoation N N N N N N
Liver
- Cell swelling
Lung
- Hyperplasia
- Congestion
Testis
Thymus
Brain
Pituitary
Nasal cavity
Trachea
Spleen
Adrenal

=z
p=4
2
Pz
b4
p=4

2222222222
2222222222
2Z22Z2ZZ2Z222Z2Z
Z2Z22Z22Z22Z2Z2Z22Z22Z2
2222222222
22222222 ==

n 10 10 10 10 10 10
Heart N? N N N N N
Kidney
- Vaculoation 1 N N N N N
Liver
- Cell swelling
Lung
- Hyperplasia
- Congestion
Ovary
Thymus
Brain
Pituitary
Nasal cavity
Trachea
Spleen
Adrenal

Z
zZ
z
pz4
pzd
=z

2222222222
Z22Z2Z2Z2Z22Z2Z22Z2Z2
Z22Z2Z2Z222Z2Z2ZZ2Z2
2222222222
Z2Z22Z22Z22Z2Z22Z22Z22Z2Z2
2222222280 N

Note: Sis groups of 10 male rats were exposed to DMA at
concentrations of 0, 5, 10, 20, 40, and 80 ppm for 6 hours/
day, 5 days/week, for 90 days. The rats exposed to the DMA
showed changes in histopathological findings during the 90
days experiment. n, Number of animal.

N, no significant histopathological changes.

Note: Sis groups of 10 female rats were exposed to DMA at
concentrations of 0, 5, 10, 20, 40, and 80 ppm for 6 hours/
day, 5 days/week, for 90 days. The rats exposed to the DMA
showed changes in histopathological findings during the 90
days experiment. n, Number of animal.

N, no significant histopathological changes.
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ppm in male and female rats. In the hematological and
clinical chemistry, some significant changes of several
parameters were observed in the male and female
exposed to 40 and 80 ppm, but these findings were con-

sidered to be of no toxicological significance. Accord-.

ingly, it was considered that over 40 ppm of DMA
exposure would induce the toxicological effects.
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