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This study was conducted to measure toxicity of 1-chloropropane (CAS No. : 540-54-5). According to the

OECD Test Guideline 413 (Subchronic inhalation toxicity: 90-day study), SD rats were exposed to 0, 310,

1,250, and 5,000 ppm of 1-chloropropane for 6 h/day, 5 day/week for 13 weeks via whole-body inhala-

tion. Mortality, clinical signs, body weights, food consumption, motor activity, ophthalmoscopy, hematol-

ogy, serum chemistry, urinalysis, organ weights, gross and histopathological findings were compared

between control and all tested groups. No mortality or remarkable clinical signs were examined during the

study. No gross lesions or adverse effects on body weight, food consumption, motor activity, ophthalmos-

copy, urinalysis, hematology, organ weights were observed in any of male or female rats in all tested

groups. In serum biochemistry, glucose was significantly decreased in males of 1,250 and 5,000 ppm

groups compared to control group in dose-dependent relationship. In histopathological examination, vacu-

olation of acinar cells was observed in pancreas of all male and female groups exposed to 1-chloropro-

pane. In conclusion, no observable adverse effect level (NOAEL) was considered to be below 310 ppm/

6 h/day, 5 day/week for rats.
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INTRODUCTION

1-Chloropropane (CAS No. 540-54-5) is a flammable,

colorless liquid with chloroform odor and is prepared by

reacting n-propyl alcohol with hydrochloric acid in the

presence of a zinc chloride as a catalyst (1). It is an organic

compound with chemical formula CH3CH2CH2Cl and vapor

pressure of 345 mm Hg at 25oC. 1-chloropropane is used as

a chemical intermediate for n-Propylamine and has been

studied as an anesthetic and parasiticidal drug (1,2). In addi-

tion, it is also used as an intermediate to proude the sweet-

ener sodium 2-(4-methoxybenzoyl) benzoate used for food

and beverages, but their applicability had been limited (1). The

annual production of 1-chloropropane in Korea was 249.9

tons in 2006 and is mainly used in domestic region (3).

The toxicity of 1-chloropropane has been rarely docu-

mented in humans and experimental animals. The inhala-

tion exposure of 1-chloropropane in human cause central

nervous system effects characterized by nausea, headache,

dizziness, unconsciousness, coma and may cause respira-

tory irritation. Also, liquid form of 1-chloropropane can

cause eye, skin, and digestive irritation (4). 1-chloropro-

pane toxicological experiments demonstrated that 1-chloro-

propane has LD50 value of > 2,000 mg/kg in rats for acute

oral toxicity (5). Also, short term inhalation study of 1-chlo-

ropropane revealed that slight alveolar hemorrhage of the

lungs and significant focal necrosis of the liver were

observed in rats exposed to 40,000 ppm 1 hr/day for 4 days

(6). Eye irritation in rabbits is also reported for 1-chloropro-

pane (7). 1-chloropropane is volatile and can cause most

adverse effects via inhalation. Therefore, workers exposed

to it via inhalation have the potential health risk at the

workplace. However, there is a lack of information regard-

ing long term repeated-dose toxicity by inhalation.

Therefore, this study was conducted to characterize the

potential subchronic inhalation toxicity of 1-chloropropane

by whole-body exposure in Sprague-Dawley (SD) rats in

accordance with Good Laboratory Practice (GLP) guide-

line and the test guideline No. 413 “Subchronic Inhalation

Toxicity: 90-day study” from the Organization for Eco-

nomic Co-operation and Development (8).
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MATERIALS AND METHODS

Animal husbandry and maintenance. Specific-patho-

gen-free SD rats of each sex (5 weeks old) were purchased

from Japan SLC Inc. (Shizuoka, Japan) and acclimated for

1 week. The environmental conditions were controlled to

provide a temperature of 22 ± 3oC, relative humidity of

50 ± 20%, 12 : 12 h light : dark cycle, and fresh air ventila-

tion (10~15 times per hour). The rats were housed singly in

stainless steel wire mesh cages (W750 mm × L220 mm ×

H180 mm) and supplied with commercial rodent diet (Lab-

Diet®, St. Louis, MO, USA) and filtered tap water ad libi-

tum. The study was performed at Occupational Safety and

Health Research Institute, KOSHA, and was approved by

the Animal Care and Use Committee (IACUC-1401).

Test chemical and exposure. 1-Chloropropane

(CH3CH2CH2Cl, CAS No. 540-54-5) was purchased from

Yulchon Noterram Co., Ltd. (Lot N0. 140321, Korea).

Whole body exposure chamber (SIS-20, Shibata Co.,

Japan), including a gas generator (VG-4R, Shibata Co.,

Japan) were used to expose to 1-chloropropane. The rats

were exposed to 0, 310, 1250, 5000 ppm for 6 h/day, 5 day/

week for 13 weeks in accordance with the test No. 413

(Subchronic Inhalation Toxicity, 2009) by Organization for

Economic Co-operation and Development (OECD) (8). The

inhalation exposure was conducted from 10:00 to 16:00 in

stainless steel chamber. The experimental design was based

on the routine working schedule of workers and the major

exposure route for the test substance.

Condition in the inhalation chamber. Temperature,

relative humidity, pressure, and air ventilation in the cham-

bers were recorded using an environmental controller (ICS-

20RG. Shibata Co., Japan). The temperature and relative

humidity were maintained at 22.3~22.9oC and 51.2~56.4%,

respectively. The concentrations of 1-chloropropane in the

chambers were calibrated with a standard chemical (RIGAS,

Daejeon, Korea). The conditions used for detecting 1-chlo-

ropropane by gas chromatography (GCS-14PFFS, Shimadzu

Co., Japan) were as follows: detector; (flame ionization

detector); column (silicon DC-200 15% chromosorb with

mesh of 80/100 and a 0.5 m length); detector temperature,

100oC; oven temperature, 120oC; injector temperature,

120oC; and injection volume, 1 mL of gas sample. The

vapor concentrations of 1-chloropropane in the chambers

were measured every 15 min during exposure, and were

controlled to be within ± 5% of the target concentration

using a computer. The mean concentration measured every

30 min for 6 h was taken as the value on a given day. This

was then averaged over the 13 week exposure period in

order to obtain the mean and standard deviations, and the

daily gas concentrations in the three chambers were mea-

sured at 309.7 ± 3.35, 1250.7 ± 11.21, and 5005.2 ± 25.86

ppm, respectively.

Experimental groups and selection of concentration.
Forty rats of each sex were randomly assigned to the fol-

lowing four groups (10 per sex per group): control group

(0 ppm), low dose group (310 ppm), middle dose group

(1,250 ppm), and high dose group (5,000 ppm). All the rats

were sacrificed after the treatment of 13 weeks. The doses

were selected on the basis of acute toxicity study per-

formed previously (data not shown). In this study, the con-

centration of 310, 1,250 and 5,000 ppm were then selected

as low dose, middle dose, high dose, using scaling factor

× 4 according to Globally Harmonized Systems of Classifi-

cation and Labeling of Chemicals (GHS).

Clinical signs, body weight and food consumption. All

animals were observed daily once for mortality and clinical

signs throughout the study. They were weighed individu-

ally just before inhalation on day 1 and once per week

thereafter. Daily food consumption was measured before

the initiation of inhalation and once per week thereafter.

Food consumption was evaluated by subtracting leftover

feed from the total feed supplied.

Ophthalmological examinations and motor activity
measurement. The external eye examinations were con-

ducted prior to the experiment. In the last week of the study,

the ocular fundi were examined using a slit lamp (Portable

Slit lamp SL-14, Kowa, Japan) and a hand-held fundus

camera (Genesis K9L22, Kowa, Japan) after being treated

with mydriatic eye drops (Mydrin-P, Santen Pharmaceuti-

cal Co, Japan). The motor activities were measured at the

end of the exposure period with a motor activity monitor-

ing system (MCMEA-8, Sibata Co., Japan).

Urinalysis. During the last week of exposure, urinaly-

sis was conducted with fresh urine to determine the spe-

cific gravity, pH, protein, glucose, ketone body, occult

blood, bilirubin, urobilinogen, nitrite, and leukocyte con-

tents by using test kits (BioGen 10 SGLM, Yeongdong

Diagnotics Co., Republic of Korea) or a urine chemistry

analyzer (Uriscan S-300, Yeongdong Diagnotics Co.,

Republic of Korea).

Hematology. All animals were fasted overnight prior

to necropsy and blood collection. Blood samples were

drawn from the abdominal aorta by using a syringe with a

24-gauge needle under Isoflurane anesthesia (Ilsung Pharm,

Korea). The blood samples were collected into vacutainers

containing EDTA-3K (Beckton Dickinson, USA), and ana-

lyzed within 20 min using an automatic hematology ana-

lyzer (Hemavet 950, CDC Technology, USA) and were

measured using an automated coagulation analyzer (Huma

clot duo, Human Germany) with plasma obtained after
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blood was mixed with 3.2% sodium citrate (9NC sodium

citrate, Beckton Dickinson, USA). The following parame-

ters were determined: total erythrocyte counts (RBC),

hemoglobin concentration (HGB), hematocrit (HCT), mean

cell volume (MCV), mean cell hemoglobin (MCH), mean

cell hemoglobin concentration (MCHC), red cell distribu-

tion (RDW), platelet count (PLT), mean platelet volume

(MPV), prothrombin time (PT) and activated partial throm-

boplastin time (APTT), whole leukocyte counts (WBC),

neutrophils (NEU, %), eosinophils (EOS, %), basophils

(BASO, %), lymphocytes (LYM, %) and monocytes

(MONO, %).

Serum biochemistry. Blood samples were centrifuged

at 3,000 rpm for 10 min within 1 hr after collection. The

sera were stored at −80oC in a freezer prior to analysis. The

following serum chemistry parameters were evaluated using

an autoanalyzer (TBA-20FR, Toshiba, Japan) and an elec-

trolyte analyzer (DRICHEM 800, FUJI, Japan): total pro-

tein (TP), albumin (ALB), blood urea nitrogen (BUN),

creatinine (CREA), total bilirubin (TBIL), alanine amino-

transferase (ALT), aspartate aminotransferase (AST), lac-

tate dehydrogenase (LDH), alkaline phosphatase (ALP),

glucose (GLU), total cholesterol (TCHO), triglycerides

(TG), γ-glutamyl transferase (γ-GT), CPK (Creatine Phos-

phokinase), calcium (Ca), inorganic phosphorus (IP), sodium

(Na+), and potassium (K+), and chloride (Cl−).

Necropsy, organ weight, and histopathological evalua-
tions. Gross examinations of the organs in the cranial,

thoracic, and abdominal cavities of the sacrificed rats were

conducted. The absolute and relative weights (organ to

body weight) of the brain, thymus, lung, heart, liver, spleen,

kidney (left and right), adrenals (left and right), testis (left

and right), ovaries (left and right) were measured. The fol-

lowing tissues were removed from each animal at nec-

ropsy: liver, kidney, adrenal gland, heart, lung, cerebrum,

cerebellum, olfactory bulb, pituitary, spleen, seminal vesi-

cle, prostate, testis, epididymis, ovary, uterus, vagina,

tongue, trachea, esophagus, thymus, thyroid, stomach, duo-

denum, urinary bladder, small/large intestine, eye/harderian

gland, skeletal muscle, sciatic nerve, pancreas, mesenteric

lymph node, femur, larynx, and nasal cavity. The nasal cav-

ity was sectioned at three levels (Level 1: posterior to the

upper incisors, level 2: incisive papilla, level 3: first molar

teeth). The eyes were fixed in Davidson’s solution and the

testis was fixed in Bouin’s solution. Other organs were pre-

served in 10% neutral buffered formalin. And these organs

were embedded in paraffin, sectioned at 3~4 μm, stained

with hematoxylin and eosin, and examined microscopically

with low power field to high power field.

 Statistical analysis. The data were expressed as the

mean ± standard deviation. The differences in parameters

among the groups were evaluated using SPSS (ver. 19.0,

IBM, USA) or SigmaPlot (ver. 13.0, SYSTAT, USA). The

homogeneity of variance was determined by Levene’s test,

which was followed by either one-way analysis of variance

(ANOVA) for samples with homogenous variance or the

Kruskal-Wallis test for samples with heterogeneous vari-

ance. Duncan test (for ANOVA) or Dunnett T3 (for Krus-

kal-Wallis) was used for multiple comparisons of the

control group with each treatment group if the first statisti-

cal result was significant.

Fig. 1. Changes of concentration in inhalation chamber during the experiment.
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RESULTS

Chamber monitoring. The average chamber condi-

tion were 22.3~22.9oC, 51.2~56.3% relative humidity,

−10.1~−9.7 mmH2O pressure, and 203.6~213.6 L/min

flow rate. The average concentration of 1-chloropropane

during the study was as follows: 309.7 ± 3.35 ppm for low

dose, 1,250.7 ± 11.21 ppm for medium dose, and 5,005.2

± 25.86 ppm for high dose. The daily mean chamber con-

centration was with ± 10% of the target concentration

(Fig. 1).

Clinical signs: No death or adverse clinical signs were

observed in any of the 1-chloropropane groups. 

Ophthalmological examination and motor activity
measurement: No adverse symptoms were observed in

all groups during the study period (data not shown).

Fig. 2. Daily mean food consumption of male rats exposed to 1-chloropropane for 13 weeks. Significant differences as compared with
that of control group: * p < 0.05.

Fig. 3. Daily mean food consumption of female rats exposed to 1-chloropropane for 13 weeks. Significant differences as compared
with that of control group: * p < 0.05.
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Body weight, and food consumption. Body weight

did not significantly changed in all male and female ani-

mals (data not shown). Food consumption decreased sig-

nificantly in male rats exposed to 1,250 ppm in week 12

and in female rats exposed to 5,000 ppm in week 7 and to

Table 1. Serum biochemical values of male rats exposed to 1-chloropropane for 13 weeks

Tests Units
Groups (ppm)

G1 (0) G2 (310) G3 (1,250) G4 (5,000)

TP g/dL 7.37 ± 0.310 7.48 ± 0.340 7.45 ± 0.430 7.64 ± 0.2700

ALB g/dL 4.33 ± 0.170 4.44 ± 0.130 4.37 ± 0.210 4.52 ± 0.1700

BUN mg/dL 17.26 ± 2.0200 17.05 ± 2.3100 17.98 ± 2.6400 19.12 ± 2.20000

CREA mg/dL 0.54 ± 0.050 0.52 ± 0.040 0.55 ± 0.050 0.55 ± 0.0500

TBIL mg/dL 0.19 ± 0.020 0.19 ± 0.020 0.22 ± 0.02** 0.20 ± 0.01**0

ALT IU/L 74.6 ± 38.74 44.3 ± 9.82*0 71.8 ± 54.36 63.6 ± 31.280

AST IU/L 150.5 ± 80.030 97.3 ± 19.62 123.5 ± 64.360 118.4 ± 66.8100

LDH IU/L 940.1 ± 659.99 916.0 ± 443.58 690.7 ± 386.40 642.6 ± 494.350

ALP IU/L 408.0 ± 64.460 404.6 ± 131.87 412.4 ± 98.460 422.6 ± 163.030

GLU mg/dL 246.5 ± 25.010 235.8 ± 22.840 219.0 ± 10.11** 196.5 ± 17.45**0

TCHO mg/dL 84.5 ± 13.48 89.1 ± 12.74 76.7 ± 11.98 95.8 ± 19.380

TG mg/dL 53.2 ± 19.94 55.4 ± 21.63 46.2 ± 16.40 66.0 ± 23.770

γ-GT IU/L 299.8 ± 232.08 271.8 ± 115.40 225.3 ± 85.79** 194.6 ± 124.27**

CPK IU/L 11.05 ± 0.2800 11.01 ± 0.2900 11.12 ± 0.5300 11.12 ± 0.26000

Ca2+ IU/L 6.50 ± 0.590 6.96 ± 1.140 6.17 ± 1.840 6.49 ± 0.7300

IP mg/dL 0.37 ± 0.500 0.31 ± 0.160 0.84 ± 0.510 0.82 ± 0.6000

Na+ mmol/L 140.0 ± 1.1500 140.3 ± 0.9500 140.4 ± 1.2600 139.8 ± 0.92000

K+ mmol/L 5.06 ± 0.400 4.97 ± 0.310 5.05 ± 0.490 5.14 ± 0.5500

Cl− mmol/L 103.8 ± 1.4000 103.6 ± 1.1700 102.9 ± 1.2000 102.4 ± 0.97*000

All values are expressed as mean ± SD.
Significant differences as compared with controlgroup: * p < 0.05, ** p < 0.01.

Table 2. Serum biochemical values of female rats exposed to 1-chloropropane for 13 weeks

Tests Units
Groups (ppm)

G1 (0) G2 (310) G3 (1,250) G4 (5,000)

TP g/dL 6.95 ± 0.330 6.87 ± 0.230 7.17 ± 0.350 7.51 ± 0.57**

ALB g/dL 4.29 ± 0.220 4.24 ± 0.200 4.49 ± 0.210 4.64 ± 0.39**

BUN mg/dL 16.01 ± 1.8900 16.41 ± 1.8500 15.66 ± 1.5100 16.15 ± 1.2500

CREA mg/dL 0.46 ± 0.050 0.48 ± 0.070 0.47 ± 0.050 0.49 ± 0.030

TBIL mg/dL 0.11 ± 0.030 0.12 ± 0.020 0.11 ± 0.010 0.13 ± 0.030

ALT IU/L 171.9 ± 240.90 75.6 ± 22.51 76.3 ± 28.67 82.3 ± 53.73

AST IU/L 223.0 ± 198.93 145.7 ± 57.700 148.6 ± 57.600 182.2 ± 88.980

LDH IU/L 862.6 ± 462.24 948.7 ± 535.12 720.3 ± 427.83 707.4 ± 467.83

ALP IU/L 268.6 ± 131.76 205.6 ± 91.060 244.9 ± 147.80 316.2 ± 244.66

GLU mg/dL 178.0 ± 21.340 181.1 ± 20.900 183.6 ± 18.820 175.1 ± 22.740

TCHO mg/dL 103.8 ± 15.630 101.4 ± 14.370 103.0 ± 12.220 115.7 ± 22.430

TG mg/dL 25.7 ± 7.660 27.3 ± 15.98 27.7 ± 6.020 32.3 ± 15.90

γ-GT IU/L 296.4 ± 166.82 300.6 ± 151.02 223.4 ± 112.02 225.0 ± 140.67

CPK IU/L 10.39 ± 0.2300 10.44 ± 0.2600 10.38 ± 0.3300 10.64 ± 0.5100

Ca2+ IU/L 5.80 ± 0.240 5.80 ± 0.350 5.70 ± 0.260 5.81 ± 0.320

IP mg/dL 1.77 ± 2.680 0.53 ± 0.570 0.37 ± 0.230 0.41 ± 0.310

Na+ mmol/L 138.7 ± 1.1600 138.9 ± 0.9300 138.2 ± 1.1400 138.4 ± 0.9700

K+ mmol/L 4.73 ± 0.170 4.81 ± 0.210 4.85 ± 0.240 4.70 ± 0.370

Cl− mmol/L 103.8 ± 4.1000 104.2 ± 1.6400 103.1 ± 2.0800 102.6 ± 3.4100

All values are expressed as mean ± SD.
Significant differences as compared with control group: * p < 0.05, ** p < 0.01.

310 ppm in week 12 (p < 0.05) (Fig. 2 and 3).

Urinalysis. No significant changes were observed in all

1-chloropropane groups during the study period (data not

shown).
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Hematology. No statistically significant hematological

changes in comparison with the control group were

observed in any of all 1-chloropropane tested groups.

Serum biochemistry. Total bilirubin was significantly

increased in males of 1,250 and 5,000 ppm groups (p <

0.01). Glucose and γ-GT were significantly decreased in

males of 1,250 and 5,000 ppm groups compared to those of

control group (p < 0.01). ALT and Cl− were significantly

decreased in male 310 and 5,000 ppm group, respectively

(p < 0.05) (Table 1). Total protein and albumin was signifi-

cantly increased in females of 5,000 ppm group in compari-

son with those of the control group (p < 0.01) (Table 2).

Organ weights. No statistically significant absolute

organ weight changes were observed in any of the male

groups in comparison with the control group (Table 3).

Table 3. Absolute organ weights of male rats exposed to 1-chloropropane for 13 weeks

Organ weights (g)
Groups (ppm)

G1 (0) G2 (310) G3 (1,250) G4 (5,000)

Thymus 00.368 ± 0.094 00.371 ± 0.086 00.369 ± 0.066 00.349 ± 0.047

Heart 01.270 ± 0.168 01.284 ± 0.148 01.254 ± 0.122 01.281 ± 0.117

Adrenal gland L 00.035 ± 0.004 00.036 ± 0.005 00.036 ± 0.005 00.039 ± 0.007

Adrenal gland R 00.034 ± 0.005 00.038 ± 0.006 00.038 ± 0.007 00.036 ± 0.006

Testis L 01.758 ± 0.127 01.844 ± 0.135 01.772 ± 0.147 01.845 ± 0.082

Testis R 01.800 ± 0.180 01.954 ± 0.247 01.823 ± 0.146 01.879 ± 0.046

Lung L 00.450 ± 0.063 00.504 ± 0.114 00.445 ± 0.058 00.451 ± 0.050

Lung R 00.821 ± 0.119 00.887 ± 0.085 00.817 ± 0.119 00.839 ± 0.129

Kidney L 01.387 ± 0.177 01.451 ± 0.219 01.423 ± 0.098 01.485 ± 0.136

Kidney R 01.376 ± 0.193 01.451 ± 0.208 01.424 ± 0.117 01.530 ± 0.164

Spleen 00.705 ± 0.153 00.659 ± 0.124 00.672 ± 0.089 00.726 ± 0.092

Liver 12.298 ± 1.403 12.234 ± 1.404 12.507 ± 1.118 13.478 ± 1.494

Brain 02.199 ± 0.328 02.188 ± 0.063 02.117 ± 0.057 02.159 ± 0.083

Table 4. Absolute organ weights of female rats exposed to 1-chloropropane for 13 weeks

Organ weights (g)
Groups (ppm)

G1 (0) G2 (310) G3 (1,250) G4 (5,000)

Thymus 0.281 ± 0.035 0.292 ± 0.053** 0.284 ± 0.046 0.285 ± 0.041**

Heart 0.855 ± 0.057 0.907 ± 0.086** 0.914 ± 0.076 0.909 ± 0.044**

Adrenal gland L 0.044 ± 0.007 0.063 ± 0.075** 0.044 ± 0.010 0.044 ± 0.007**

Adrenal gland R 0.041 ± 0.009 0.046 ± 0.023** 0.037 ± 0.010 0.043 ± 0.009**

Ovary L 0.082 ± 0.011 0.067 ± 0.022** 0.092 ± 0.027 0.083 ± 0.012**

Ovary R 0.089 ± 0.035 0.087 ± 0.021** 0.089 ± 0.014 0.095 ± 0.012**

Lung L 0.380 ± 0.023 0.354 ± 0.019** 0.365 ± 0.025 0.375 ± 0.022**

Lung R 0.671 ± 0.067 0.637 ± 0.033** 0.663 ± 0.158 0.676 ± 0.047**

Kidney L 0.876 ± 0.063 0.875 ± 0.054** 0.906 ± 0.039 0.959 ± 0.076**

Kidney R 0.901 ± 0.055 0.889 ± 0.069** 0.905 ± 0.079 0.962 ± 0.077**

Spleen 0.465 ± 0.036 0.462 ± 0.038** 0.478 ± 0.082 0.494 ± 0.064**

Liver 6.683 ± 0.624 6.492 ± 0.561** 6.950 ± 0.722 7.545 ± 0.825**

Brain 1.987 ± 0.101 2.044 ± 0.052** 2.056 ± 0.103 2.061 ± 0.094**

*All values are expressed as mean ± SD.
Significant differences as compared with that of control group : * p < 0.05, ** p < 0.01.

However, the absolute weights of left ovary and spleen

were significantly increased in 310 ppm group (p < 0.05 or

p < 0.01) and the absolute weights of right kidney and liver

were significantly increased in 5,000 ppm group compared

to those of the control group (p < 0.05 or p < 0.01) (Table

4). The relative organ weights of right kidney and liver

were significantly increased in males of 5,000 ppm group

compared to those of the control group (p < 0.05 or p <

0.01) (Table 5). The relative weights of left kidney and liver

were significantly increased in females of 5,000 ppm group

compared to those of the control group (p < 0.05 or p <

0.01) (Table 6).

Gross and histopathological evaluations. No gross

lesions were observed in all groups. Vacuolation of acinar

cells were noted in the pancreas: in males; minimal grade in

3/10, 2/10, 2/10, and 1/10, slight grade in 0/10, 4/10, 2/10,
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and 4/10, moderate grade in 0/10, 1/10, 4/10, and 5/10 of

the control group 310, 1,250, and 5,000 ppm group, in

females; minimal grade in 7/10, 2/10, 1/10, and 0/10, slight

grade in 0/10, 5/10,6/10, and 5/10, moderate grade in 0/10,

3/10, 3/10, and 5/10 of the control group, 310, 1,250, and

5,000 ppm groups (Table 6 and 7) (Fig. 3). The other histo-

pathological findings observed in both sex of all 1-chloro-

propane tested groups were also found in the control group

or were determined to be accidental changes not accompa-

nied by any dose-response relationship.

Table 5. Relative organ weights of male rats exposed to 1-chloropropane for 13 weeks

Organ weights (%)
Groups (ppm)

G1 (0) G2 (310) G3 (1,250) G4 (5,000)

Thymus 0.082 ± 0.021 0.080 ± 0.016 0.083 ± 0.014 0.078 ± 0.010**

Heart 0.282 ± 0.017 0.278 ± 0.017 0.282 ± 0.018 0.288 ± 0.037**

Adrenal gland L 0.008 ± 0.001 0.008 ± 0.001 0.008 ± 0.001 0.009 ± 0.001**

Adrenal gland R 0.007 ± 0.001 0.008 ± 0.001 0.008 ± 0.001 0.008 ± 0.001**

Testis L 0.395 ± 0.044 0.401 ± 0.023 0.400 ± 0.035 0.417 ± 0.056**

Testis R 0.402 ± 0.033 0.424 ± 0.041 0.411 ± 0.034 0.424 ± 0.057**

Lung L 0.100 ± 0.007 0.109 ± 0.019 0.100 ± 0.008 0.101 ± 0.008**

Lung R 0.183 ± 0.016 0.193 ± 0.022 0.183 ± 0.018 0.188 ± 0.028**

Kidney L 0.308 ± 0.014 0.314 ± 0.030 0.322 ± 0.032 0.332 ± 0.026**

Kidney R 0.306 ± 0.021 0.314 ± 0.027 0.322 ± 0.032 0.342 ± 0.025**

Spleen 0.156 ± 0.022 0.144 ± 0.028 0.151 ± 0.014 0.162 ± 0.016**

Liver 2.739 ± 0.122 2.648 ± 0.166 2.817 ± 0.183 3.007 ± 0.115**

Brain 0.493 ± 0.078 0.477 ± 0.041 0.479 ± 0.036 0.485 ± 0.044**

*All values are expressed as mean ± SD.
Significant differences as compared with that of control group: * p < 0.05, ** p < 0.01.

Table 6. Relative organ weights of female rats exposed to 1-chloropropane for 13 weeks

Organ weights (%)
Groups (ppm)

G1 (0) G2 (310) G3 (1,250) G4 (5,000)

Thymus 0.108 ± 0.018 0.111 ± 0.015 0.110 ± 0.015 0.109 ± 0.012**

Heart 0.328 ± 0.019 0.346 ± 0.041 0.354 ± 0.030 0.349 ± 0.017**

Adrenal gland L 0.017 ± 0.003 0.023 ± 0.026 0.017 ± 0.004 0.017 ± 0.003**

Adrenal gland R 0.016 ± 0.003 0.017 ± 0.008 0.015 ± 0.004 0.016 ± 0.003**

Testis L 0.031 ± 0.005 0.026 ± 0.008 0.035 ± 0.009 0.032 ± 0.004**

Testis R 0.034 ± 0.014 0.033 ± 0.008 0.035 ± 0.006 0.036 ± 0.004**

Lung L 0.146 ± 0.009 0.135 ± 0.009 0.142 ± 0.011 0.144 ± 0.007**

Lung R 0.258 ± 0.029 0.243 ± 0.019 0.255 ± 0.048 0.260 ± 0.019**

Kidney L 0.337 ± 0.029 0.333 ± 0.015 0.352 ± 0.030 0.368 ± 0.021**

Kidney R 0.346 ± 0.030 0.338 ± 0.014 0.351 ± 0.030 0.369 ± 0.027**

Spleen 0.179 ± 0.018 0.176 ± 0.016 0.185 ± 0.027 0.190 ± 0.024**

Liver 2.567 ± 0.250 2.474 ± 0.214 2.683 ± 0.091 2.891 ± 0.256**

Brain 0.764 ± 0.059 0.781 ± 0.067 0.799 ± 0.069 0.791 ± 0.041**

All values are expressed as mean ± SD.
Significant differences as compared with that of control group: * p < 0.05, **p < 0.01.

Table 7. Histopathological findings of male rats exposed to 1-chloropropane for 13 weeks

Group

G1 (0 ppm) G2 (310 ppm) G3 (1,250 ppm) G4 (5,000 ppm)

Pancreas

No abnormalities detected 3/10 0/10 0/10 0/10

Vacuolation, acinar cells

Minimal 7/10 2/10 1/10 0/10

Slight 0/10 5/10 6/10 5/10

Moderate 0/10 3/10 3/10 5/10
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DISCUSSION

This study was performed to evaluate the potential sub-

chronic toxicity of 1-chloropropane by 13 week repeated

inhalation exposure to SD rats at the dose of 0, 310, 1,250,

and 5,000 ppm. The result revealed that whole body inhala-

tion exposure of 1-chloropropane caused some adverse

effects in serum biochemistry and histopathology.

In food consumption, statistically significant changes in

food intake were observed in male rats exposed to 1,250

ppm in week 12 and in female rats exposed to 5,000 ppm in

week 7 and to 310 ppm in week 12. However, these were

not considered to be an adverse effect because the change

was not dose-dependent and recovered indicating these

changes were temporary.

In serum biochemistry, decrease of glucose was observed

in males exposed to 1,250 ppm or 5,000 ppm, compared to

that of control groups. This change could be caused by vac-

uolation of pancreas because pancreatic acinar cells become

degranulated and atrophic with it (9) and that could result in

decreased digestion of carbohydrate, precursor of glucose.

TP and ALB were increased in females exposed to 5,000

ppm. These changes were potentially considered to be

adverse effect because these changes were correlated with

the organ weights in liver or kidney. Furthermore, the previ-

ous study indicated adverse effect in liver (6). However, the

Table 8. Histopathological findings of female rats exposed to 1-chloropropane for 13 weeks

Group

G1 (0 ppm) G2 (310 ppm) G3 (1,250 ppm) G4 (5,000 ppm)

Pancreas

No abnormalities detected 7/10 4/10 2/10 0/10

Vacuolation, acinar cells

Minimal 3/10 2/10 2/10 1/10

Slight 0/10 4/10 2/10 4/10

Moderate 0/10 0/10 4/10 5/10

Fig. 4. Histopathology of the pancreas in rats exposed to 1-chloropropane. (A) Control group; (B) low dose group; (C) middle dose
group; (D) high dose group. An arrow indicates the vacuolation of acinar cells, H&E ×25.
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reason of sex difference is exactly unknown in this study.

Also, γ-GT and TBIL were observed in males exposed to

1,250 ppm or 5,000 ppm, compared to that of control

groups. However, these were not regarded as adverse effect

because these changes were not dose dependent and were

not correlated with the morphological changes in liver. ALT

and Cl− were decreased in males exposed to 310 ppm or

5,000 ppm, respectively. These changes were not consid-

ered to be adverse effect because these changes were not

observed in other sex groups and were not correlated with

other parameters in serum biochemistry and morphological

alterations in liver or kidney.

Organ weights analyses showed that there were statisti-

cally significant increase in the absolute and relative organ

weight of kidney and liver in males and females of 5,000

ppm group and in the absolute weights of left ovary and

spleen in females of 310 ppm group. The change in the

absolute and relative organ weight of kidney and liver in

females of 5,000 ppm group was considered to be adverse

effect because these changes were correlated with the

change of TP and ALB. However, other changes were not

considered to be adverse effects because they were small in

extent, not dose-dependent and associated with morphologi-

cal alterations in histopathological examination.

In histopathological examination, vacuolation of acinar

cells was observed in pancreas of all groups exposed to 1-

chloropropane. The result showed the incidence and sever-

ity was correlated with the increasing dose of 1-chloropro-

pane in this study. Also, vacuolation of acinar cells in

pancreas has been reported following treatment with numer-

ous agents including arginine, (10), supraphysiologic stimu-

lation with cerulein, a CCK receptor agonist, cyclosporine

A (11), choline-deficient, ethionine-supplemented diet (12),

palmitoylpentachlorophenol (PPCP) (13), puromycin (14),

and 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) (15). There-

fore, these results indicated the pancreatic vacuolation was

induced by the test substance and considered to be the tar-

get organ in this study. Apart from the histopathological

lesion described above, other histopathological findings

were sporadic, not dose-dependent, and attributable to spon-

taneous lesions in SD rats of the age used in the study (16).

In conclusion, 13-week repeated whole-body inhalation

exposure of rats to 1-chloropropane results in decreased

glucose in serum biochemistry and vacuolation in pan-

creas. And the target organ was determined to be the pan-

creas. The no observable adverse effect level (NOAEL) was

considered to be below 310 ppm/6 h/day, 5 day/week for

rats. The present study is expected to provide useful infor-

mation on the toxic effect of long term inhalation of 1-chlo-

ropropane.
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