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 A-2-1     

1 2
      

      10      10     14      9         11    10  
      10       8          15      9         11    10  

       0       0           0      7          0     0  
       0       0           0      0          0     0  

       6       6          11     16         12    12  
       0       0           0      0          0     0  

      5       0           0      0          0     0  
      16      19           9     19          4    10  

              19      23          11     12         12    11  
       7      15           9      8          0     0  

       7       8           9      6         10     9  
              16      12           8     12         16    11  

      12      19          10     12         10    17  
     16      18          26     43         10    15  

       31      19          26     30          5    11  
      22       9           8     10          8    10  

      33      30          19     21          6    13  
      15      19          20      7          7    15  

      20      18          23      6          6    15  
               7      15           6      0           0     0  

               6      19           8      0         10    10  
       6      23           9      8          9    10  

      23      26          16      5         22    23  
       6      31          12      7         11    10  

      0       0           0      0          0     2  
/2500    293    347        269   247       180  224  

p= 0.204    0.531      0.028
(Wilcoxon signed-ranks test)

p 0.041    
(Friedman test) 



 A-2-2     

1 2
      

       0       0      0      0          0     0  
       0       0           0      0          0     0  

       0       0           0      0          0     0  
       0       1           0      0          0     0  

       3       1           0     11          4    16  
       0       0           0      0          0     0  

      0       0           0      0          0     0  
       0       0           0      0          0     0  

               0       0           0      0          0     0  
       0       0           0      0          0     0  

       3       2           0      0          4     2  
               0       0           0      6          0     2  

       2       0           0     17          4    11  
      0       2           0     30          0     0  

        0       0           0      0          0     0  
       0       1           0      0          0     7  

       0       2           0     37          0     0  
       0       0           0     23          1     2  

       0       0           0     32          0     0  
               0       0           0     18           0     0  

               1       0           0      0          0     0  
       2       0           0      0          1     0  

       2       1           0      0          0     0  
       1       6           0     35          7    30  

      0       0           0      0          0     1  
/2500     14     16           0   209         21   71   

p= 1.000    0.011      0.057  
(Wilcoxon signed-ranks test)

p 0.232    
(Friedman test) 
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1 2
      

       0       0      0      0          0     0  
       0       0           9      8          0     0  

       0       0           0      0          0     0  
       0       0           0      0          0     0  

       0       0           0      0          0     0  
       0       0           0      0          0     0  

      0       0           0      0          0     0  
       0       0           0      0          0     0  

               0       0           0      0          0     0  
       0       0           0      0          0     0  

       0       0           0      0          0     0  
               0       0           0      0          0     0  

       0       0           0      0          0     0  
      0       2           0     30          0    11  

        0       0          10     12          0     0  
       0       0           0     11          0     0  

       0       0           8     14          0     0  
       0       0           0      0          0     0  

       0       0           0      0          0     0  
               0       0           0      0           0     0  

               0       0           0      0          0     0  
       0       0           0      0          0     0  

       0       0           0      0          0     0  
       0       0           0      0          0     0  

      0       0           0      0          0     0  
/2500      0      0          27   45          0   11   

p= 1.000    0.144      1.000  
(Wilcoxon signed-ranks test)

p 0.074    
(Friedman test) 



 A-2-4     

1 2
      

       0       0      0      0          0     0  
       0       0           0      0          0     0  

       0       0           0      0          0     0  
       0       0           0      0          0     0  

       0       0           0      0          0     0  
       0       0           0      0          0     0  

      0       0           0      0          0     0  
       0       0           0      0          0     0  

               0       0           0      0          0     0  
       0       0           0      0          0     0  

       0       0           0      0          0     0  
               0       0           0      0          0     0  

       0       0           0      0          0     0  
      0       2           1      8          0     2  

        0       3           2      7          0     2  
       0       0           0      0          0     0  

       0       0           0      0          0     0  
       0       0           0      0          0     0  

       0       0           0      0          0     0  
               0       0           0      0           0     0  

               0       0           0      0          0     0  
       0       0           0      0          0     0  

       0       0           0      0          0     0  
       0       0           0      0          0     0  

      0       0           0      0          0     0  
/2500      0      5          3   15          0    4   

p= 1.000    1.000      1.000  
(Wilcoxon signed-ranks test)

p 0.156    
(Friedman test) 



 A-2-5     

1 2
      

       0       0      0      0          0     0  
       0       0           0      0          0     0  

       0       0           0      0          0     0  
       0       0           0      0          0     0  

      25      25           0      0          0     0  
      25      26           0     26          0    25  

      0       0           0      0          0     0  
       0       0           0     25          0    15  

               0       0           0      0          0     0  
       0       0           0      0          0     0  

       0       0           0      0          0     0  
               0       0           0      0          0     0  

       0       0           0      0          0     0  
     27      26           0     25          0    50  

       24      25          22     26          0     0  
       0       0           0      0          0    33  

      24       0          22     50         25     0  
       0       0           0      0          0     0  

      24      24          24     25         24    50  
              27      33          25     28          11    75  

               0       0           0      0          0     0  
       0       0           0      0          0     0  

       0       0           0      0          0     0  
       0       0           0      0          0     0  

     50      59          15     75         10    65  
/2500    226    218        108   280         70   313   

p= 0.596    0.017             0.030
(Wilcoxon signed-ranks test)

p 0.590    
(Friedman test) 



 A-2-6     

1 2
      

       0       0      0      0          0     0  
       0       0           0      0          0     0  

       0       0           0      0          0     0  
       0       4           7      0          0     0  

       6       2           0      0          5     0  
       0       0           0      0          0     0  

      0       0           0      0          0     0  
       0       0           0      0          0     0  

               0       0           0      0          0     0  
       0       0           0      0          0     0  

       0       0          26     26          0     0  
               0       0           0      0          0     0  

       0       0           0      0          0     0  
      0       0           0      0          0     0  

        0       0           0      0          0     0  
       0       0           0      0          0     0  

       0       0           0      0          0     0  
       0       0           0      0          0     0  

       0       0           0      0          0     0  
               0       0           0      0          13    16  

               0       0           0      0          0     0  
       0       0           0      0          0     0  

      57      63          58     66         75    75  
       9      10           0      0          0     3  

     60      70          56     74         55    58  
/2500    132    149         147       166        148   152   

p= 0.176    0.285      0.706  
(Wilcoxon signed-ranks test)

p 0.883    
(Friedman test) 
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1 2
      

       0       0      0      0          0     0  
       0       0           0      0          0     0  

       0       0           0      0          0     0  
       0       0           0      0          0     0  

       0       6           9     22          0     0  
       0       0           0      0          0     0  

      0       0           0      0          0     0  
       0       0           0      0          0     0  

               0       0           0      0          0     0  
       0       0           0      0          0     0  

       7      14           0      0         24    24  
               0       0           0      0          0     0  

       0       0          50     41          0     0  
      7      14          74     50         10    50  

        0       0          58     42          0    62  
       0       0           0      0          0     0  

       7       4          75     50         24    20  
       0       0          24      0          0     0  

       0       8          41     42         11    37  
               0       0          50     67           0    50  

               0       0          22      0          0     0  
       0       0          23      0          0     0  

       0       0           0      0          0     0  
       0       8           0      0         42    26  

      0       0           0      0          0     0  
/2500     21     54         426   314         111   269   

p= 0.045   0.059      0.116  
(Wilcoxon signed-ranks test)

p 0.065    
(Friedman test) 



 A-2-8     

1 2
      

       0       0      0      0          0     0  
      14      23           0      0          0     0  

       0       0           0      0          0     0  
       0       0           0      0          0     0  

       0       0           0      1          0     3  
       0       0           0      0          0     0  

      0       0           0      0          0     0  
       0       0           0      0          0     2  

               0       0           0      2          0     3  
       0       0           0      0          0     0  

       0       0           0      0          0     0  
               0       0           0      0          0     0  

       0       0           0      0          1     0  
     23      45           2      4          5     5  

       16      50           2      6          4    12  
      10      15           0      0          0     0  

      10      42           2      4          5     0  
      10      25           0      0          0     0  

       0       0           2      0          0     0  
               0       0           0      0           0     0  

               0       0           0      0          0     0  
       0       0           0      0          0     0  

       0       0           0      0          0     0  
       0       0           0      0          0     0  

      0       0           0      0          0     0  
/2500     83    200          8   17         15   25   

p= 0.046   0.131      0.344  
(Wilcoxon signed-ranks test)

p 0.168    
(Friedman test) 



 A-2-9     

1 2
      

      50      50     26     20         50    50  
      50      50          24     19         19    22  

      73      77          25     18         20    20  
      23      28          23     20         20    21  

      68      78          27     19         24    36  
      50      74          21     20         21    22  

     30      75          27     17         20    37  
      72      70          25     18         22    23  

              27      28          23     20         25    22  
      23      29          23     19         25    20  

      22      25          24     19         19    17  
              21      26          20     18         18    20  

      72      26          26     22         19    19  
     69      50          23     24         18    42  

       69      28          23     23         22    20  
      27      24          22     23         21    20  

      72      41          20     22         50    50  
      50      50          22     22         20    17  

      50      29          22     21         16    40  
              74      28          18     18          50    50  

              50      68          27     23         20    22  
      72      65          27     21         20    20  

      50      50          23     23         20    17  
      50      29          20     22         20    17  

     25      23          22     22         17    18  
/2500    1239    1121        583   513        596   662   

p= 0.446    0.001      0.571  
(Wilcoxon signed-ranks test)

p 0.0000004    
(Friedman test) 
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RT-PCR LTP

Sham OVA FA FA/OVA OVA FA FA/OVA 

Low-LTP High-LTP

104 41127 40 116 54150 25LTP 

Sham

actin

IL-6



control formaldehyde

Total distance (cm) 2416.9 350.3 2481.0 317.0 

Mean velocity (cm/s) 4.0 0.6 4.1 0.5 

Number of moving (N) 91.4 17.1 86.0 14.9 

Entry into center area (N) 12.0 3.8 9.5 3.5 

control formaldehyde

Duration (s) Frequency Duration (s) Frequency

Rearing 41.6 38.2 22.5 4.4 45.7 11.1 24.3 6.0 

Grooming 29.0 6.0 4.4 0.6 33.7 10.6 3.4 0.6 

Mean S.E.



control formaldehyde

Total distance (cm) 784.0 47.0 839.8 42.2 

Mean velocity (cm/s) 2.6 0.2 2.8 0.1 

Mean velocity in the open arms (cm/s) 2.1 0.1 2.3 0.2 

Entry in open arms (N) 6.3 1.3 4.5 1.0 

 control formaldehyde 

Duration 
(s)

Frequency Duration (s) Frequency

Face into open arm 30.0 2.3 62.3 7.5 22.9 1.7* 55.2 5.1 

Head dipping 20.4 2.5 32.8 5.2 9.3 1.3** 14.4 2.1**

Stretch 7.0 1.2 14.3 4.0 1.0 0.3*** 1.2 0.5**

Rearing 23.3 3.0 41.5 6.6 22.1 2.2 42.5 4.9 

Grooming 2.6 0.5 13.8 2.2 1.6 0.3 11.2 3.6 

Mean S.E. * p<0.05, **p<0.005, ***p<0.0005 (vs CON, by Student’s )

N = 1 0 N = 1 0N = 9 N = 9
c o n tr o l c o n tr o l

* P < 0 . 0 5

* *

1 8 .1 5 .3

5 . 5 1 . 8

9 .1 3 .2

2 . 3 0 . 7

fo r m a ld e h yd efo r m a ld e h y d e
(v s C O N ,   by  S t u d e n t’s  t )M e a n S .E .

T o ta l  d is ta n c e  i n  th e  o p e n  a r m s  (c m ) T im e  s p e n d  in  t h e  o p e n  a r m s  (s )



Latency to the goal(s)

(trial)

control

formaldehyde

54.5 18.7

403.9 176.6

N=10 N=10
control formaldehyde

Latency of going into dark room

(vs CON, by Mann-Whiteney**p<0.005

**

(S)

La
te

nc
y

Mean S.E.



Mean S.E.

Paw flick latency(S)
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te
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1 James  H et al: Absence of Carcinogenic Activity in Fisher Rats and B6C3F1 
Mice Following 103-Week Inhalation Exposures to Toluene. Int J Occup Environ 
Health. 2003; 9 2 :138-146
2 : 2000; 99-116
3 Buckley LA et al: The toxicity of dimethylamine in F-344 rats and B6C3F1 mice 
following a 1-year inhalation exposure. Fundament Appl Toxicol 1985; 5: 341-352 
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1) DK. Sari, S. Kuwahara, Y. Tsukamoto, H. Hori, N. Kunugita, K. Arashidani, H. 
Fujimaki, F. Sasaki.  Effect of prolonged exposure to low concentrations of 
formaldehyde on the corticotropin releasing hormone neurons in the 
hypothalamus and adrenocorticotropic hormone cells in the pituitary gland in 



female mice.  Brain Res: 1013, 107-116 (2004). 
2) YL. Lee, MC. Pai, JH. Chen, YL. Guo.  Central neurological abnormalities and 
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The effect of exposure to low concentration of toluene during long time (3 months) on 
hypotalamo-pituitary-adrenal axis 

Fumihiko Sasaki, Dwi Kesuma Sari, Sachi Kuwahara (Graduate School of Agriculture 
and Biological Sciences, Osaka Prefecture University) 

We analyzed the influences of exposure to low concentration of toluene during 3 
months and the sensitization with ovalbumin (OVA) on hypotalamo-pituitary-adrenal 
axis utilizing immunocytological and RT-PCR methods.  Mice were divided into 2 
groups [non-allergy (NAG) group and allergy (AG) group].  Each group was 
subdivided into control group and toluene group, each of which was exposed 0 (air) and 
50 ppm toluene.  Thus, 40 mice consisted of NAG-control, NAG-toluene, AG-control 
and AG-toluene groups. 
 The number of corticotrophin releasing hormone (CRH)-immunoreactive (ir) neurons 
in paraventricular nucleus in the hypothalamus was more numerous in NAG-toluene 
group than that of NAG-control group.  Immunoreactive neurons of AG-toluene group 
increased in number compared with those of NAG-control group. 
 The number of adrenocorticotropin hormone (ACTH)-ir cells in anterior pituitary in 
NAG-toluene group increased when compared with that of NAG-control group.  



ACTH-ir cells were more numerous in AG-control and AG-toluene group than in 
NAG-control group.  A similar pattern was found in ACTH-mRNA expression in 
anterior pituitary gland. 
 The present result suggests that toluene exposure and OVA sensitization have the 
effect on the hypothalamo-pituitary-adrenal axis as a stressor. 



Fig. 1. The number of CRH-ir neurons in the paraventricular nucleus of 
hypothalamus of NAG and AG groups mice. Values are expressed as 
means SEM. *p<0.05 vs. NAG-control, **p<0.05 vs. AG-control and 
#p<0.05 vs. NAG-toluene. 

* **#

Fig. 2. The percentage of ACTH-ir cells in the anterior pituitary gland of 
NAG and AG groups mice. Values are expressed as means SEM. 
*p<0.05 vs. NAG-control.
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Fig. 3. The numbers of ACTH-ir cells in the anterior pituitary gland of NAG 
and AG groups mice. Values are expressed as means SEM. *p<0.05 vs. 
NAG-control. 
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Fig. 4. Quantitative RT-PCR analysis of expression of ACTH gene 
in the pituitary of NAG and AG groups mice
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Inhalation of low-level formaldehyde enhances nerve growth factor production in the 
hippocampus of mice. Neuroimmunomodulation (in press) 
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J. 2002, 16:1407-17.   

Abstract
To investigate the effects of low level of toluene and compare with the results of 

formaldehyde inhalation described previously, C3H/HeN mice were exposed to 0 (control), and 50 
ppm toluene for 12 weeks with or without ovalbumin sensitization. In another experiment, 
exposure to formaldehyde or toluene was performed and compared the expression of NMDA and 
dopamine receptors mRNA. The production of NGF in the hippocampus of immunized mice 
exposed to 50 ppm toluene was not increased. However, the RT-PCR evaluation showed higher 
concentrations of hippocampal D1 receptor mRNA in mice exposed to toluene. Expression of 
NMDA receptors mRNA markedly enhanced in mice exposed to 400 ppb FA with immunization, 
but not in mice exposed to toluene. Thus, exposure of immunized mice to low levels of 
formaldehyde and toluene may differentially affect neuro-immune network via antigen stimulation. 
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