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Abstract － While it’s been shown that arsenic impairs male reproductive function, it remains unclear 
whether the mechanism involves an effect on testosterone (T) production. We examined plasma T and 
luteinizing hormone (LH) levels in mice given water containing either 20 or 40 mg/L sodium arsenite (SA). 
The plasma T levels were lower in SA-treated mice than in controls and correlated well with testicular T levels 
within individuals. However, SA treatment did not significantly affect plasma LH levels. The ratio of plasma T 
to LH was reduced by the treatment with 40 mg/L SA. These results suggest arsenic-induced defect in 
testicular testosterone production in mice.
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INTRODUCTION

    The individual testosterone (T) levels vary markedly, 
which has been previously observed in mice (Bartke et al., 
1973; Bartke and Dalterio, 1975; Klomberg et al., 2002). 
Plasma T levels were ranged from 0.24 to 37.7 ng/ml 
(n=76), and from 0.19 to 60.1 ng/ml (n=73) in adult male 
mice (Klomberg et al., 2002). In another study, a range of 
plasma T concentrations from less than 0.3 ng/ml to 44.4 
ng/ml was observed in a group of 34 adult, randombred 
male mice (Bartke et al., 1973). In addition, the variation in 
T in plasma samples collected from the same mice on dif-
ferent occasions was comparable to the variation between 
individuals bled on a single occasion. The concentration of 
T in the plasma samples collected from the same ICR mice 
at a 10 day interval did not correlate, and the range was 
from 0.3 ng/ml to 31.0 ng/ml. It is suggested that in the lab-
oratory mouse T is produced and released in an episodic 
fashion (Bartke and Dalterio, 1975).
    Luteinizing hormone (LH) is the main regulator of post-

natal testicular action. LH stimulates Leydig cells to pro-
duce T. Phthalates appear to exert an adverse effect on 
the function of Leydig cells in the testis, decreasing an-
drogen production and thus, increasing LH secretion from 
the pituitary, as it is released from the negative feedback 
mechanism of T (Lottrup et al., 2006). Also, there is a cor-
relation of many phthalates with elevated LH/T ratio, sug-
gesting possible contribution to testicular dysgenesis 
(Main et al., 2006). Foster et al. (1993) investigated the ef-
fect of chronic lead exposure on Leydig cell function eval-
uated by LH/T ratio, but chronic lead exposure showed on-
ly subtle changes in Leydig cell function in monkeys 
(Foster et al., 1993). However, in lead-exposed rats, the 
plasma T/LH ratio dropped significantly, and the intra-
testicular T concentration fell dramatically by 84%. This im-
pairment could be due to a decrease in the number of LH 
binding sites in Leydig cells, or could also be due to a de-
crease in the biological efficiency of LH, and /or to failure in 
steroidogenesis (Thoreux-Manlay et al., 1995). Another 
study showed that LH/T ratios in 3-month-old cryptorchid 
boys were higher than in normal control boys, suggesting 
that cryptorchid testes are not capable of normal hormone 
secretion without increased gonadotropin drive. Moreover, 
Egeland et al. (1994) reported that men exposed to dioxin 
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had low T and high gonadotropin levels (Egeland et al., 
1994). There are a number of illnesses and occupations in 
which men have been reported to sire an excess of daugh-
ters and to display low T and/or high gonadotropin levels 
(James, 2006). Therefore, examination of T/LH ratio may 
provide more meaningful information than comparisons of 
mean LH and T levels examined separately (Foster et al., 
1993). 
    Male fertility is positively related to the proportion of 
male offspring. Male may contribute significantly to biases 
in sex ratio at birth among mammals. More-fertile males 
sired a greater number of sons and less-fertile males sired 
more daughters (Gomendio et al., 2006). There is evi-
dence that low parental T and/or high gonadotropin levels 
at conception are associated with the sex ratio (proportion 
of male at birth) of mammalian (including human) offspring 
(James, 2006). Testicular secretion of T is known to be im-
paired by many adverse chemical, occupational and medi-
cal exposures to men, and these are accompanied by low 
offspring sex ratios (proportion of male at birth) (James, 
2006). It has been known that a substantially lower male/ 
female sex ratio at birth in the offspring of people exposed 
to high concentrations of dioxin (Mocarelli et al., 1996). 
Mocarelli et al. (2000) continued the study to determine 
whether the parents’ sex at exposure affected the sex ratio 
of their children and found that exposure of men to dioxin is 
linked to a lowered male/female sex ratio in their offspring 
(Mocarelli et al., 2000).  
    In sodium arsenite (SA) treated rat, plasma LH, T and 
testicular T concentrations were decreased (Jana et al., 
2006), and plasma LH and T concentrations were signifi-
cantly decreased in SA treated rat (Sarkar et al., 2003). 
However, changes of T/LH ratio induced by arsenic have 
not been reported in any animals. Moreover, changes of 
T/LH ratio induced by any chemicals in mice have not been 
studied so far.
    We suggested that arsenic impairs male reproductive 
function. Although we assayed T level, we failed to show 
that the hormone level was decreased significantly by ar-
senite because T levels in mice were extremely variable 
among individuals (Chang et al., 2007). In the present 
study, we investigate whether mouse T can be determined 
if the sample sizes are increased in spite of the individual 
variation. We also examined the change of T/LH ratio in-
duced by arsenic treatment and the relation between plas-
ma T and testicular T. 

MATERIALS AND METHODS

Animal treatment
    Male 8-week-old ICR mice (Orient, Seoul, Korea) accli-
mated at 20-25oC were fed laboratory chow (Purina, St. 
Louis, MO) ad libitum. The lights were on from 0700 to 
1,900 hr. The mice were randomly divided into 3 groups. 
One group was given plain water (HPLC grade, Tedia Co., 
Fairfield, OH) (control) and other two groups received wa-
ter containing 20 and 40 mg/L SA (about 11.5 and 23 ppm 
arsenic) respectively. On the 36th day of treatment, the 
mice were sacrificed by an intraperitoneal overdose of ket-
amine/xylazine. The testes and plasma were prepared and 
stored at −80oC until analysis. 

Measurement of testicular t levels 
    Testis tissues were homogenized in 250 μl potassium 
phosphate buffer (pH 8.9). After adding 1 ml of diethyl 
ether to the homogenate and vortexing for 2 min, the mix-
ture was allowed to stand at room temperature (RT) for 10 
min. After centrifugation at 5,000 rpm for 15 min at 4oC, the 
upper diethyl ether phase was carefully removed. This 
process was repeated another two times, after which the 
ether phases from the three extractions were combined, 
allowed to evaporate at RT in a fume hood, and resus-
pended in dextran-coated charcoal-treated calf serum 
(Lehmann et al., 2004; Jeyaraj et al., 2005). The T levels in 
the extracts were determined by Neodin Inc. (Seoul, Korea), 
using a radioimmunoassay-based kit from Diagnostic 
Systems Laboratories (Webster, TX).  

Measurement of plasma T and LH levels
    For plasma T and LH assay, blood was collected by car-
diac puncture. The blood was centrifuged at 3,000 rpm for 
10 min at 4oC. Radioimmunoassays for the determination 
of T and LH were performed by Neodin Inc. (Seoul, Korea).

Statistics
    The statistical significance of the differences between 
the experimental and control groups was determined by 
Student’s t-test or Mann-Whitney U-test when the var-
iances were not homogenous. Kolmogorov-Smirnov and 
Shapiro-Wilk tests were used for normality test. Correlations 
were made with regression analysis between plasma T 
and testicular T. All statistical analyses were performed by 
using SPSS 12.0 (SPSS, Chicago, IL) or SigmaPlot 8.02 
(Systat Software, Point Richmond, CA). p＜0.05 for a test 
was considered significant. 
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Fig. 1. Plasma testosterone (T) levels in mice treated with 
sodium arsenite (SA) for 35 days. Each dot represents an 
individual mouse, and short horizontal lines indicate mean 
values of control and SA-treated groups (n=between 14 and 
19). The asterisks (*) indicate significant differences between 
the two groups at either end of long horizontal lines (p＜0.05).

Fig. 2. Plasma luteinizing hormone (LH) levels in mice treated 
with SA for 35 days. Each dot represents an individual mouse, 
and short horizontal lines indicate mean values of control and 
SA-treated groups (n=between 14 and 19). 

Fig. 3. Plasma T/LH ratio levels in mice treated with SA for 35 
days. Each dot represents an individual mouse, and short 
horizontal lines indicate mean values of control and SA-treated 
groups (n=between 14 and 19). The asterisk (*) indicates a 
significant difference between the two groups at either end of a 
long horizontal line (p＜0.05).

Fig. 4. Relation between plasma and testicular T levels in mice 
treated with 20 mg/L (○) and 40 mg/L (▼) SA, and controls (●)
(n=15). 

RESULTS

    The plasma T levels of mice that were given water con-
taining 20 and 40 mg/L SA were 47% and 46% lower, re-
spectively, than control mice that did not receive SA (Fig. 
1, n=14-19, p＜0.05). SA treatment did not significantly af-
fect plasma LH levels (Fig. 2). Since individual T and LH 
levels exhibited wide variability, consistent with previous 
reports (Bartke et al., 1973; Jane-Faucher et al., 1983; 
Klomberg et al., 2002; Mi et al., 2002; Chang et al., 2007), 
and did not show normal distribution, we used a non-para-
metric test to examine the difference between control and 
arsenic-treated groups.
    While plasma LH level was not changed by arsenic 

treatment (Fig. 2), the plasma T/LH ratio was dramatically 
decreased by arsenic exposure (Fig. 3). Therefore, these 
observations suggest that the target of arsenic is not hypo-
thalamus or pituitary but testis. However, according to our 
previous study, mRNA expression levels of LH receptor in 
mouse testis were not changed by arsenic treatment 
(Chang et al., 2007). Thus, it appears that arsenic does not 
reduce the release of T by reducing the LH binding sites in 
Leydig cells in mouse testis. 
    We examined the relation between plasma T and tes-
ticular T. As a consequence, there was a significant rela-
tion between plasma T and testicular T (correlation co-
efficient r=0.95, p＜0.0001) (Fig. 4), suggesting that plas-
ma T level is dependent on testicular T level.
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DISCUSSION

    T is necessary for the initiation and maintenance of 
spermatogenesis (Egeland et al., 1994). Decrease in T/LH 
ratio by arsenic treatment suggests that arsenic impairs 
the testis function of T production. This could lead later re-
productive consequences such as the impairment of 
spermatogenesis. This can be supported from the fact that 
the mice that received SA had lower epdidymidis sperm 
counts compared to the control mice in our previous study 
(Chang et al., 2007). For other examples, mice that were 
continuously exposed to arsenic for 35 days showed de-
creased sperm counts (Pant et al., 2001). Similarly, in rats, 
exposed to SA suppressed spermatogenesis (Sarkar et 
al., 1991, 2003). 
    According to the previous study, if a sample size is 
small, T levels cannot be statistically significant (Chang et 
al., 2007). In the study, the sample size was n=10, and it 
was not enough to obtain significant results. However, in 
the current study, the number of samples was between 14 
and 19; as a result, mice that received 20 or 40 mg/L SA 
had significantly lower plasma T levels than the control 
mice (p＜0.05). 
    Based upon our data, we calculated the sample sizes 
required to detect differences in T and LH levels in mice 
using a z-statistic (Yang et al., 1997). The minimum sam-
ple sizes required to detect a 10% and 30% reduction of T 
levels were 166 and 19, respectively, with a power of 0.8 
and a level of significance of 0.05. The sample sizes re-
quired to detect a 10% and 30% reduction of LH levels 
were 896 and 100, respectively. These results indicated 
that a larger number of male mice than the number used in 
conventional animal studies should be investigated when 
examining the effects of toxic agents on the highly variable 
parameters of T and LH levels.
    Arsenic has been found to impair male reproductive 
function in rats and mice (Sarkar et al., 1991, 2003; Pant et 
al., 2001). In light of those studies, our current data support 
that arsenic impairs testis function of T production in mice. 
Consequently, remarkable reduction of T/LH ratio can be 
occurred by arsenic. 
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