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Abstract The present study was designed to investigate the effects of various cadmium
concentrations on porcine growth hormone (GH) secretion in serum and cultured pituitary
cells and to explore the possible mechanisms of cadmium toxicity. In feeding trial, 192
barrows (Duroc × Landrace × Yorkshire), with similar initial body weights, were randomly
divided into four different treatment groups with three replicates for each treatment. The
diets were supplemented for 83 days with 0, 0.5, 5.0, and 10.0 mg/kg cadmium (as CdCl2).
For the cell culture trial, dispersed pituitary cells were incubated with graded doses of
cadmium (0, 5, 10, 15, or 20 μM) for 24 h. Pigs treated with 10 mg/kg cadmium had
significantly decreased serum GH content. 3-(4,5-dimethyl-2-yl)-2,5-diphenyl tetrazolium
bromide assay showed that Cd toxicity was dose-dependent. Cell viability was reduced to
50% at 15 μM concentration. Administration of cadmium significantly reduced GH
secretion, whereas cellular NO content and inducible nitric oxide synthase activity
increased to a certain extent. These findings suggest that the decrease of GH might be
related to NO production and to a change of NO signal pathway caused by cadmium.
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Introduction

Cadmium is a toxic heavy metal element that has raised concern due to its accumulation in
the environment. Given the persistent intake of this metal by mammals, there is likely an
increase of cadmium content in the animal body. This could create a health risk for both
animals and humans. More recently, cadmium accumulation in endocrine glands such as
hypothalamus, pituitary, and gonads was investigated [1–4]. As a result, this accumulation
leads to disorders of the endocrine system and changes of hormones secretion such as
growth hormone (GH), sex hormones, gonadotropin-releasing hormone (GnRH), adreno-
corticotropic hormone, and prolactin.

There is increasing evidence showing that cadmium is a neuroendocrine disruptor.
Cadmium could lead to different disorders of the endocrine system because of its
accumulation in different endocrine glands. The studies of our research group also found
that 10.0 mg/kg cadmium significantly depressed follicle-stimulating hormone, luteinizing
hormone, estradiol (E2), and progesterone concentration in serum of the pigs, and cadmium
accumulation in pituitary and ovary increased remarkably [5]. These results indicated that
the changes of serum hormone contents resulted from cadmium exposure. It was shown that
this metal could affect the activity of the hypothalamic–pituitary–gonadal axis by acting at
the hypothalamus, the pituitary, the gonads, and/or the sex accessory organs [6–9].
However, information about the mechanism is scarce.

Nitrogen monoxide (NO) is a cellular signal molecule. It has many well-known
physiological functions [10, 11] and plays regulatory functions in the pituitary [12, 13].
This study was designed to investigate the effects of cadmium on the concentration of porcine
serum GH, then observe its effect on cellular NO and GH contents and their relation in vitro.

Materials and Methods

Chemical and Reagents

Dulbecco’s modified Eagle’s medium (DMEM) and fetal calf serum were purchased from
Gibco (Eggenstein, Germany). Cadmium chloride for cell culture, 3-(4,5-dimethyl-2-yl)-
2,5-diphenyl tetrazolium bromide (MTT) and other reagents were obtained from Sigma
Chemical (St. Louis, MO, USA). Cadmium chloride was dissolved and diluted with
purified water to an original stock solution, at least 100 times as concentrated as that added
to the cell cultures. To eliminate contaminants, the original stock solutions were sterile-
filtered with a 0.22-μm filter before use. The final concentration was obtained by dilution in
culture medium.

Animals and Treatments

All procedures were approved by the Institutional Animal Care and Use Committee of
Zhejiang University. One hundred and ninety-two barrows (Duroc × Landrace × Yorkshire),
with similar initial body weights at 27 kg, were randomly divided into four different treatment
groups with three replicates (pens) for each treatment. The pigs received the same corn–
soybean basal diet and supplemented with 0, 0.5, 5.0, and 10.0 mg/kg cadmium (as CdCl2).
The content of cadmium in basal diets was 0.11 mg/kg. Experimental diets were formulated
to meet or exceed the nutrient requirement for growing and finishing pigs recommended by
the NRC [14]. The basal diets for pigs weighing 27–40 kg contained 64.7% corn, 20%
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soybean meal, 0.3% fish meal, 8% wheat bran, 3% yeast, 1% stone meal, 1.5% calcium
phosphate, 0.4% food salt, 0.2% lysine, and 1% mineral/vitamin premix; that for pigs
weighing 40–80 kg contained 66.9% corn, 19% soybean meal, 0.3% fish meal, 10% wheat
bran, 1.1% stone meal, 1.2% calcium phosphate, 0.4% food salt, 0.2% lysine, and 1%
mineral/vitamin premix; and that for pigs weighing 80 kg or over contained 68.1% corn, 13%
soybean meal, 15% wheat bran, 1.2% stone meal, 1.2% calcium phosphate, 0.4% food salt,
0.2% lysine, and 1% mineral/vitamin premix. The feeding trial lasted for 83 days after a 7-
day adaptation period. All pigs were housed in an open-front pig barn with a concrete floor,
and the size of the pens used was 350×400 cm. A dry/wet feeder with two waterers were
allocated in each pen and the pigs were allowed ad libitum access to feed and water.

Serum Sample Preparation

At the end feeding trial, four pigs from each replicate were randomly selected, fasted for 12 h
(water was provided ad libitum), and then humanly killed by exsanguination. Blood samples
were centrifuged at 2,200×g for 10 min and serum was separated and packed in Eppendorf
tubes, snap-frozen in liquid nitrogen, and then stored at −70°C until subsequent analysis.

Pituitary and Cell Dispersion

Pituitary glands were obtained from propubertal (5–6 months) Duroc × Landrace ×
Yorkshire pigs in a local slaughterhouse. The animals were killed after electrical stunning
and immediately decapitated; the pituitary glands were then carefully removed and
transferred to sterile cold DMEM culture medium supplemented with 0.3% fetal bovine
serum (FBS), 0.58% Hepes, 0.22% sodium bicarbonate, 1% antibiotic–antimycotic
solution, pH 7.4. When the glands were transported to the laboratory, they were washed
three times with fresh medium, posterior parts were discarded, and anterior pituitary cell
dispersion was carried out as described in detail previously [15, 16] with minor
modifications. In brief, anterior pituitaries were cut into 1–2-mm3 fragments, decanted,
rinsed with MEM, and then exposed sequentially to 0.2% trypsin (type I), 0.1% collagenase
(type V), 0.1% soybean trypsin inhibitor (type I), 4 μg/ml deoxyribonuclease (type I), and
Ca2+/Mg2+-free salt solution containing EDTA (2 and 1 mM). A final step of mechanical
dispersion rendered monodispersed pituitary cells. Cell viability was always above 95% as
estimated by the Trypan blue exclusion test.

Cell Culture and Experimental Treatments

Dispersed cells were plated at a density of 105 cells/ml of DMEM supplemented with 10%
FBS into plates and cultured in a humid atmosphere of 95% air/5% CO2 at 37°C. For the
cell activity experiment, cells were seeded onto 96-well tissue culture plates. For
cytochemical studies, cells were seeded onto 24-well tissue culture plates. After 48 h of
culture, medium was replaced with fresh DMEM–FBS. The cells were treated with different
concentrations of cadmium for various times.

Six replicate wells per experiment were tested for each agent. At the end of the treatment
period, to evaluate GH release, medium samples were collected and centrifuged at 12,500×
g for 5 min to remove cells and cellular debris, and supernatants were stored at −70°C until
hormone assay. To measure cellular NO production and inducible nitric oxide synthase
(iNOS) activity, the cell layer was solubilized by adding 1 ml/well of a buffer consisting of
137 mM NaCl, 8 mM sodium phosphate (pH 7.4), 1 mM phenylmethylsul-phonylfluoride,
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1%(v/v) Triton X-100, 0.5%(w/v) sodium deoxycholate, and 0.1% sodium dodecyl sulfate.
After 15 min of incubation under continuous agitation, the cell lysate was centrifuged and
the liquid extract was stored at −70°C until assay. The results presented in this study
correspond to three independent experiments. Each experiment was carried out separately
using 4–6 pooled pituitary glands and dispersed together. To avoid variability between
experiments, GH secretion and intracellular content from the same experiment were
analyzed in the same assay.

Cell Viability Assay

Chemically induced cell death was quantitatively monitored using MTT as described
previously with a slight modification [17]. This assay measures the conversion of MTT to
formazan by deshydrogenase enzymes in the intact mitochondria of living cells. In brief,
cells were seeded in 96-well microtiter plates and incubated for 24 h in the presence of 0, 5,
10, 15, or 20 μM cadmium in the medium. Cells without cadmium, which were used as
control, were incubated for the same periods of time. After incubations, 50 μl of 5 mM
MTT solution was added to each well, and the cells were incubated at 37°C in the dark for
another 4 h. Thereafter, MTT was removed and the formazan crystals were dissolved in
200 μl of dimethyl sulfoxide (DMSO). The plate was gently shaken for 3 min. Optical
density was determined at 570 nm using an ELISA Microplate Reader (Bio-Rad model
660). The data of the survival curves are expressed as the percentage of control (DMSO-
treated).

Determination of GH in Serum and Culture Medium

Cells were incubated with 0, 5, 10, 15, or 20 μM cadmium in the medium for 24 h.
A radioimmunoassay (RIA) was used to measure GH concentration in serum and
culture medium. Samples were thawed in room temperature and measured with RIA
kit (Northern Immune Technic Institute, Isotopes Company, Beijing, China) in a γ-
counter (Packard 8500, Downers Grove, IL, USA), according to the manufacturer’s
instructions.

NO Assay

NO production was measured in pituitary cell incubated with 0, 5, 10, 15, or 20 μM
cadmium in the medium for 24 h. The stable products of NO oxidation (nitrite and nitrate)
were evaluated using a colorimetric nitric oxide assay kit (Jiancheng Biotech, Nanjing,
China), according to the manufacturer’s instructions. Nitrate concentration relative to the
standard curve was determined using an aqueous solution of sodium nitrate, in the presence
or absence of CdCl2, to evaluate if the reaction and nitrite/nitrate ratio were affected by
cadmium used in the experiments. Nitrite alone was measured by using the Griess reagents
(1% sulfanilamide, 0.1% N-1-naphthylenediamine dihydrochloride, and 2.5% phosphoric
acid), and the absorbance was read at 540 nm. Backgrounds of nitrite plus nitrate values
corresponding serum-free medium were subtracted from the experimental values.

iNOS Activity

Cellular iNOS activity was determined after cells’ exposure with 0, 5, 10, 15, or 20 μM
cadmium in the medium for 24 h. It was assessed indirectly by measuring the level of L-
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citrulline that is converted by iNOS from L-arginine. iNOS activity and protein content of
cells were determined using assay kit following the instructions of the manufactory
(Jiancheng Biotech). Activity of iNOS was expressed as units/milligram protein.

Statistical Analysis

Values are presented as mean ± SD with six replicates per cell experiment and 12
replicates for serum GH determination. Comparisons of different groups were
performed by analysis of variance (one-way analysis of variance) followed by
Student–Newman–Keuls test. A P value <0.05 was considered statistically significant.

Results

Serum GH Level

Table 1 showed the levels of serum GH. Compared with the control, serum GH level of the
pigs fed the diet supplemented with 10.0 mg/kg cadmium were decreased significantly (P<
0.05), whereas no changes were found in serum GH levels in other treatments (P>0.05).

Cytotoxicity of Cadmium

Figure 1 shows the viability rate of anterior pituitary cells after incubation with different
levels of cadmium for 24 h. The results indicated that cadmium toxicity was dose-
dependent. MTT assay indicated that the viability percentage of pituitary cell with 10 μM
cadmium in the culture medium was under 90% and was about 50% when treated with
15 μM cadmium. It was found to be very toxic to the cells when treated with 20 μM
cadmium.

Effect on GH Secretion of Pituitary Cell

To analyze the effect of cadmium on GH release of cultured pituitary cells, dispersed
cells were incubated with various concentrations of cadmium for 24 h. Figure 2
illustrates the change of GH concentration in the culture media in response to cadmium
treatment. As shown, administration of cadmium levels significantly reduced the secretion
of GH. Moreover, GH contents were seriously decreased with 15 or 20 μM cadmium
exposure.

Table 1 Effect of Cadmium Levels on Serum GH

Item Cadmium (mg/kg)

0 0.5 5.0 10.0

GH (ng/ml) 1.67±0.44 1.63±0.41 1.52±0.37 0.87±0.24*

Data represent means ± SD, n=12

*P<0.05 vs. control

132 Han et al.



NO Production

To test whether NO production was affected by cadmium in pituitary cell culture, medium
was removed and cells were lysed after incubating with various concentrations of cadmium
for 24 h. Changes of cellular NO content are shown in Table 2. As shown, when various
levels of cadmium were added in the culture medium, the NO content increased. The results
indicate these effects were concentration-dependent.

iNOS Activity

Cellular iNOS activity was determined to investigate whether it was related to NO
production. The activities of cellular iNOS are shown in Table 2. As shown, the iNOS
activities in the pituitary cell increased when the culture medium contained different
concentrations of cadmium. When 15 μM cadmium was added in the culture medium,
iNOS activity was increased greatly.

Fig. 2 Different concentrations
of cadmium effect on GH re-
lease. Pituitary cells were incu-
bated with or without cadmium
for 24 h. The columns represent
means ± SD, n=6. Asterisks
represent P<0.05 vs. control
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Fig. 1 Effects of various cadmi-
um concentrations on pituitary
cell viability. The viability was
determined by MTT assay after
24 h of culture. A parallel culture
without cadmium served as con-
trol. Points represent mean ± SD,
n=6
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Discussion

In the feeding trial, 10.0 mg/kg cadmium significantly decreased serum GH content, porcine
weight gain, and efficiency of feed utilization (data not shown). Cadmium toxicity in animals
is a function of dose and duration of exposure. Tolerances will be highly dependent on total
accumulated body burden. The present results show the accumulative toxicity of 10.0 mg/kg
cadmium during longer exposure. However, the mechanism involved is not clear. The
decrease of GH level and the change of endocrine function that resulted from cadmium
accumulation in pituitary may be one of the reasons that resulted in this adverse effect.

The cell culture experiment was conducted to investigate the effect of cadmium on cellular
NO content and iNOS activity in vitro. The results showed that 5, 10, 15, and 20 μM
cadmium decreased GH content in various degrees. The result indicates the negative effect of
cadmium on pituitary function, which is the same as what other studies suggested in rats [18–
20]. Moreover, the cytotoxic effect is due to induction of apoptosis [20], which agreed with
some studies regarding other tissues [21, 22]. MTT assay is the most sensitive cytotoxicity
assay that is mainly based on the enzymatic conversion of MTT in mitochondria by succinate
dehydrogenase. The results of MTT assay suggest that the early signs of cadmium toxicity
could be based on the impairment of respiratory chain in mitochondria [23].

There is increasing evidence showing that cadmium affects pituitary hormone secretion,
such as prolactin and gonadotropins [20, 24, 25]. However, little literature was found to
evaluate the effects of cadmium on GH in pigs. The present study indicates that 10 mg/kg
cadmium significantly reduced serum GH level, and various concentrations of cadmium
also decreased GH content in culture medium. Previous reports showed that acute
administration of the metal decreased plasma GH levels, whereas its treatment during
14 days increased the circulating values of the hormone in rats [26]. The different results
may be due to animal species and different experimental conditions.

As a signaling agent, NO plays a critical role in the cell. The function of NO is usually
concerned with innate immunity and general mammalian physiology. NO is synthesized in
situ by both constitutive and inducible NO synthases and plays many physiological and
regulatory roles in the anterior pituitary [12, 13, 27]. The present results suggest that
different cadmium levels increased NO content in culture medium, which agreed with other
reports [28, 29]. NO may function as a mediator of cadmium cytotoxicity [30]. Therefore,
the increased NO production induced by cadmium may directly have an effect on GH
secretion. At the same time, the change of NO production caused by cadmium may affect
the cellular NO signal pathway, which may indirectly act on GH secretion. On the other
hand, cadmium may directly affect GH gene expression and GH production. The cellular
response to cadmium is dependent on the cell line, metal, its concentration, and the duration
of incubation. More research is needed to elucidate the mechanism of these interactions.

Table 2 Effects of Cadmium on NO Production and iNOS Activity

CdCl2 (μM)

0 (control) 5 10 15 20

NO (μmol/g Pr) 0.10±0.02 0.73±0.07* 1.63±0.18* 6.64±0.43* 7.17±0.77*
iNOS (U/mg Pr) 2.11±0.27 2.76±0.35* 3.49±0.33* 7.91±0.54* 8.39±0.92*

Pituitary cells were incubated in the presence of different concentrations of cadmium for 24 h. Data represent
means ± SD, n=6

*P<0.05 vs. control
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The present results also suggest that iNOS activity increased after cadmium treatment,
which indicates that the increase of NO production might be due to the increase of iNOS
activity. Increase of the amount of iNOS protein caused by cadmium was found in peritonel
macrophages [29]. It is known that cadmium can stimulate the expression of early genes
such as c-fos, c-jun, c-myc, and the genes coding metallothioneins, glutathione, and stress
protein [31]. Ramirez et al. [29] suggested that increase of iNOS activity may be ascribed to
direct or indirect action of cadmium on iNOS gene expression. However, the present result
shows that iNOS activity was not increased greatly when the pituitary cell was treated with
20 μM cadmium. Cadmium can inhibit the binding of transcriptional nuclear factor kappa
beta (NF-κβ) to DNA [32], whereas the activation of NF-κβ is essential for iNOS gene
expression [33]. These interactions may explain the result in the present study.

The effects of cadmium on GH secretion are complex. Some studies suggested that biogenic
amines such as dopamine, serotonin, and norepinephrine; amino acids such as GABA, aspartic
acid, and glutamic acid; and neuropeptides (TRH, GnRH, CRH, and GRF) might be related to
the secretion of pituitary hormone in case of cadmium exposure [2]. Much research is needed
to elucidate the mechanism on change of GH secretion caused by cadmium.

Acknowledgements The authors gratefully acknowledge to Xia Jiang and Yan Li for their skilled technical
assistance. The financial support provided by the Science Foundation of Zhejiang Education Department
(project 20051014) is gratefully acknowledged.

References

1. Pasky K, Naray M, Varga B, Kiss I, Folly G, Ungvary G (1990) Uptake and distribution of Cd in the
ovaries, adrenals, and pituitary in pseudopregnant rats: effect of cadmium on progesterone serum levels.
Environ Res 51:83–90

2. Lafuente A, Esquifino AI (1999) Cadmium effects on hypothalamic activity and pituitary hormone
secretion in the male. Toxicol Lett 110:209–218

3. Viaene MK, Masschelein R, Leenders J, De GM, Swerts LJ, Roels HA (2000) Neurobehavioural effects
of occupational exposure to cadmium: a cross sectional epidemiological study. Occup Environ Med
57:19–27

4. Zeng X, Jin T, Buchet PJ, Jiang X, Kong Q, Ye T (2004) Impact of cadmium exposure on male sex
hormones: a population-based study in China. Environ Res 96:338–344

5. Han XY, Xu ZR, Wang YZ, Du WL (2006) Effects of cadmium on serum sex hormone levels in pigs. J
Anim Physiol Anim Nutr (Berl) 90:380–384

6. Laskey JW, Phelps PV (1991) Effect of cadmium and other metal cations on in vitro Leydig cell
testosterone production. Toxicol Appl Pharmacol 108:296–306

7. Klinefelter GR, Hess RA (1998) Toxicology of the male excurrent ducts and accessory glands. In:
Korach KS (ed) Reproductive and developmental toxicology. Marcel Dekker, New York, pp. 553–591

8. Antonio MT, Corpas I, Leret ML (1999) Neurochemical changes in newborn rat brain after gestational
cadmium and lead exposure. Toxicol Lett 104:1–9

9. Lafuente A, Cano P, Esquifino AI (2003) Are cadmium effects on plasma gonadotropins, prolactin,
ACTH, GH and TSH levels, dose-dependent? Biometals 16:243–250

10. Carr A, Baltz GK (2000) The role of natural antioxidants in preserving the biological activity of
endothelium-derived nitric oxide. Free Radic Biol Med 28:1806–1814

11. Bogdan C (2001) Nitric oxide and the immune response. Nat Immunol 2:907–916
12. Duvilanski BH, Zambruno C, Seilicovich A, Pisera D, Lasaga M, Diaz MC (1995) Role of nitric oxide

in control of prolactin release by the adenohypophysis. Proc Natl Acad Sci USA 92:170–174
13. Velardez MO, Benitez AH, Cabilla JP, Bodo CC, Duvilanski BH (2003) Nitric oxide decreases the

production of inositol phosphates stimulated by angiotensin II and thyrotropin-releasing hormone in
anterior pituitary cells. Eur J Endocrinol 148:89–97

14. National Research Council (1998) Nutrient requirements of swine, 10th edn. National Academy Press,
Washington, DC

Growth Hormone and Pituitary Responses to Cadmium Toxicity 135



15. Torronteras R, Castafio JP, Ruiz-Navarro A, Gracia-Navarro E (1993) Application of a Percoll density
gradient to separate and enrich porcine pituitary cell types. J Neuroendocrinol 5:257–266

16. Castafio JP, Torronteras R, Ramirez JL, Gribouval A, Sanchez-Hormigo A, Ruiz-Navarro A (1996)
Somatostatin increases growth hormone (GH) secretion in a subpopulation of porcine somatotropes:
evidence for functional and morphological heterogeneity among porcine GH-producing cells.
Endocrinology 137:129–136

17. Hansen MB, Nielsen SE, Berg K (1989) Re-examination and further development of a precise and rapid
dye method for measuring cell growth: cell kill. J Immunol Methods 119:203–210

18. Waalkes MP, Rehm S, Devor DE (1997) The effects of continuous testosterone exposure on spontaneous
and cadmium-induced tumors in the male Fischer (F344/NCr) rat: loss of testicular response. Toxicol
Appl Pharmacol 142:40–46

19. Lafuente A, Fernandez-Rey E, Seara R, Perez-Lorenzo M, Esquifino AI (2001) Alternate cadmium
exposure differentially affects amino acid metabolism within the hypothalamus, median eminence,
striatum and prefrontal cortex of male rats. Neurochem Int 39:187–192

20. Poliandri AHB, Cabilla JP, Velardez MO, Bodo CCA, Duvilanski BH (2003) Cadmium induces
apoptosis in anterior pituitary cells that can be reversed by treatment with antioxidants. Toxicol Applied
Pharmacol 190:17–24

21. Li M, Kondo T, Zhao QL, Li FJ, Tanabe K, Arai Y (2000) Apoptosis induced by cadmium in human
lymphoma U937 cells through Ca2+-calpain and caspase-mitochondriadependent pathways. J Biol Chem
275:39702–39709

22. Almazan G, Liu HN, Khorchid A, Sundararajan S, Martinez-Bermudez AK, Chemtob S (2000) Exposure
of developing oligodendrocytes to cadmium causes HSP72 induction, free radical generation, reduction
in glutathione levels, and cell death. Free Radic Biol Med 29:858–869

23. Fotakis G, Timbrell JA (2006) In vitro cytotoxicity assays: comparison of LDH, neutral red, MTT and
protein assay in hepatoma cell lines following exposure to cadmium chloride. Toxicol Lett 160:171–177

24. Lafuente A, Esquifino AI (2002) Effects of oral cadmium exposure through puberty on plasma prolactin
and gonadotropin levels and amino acid contents in various brain areas in pubertal male rats.
Neurotoxicology 23:207–213

25. Poliandri AHB, Velardez MO, Cabilla JP, Bodo CCA, Machiavelli LI, Quinteros AF (2004) Nitric oxide
protects anterior pituitary cells from cadmium-induced apoptosis. Free Radic Biol Med 37(9):1463–1471

26. Lafuente A, Blanco A, Marquez N, Alvarez-Demanuel E, Esquifino AI (1997) Effects of acute and
subchronic cadmium administration on pituitary hormone secretion in rat. J Physiol Biochem 53:265–270

27. Brann DW, Bhat GK, Lamar CA, Mahesh VB (1997) Gaseous transmitters and neuro-endocrine
regulation. Neuroendocrinology 65:385–395

28. Hassoun EA, Stohs SJ (1996) Cadmium-induced production of superoxide anion and nitric oxide, DNA
single strand breaks and lactate dehydrogenase leakage in J774A.1. cell cultures. Toxicology 112:219–226

29. Ramirez DC, Martinez LD, Marchevsky E, Gimenez MS (1999) Biphasic effect of cadmium in non-
cytotoxic conditions on the secretion of nitric oxide from peritoneal macrophages. Toxicology 139:167–177

30. Misra RR, Hochadel JF, Smith GT, Cook JC, Waalkes MP, Wink DA (1996) Evidence that nitric oxide
enhances cadmium toxicity by displacing the metal from metallothionein. Chem Res Toxicol 9:326–332

31. Bayersmann D, Hechtenberg S (1997) Cadmium, gene regulation, and cellular signaling in mammalian
cells. Toxicol Appl Pharmacol 144:247–261

32. Shumilla JA, Wetterhahn KE, Barchowsky A (1998) Inhibition of NF-kb binding to DNA by chromium,
cadmium, zinc, and arsenite in vitro: evidence of a thiol mechanism. Arch Biochem Biophys 349:356–362

33. Kim Y, Lee B, Yi K, Paik S (1997) Upstream NF-kb site is required for the maximal expression of
mouse inducible nitric oxide synthase gene in interferon-gamma plus lipopolysaccharde-induced RAW
264.7 macrophages. Biochem Biophys Res Com 236:655–660

136 Han et al.


	Changes of Porcine Growth Hormone and Pituitary Nitrogen Monoxide Production as a Response to Cadmium Toxicity
	Abstract
	Introduction
	Materials and Methods
	Chemical and Reagents
	Animals and Treatments
	Serum Sample Preparation
	Pituitary and Cell Dispersion
	Cell Culture and Experimental Treatments
	Cell Viability Assay
	Determination of GH in Serum and Culture Medium
	NO Assay
	iNOS Activity
	Statistical Analysis

	Results
	Serum GH Level
	Cytotoxicity of Cadmium
	Effect on GH Secretion of Pituitary Cell
	NO Production
	iNOS Activity

	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


