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Abstract 1 

Lead (Pb) pollution is one of the most serious environmental problems and has 2 

attracted worldwide attention. Pb causes hematological, central nervous system, as well 3 

as renal toxicity, and so on. Although many investigations about Pb in blood to evaluate 4 

pollution status and toxic effects have been reported, there are open question about 5 

biological behavior of Pb. In order to reveal any toxicological mechanisms or influences, 6 

we focused on the local distribution of Pb in mice organs. Lead acetate (100 mg/L and 7 

1,000 mg/L) in drinking water were given to the BALB/c mice (male, seven weeks of 8 

age, N = 24) for three weeks. Laser Ablation Inductively Coupled Plasma Mass 9 

Spectrometry (LA-ICP-MS) analysis revealed a homogenous distribution of Pb in the 10 

liver and inhomogeneous distribution in the kidney and brain. The hippocampus, 11 

thalamus, and hypothalamus had higher concentrations than other areas such as the 12 

white matter. Surprisingly, in the kidney, Pb tended to accumulate in the medulla rather 13 

than the cortex, strongly suggesting that high sensitivity areas and high accumulation 14 

areas differ. Moreover, distribution of stromal interacting protein 1 which is candidate 15 

gene of Pb pathway to the cells was homogenous in the liver and kidney whereas 16 

inhomogeneous in the brain. In contrast to our hypothesis, interestingly, Pb exposure 17 

under the current condition did not induce mRNA expressions for any candidate channel 18 

or transporter genes. Thus, further study should be conducted to elucidate the local 19 

distribution of Pb and other toxic metals, and pathway that Pb takes to the cells. 20 

 21 

Keywords 22 

Cell entry mechanisms 23 

Laser Ablation Inductively Coupled Plasma Mass Spectrometry (LA-ICP-MS) 24 
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 Elemental analysis of biological samples including internal organs are mainly 49 

conducted by atomic absorption spectrometry (AAS; Yabe et al., 2012), Inductively 50 

coupled plasma-atomic emission spectrometry (ICP-OES; Rahil-Khazen et al., 2002), 51 

and inductively coupled plasma-mass spectrometry (ICP-MS; Nakata et al., 2016). 52 

Usually, liquid samples are analyzed by such techniques, therefore organs are acid 53 

digested and there is an assumption that they contain a homogeneous distribution of 54 

investigated element (Konz et al., 2012). However, it is unknown about distribution 55 

patterns of elements such as Pb, Cd and Hg in organs. If they are inhomogeneously 56 

distributed, the evaluation of their concentrations in organs should be reconsidered.  57 

 Elemental analysis using ICP-MS combined with laser ablation (LA) has been 58 

conducted (Pozebon et al., 2014, Noël et al., 2015, Yamashita et al., 2019). A solid 59 

surface of sample is ablated by a pulse laser beam in the laser ablation chamber, the 60 

ablated material is then analyzed by ICP-MS. Scanning of the surface by LA allows the 61 

construction of images of elements distribution (Becker et al., 2010, Yamashita et al., 62 

2019). This method allows direct analysis of solid sample surfaces and is applicable for 63 

thin organ slices (Becker et al., 2005, 2010, Ishii et al., 2018, Limbeck et al., 2015). 64 

Numerous studies have used this method to analyze the local distribution of essential 65 

elements such as Cu, Fe, and Zn in organs, bones and teeth in human and animals 66 

(Becker et al., 2015, Ishii et al., 2018, Johnston et al., 2019, Paul et al., 2015, Urgast et 67 

al., 2012). However, with regards to Pb, there is still less published research which 68 

investigate distribution in organs and bones (Dobrowolska et al., 2008, Ishii et al., 2018, 69 

Johnston et al., 2019). Dobrowolska et al. (2008) showed a homogeneous Pb 70 

distribution in brain regions. However, they analyzed the human brain (postmortem 71 

from a healthy donor) and found very low Pb levels. Ishii et al. (2018) revealed the 72 
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distribution of Pb in bone of raptor species. To our best knowledge, there has not yet 73 

been any research using Pb administrated laboratory animals (e.g. mice models) to 74 

elucidate the local distribution of Pb in internal organs.  75 

 Despite various research efforts, the pathway by which Pb enters cells remains 76 

unclear; this is still one of the important points concerning Pb toxicity (Chang et al., 77 

2008, Zhang et al., 2014). Pb2+ has the ability to mimic Ca2+ and other divalent metal 78 

ions such as Fe2+ and Zn2+ (Zhang et al., 2014). Based on this mimicry, Ca2+ and other 79 

divalent metal channels might be candidates for Pb entry (Godwin 2001). Two types of 80 

Ca2+ channels: voltage gated Ca2+ channels (VGCCs) and store operated Ca2+ channels 81 

(SOCs), have been identified as potential routes by which Pb can enter cells (Kerper and 82 

Hinkle 1997). With regards to VGCCs, this would only be feasible for excitable cells. 83 

However, Pb may enter not only excitable cells but also other cells such as human 84 

embryonic kidney cell 293 (Zhang et al., 2014, Chiu et al., 2009). Thus, VGCCs may 85 

still provide a pathway to cells, but there must also be an additional route by which Pb 86 

enters the cells in the rest of the body.  87 

Some researchers have proposed that SOCs may play an important role in Pb 88 

entry into cells (Chang et al., 2008, Kerper and Hinkle 1997, Chiu et al., 2009). SOCs 89 

are constituted from transient receptor potentials (TRPs) and Orai1 present in the 90 

plasma membrane, as well as from stromal interacting protein 1 (STIM1) present in the 91 

endoplasmic reticulum (ER) membrane (Chang et al., 2008, Zhang et al., 2014, Chiu et 92 

al., 2009).  93 

Researchers have shown that STIM1 can translocate to interact with both Orai1 94 

and TRPC1 during the activation of SOCs (Cheng et al., 2008, Liao et al., 2008). 95 

Although some research has indicated that STIM1 may be a key protein by which Pb 96 
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enters the cell (Chang et al., 2008, Chiu et al., 2009), and may contribute to the 97 

localization of STIM1 (Klejman et al., 2009, Skibinska-Kijek et al., 2009), no studies 98 

have compared local distribution of Pb with that of STIM1. Additionally, to our 99 

knowledge, no studies have yet confirmed whether Pb induces STIM1. 100 

In view of the above, we conducted an experiment using mice to achieve the 101 

following aims: (1) to demonstrate the local distribution of Pb in organs; (2) to compare 102 

the distribution of STIM1 with that of Pb; and (3) to clarify whether Pb induces STIM1.  103 

104 
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2. Materials and methods 105 

2.1. Animals 106 

BALB/c mice (male, seven weeks of age, N = 24) were purchased from Sankyo 107 

Labo Service Corporation, Inc. (Tokyo, Japan). The mice were divided into three groups 108 

and housed in six polypropylene cages (N = 4 per batch). One batch from each group 109 

(control, low, and high) was sampled for ICP-MS, and the other batch from each group 110 

for LA-ICP-MS. There was no significant difference in body weight between groups 111 

(supplementary Figure S1). The animals were allowed to acclimate to the animal 112 

facilities at the Graduate School of Veterinary Medicine, Hokkaido University for one 113 

week prior to testing. Under these conditions, food (rodent chow, Labo MR Stock, 114 

Nosan Corporation, Yokohama, Japan) and distilled water were provided ad libitum. 115 

After acclimation, two different concentrations of lead acetate: 100 mg/L and 1,000 116 

mg/L (Wako Pure Chemical Industries, Osaka, Japan) were given to two of the groups 117 

(the low and high dosage groups, respectively) in the drinking water for three more 118 

weeks. In our preliminary experiment, dose dependent increase of Pb concentration in 119 

blood and organs were observed when we selected 100 mg/L and 1,000 mg/L for three 120 

weeks of exposure (data not shown). The control groups were provided with distilled 121 

water. After three weeks of exposure, mice were anesthetized with sevoflurane and 122 

blood and organs (liver, kidney, and brain) were collected via the following methods. 123 

For the ICP-MS groups, blood and organ samples were collected in polypropylene tubes, 124 

then stored at -80°C in a deep freezer. For the LA-ICP-MS groups, organ samples were 125 

embedded in Tissue-Tec OCT (Sakura Finetek, CA, USA), quickly frozen in isopentane 126 

which had been cooled with dry ice, then stored at -80°C in a deep freezer. Additionally, 127 

small pieces of the liver, kidney, and brain samples were collected together with 128 
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RNAlater Tissue Storage and RNA Stabilization Solution (Sigma-Aldrich, MO, USA) 129 

in polypropylene tubes and stored at -80°C in a deep freezer for real time PCR and 130 

microarray analysis. All experiments using animals were performed under the 131 

supervision and with the approval of the Institutional Animal Care and Use Committee 132 

of Hokkaido University, Japan (approval number: 16-0017, approval day: 29th March 133 

2016). 134 

 135 

2.2. Quantitative analysis by ICP-MS 136 

The ICP-MS groups were used for the quantitative analysis of Pb concentration. 137 

In this case, blood, liver, kidney, and brain were acid digested using the method 138 

described by Nakata et al. (2016, 2015) with minor modifications. The whole kidney, 139 

liver, and brain samples were dried for 48 hours in an oven at 50°C. Then, 0.1 mL of the 140 

blood samples and approximately 0.1 g of the dried biological samples were weighted  141 

and placed in pre-washed digestion vessels. This was followed by acid digestion using 5 142 

mL of nitric acid (atomic absorption spectrometry grade, 30%; Kanto Chemical, Tokyo, 143 

Japan), and 1 mL of hydrogen peroxide (Cica reagent, 30%; Kanto Chemical). The 144 

digestion vessels subsequently underwent a ramped temperature program in a closed 145 

microwave system (Speed Wave MWS-2 microwave digestion system; Berghof, 146 

Eningen, Germany). The operating conditions of microwave system are given in the 147 

supplementary Table S1. After cooling, the sample solutions were transferred into 15 148 

mL polypropylene tubes and diluted to a final volume of 10 mL with bi-distilled and 149 

de-ionized water (Milli-Q). 150 

 The Pb concentrations determination was performed using the procedure 151 

described by Nakata et al. (2016, 2015) with minor modifications. Concentration of Pb 152 
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was measured by ICP-MS (7700 series; Agilent Technologies, Tokyo, Japan). The 153 

operating conditions of ICP-MS are given in the supplementary Table S2. Quality 154 

control was conducted by analysis of DORM-3 (fish protein; National Research Council 155 

of Canada, Ottawa, Canada) and DOLT-4 (dogfish liver; National Research Council of 156 

Canada) certified reference materials. Replicate analysis of these reference materials 157 

showed good recovery rates (95–105%); the instrument detection limit for Pb was 0.001 158 

µg/L. 159 

 160 

2.3. Analysis by LA-ICP-MS 161 

Sections of embedded liver, kidney, and brain were cut on a cryostat to a 162 

thickness of 20 μm. The native cryosections were then mounted directly onto glass 163 

slides. Then, they were analyzed using an LA system (NWR213; esi Japan, Tokyo, 164 

Japan) associated with an ICP-MS instrument (8800 series; Agilent Technologies, 165 

Tokyo, Japan). The tissue sections were systematically scanned by a focused laser beam 166 

(line by line: spot size 100 µm, scan speed 100 µm/sec, scan step 100 µm). Measured 167 

isotope (dwell time, sec) were as follows; 13C (0.005), 25Mg (0.005), 31P (0.005), 43Ca 168 

(0.005), 55Mn (0.005), 57Fe (0.005), 65Cu (0.005), 66Zn (0.005), 206Pb (0.01), 207Pb (0.01), 169 

208Pb (0.01). In this analysis, no quantification of Pb was conducted due to lack of 170 

suitable reference materials for calibration, however intensity of Pb (and other elements) 171 

was normalized to 13C (carbon) intensity as Wu et al. (2009), Johnston et al. (2019) and 172 

others have utilized to normalize the ablation efficiency. Detailed analytical conditions 173 

are presented in supplementary Table S3. From the continuous list of raw pixel values 174 

data, elemental images were reconstructed using LA-ICP-MS Image generator 175 

house-made software iQquant2 (Kawakami et al., 2016).  176 
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 177 

2.4. Immunohistochemistry 178 

 Immunohistochemistry (IHC) was carried out using the method described by 179 

Skibinska-Kijek et al. (2009) and Wang et al. (2010) with minor modifications. Sections 180 

of the embedded liver, kidney, and brain samples were cut on a cryostat to a thickness of 181 

20 μm. After fixation with 4% paraformaldehyde phosphate buffer solution and 182 

quenching of endogenous peroxidase activity with 0.3% H2O2 in methanol, the sections 183 

were blocked with goat serum in Phosphate Buffered Saline (PBS). Then, the sections 184 

were incubated overnight at 4°C with antibody recognizing STIM1 (ProteinTech Group 185 

Inc., cat no 11565-1-AP, the antibody was raised against an N-terminal fragment of the 186 

protein: aa 2-350) diluted 1:200 in PBS. Samples were then washed and incubated with 187 

biotinylated secondary antibodies (Vector Laboratories, Burlingame, CA, USA) in PBS 188 

for thirty minutes. After washing, the sections were incubated with Avidin-biotin 189 

complex reagent (ABC-Elite kit, Vector Laboratories), following the manufacturers 190 

protocol. The immunocomplex was visualized with diaminobenzidine (DAB) (Vector 191 

Laboratories), sections were counterstained with haematoxylin (Sigma-Aldrich), and 192 

observations were conducted by microscope (BIOREVO BZ-9000 series; KEYENCE, 193 

Osaka, Japan). 194 

 195 

2.5. Quantitative analysis by real time PCR 196 

Real time PCR was performed using the method described by Skibinska-Kijec 197 

et al. (2009) with small modifications. Total RNA was extracted from small pieces of 198 

liver, kidney, and brain soaked in RNAlater (Sigma-Aldrich) using Nucleo spin (Takara 199 

bio, Shiga, Japan). First-strand cDNA was generated from 600 ng of total RNA in a 200 
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final volume of 20 μL with ReverTra Ace (Toyobo, Osaka, Japan). This was examined 201 

by real time PCR with specific gene primers for Stim1 (NM_009287; 202 

(5’GCTCTCAATGCCATGCCTTCCAAT, 5’TCTAGGCCATGGTTCAACGCCATA), 203 

and Fast SYBR Green Master mix (Applied Biosystems). The samples were analyzed 204 

using 7000 Sequence Detection System hardware and software (Applied Biosystems). 205 

18S ribosomal RNA (NR_003278) for normalization was used with the following 206 

primers: 5’AACGAACGAGACTCTGGCATG and 207 

5’CGGACATCTAAGGGCATCACA. A relative quantification (RQ) method was used 208 

to calculate the relative levels of Stim1 mRNA. The formula was as follows: RQ = 209 

2-deltaCT, where deltaCT = CT(target) – CT(18S). Amplification efficiency was 98.0% for 210 

STIM1 and 100.5% for 18S ribosomal RNA. 211 

 212 

2.6. Microarray analysis 213 

To analyze gene expression profiles, a microarray experiment was performed. 214 

Firstly, the total RNA of the liver, kidney, and brain was quantified and qualified using 215 

an Agilent 2100 Bioanalyzer series II (Agilent Technologies, supplementary Table S4). 216 

Cyanine 3-labelled cRNA was prepared from 500 ng of total RNA, and amplified using 217 

a Low Input Quick Amp Labeling Kit (Agilent Technologies), according to the 218 

manufacturer's instructions, followed by RNAeasy column purification (Qiagen, 219 

Valencia, CA). Dye incorporation and cRNA yield were checked with the NanoDrop 220 

ND-1000 Spectrophotometer the Agilent 2100 Bioanalyzer. Gene Expression (GE) 221 

Hybridization Kit (Agilent Technologies) was used for labeling. 600 ng of Cy3-labelled 222 

cRNA was fragmented at 60°C for 30 minutes following the manufacturer’s instructions. 223 

On completion of the fragmentation reaction, 25 μL of 2x Agilent hybridization buffer 224 
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was added to the fragmentation mixture and hybridized to Agilent SurePrint G3 Mouse 225 

8 x 60K ver.2.0 for 17 hours at 65°C in a rotating Agilent hybridization oven. After 226 

hybridization, slides were washed 1 minute at room temperature with GE Wash Buffer 1 227 

(Agilent) and 1 minute with 37°C GE Wash buffer 2 (Agilent), then air-dried 228 

immediately. Slide was scanned immediately after washing on the Agilent DNA 229 

Microarray Scanner using one color scan setting (Agilent Technologies, Scan 230 

Resolution; 3 μm, TIFF file dynamic range; 20bit). The scanned images were analyzed 231 

with Feature Extraction Software 12.0.3.1 (Agilent) using default parameters to obtain 232 

background subtracted and spatially detrended Processed Signal intensities. Normalized 233 

(75 Percentile Shift) signal intensity was used for data acquisition. The data for 234 

microarray is deposited at the NCBI Gene Expression Omnibus (GEO) database; 235 

accession number is “Series GSE93544”. 236 

 237 

2.7. Statistical analysis 238 

All statistical analyses were carried out using JMP 12 (SAS Institute, Cary, NC, 239 

USA). A Tukey-Kramer test was performed to compare body weights, Pb concentration, 240 

and gene expression of STIM1 in tissue samples between groups. All statistical analyses 241 

were performed at a significance level of 95%. 242 

243 
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3. Results 244 

3.1. Pb concentrations in mice organs 245 

 Table 1 shows the mean ± standard deviations (SD) of the Pb concentration in 246 

the blood, liver, kidney, and brain of the three groups. A dose dependent increase of Pb 247 

concentration in the organs was observed and there were significant differences in Pb 248 

concentration in the blood and all tissue-types between the control and high Pb dosage 249 

groups. 250 

 251 

3.2. Pb local distributions in mice organs 252 

 The local distribution of Pb in the liver, kidney, and brain of the three mice 253 

groups are shown in Figures 1, 2, and 3, respectively. A homogeneous distribution of Pb 254 

was found in the liver of the low and high dosage groups (Figure 1). Yet surprisingly, 255 

inhomogeneous Pb distribution was discovered in the kidney and brain (Figures 2 and 256 

3). Within the kidney, in the internal area surrounding the medulla there was a higher 257 

regional Pb concentration than in the renal cortex in the low and high dosage groups 258 

(Figure 2). The brain also showed an inhomogeneous distribution; the hippocampus had 259 

higher Pb concentration than other areas such as the white matter in high dosage group 260 

(Figure 3). Pb in all tissues of the control group and in the brain of the low dosage group 261 

was not detected as count values of ICP-MS were comparable to those of background 262 

areas where only glass slide without organs (Figure 3). Additionally, other elements 263 

distribution are shown in supplementary Figure S2. For example, Mn tended to 264 

accumulate in the renal medulla than cortex (supplementary Figure S2 (D, E, F)), while 265 

selective accumulation of Zn was observed in the hippocampus of brain (supplementary 266 
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Figure S2 (G, H, I)). These results were in accordance with the previous studies (Becker 267 

et al., 2010, Shariatgorji et al., 2016). 268 

 269 

3.3. Immuno-localization of STIM1 in mice organs 270 

The reactivity of the primary antibody was confirmed by comparing it with 271 

PBS (supplementary Figure S3). Figures 1, 2, and 3 show the immune-localization of 272 

STIM1 in the liver, kidney, and brain of the three groups, respectively. A homogeneous 273 

distribution of STIM1 was found in the liver and kidney in all groups (Figures 1 and 2). 274 

However, the brain showed inhomogeneous distribution of STIM1: the gray matter and 275 

hippocampus had higher densities than other areas such as the white matter in all groups 276 

(Figure 3). 277 

 278 

3.4. Gene induction by Pb in mice organs 279 

Real time PCR was performed to measure the levels of STIM1 mRNA in the 280 

liver, kidney, and brain. This confirmed that STIM1 was expressed in all organs (Figure 281 

4). However, there were no significant differences in gene expression between groups in 282 

any of the organs. Additionally, it was examined gene induction of the candidates 283 

suspected to be responsible for Pb entry into cells such as STIM1, Orai1, TRP, VGCC, 284 

divalent metal transporter 1, and anion exchanger in the liver, kidney, and brain by 285 

microarray. However, no significant induction was observed in the liver, kidney, and 286 

brain. As a confirmation, the induction of metallothionein, which is known to be 287 

induced with Pb exposure, was observed to be two and eight times greater in the liver 288 

and kidney, respectively, in the high dosage groups compared with the control group 289 

(data not shown). 290 
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4. Discussion 291 

4.1. Pb local distribution in organs 292 

 The local distribution of Pb and other toxic elements in organs is still unknown. 293 

LA-ICP-MS allows direct analysis of thin organ sections (Becker et al., 2010). However, 294 

as for Pb, there is little published research regarding bioimaging, especially in the Pb 295 

exposed mice model.  296 

 In the present study, Pb concentration found in kidney (56.65 mg/kg) and liver 297 

(16.49 mg/kg) in high dosage groups were comparable to that for lead-poisoned animals 298 

in the previous study (Takano et al., 2015). By analysis using LA-ICP-MS, a 299 

homogenous Pb distribution was found in the liver (Figure 1); however, the kidney and 300 

brain showed inhomogeneous distribution of Pb (Figures 2 and 3) mainly in the kidney. 301 

Since it was identified as a target soft tissue for Pb accumulation (Barregard et al., 302 

1999), there has been substantial research published on Pb concentration in animal 303 

kidneys (Yabe et al., 2012, 2013, Bortey-Sam et al., 2015, Jarzynska et al., 2011, 304 

Nakayama et al., 2011, 2013, Sedki et al., 2003). These reports were based on the 305 

hypothesis that there is a homogenous distribution of Pb in the kidney, and thus did not 306 

map the element in this organ. However, the present findings suggest that such mapping 307 

should be considered for identifying toxic elements in the kidney. As Pb and other types 308 

of toxic elements are mainly observed in the proximal tubule, which is primarily 309 

distributed in the cortex, the proximal tubule was regarded to be the highest 310 

accumulation area in the kidney (Sabolic 2006). Moreover, there are some reports about 311 

studies focusing toxic elements distribution in the renal cortex (Smith et al., 1991, Wang 312 

et al., 2009, Wlostowski et al., 2006), so, to some extent, it might be reasonable to focus 313 

such region. A previous study using LA-ICP-MS to determine Pt in cisplatin 314 
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(Pt)-administrated rats found that Pt tended to accumulate in the cortex and 315 

corticomedullary junction (Moreno-Gordaliza et al., 2011). However, the results of the 316 

present study which revealed that Pb tended to accumulate in the medulla rather than the 317 

cortex, strongly suggest that high sensitivity areas and high accumulation areas differ. 318 

The present study would help to understand mechanism of pathological Pb toxicity.  319 

Differences in Pb distribution among organs may be explained by their 320 

individual characteristics. In histological anatomy and physiology, the liver is regarded 321 

as a homogenous organ, thus Pb is distributed homogenously. By contrast, the kidneys 322 

and brain are regarded as inhomogeneous organs, therefore Pb is distributed 323 

inhomogeneously.  324 

In the present study, mice were selected to be the first proof of concept model, 325 

yet the method utilized can be applied to other animals. For instance, previous research 326 

has shown the tolerance of chickens to chronic Pb intoxication (Mazliah et al., 1989); 327 

thus, revealing local distribution of Pb in chicken organs would be interesting. 328 

 329 

4.2. Comparison between Pb and STIM1 distribution and gene expression of 330 

STIM1 331 

 The present study found homogeneous distribution of STIM1, which is the 332 

main component of SOCs, in the liver and kidney, whereas there was inhomogeneous 333 

distribution in the brain (Figures 1, 2, and 3). There was a significant difference between 334 

the distribution of Pb and STIM1 in the kidney which suggests that there are alternative 335 

mechanisms underlying Pb distribution in the kidney. One explanation is that Pb 336 

distribution is due to its reabsorption. In the kidney, Pb is filtered in the glomerulus; 337 

however, most of this filtered Pb is reabsorbed by the distal tubule and the collecting 338 
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duct (Araki et al., 1983, 1978). The distal tubule and the collecting duct are primarily 339 

located in the renal medulla, the area which had the highest concentration of Pb 340 

compared with the other areas analyzed in the present study. As for channels and 341 

transporters, the TRP super family, specifically TRP vanilloid (TRPV) 5, is responsible 342 

for transcellular calcium (Ca2+) reabsorption in the distal tubule, connecting tube, and 343 

collecting duct of the kidney (Nijenhuis et al., 2005). Moreover, the Na+-Ca2+ exchanger 344 

(NCX) and plasma membrane Ca2+ ATPase (PMCA) are responsible for the extrusion of 345 

Ca2+ into the blood (Hoenderop et al., 2000). Despite the fact that there have not been 346 

any studies revealing linkages between these transporters and Pb distribution, these 347 

transporters might also be responsible for Pb2+ reabsorption and local distribution in the 348 

kidney. Moreover, reabsorption behavior differs between Pb and other toxic metals such 349 

as Cd, Hg (Araki et al., 1986); thus further study of transporters and other toxic 350 

elements could be a key to support the idea proposed above. 351 

In the brain, STIM1 is mainly distributed in the hippocampus, which is similar 352 

with Pb distribution. Therefore, SOCs may be a candidate route for Pb entering brain 353 

cells. However, VGCCs in the brain may also be a feasible candidate, as nerve cells are 354 

excitable (Davila et al., 1999, Vassanelli and Fromherz 1998). Additionally, no 355 

induction of STIM1 expression by Pb was observed in the current study, suggesting that 356 

Pb enters the cells via other mechanisms. 357 

 358 

5. Conclusions  359 

In experimental animals such as mice model, local distribution of Pb was 360 

demonstrated for liver, kidney and brain and compared with the distribution of Pb and 361 

STIM1 for the first time. Inhomogeneous distribution of Pb was found in the kidney and 362 
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brain. In the kidney, Pb tended to accumulate in the medulla rather than the cortex. This 363 

provides support for the mechanism of Pb toxicity as the proximal tubule is regarded as 364 

an area of high accumulation. In this study, however, we did not find evidence 365 

supporting that Pb enters the cells via SOCs. Thus, further study should be conducted to 366 

elucidate the local distribution of Pb and other toxic elements, and pathway that Pb 367 

takes to the cells. 368 

 369 
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Figure captions 411 

Figure 1. Distribution of 208Pb and STIM1 in a 20 µm section of liver. Distribution of 412 

208Pb/13C analyzed by LA-ICP-MS (left). STIM1 was analyzed by IHC (right). Scale 413 

bar is 3 mm. Among LA-ICP-MS images, the scale bar indicates the ratio of intensity 414 

(208Pb/13C). 415 

 416 

Figure 2. Distribution of 208Pb and STIM1 in a 20 µm section of kidney. Distribution of 417 

208Pb/13C analyzed by LA-ICP-MS (left). STIM1 was analyzed by IHC (right). Scale 418 

bar is 3 mm. Among LA-ICP-MS images, the scale bar indicates the ratio of intensity 419 

(208Pb/13C). 420 

 421 

Figure 3. Distribution of 208Pb and STIM1 in a 20 µm section of brain. Distribution of 422 

208Pb/13C analyzed by LA-ICP-MS (left). STIM1 was analyzed by IHC (right). Scale 423 

bar is 5 mm. Among LA-ICP-MS images, the scale bar indicates the ratio of intensity 424 

(208Pb/13C). 425 

 426 

Figure 4. Mean ± SD of the expression of STIM1 in mice organs in the three dosage 427 

groups: (A) liver, (B) kidney, and (C) brain. No significant differences were found 428 

between groups.429 
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Table 1. Mean ± SD of the Pb concentration in the blood and organs of mice for the 

three dosage groups. 

  Control Low High 
Blood (µg/dL) 1.8 ± 0.5a 14.9 ± 3.2b 40.8 ± 3.9c 
Liver (mg/kg) 0.016 ± 0.001a 4.54 ± 0.59b 16.49 ± 1.58c 
Kidney (mg/kg) 0.044 ± 0.002a 11.47 ± 1.48a 56.65 ± 20.20b 
Brain (mg/kg) 0.027 ± 0.008a 0.54 ± 0.09b 2.66 ± 0.33c 

Note:  

Different letters (a, b, and c) between columns indicate a significant difference between 

dosage groups (p < 0.05).  
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Figure 1.  
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Figure 2.  
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Figure 3. 
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Figure 4.  
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