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Abstract 

 Inorganic arsenic is an environmental toxin that affects many people around the world. It 

is especially a problem in countries where people depend on arsenic-contaminated well water, 

where it has been shown to lead to various health problems, from cardiovascular disease to liver 

disease to cancer. While these effects have been well studied, the effects of arsenic on embryonic 

tissues have not. This study examined embryonic liver cell and explant tissue for the ability to 

metabolize inorganic arsenic. The results showed that embryonic liver cells were able to 

metabolize a small amount of the arsenic to dimethylarsonous acid [DMA(V)], while embryonic 

liver explant cultures were able to metabolize some arsenic to monomethylarsonous acid 

[MMA(III)] and more to DMA(V). These results show that embryonic tissues are indeed able to 

metabolize arsenic, and they serve the purpose of broadening the scope of understanding and 

research into in utero exposure to toxins like arsenic and the onset and progression of disease 

later in life.  
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Introduction 

 Arsenic is toxin that is found in the environment. It can be found naturally in soil and 

water, and it can also be mobilized into the environment by man-made activities, like mining, 

pesticides, and herbicides (7). Populations that depend on eating crops and drinking water from 

contaminated sources are chronically exposed to arsenic. Drinking water from arsenic 

contaminated wells is a big problem, particularly in countries like India and China, but also in 

very rural areas in the United States where the water isn’t monitored as strictly. Realizing the 

dangers of long term arsenic exposure, the U.S. Environmental Protection Agency reduced the 

maximum contamination level of arsenic in drinking water from 50ppb to 10ppb in 2001 (14). 

Aside from drinking water, arsenic exposure also occurs in the United States where people live 

near mining sites and are exposed to higher than recommended levels of arsenic in the produce 

they grow themselves (10). Previous research has shown that those chronically exposed to 

arsenic are at greater risk for a number of conditions, including skin lesions, respiratory and 

cardiovascular problems, fatty liver and liver disease, type 2 diabetes, and cancers of the skin, 

lung, liver, and kidney (3-8). Because arsenic exposure is so pervasive throughout the world and 

its effects are so serious, it is important to understand more about the way it is metabolized and 

its mechanism of action in order to help prevent and combat its effects. 

  Arsenic can be found in organic forms or inorganic forms. The organic forms are usually 

bound to organic molecules and can be found in seafood, but it is the inorganic forms that are 

more commonly found in soil and water and that are more toxic (1). The inorganic forms of 

arsenic, commonly found as As(III) and As(V), are usually broken down by cells via different 

mechanisms, including methylation, into monomethylarsonous acid (III) [MMA] and then 

dimethylarsonous acid (V) [DMA] (2, 9).  
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 In this study, the amounts of As(III), As(V), MMA, and DMA were measured from 

media used to nourish embryonic tissue cultures in order to determine whether fetal liver cells 

are able to process arsenic. The liver was chosen here for several reasons.  First, as mentioned 

above, previous research had shown that arsenic exposure could lead to fatty liver disease and 

liver cancer, and second, the mature liver plays a role in detoxification and metabolism of 

arsenic. Ingested arsenic passes through the liver and is modified and metabolized before 

entering systemic circulation, so it was thought that the best chance of seeing arsenic metabolism 

in embryonic tissues would be in the liver. While there has been much research on the 

metabolism and effects of arsenic on adult tissues, there has been much less research done on 

embryonic tissues. Even with an increasing number of studies done in utero showing the long 

term results of arsenic exposure on the heart (11) and liver (12), additional research with 

embryonic tissue cultures is still important in order to more clearly elucidate how, and if, arsenic 

is metabolized by fetal tissues like the liver and the mechanism of its effects. 

Methods 

 Animals. Pregnant Swiss Webster mice were purchased from Harlan Laboratories 

(Boston, MA). Animals were maintained in a temperature controlled environment and provided 

with food and water. Mice were sacrificed using a combination of carbon dioxide and cervical 

dislocation in order to obtain 12 day-old embryos. The embryos were separated from the decidua 

in 1x phosphate buffered saline (PBS) solution and rinsed three times in 1x PBS. The liver tissue 

was collected from these embryos with the aid of a dissection microscope and rinsed three times 

in 1x PBS for preparation into culture. All animal use and experimental protocols followed 

University of Arizona Institutional Animal Care and Use Committee (IACUC) regulations and 

were in accordance with institutional guidelines.  
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 Liver cell culture. After the liver tissue was collected from embryos and placed in 1x 

PBS, liver cell suspensions were prepared by running the minced liver tissue through a series of 

syringes. At least ten passes through an 18 gauge syringe and another ten passes through a 25 

gauge syringe were used to uniformly break down the tissue so that the solution turned a cloudy 

pink. The cell suspension was centrifuged, the supernatant discarded, and the cells resuspended 

in 20% FBS + .1% ITS DMEM media and plated on a single 10cm cell culture plate. The cells 

were incubated at 37˚C for 24 hours to allow time for cells to adhere to the tissue culture plates. 

The media was replaced with fresh 20% FBS DMEM media as necessary. Once cells had 

reached appropriate confluence, the media was aspirated and 2mL of trypsin was added to the 

plate and incubated for 10 minutes. After that time, 8mL of 20% FBS DMEM media was added, 

and the entire solution was transferred to a sterile 15mL tube and centrifuged. After 

centrifugation, the supernatant was aspirated, and the cell pellet was resuspended in 12mL 20% 

FBS DMEM media. 10µL of this solution was mixed with 10µL of a diluting solution and 

prepared on a hemocytometer to determine total cell number. An adequate number would be 

about 100,000-200,000 cells per milliliter, and then 1mL of the solution would be added to each 

well of a 12-well cell culture plate and incubated at 37˚C for 24 hours to allow cells to adhere 

prior to exposure experiments.  

 Exposure to arsenic. An initial stock solution of 5% FBS DMEM media was made and 

used to make 15mL each of 1.34µM, 5µM, and 10µM sodium arsenite (NaAsO2) containing 

solutions. 1.34µM was used as it is comparable to 100ppb of sodium arsenite. The media in each 

of the 12 wells was then aspirated and replaced with 1.5mL of either the control media, or the 

1.34µM, 5µM, or 10µM sodium arsenite containing solutions. With four conditions in 12 wells, 

triplicate replications were run for each condition. 1.5mL of all media conditions were also 
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added in the same manner to another 12 well plate with no cells to control for any oxidation or 

reduction of arsenic that may occur in serum containing media. The plates were then incubated at 

37˚C for 48 hours, after which the media was collected for analyzing arsenic species.  

 Liver explant culture and exposure to arsenic. Some of the liver tissue was kept intact 

after collection and explanted directly on to a hydrated type I collagen gel in order to observe 

whole-tissue metabolism of arsenic. These explants were incubated at 37˚C and treated with 

10µM sodium arsenite solutions in 5% FBS DMEM media similar to the liver cell cultures. After 

48 hours of treatment, both the media and gel were collected for analyzing arsenic species 

 Arsenic speciation. Samples from each condition were kept frozen at -80˚C until analysis 

by The Arizona Laboratory for Emerging Contaminants (ALEC, University of Arizona). ICP-

MS was used to measure the different forms of arsenic, including its methylated metabolites.  

Results 

 The results from this study show that embryonic liver is able to metabolize arsenic to 

some extent. The liver cell media was collected and sent to ALEC for ICP-MS, and those results 

showed a very small amount of arsenic (about 1%) was converted to DMA(V). These results can 

be found below in Table 1 and Figure 1. Afterwards, a similar experiment, as described above, 

was performed with liver explants cultured on hydrated type I collagen gels. These results show 

detection of both DMA(V) and MMA(V) in the liver explants, as seen in Table 2 and Figure 2. 

There was more detection of DMA(V) in whole liver explants compared to primary liver cell 

cultures. Also, while primary liver cell cultures did not contain MMA(V), a small amount of 

MMA(V) was detected in the whole liver explants. The data can also be represented in a 

different way, as seen in Figure 3 below, showing the relative amounts of DMA(V) and 
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MMA(V) detected in whole liver explants versus the no cell controls. The tables and figures 

below show a representative set of data.  

 

Sample 
Arsenic Species, ppb 

As(V) As(III) MMA(V) DMA(V) 

No cell untreated 0 .14 0 0 
No cell 1.34µM As (~100ppb) 73 53.7 0 0 

No cell 5µM As (~370ppb) 229.35 283.67 0 0 
No cell 10µM As (~750ppb) 342.49 514.07 0 0 
Liver cell media untreated 7.06 6.87 0 0 

Liver cell media 1.34µM As 46.42 82.39 0 2.16 
Liver cell media 5µM As 131.98 415.26 0 0 

Liver cell media 10µM As 206.09 750.36 0 11.57 

Table 1. Arsenic speciation in liver cell cultures. This table shows the ICP-MS results for the first 

experiment with the liver cell cultures. The “no cell” samples acted as controls for arsenic speciation 

within the media itself without any liver cells. All liver cell medias showed more As(III) as compared to 

As(V), and liver cells in the 1.34µM and 10µM As conditions also showed DMA(V) species.  
 

Sample 
Arsenic Species, ppb 

As(V) As(III) MMA(V) DMA(V) 

No cell media 10µM As 247.28 383.26 0 0 

No cell gel 10µM As 21.48 69.53 0 0 

No cell totals 10µM As 268.76 452.79 0 0 

Liver explant media 10µM As 128.14 170.40 1.54 16.58 

Liver explant gel 10µM As 107.22 173.45 2.21 17.67 

Liver explant totals 10µM As 235.36 343.85 3.75 34.25 

Table 2. Arsenic speciation in liver explant cultures. This table shows the ICP-MS results for the 

experiment with liver explant cultures. The “no cell” sample acted as a control for arsenic speciation 

within the media without any liver tissue. The amount of arsenic species in both the gel and media were 

measured, and the totals are shown. Compared to the control, the liver explant media exhibited a higher 

As(III) to As(V) ratio and more detection of MMA(V) and DMA(V).  
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Figure 1. Arsenic speciation in embryonic liver cell cultures. Divided into three sections, this graph 

shows data from each treatment condition compared with its respective control condition. As(V) is shown 

in blue, As(III) in red, and DMA(V) in green. Liver cells in the 1.34µM and 10µM conditions showed 

minimal metabolism of arsenic to DMA(V) compared to no cell controls.  

 

 
Figure 2. Arsenic speciation in embryonic liver explant cultures. Divided into three sections, this graph 

shows data comparing control and liver explant media, gels, and media + gel totals. As(V) is shown in 

blue, As(III) in red, MMA(V) in yellow, and DMA(V) in green. In each instance, the liver explant was 

able to metabolize arsenic into MMA(V) and DMA(V), while the control was not. More DMA(V) was 

detected than MMA(V) in each liver explant sample. Also, compared to primary liver cell cultures, these 

liver explants metabolized arsenic to both MMA(V) and DMA(V) at a higher percentage.  
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Figure 3. MMA(V) and DMA(V) production by embryonic liver arsenic metabolism. The no cell control 

is shown in blue, and the liver explant is shown in red. The liver explants showed significantly higher 

metabolism of arsenic to both MMA(V) and DMA(V) than the no cell control.  

 

 

Discussion 
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above, the ICP-MS detected arsenic even in control media samples not treated with any arsenic. 

This indicates that there is around 0.14 ppb arsenite [As(III)] in the base media. 

 Despite the limitations of the study, these data show that embryonic liver tissue can 

metabolize arsenic. This is a novel finding which has much bigger implications. This adds to our 

understanding of how environmental toxins have a larger impact; they do not only affect exposed 

adults, but also have direct effects in utero. Specifically, embryonic livers can produce 

methylated species of arsenic (MMA and DMA) which are more toxic to cells (13). The finding 

that embryonic liver tissue can respond to and metabolize arsenic opens the door to investigating 

how other embryonic tissues respond to arsenic and other toxins over time. For example, if 

developmental events are disrupted or delayed in utero, this may predispose to disease later in 

life. This study establishes that the fetal liver can metabolize arsenic, and future studies will look 

at other tissues and try to determine if this potentiates the onset and progression of disease in 

adulthood.   
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