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OVERVIEW

Introduction
Arsenic is a nonessential trace element that is widely distributed in nature. Arsenic was used in medicinal agents 
in the 19th and early 20th centuries, but has been replaced by safer and more effective agents and has not been in 
use for over 50 years. Nevertheless, arsenic is found widely in nature and accidental or intentional acute or 
chronic exposures to moderate or high levels of arsenic can cause liver injury, sometimes presenting long after 
the exposure.

Background
Arsenic is a nonessential trace element and well known poison that is found widely in low concentrations in the 
environment. Typical arsenic concentrations are 2 to 5 parts per billion in soil and sea water. In the United 
States, the maximal allowable concentration of arsenic in well and drinking water is 50 parts per billion. Arsenic 
is used in pesticides and herbicides and is a byproduct of the mining of other metals, such as copper and lead. 
Arsenic can also contaminate herbal preparations and dietary supplements. As a consequence, occupational or 
accidental exposure to moderate or high doses of arsenic can occur, but are fortunately rare, at least in the 
United States and most of the developed world. Arsenic was formerly used medically as Fowler's solution (1% 
arsenic trioxide) to treat inflammatory conditions such as asthma, psoriasis and leukemia, and as various 
organic arsenicals such as arsphenamine (Salvarsan), mapharsen and tryparsamide to treat syphilis and 
protozoal infections. These agents are no longer used and have been replaced by more effective and safer agents. 
Arsenic is still a component of some traditional and herbal preparations and is still used to treat acute 
promyelocytic leukemia under the brand name Trisenox (arsenic trioxide) in intravenous doses of 10 mg daily 
for up to 60 days, followed by different dosing in consolidation and maintenance regimens.

Hepatotoxicity
Acute poisoning with arsenic is marked by severe abdominal pain, nausea and vomiting, diarrhea, muscle 
cramps, metallic taste and extreme thirst, followed by stupor, coma, cardiovascular collapse and death. Death 
can occur within 24 hours of exposure, but with sublethal doses, survival is possible and liver injury may arise 24 
to 48 hours after the acute ingestion. Other symptoms include conjunctival and respiratory tract inflammation, 
epistaxis, rash, renal insufficiency and painful neuropathy. The characteristics of the liver injury have not been 
well defined, but are likely similar to those with acute iron poisoning, with a clinical phenotype of acute hepatic 
necrosis, marked elevations in serum aminotransferase levels, early onset of hepatic failure and rapid recovery in 
cases without early fatality.



Chronic, lower dose exposure to arsenic can be toxic and result in arsenosis, a syndrome marked by fatigue, 
nausea and vomiting, abdominal crampy pain, weakness, stupor, seizures and neuropathy. Skin manifestations 
are frequent and characteristic with chronic excessive exposure marked by hyper- and hypo-pigmentation, a 
"rain-drop" pattern of skin discoloration, skin dryness and exfoliation, keratosis of the palms and soles, and skin 
cancers. Arsenic is also deposited in the hair and nails, where it can be detected even after it is no longer 
measureable in urine. Liver injury can also occur with chronic arsenic exposure, typically with appearance of 
signs and symptoms of portal hypertension, without obvious cirrhosis (idiopathic or noncirrhotic portal 
hypertension). The clinical onset of noncirrhotic portal hypertension is often insidious with weight loss, fatigue 
and abdominal swelling and minor, nonspecific elevations in serum enzymes, followed by appearance of variceal 
hemorrhage or ascites. Features of portal hypertension (ascites, variceal hemorrhage) rather than hepatic failure 
(jaundice, encephalopathy or coagulopathy) predominate. Symptoms generally improve slowly upon withdrawal 
of arsenic exposure and long term survival is not uncommon, although porto-caval shunting may be needed to 
manage portal hypertension and variceal hemorrhage. Serum enzyme elevations and jaundice are uncommon, 
but may occur. Chronic exposure is usually due to environmental contamination, from elevated arsenic levels in 
water due to run-offs from mining or storage of arsenic containing compounds such as herbicides and 
pesticides. When arsenic was still being used as a medicinal agent, cases of chronic poisoning were linked to use 
of Fowler's solution for psoriasis and asthma and arsphenamine for syphilis generally after 5 to 25 years of use. 
Furthermore, some cases became clinically apparent several years after the arsenical was stopped and at a time 
that arsenic could no longer be detected in urine, tissue or hair samples. Chronic arsenic exposure has also been 
linked to cirrhosis, although the contribution of alcohol and other chronic liver diseases in reported cases could 
not be excluded. Chronic exposure has also been linked to liver cancer, including hepatic angiosarcoma and 
hepatocellular carcinoma. Other long term complications of arsenic exposure include skin discoloration, palmar 
and plantar keratosis, peripheral neuropathy, and skin and lung cancer which can arise several decades after 
exposure. Patients presenting with noncirrhotic portal hypertension due to arsenic frequently have other 
manifestations of its chronic toxicity such as skin discoloration, palmar keratosis and skin cancers.

Arsenic trioxide (Trisenox) given intravenously as therapy of acute promyelocytic leukemia has had limited use, 
but hepatotoxicity has been reported in 8% to 47% of patients, generally in the form of mild and transient serum 
enzyme elevations that resolve even with continuation of treatment. Nevertheless, more severe hepatic injury has 
been reported including cases of acute liver failure, although the clinical features of the injury and relatedness to 
the therapy were not well defined.

Likelihood score: A[HD] (well known cause of chronic liver injury when given in high dosess).

Mechanism of Injury
Arsenic uncouples oxidative phosphorylation and is a general cytoplasmic toxin binding to and inhibiting 
sulfhydryl groups on essential enzymes. With acute exposures, the skin, cardiac and neurologic toxicities are 
most prominent. With chronic exposure, skin and hepatic manifestations may dominant the clinical picture.

Outcome and Management
Arsenic poisoning is often treated with chelation, with uncertain efficacy. Both dimercaprol and succimer have 
been used, but their efficacy in ameliorating symptoms and signs and speeding clinical recovery has not been 
documented. The major invention should be directed at detection and elimination of the source of arsenic 
contamination and identification of others who might be exposed in the same manner.

Drug Class: Trace Elements and Metals
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CASE REPORT

Case 1. Noncirrhotic portal hypertension attributed to arsenic exposure.
[Modified from: Upshaw CB Jr, Bryant MF, Claiborne TS Jr. Noncirrhotic portal hypertension after arsenic 
ingestion. South Med J 1979; 72: 1332-4. PubMed Citation; Upshaw CB Jr, Claiborne TS Jr. Medicinal arsenic 
poisoning: 27-year follow-up. South Med J 1995; 88: 892-3. PubMed Citation]

A 45 year old man developed recurrent variceal hemorrhage having taken an arsenic containing preparation for 
2 years, several years in the past. He denied a history of liver disease, jaundice, alcohol abuse or risk factors for 
viral hepatitis. Several years in the past he had developed asthma and was treated with Fowler's solution (1% 
arsenic trioxide) for two years, between the ages of 40 and 42. The estimated total dose of arsenic was 1.6 grams. 
Thereafter, he felt well until he began developing episodes of hematemesis and melena approximately 3 years 
later. On examination, he appeared healthy but pale. A spleen tip was felt in the left upper quadrant, but there 
was no hepatomegaly, jaundice, ascites, peripheral edema, wasting or spider angiomata. Laboratory testing 
showed a hematocrit of 34%, white blood count 2,700/µL and platelet count 70,000/µL, but routine liver tests 
were normal. Gastrointestinal radiology showed esophageal varices and splenomegaly. A splenoportogram 
showed an elevated splenic pulp pressure [29 mm Hg, normal 3-17], but no evidence of splenic or portal vein 
thrombosis. He underwent splenectomy and anastomosis of the splenic vein to the left renal vein, which 
normalized the elevated portal pressure. He recovered from surgery uneventfully and had no further 
gastrointestinal bleeding or symptoms of liver disease, but had mildly abnormal liver test results (AST and Alk P 
< twice ULN) and an abnormal liver-spleen scan. He also developed several skin carcinomas, but died as a result 
of a farm accident 27 years after initial presentation and surgery.

Key Points

Medication: Arsenic trioxide (1% solution) for 2 years

Pattern: None: normal serum enzymes

Severity: 4+, variceal hemorrhage

Latency: 4 years after a 2 year course of treatment

Recovery: Symptomatically complete

Other medications: None mentioned

Comment
This case was distinctive in having excellent long term follow up summarized in a subsequent letter to the editor 
by the authors, 16 years after the first report. Noncirrhotic portal hypertension generally arises as a result of 
chronic injury, probably to portal venules and arterioles as a result of direct toxic endothelial cell injury caused 
by the high levels of orally absorbed arsenic in the portal system. The usual markers of liver injury are generally 
absent, serum enzymes being normal or near normal in the majority of patients before and at the time of initial 
presentation. In addition, the clinical presentation may be months or years after portal hypertension has 
developed. The most sensitive marker for the progressive increase in portal pressure is a decline in platelet count, 
even when in the normal range. Strikingly, arsenic may no longer be detectable in plasma, urine, tissue or hair 
when the liver injury finally becomes clinically manifest. In this case, as in most instances, withdrawal of the 
arsenic exposure, conservative management and portal decompression, if needed, is generally effective in 
resolving the clinical complications. The long term prognosis is often dependent upon the other long term 
complications of arsenic exposure, including skin, liver and lung carcinoma.
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PRODUCT INFORMATION

REPRESENTATIVE TRADE NAMES

Arsenic – Trisenox®

DRUG CLASS

Trace Elements and Metals

COMPLETE LABELING

Product labeling at DailyMed, National Library of Medicine, NIH

CHEMICAL FORMULA AND STRUCTURE
DRUG CAS 

REGISTRY 
NUMBER

MOLECULAR 
FORMULA

STRUCTURE

Arsenic 
Trioxide

1327-53-3 As2-O3
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disease or cirrhosis).

Burnett AK, Russell NH, Hills RK, Bowen D, Kell J, Knapper S, Morgan YG, et al.; UK National Cancer Research 
Institute Acute Myeloid Leukaemia Working Group. Arsenic trioxide and all-trans retinoic acid treatment 
for acute promyelocytic leukaemia in all risk groups (AML17): results of a randomised, controlled, phase 3 
trial. Lancet Oncol 2015; 16: 1295-305. PubMed PMID: 26384238.

(Have).
Wang H, Liu Y, Wang X, Liu D, Sun Z, Wang C, Jin G, Zhang B, Yu S. Randomized clinical control study of 

locoregional therapy combined with arsenic trioxide for the treatment of hepatocellular carcinoma. Cancer 
2015; 121: 2917-25. PubMed PMID: 26033499.

14 LiverTox

https://www.ncbi.nlm.nih.gov/pubmed/17018421
https://www.ncbi.nlm.nih.gov/pubmed/16899281
https://www.ncbi.nlm.nih.gov/pubmed/19371619
https://www.ncbi.nlm.nih.gov/pubmed/21740555
https://www.ncbi.nlm.nih.gov/pubmed/22883023
https://www.ncbi.nlm.nih.gov/pubmed/23352725
https://www.ncbi.nlm.nih.gov/pubmed/25284195
https://www.ncbi.nlm.nih.gov/pubmed/26384238
https://www.ncbi.nlm.nih.gov/pubmed/26033499


(Have).
Liu B, Huang JW, Li Y, Hu BS, He X, Zhao W, Zheng YB, et al. Arsenic trioxide transarterial chemoembolization 

with and without additional intravenous administration of arsenic trioxide in unresectable hepatocellular 
carcinoma with lung metastasis: a single-blind, randomized trial. J Cancer Res Clin Oncol 2015; 141: 1103-8. 
PubMed PMID: 25504506.

(Have).
Duncan A, Taylor A, Leese E, Allen S, Morton J, McAdam J. Homicidal arsenic poisoning. Ann Clin Biochem 

2015; 52 (Pt 4): 510-5. PubMed PMID: 25344454.

(Have).
Goel A, Christudoss P, George R, Ramakrishna B, Amirtharaj GJ, Keshava SN, Ramachandran A, et al. 

Arsenicosis, possibly from contaminated groundwater, associated with noncirrhotic intrahepatic portal 
hypertension. Indian J Gastroenterol 2016; 35: 207-15. PubMed PMID: 27225799.

(Have).
Hsu LI, Wang YH, Hsieh FI, Yang TY, Wen-Juei Jeng R, Liu CT, Chen CL, Hsu KH, Chiou HY, Wu MM, Chen 

CJ. Effects of arsenic in drinking water on risk of hepatitis or cirrhosis in persons with and without chronic 
viral hepatitis. Clin Gastroenterol Hepatol 2016; 14: 1347-55.e4. PubMed PMID: 27060428.

(Have).
Cappelletti R, Ceppi M, Claudatus J, Gennaro V. Health status of male steel workers at an electric arc furnace 

(EAF) in Trentino, Italy. J Occup Med Toxicol 2016; 11: 7. PubMed PMID: 26900394.

(Have).
Li Y, Ye F, Wang A, Wang D, Yang B, Zheng Q, Sun G, Gao X. Chronic Arsenic Poisoning probably caused by 

arsenic-based pesticides: findings from an investigation study of a household. Int J Environ Res Public 
Health 2016; 13. pii: E133. PubMed PMID: 26784217.

(Have). 
Lin YC, Lian IB, Kor CT, Chang CC, Su PY, Chang WT, Liang YF, Su WW, Soon MS. Association between soil 

heavy metals and fatty liver disease in men in Taiwan: a cross sectional study. BMJ Open 2017; 7: e014215. 
PubMed PMID: 28115335.

(Have).
Hu HT, Yao QJ, Meng YL, Li HL, Zhang H, Luo JP, Guo CY, Geng X. Arsenic trioxide intravenous infusion 

combined with transcatheter arterial chemoembolization for the treatment of hepatocellular carcinoma with 
pulmonary metastasis: Long-term outcome analysis. J Gastroenterol Hepatol 2017; 32: 295-300. PubMed 
PMID: 27517972.

(Have).
Kumthekar P, Grimm S, Chandler J, Mehta M, Marymont M, Levy R, Muro K, et al. A phase II trial of arsenic 

trioxide and temozolomide in combination with radiation therapy for patients with malignant gliomas. 
Neurooncol 2017; 133: 589-94. PubMed PMID: 28510787.

(Have).

Arsenic 15

https://www.ncbi.nlm.nih.gov/pubmed/25504506
https://www.ncbi.nlm.nih.gov/pubmed/25344454
https://www.ncbi.nlm.nih.gov/pubmed/27225799
https://www.ncbi.nlm.nih.gov/pubmed/27060428
https://www.ncbi.nlm.nih.gov/pubmed/26900394
https://www.ncbi.nlm.nih.gov/pubmed/26784217
https://www.ncbi.nlm.nih.gov/pubmed/28115335
https://www.ncbi.nlm.nih.gov/pubmed/27517972
https://www.ncbi.nlm.nih.gov/pubmed/28510787

	OVERVIEW
	CASE REPORT
	PRODUCT INFORMATION
	CHEMICAL FORMULA AND STRUCTURE
	ANNOTATED BIBLIOGRAPHY

