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1. INTRODUCTION 

 

1.1 Aim of the thesis 

Many scientific publications give the connection between adverse drug reaction and a specific 

substance or drug. Despite that, most of those publications and databases hold no information 

of the direct possible side effects connected to certain targets. Because the topic is widespread 

and adverse side effects are uncountable this study focusses on hepatotoxic side effects. 

Hepatotoxicity is of interest for pharma industries, medical staff, patients and researchers. 

Understanding the underlying mechanisms of toxicity better, could save thousands of lives. 

Many of them are not fully understood yet, but it is known by scientists that one substance is 

able to attack even multiple targets. If it is possible to bring the targets in direct connection 

with the adverse drug reaction it would save time, lives, and money. So, the aim of this study is 

to give an overview of proteins which are directly related with hepatotoxic side effects.  

 

 

1.2. The role of the liver 
 

The liver is an essential organ in a living organism and responsible for the biggest part of the 

metabolism. It lies in the upper abdomen in the human body, has a brown-reddish colour and 

consists of two main lobes. The liver is unique among our internal organs. It has the incredible 

ability to regenerate after a damage of two-thirds or even more of its volume. Furthermore, it 

has the astounding ability to regrow to its original size. [1] It has several functions like bile 

production and excretion, storage of glycogen and vitamins and many more to count. 

Detoxification of xenobiotics is one of the most important tasks.  

Remarkable liver enzymes like the Cytochrome P450 (CYP) family are responsible for these 

detoxification mechanisms. Many of them catalyse the detoxification of xenobiotics, by 

forming hydrophilic metabolites. Those can be easily excreted from the body. [2] 

Many chemicals undergo metabolism in the liver but are not hepatotoxic. Some exceptions can 

despite be harmful. CYPs can produce reactive toxic metabolite species in some cases. Those 

toxic metabolites can be formed and accumulated within hepatocytes as a result of oxidation, 

reduction, conjugation, and other processes which normally serve to remove or detoxify 

xenobiotics. [3] Instead of undergoing the normal detoxification pathway, they can act as 
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irreversible CYP inhibitors or metabolize the component in a more toxic one. [2] The formation 

of toxic or reactive substances such as electrophilic chemicals or free radicals lead to toxic 

effects. [4] The liver has several mechanisms for the metabolism of xenobiotics. If those 

mechanisms are unbalanced or disturbed and the clearance of xenobiotics is retarded the risk 

of toxic effects is increased. 

 

1.3. Toxicity and Hepatotoxicity 
 

Some medical agents may injure the organ. Therefore, drugs have to be carefully tested before 

being used in living beings to avoid severe side effects. However, in some cases the hepatotoxic 

effect is not predictable.  

As most people know toxic effects are related with its dose. Even known as safe drugs can lead 

to toxic effects and be harmful when its dose is too high. Already Paracelsus stated that: “Sola 

dosis facit venenum”-Only the dose makes the poison. “Idiosyncratic drug‐induced liver injury 

(DILI) is traditionally thought not to be dose‐related. However, it has been pointed out that 

most medicines that were withdrawn from marketing or received a black‐box warning because 

of hepatotoxicity were prescribed at daily doses greater than 50 mg/day.” [5] The 

manifestations of DILI are highly variable, ranging from asymptomatic elevation of liver 

enzymes to fulminant hepatic failure. 

DILI causes up to 40 percent of liver transplantation and hepatic failures. [6] In the worst case 

it can even lead to the death of the patient. It is the most frequent reason for withdrawal of an 

approved drug from the market. About 25 percent of the drugs are withdrawn from the market 

related to liver damage. [7] Moreover, it is a common reason for failure of drugs during 

preclinical and clinical development. [3] So, before a drug is registered and gets on the market 

a lot of clinical research is done.  

Suzuki et al created a drug list from DILI and labelled categories based on the drugs withdrawn 

owing to hepatotoxicity, acute liver failure association and DILI association. [8] O’Brien et al 

classified drugs into four categories according to the severity of human hepatotoxicity based 

on the frequency of an observed increase in ALT and other evidence. [9] In clinical settings 

serum ALT, AST and bilirubin are associated with liver toxicity. Liver toxicity manifestations 

are generally accompanied by nonspecific symptoms such as abdominal pain, jaundice, fever, 

nausea, vomiting, diarrhea, pruritus and rash. [10] 
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There is a great number of risk factors including intrinsic drug properties like molecular weight 

and hydrophobicity. Furthermore drug-related impact on biological functions such as 

inhibition of transport proteins and mitochondria, and drug pharmacokinetic parameters such 

as daily dose and plasma concentration. 

Hepatotoxicity is one of the most occurring and cited side effects of drugs. “Hepatotoxicity is 

a common finding for NRTIs, anticancer drugs, antibiotics, drugs used in various CNS 

applications, as well as biologics, immune-suppressants, and steroids.” [11] The complexity of 

hepatotoxicity is related with its multifactorial underlying mechanisms. Most of them are not 

fully understood yet due to the lack of suitable in vivo and in vitro data. Such data could be 

used for prediction. Although, it is not only about structure of a compound but also 

environmental and genetic factors. “Evidence suggests, however, that there are four major 

modes of action: covalent modification of target proteins and oxidoreductive stress, immune-

mediated reactions, interference with hepatobiliary export, and mitochondrial injury.” [12]  

The risk factors include idiosyncrasy, age, gender, alcohol consumption, concomitant use of 

other drugs, previous or underlying liver disease, genetic and environmental factors. Drugs, and 

natural products are alos associated with hepatotoxicity reactions. Some toxic effects are 

species specific. Fourches et al found out that the concordance of liver effects was low between 

different species and stated that different species could depend on specific features of chemical 

structure. [13] This states that animal studies are not completely predictive of human 

hepatotoxicity, because patient related risk factors like age, diseases, genetic predispositions 

can’t be taken into account.  

Hence the differentiation is intrinsic hepatotoxicity, which is dose related, and idiosyncratic 

hepatotoxicity, which seems to be unpredictable. Some molecular mechanisms are still 

remaining unclear, but others are well investigated. It is a complex phenomenon. Such 

mechanisms can directly result in damage to liver cells or they can initiate a cascade which will 

end also in damage to liver cells and toxic effects. It has to be taken into consideration that 

some side effects of drugs turn out to be beneficial but most of them are unwanted and 

injurious. However, some patients take drugs with well known side effects because the 

benefits outweigh the harm.  

If its mechanisms could be understood in a better way, it would be easier to predict toxicity. 

Nowadays helpful tools to identify new and promising drugs are in silico methods which are 

used to predict hepatotoxicity. Structure-activity relationships (SAR, QSAR) have many 

advantages and are used to connect the structure of the molecule with its chemical and 
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biological activity to elucidate the toxicity of new and unknown substances. Structural alerts 

can thus be a powerful tool in helping to detect the toxic potential of a substance. It is hoped 

that the generation of predictive models for adverse drug reactions is able to help support early 

SAR to accelerate drug discovery and decrease late stage attrition in drug discovery projects. 

[14] It has to be acknowledged that there is no computer model which is absolute 100 percent 

predictive, but there are possible new ways to predetermine certain hazard substances.  

However, in silico predictions of liver injuries needs trained personnel who will be able to build 

reasonable models. The computer program alone won’t lead to success without human 

knowledge. Liver enzymes are an attractive biotechnological target in their use as biocatalysts 

for their ability to produce pharmaceuticals and drug metabolites. Since the initial discovery 

that covalent binding of acetaminophen to hepatic proteins was associated with 

hepatotoxicity, there has been a progression of techniques that have been used to identify the 

protein targets. [15] 

If the underlying mechanisms could be understood, it would be easier to predict toxicity. 

Sometimes a certain drug initiates not one but multiple adverse outcome pathways leading to 

hepatotoxicity. It is a great advantage to know not only the drug, which causes the side effect, 

but also the targets of it. Those targets can then be avoided in the future and substances 

specifically tested against them.  
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1.4. Terminology of adverse drug reactions 
 

Defined by the World Health Organization an “adverse drug reaction (ADR) is a response to a 

medicine which is noxious and unintended, and which occurs at doses normally used in man.” 

[16]  

Liver disorders cover a wide spectrum of diseases of diverse terminology.  Hepatotoxicity is an 

umbrella term for several other specific liver damages.  The variety of terms concerning hepatic 

toxic effects are sometimes quite inextricable. For that purpose, detailed scientific vocabulary 

for adverse drug reaction terminology was assessed. 

Some relevant databases for side effect vocabulary are MedDRA, WHO-ART, SIDER, ADRECS 

and MeSH.  

 

1.4.1. MedDRA 
 

The Medical Dictionary for Regulatory Activities Terminology (MedDRA) was established in 

1990 because there was no standard international medical terminology. 1994 the ICH (=The 

International Conference on Harmonisation of Technical Requirements for Registration of 

Pharmaceuticals for Human Use) adopted MedDRA Version 1.0 as basis for international 

terminology. Now it is available in different languages. It replaced the Coding Symbols for a 

Thesaurus of Adverse Reaction Terms (COSTART), which was a precursor for MedDRA.  

MedDRA differentiates between thirteen types of DILI, including cirrhosis, acute hepatic 

failure, acute fatty liver with lactic acidosis, acute hepatic necrosis, nonalcoholic fatty liver, 

bland cholestasis, cholestatic hepatitis, acute viral hepatitis–like liver injury, autoimmune-like 

hepatitis, nodular regeneration, immunoallergic hepatitis, vanishing bile duct syndrome, and 

sinusoidal obstruction syndrome.  

The terms are classified in 5 hierarchical ranks. They are named System Organ Class (SOC), 

High Level Group Term (HLGT), High Level Term (HLT), Preferred Term (PT) and Lowest 

Level Term (LLT). 

MedDRA has in total 26 system organ classes in which the fifteenth class is related with all 

liver terms. It is used by drug authorization in some countries.  
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Figure 1: Screenshot of MedDRA homepage (29.08.2017) 

 

 

 

 

1.4.2. WHO-ART 

 
The World Health Organization’s Adverse Reaction Terminology (WHO-ART) was 

developed over thirty years. The structure is divided in thirty organ classes with a code number 

system. Liver and biliary system disorders are encoded in number 0700. It was mainly 

superseded when MedDRA was established and is no longer actively maintained. 
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1.4.3. SIDER 
 

Side Effect Resource which is better known as Sider is a database which contains free 

information of the connection of recorded side effects and the marketed drugs which cause 

that effects. Sider 4.1 is the latest version, which even holds information about some of the drug 

targets, but the direct connection between side effect and target is not given. Over a detour you 

get the information with the substance as a mediator. The adverse drug reactions are listed 

alphabetically.  

 

 

Figure 2: Screenshot of SIDER homepage (07.05.2019) 

 

 

 

1.4.4. MeSH, UMLS, SNOMED CT 

 
The Medical Subject Headings (MeSH), Unified Medical Language System (UMLS) and 

Unified Medical Language System (SNOMED CT) are Medical Terminologies of the US 

National Library of Medicine. (US NLM). MeSH is the vocabulary thesaurus of the US NLM. 

It has also a hierarchical structure of terms and is used for indexing articles in PubMED. It was 

not actively used during this diploma thesis but should be mentioned for consistency and 

completeness.  
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1.4.5. ADReCS 

 

A very interesting and good structured database is the Adverse Drug Reaction Classification System 

of the Bioinformatics Research Group of the School of life sciences of the Xiamen Univesity 

Xiamen in China.  

A unique ID of four digital combinations (xx.xx.xx.xxx) build the hierarchical sytem. 

The formation is based on and integrates several other side effect databases like DailyMed up 

to 80 percent, MedDRA, SIDER2, DrugBank, PubChem and UMLS. It is an open source 

database and has a very user-friendly interface. It contains 6544 ADR terms and has several 

tools like structural search tool, drug search by complete or partial SMILES string, chemical 

structure can be drawn or uploaded. [16] This database uses their own classification system of 

terms of adverse drug reactions which is basically based on the World Health Organization 

(WHO) Classification of ADRs. 

 

 

 

 

 

Figure 3: Screenshot of ADReCS homepage (15.08.2017) 
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2. METHODS 
 

2.1. Databases 
 

2.1.1. DART 
Many databases already exist which relate drugs to adverse outcomes. Despite that, there are 

only a few which give the connection from the target to the toxic side effect. One of them is 

DART which stands for Drug Adverse Reaction Target Database. During the process of this 

thesis the database contains entries for 147 ADR targets and 89 potential targets and a total of 

187 adverse reaction conditions. Furthermore, it holds information about 257 drugs, and 1080 

ligands known to bind to each of these targets. Multiple search methods could be applied, so 

that target name, target physiological function, adverse effect, ligand name, and biological 

pathways can be extrapolated. [17] No information from DART was extracted for this thesis, 

but it is mentioned here for the sake of completeness of those databases specialised on adverse 

drug reaction and direct target connection. 

 

 2.1.2. DITOP 
 

 

Figure 4: Screenshot of DITOPs searching function (14.07.2017) 

 

Drug-Induced Toxicity Related Protein Database is another database connecting adverse 

outcome directly to the target. It was established from a research group of the Xiamen 

University in China. The database uses ADReCS adverse reaction terms because it was 
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established by the same University. On the 30th of March 2017 it was containing the following 

entries 

Table A: List of targets in DITOP for ADRECS adverse reaction terms 

Skin and appendages disorders :  21 found 

Musculo-skeletal system disorders :  62 found 

Autonomic nervous system disorders :  28 found 

Central & peripheral nervous system disorders :  96 found 

Autonomic nervous system disorders :  28 found 

Vision disorders :  1 found 

Hearing and vestibular disorders :  7 found 

Special senses other, disorders :  1 found 

Psychiatric disorders :  31 found 

Gastro-intestinal system disorders :  67 found 

Liver and biliary system disorders :  105 found 

Metabolic and nutritional disorders :  59 found 

Endocrine disorders :  15 found 

Cardiovascular disorders, general :  108 found 

Myo-, endo-, pericardial & valve disorders :  24 found 

Heart rate and rhythm disorders :  27 found 

Respiratory system disorders :  35 found 

Vascular (extracardiac) disorders :  51 found 

Red blood cell disorders :  6 found 

 

In total there are 772 entries, but some targets are mentioned twice. Further, overdose toxicity, 

idiosyncratic toxicity, drug-drug interactions and genetic toxicity facts are provided. DITOP 

collects the literature-reported drug-induced toxicity related proteins and the information of 

adverse events. [18] 
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2.2. PubMed 
 

PubMed is a United States database for medical and scientific articles. It has been established 

by the National Center for Biotechnology Information (NCBI). Every article has its own unique 

ID, which allows to search for articles very quickly. It contains 27 million records representing 

articles in the biomedical literature redirecting to full-length research articles, clinical trials 

databases, molecular biology data and links to publishers’ Web sites. PubMed offers millions 

of abstracts for free. It acts as an intermediary and gives access to an enormous and steadily 

growing heap of information. As a huge meta-database it is undoubtedly a powerful source of 

gathered scientific information. [19] [20]   

 

During the data mining for this work PubMed was used to collect information about 

hepatotoxicity. Therefore, vast amounts of publications were read, and information extracted 

into a list. The significant advantage lies in the fact that, because of the numerous articles, it is 

a source for a widespread search. Thence, it is possible to read a vast amount of articles. This 

means that in a fraction of time it was possible to get a good overview of the articles related to 

hepatotoxicity. This was one branch of how data for this work were rallied. 

 

 

Figure 5: Screenshot of PubMed (15.06.2019) 
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2.3. KNIME® 
 

KNIME® is an open source software. It can be used for every kind of statistic and is therefore 

suitable for all kind of different scientific tasks. The KNIME® Analytics platform allows to 

build multiple workflows. Huge data sets of information can be scanned, sorted, changed and 

practically used in short time. In the end there is the possibility to depict the result by modern 

graphics or diagrams.  

The “Konstanz Information Miner” how it is called out spelled has its headquarters located in 

Zurich. Furthermore, they have offices in Konstanz, Berlin, and Austin. [21] It was outset in 

2004 and at first not intentionally developed for chemo-informatics. Despite that, KNIME® 

has now a broad spectrum of contributors from software vendors, academia pharma and small 

biotechnical labs. [22]  

KNIME® Analytics Platform offer workflow controls, mathematics & statistical functions, 

machine learning algorithms, advanced predictive algorithms, and other tasks. There is also the 

ability for image mining, text mining, and time series analysis. It has over 2000 modules and in 

addition, KNIME® Analytics Platform has numerous statistical functions and is capable of a 

variety of data types such as JSON, XML, documents, and images. Afterwards it is possible to 

analyse models and results easily. In the end the user can visualize the data with charts or other 

graphics. Besides that, it allows users to exchange workflows, build Web portals and create 

reusable workflows. During this research, KNIME® (version 4.3.2.) was used for different 

kinds of workflows.  

 

Figure 6: KNIME Analytics Platform working bench(17.07.2019) 
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At first all SIDER terms based on hepatotoxicity which were manually curated beforehand 

were uploaded by a file reader. The columns had to be renamed for further processing. Then 

the terms were grouped by its MedDRA numbers. A second branch of the workflow started 

with ADReCS terminology which was provided as an excel file. In the second node a row filter 

was used to receive all hepatotoxic terms and grouped them also by the MedDRA number. A 

“Joiner” matched the MedDRA numbers of those different start point branches. Then another 

filter was used to get the required terms. The output of the table was got by an excel writer 

and holds all terms related to liver damage.  

The second workflow was used to create a detailed table of target proteins related to 

hepatotoxicity. The main project of this research is to get a better overview of all targets related 

to hepatotoxicity. The picture shows one of the workflows and its basic operational steps.  

 

Figure 7: KNIME workflow Final Table overview 

The first branch starts with DITOP data. The information was filtered by hepatotoxicity terms 

and then grouped by the Uniprot Accession numbers. This table was saved as an excel file per 

excel writer. The second branch starts with my list which is called “Table 1”. It was grouped 

by the Uniprot Accession numbers and then joined with branch one. Now all targets are in one 

table, but a lot of colums were incomplete and difficult to work with. Via two more filter it 

was evident that there were 56 targets which were completely new and unique to DITOP. By 

means of a “table creator”, “cross joiner”, “manipulation”, “column filter”, “get request”, “Xpath” 

and “Excel writer” it was possible to get the PubMed URL of every protein in one table. From 

that point it was necessary to manually curate the table. The result could be seen in picture 2.  



METHODS 

14 

After that another workflow with KNIME was made, “Table 1” was merged with “Table 2. The 

joined tables resume in a final table, which give enormous information. Those results will be 

discussed in the chapters below. 

2.4. Creating the tables 

At first scientific literature which is known for its antitarget- side effect content was the basis. 

The relevant information was extracted into a list. A lot of information was dragged from the 

two books “Antitargets” published by Roy J. Vaz and Thomas Klabunde [2] and “Antitargets 

and Drug Safety” edited by Urban, Patel and Vaz [3].  

Starting from that point of view, most of the cited targets were directly searched for in 

PubMed. Most of them were collected from PubMed. Every article led to another one and so 

the mosaic of information was gained piece by piece. The citations of those publications lead 

also to more hepatotoxicity related articles. This method of collecting information was done 

until the list, which in the following is called Table 1, has 156 entries. An excel file was created 

and for every connection between a target and its adverse side effect a single entry was made. 

To make the list more useable for lateron additional information about the target was amended. 

Therefore, the abbreviation for every protein was given by the Uniprot Accession Number. 

Moreover, the Uniprot gene name was quoted. This information was manually extracted from 

Universal Protein Resource (UniProt).  Uniprot is a database, which holds information about 

protein sequence and annotation data. Its codes for proteins are used worldwide. It holds over 

120 million proteins and provide a global collection of protein sequences and annotations.  

Every entry in Table 1 holds additional information like the organism in which this side effects 

was seen. The name of the publication, the publication year and the name of the journal in 

which it was published is also in the list. All entries in that list were labelled with S for 

STROBL, to distinguish those entries from the ones of DITOP in the following overlap. 

It contains the most important headers for this target side effect information and some 

additional facts. To label the proteins with a relatively short number the Uniprot Identifyer 

was used. It is also called SwissProt and widely used worldwide.  

The target and gene names are also adopted from Uniprot to make further edits easier. The 

header “organism” indicates the species at which the side effect was observed. In the column 
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“toxicity” the specific term which was used in the published text was used. Therefore, it can 

be compared. Because only targets with effects on the liver where used, most terms are related 

with hepatotoxicity. DITOP targets also have various terms.  

Most of the referenced articles have a PubMed number, but some references refer to the 

previous mentioned books. To make sure an article can be found again the DOI number is 

mentioned. Some targets have other names in different publications and on this account, there 

is a column for other names of the target.  

For a better understanding the circumstance in which a publication is embedded are essential. 

That is why in the list the Journal in which the article was published, the publishing date and 

the title is added also. The column “label” only refers to the proteins found by myself in 

literature to distinguish it from the DITOP data after merging the lists.  

After creating the list (Table 1), it was combined with the DITOP list from Xiamen University 

to get a full overview of the targets related to hepatotoxicity.  

The DITOP list is an EXCEL file received from professor Lihong Huang from Xiamen 

University. They do research on the topic of hepatotoxicity and bioinformatics for several 

years. The file contains information about 2202 listings of all kind of toxic side effects.  This 

DITOP list has ten headers: RID, Drug name, Drug bank, Uniprot AC, ADReCS ID, ADR ID, 

ADR Term, Toxicity Detail, PMID, Species. Here a direct line can be drawn from the used drug 

to the side effect and further to the protein which is affected. from the DITOP data the 

hepatotoxicity related entries were extracted via KNIME. To work with the list KNIME was 

used to extract all the targets related to hepatotoxicity. 434 entries remained. This was 

achieved by manually curating the list. This could be done with the MedDRA codes for 

hepatotoxicity. An excel list remained with all those PubMed IDs. Via KNIME was the direct 

URL was connected to the ID. Afterwards each of this article was opened. The header and the 

publication date were extracted and formed a new list called Table 2. These entries all got the 

label D for DITOP because its origin was this database. With the help of the PubMed ID the 

list could be completed regarding the journal in which it was published, the title and the 

publishing year. Finally, those two tables were merged. Hence, KNIME was the medium of 

choice. The results are unfolded in the next chapter.  
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Figure 8: KNIME workflow to extract the hepatotoxicity related proteins out of the full DITOP list 
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3. RESULTS

3.1. Terminology of hepatotoxicity 

Referring to nature.com hepatotoxicity is “damage or injury to the liver as a result of damaging 

or destructive agents such as drugs or industrial chemicals which are termed hepatotoxins” 

[24]. Hepatotoxicity is a term encompassing a wide variety of liver injuries. It stretches from 

acute to chronic damages like steatosis or necrosis up to elevation in serum enzymes, which 

can sometimes predict liver injury.  

In the following table (Table B) is an excerpt of the terminology of adverse side effects 

mentioned in the final table. Therefore, all termes are sorted alphabetically. The table contains 

42 terms. The number shows how often this term is counted in the final list. This gives an 

overview of the mostly used terminology of the mentioned published articles.  

Table B: List of adverse side effect mentioned in terminal 
list of this work 

Acute hepatic failure 7 
Acute liver failure 1 
Acute liver injuries 1 
Adverse effects 1 
Cardiac anaphylaxis 1 
Cholestasis 37 
Cholestasis and Jaundice 1 
Cholestasis inPFIC1 1 
Cholestasis of pregnancy 1 
Cholestasis, DILI 1 
Cholestatic liver disease 1 
Could trigger intrahepatic cholestasis 4 
DILI 8 
Drug induced hepatitis 3 
Dubin-Johnson-Syndrom 3 
Expressed in liver , inducable, sensitive 1 
Expressed in lung, placenta, 
lymphocytes 

1 

Hepatic cirrhosis 7 
Hepatic encephalopathy 2 
Hepatic failure 4 
Hepatic function abnormal 36 
Hepatic necrosis 7 

Hepatic steatosis 36 
Hepatitis 46 
Hepatocyte necrosis 1 
Hepatomegaly 4 
Hepatotoxicity 233 
Hyperbilirubinemia 1 
Idiosyncratic liver toxicity 1 
Jaundice 12 
Liver disorder 22 
Liver failure 1 
Liver failure, fatal DILI 3 
Liver injury 64 
Lung injury 1 
Metastases to liver 18 
Porphyrin metabolism disorder 4 
Prehepatic cholestasis 1 
Progressive cholestatic liver injury 1 
Progressive familial intrahepatic 
cholestasis 

1 

Progressive familial intrahepatic 
cholestasis type 1 

1 

Progressive familial intrahepatic 
cholestasis type 2 

1 
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The most cited term is Hepatotoxicity, which is a widely used term and not very specific. Liver 

injury and Hepatic function abnormal are as well very unspecific terms. Cholestasis, steatosis 

ad hepatitis are listed often and are very specific.  

Cholestasis is causes by various inbalanced physical ways resulting in accumulation of bile 

acids, bilirubin and cholesterol. It is a stagnation, or at least a reduction, in bile secretion and 

flow. There is the possibility of extrahepatic biliary obstruction (e.g. stones, tumors, biliary 

atresia) or on the other hand intrahepatic biliary obstruction (e.g. primary biliary cirrhosis, 

primary sclerosing cholangitis) or it can be intrahepatic cholestasis (e.g. drugs, genetic 

transporter defects, or infections). The physiological consequences of reduced intestinal bile 

acids include maldigestion of fat and malabsorption of fat-soluble vitamins. In the further 

process it can lead to apoptosis or necrosis of hepatocytes. hepatic fibrosis, cirrhosis and 

hepatic failure or the complications of portal hypertension. 

Hepatic steatosis can be caused by nonalcoholic fatty liver disease (NAFLD), alcoholism, 

metabolic, toxic, and infectious causes like drugs or other diseases. 

Jaundice, which is also known as icterus, describes a yellow discoloration of the skin and eyes. 

Mostly it is caused by increased serum bilirubin. Jaundice can happen to people of all ages. It 

normally indicates a problem with the liver or bile duct like inflammation, obstruction of bile 

flow or a handful of other diseases like for example Dubin-Johnson syndrome.  

Acute liver failure can either happen by poisoning from toxins or drug overdose or viral 

infections, while at chronic liver failure inflammation progresses slowly and steadily. Often it 

is a result of former liver diseases like cirrhosis.  
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3.2.1. Hepatotoxicity related targets in manual curated list (Table 1) 

Table 1 has in total 155 entries of targets. Every row in this table is referring to a protein 

mentioned in a certain publication. Only those proteins are collected which are connected to a 

hepatotoxic side effect. The adverse reaction terms used in this table rely on the terms of the 

publication from which they where extracted. Some terms are very specific, while others just 

use hepatotoxicity and not specialise. MedDRA encoded those terms in numbers, which makes 

it practicable to use and to compare. Different species are listed including human as well as rat 

or mouse. The terms used rely on the terms of the publication. The colour code tries to evaluate 

the meaningfulness of the found article. Green comments seem to be very reliable, yellow seem 

to be all right and red commented articles could be untrustworthy. This is mainly based on or 

influenced by the author’s opinion. Therefore, it is not measurable and just a guideline to the 

reader. The MedDRA codes were manually curated to the terms in the list. “References” refer 

to the PubMED ID except that there is no PubMED ID. Then the PMCID or the book title was 

used. If a DOI number exists, it is mentioned in the same named column. The date and title of 

publication and the journal are also in the table 

There are 52 different Uniprot AC in the table and 16 different terms of hepatotoxicity. The 

journals amount to 44 different ones and the date is ranking from 1988 to the youngest 

publication 2017.  

The most cited protein is the “Bile salt export pump”. It is counted 25 times. Progressive 

familial intrahepatic cholestasis type 2, cholestasis, DILI, progressive familial intrahepatic 

cholestasis and liver injury are related to that target when inhibited or mutated. The second 

most protein is “Canalicular multispecific organic anion transporter 1”. It has 10 entries and is 

related with the Dubin-Johnson-Syndrom, Cholestasis, Liver injury, Cholestasis and Jaundice. 

The “Nuclear receptor subfamily 1 group I member 2” has 9 different entries. Hepatotoxicity, 

Cholestasis, Liver injury, Hepatic steatosis are related to this target. 
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Figure 9: A  section of Table 1 (Full list in appendix; 22.02.2019)
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3.2.2. Hepatotoxic side effect DITOP proteins (Table 2) 

Table 2 contains all Uniprot Accession numbers from the DITOP databank, which are related 

to hepatotoxicity. Therefore, the whole data has been filtered by their MedDRA numbers 

related to hepatotoxicity in Knime. Then they were filtered by their Uniprot accession 

numbers. For every target and its own Pubmed ID were established a single row. For example, 

if a target were mentioned in five different articles five rows were created. As a result the table 

contains 434 single entries that are related to hepatotoxicity in DITOP. There are 68 different 

targets in connection with hepatotoxicity which are displayed in Table C. The Uniprot protein 

gene names are listed there in alphabetical order. Then additional information was added like 

the title and the date of the publication as well as the journal name, toxicity, MedDRA code, 

DOI, Uniprot gene name and the label. All those colums were added manually. The conclusion 

was that it is now compareable to the Table 1 which was created before. The most cited target 

of DITOP is Alanine aminotransferase 1, which has 40 entries.  Transcription factor AP-1 and 

Cytochrome P450 1A1 are the ones with the fewest entries. This data of the Xiamen university 

is all labelled with D for DITOP and used lateron for comparison to Table 1. The figure below 

shows a section of Table 2.  

Figure 10: Screenshot of a section of Table 2 (17.06.2019)
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Table C: List of Proteins extracted from DITOP in 
alphabetical order. 

Alanine aminotransferase 1 
Alanine aminotransferase 2 
Albumin-8 
Alkaline phosphatase, placental type 
Alkaline phosphatase, tissue-nonspecific 
isozyme 
Alpha-1-acid glycoprotein 1 
Alpha-2A adrenergic receptor 
Arylamine N-acetyltransferase 2 
Aspartate aminotransferase, mitochondrial 
Beta-2 adrenergic receptor 
Bile salt export pump 
Caspase recruitment domain-containing protein 
10 
Caspase recruitment domain-containing protein 
10 
Cholinesterase 
C-reactive protein
CYP2B protein 
Cytochrome P450 1A1 
Cytochrome P450 1A2 
Cytochrome P450 2A6 
Cytochrome P450 2C19 
Cytochrome P450 2C9 
Cytochrome P450 2D6 
Cytochrome P450 2E1 
Cytochrome P450 3A4 
Endothelin-1 
Epidermal growth factor receptor 
Fibroblast growth factor 4 
Gamma-glutamyltranspeptidase 1 
Glucocorticoid receptor 
Glyceraldehyde-3-phosphate dehydrogenase 
Glycogen [starch] synthase, muscle 
Haptoglobin 
Hepatic triacylglycerol lipase 

Hepatocyte growth factor 
Insulin receptor substrate 1 
Insulin receptor substrate 2 
Intercellular adhesion molecule 1 
L-lactate dehydrogenase A chain
Low-density lipoprotein receptor-related protein 
11 
Lysosomal alpha-mannosidase 
Lysosome-associated membrane glycoprotein 1 
Metallothionein-1A 
Mitogen-activated protein kinase 1 
Myeloperoxidase 
N-alpha-acetyltransferase 20
Nitric oxide synthase, endothelial 
Ornithine decarboxylase 
Phosphatidylinositol 4-phosphate 3-kinase C2 
domain-containing subunit alpha 
Proliferating cell nuclear antigen 
Protein kinase C delta type 
Solute carrier family 12 member 3 
Solute carrier family 2, facilitated glucose 
transporter member 4 
Sorbitol dehydrogenase 
Sterol regulatory element-binding protein 1 
Sterol regulatory element-binding protein 2 
Sulfotransferase 1A3 
Transcription factor AP-1 
Transforming protein v-Fos/v-Fox 
Tyrosine aminotransferase 
Tyrosine-protein kinase ABL1 
UDP-glucuronosyltransferase 1-1 
UDP-glucuronosyltransferase 1-6 
UDP-glucuronosyltransferase 1-9 
UDP-glucuronosyltransferase 2B15 
Uroporphyrinogen decarboxylase 

. 
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3.2.3. Merged list of hepatotoxic proteins (Final Table) 

The final table of this work contains 104 different proteins and has 554 single entries. Those 

were created by matching my list (Table 1) with the DITOP data (Table 2). The interaction of 

these proteins is connected to a certain kind of hepatotoxicity in at least one publication. The 

full table can be found in the appendix.  

After delimiting the huge data by grouping the double entries of several target proteins by 

their Uniprot AC number, only 54 remained which are not on my list and unique to DITOP. 

Furthermore, there are 28 targets found during this work which are not mentioned in 

DITOP.The table below gives the total overview over the hitherto known targets related to 

hepatotoxicity. The label shows in which of the two lists the protein is originated. The count 

shows how in how many articles the connection to adverse hepatic side effects is given.  

Table D: Summary of the Proteins of the Final Table (Full list in appendix) 

Uniprot 
AC 

Uniprot Gene Name Hepatotoxicity related to it Label Count 

O00443 Phosphatidylinositol 4-
phosphate 3-kinase C2 
domain-containing subunit 
alpha 

Liver injury D 4 

O00754 Lysosomal alpha-
mannosidase 

Metastases to liver D 9 

O15068 Guanine nucleotide exchange 
factor DBS 

Could trigger intrahepatic cholestasis S 1 

O15438 Canalicular multispecific 
organic anion transporter 2 

Cholestasis/ Could trigger intrahepatic 
cholestasis 

S 2 

O15439 Multidrug resistance-
associated protein 4 

Liver injury/ Could trigger intrahepatic 
cholestasis/ Cholestasis 

S 3 

O43520 Phospholipid-transporting 
ATPase IC 

Cholestasis/ Progressive familial 
intrahepatic cholestasis type 1/ 
Cholestatic liver disease  

S 3 

O60656 UDP-glucuronosyltransferase 
1-9

Hepatotoxicity/ Hepatic failure D/ S 5 

O70127 Bile salt export pump Hepatotoxicity/ Cholestasis S 2 
O75469 Nuclear receptor subfamily 1 

group I member 2 
Cholestasis/ Hepatotoxicity/ Hepatic 
steatosis 

S 5 

O95342 Bile salt export pump Liver injury/ Cholestasis/ Progressive 
familial intrahepatic cholestasis/ DILI/ 
Cholestasis, DILI 

S/ D 25 

P00338 L-lactate dehydrogenase A
chain

Hepatotoxicity D 7 

P00505 Aspartate aminotransferase, 
mitochondrial 

Acute hepatic failure D 3 

P00519 Tyrosine-protein kinase ABL1 Hepatomegaly D 4 
P00533 Epidermal growth factor 

receptor 
Hepatic function abnormal D 7 

P00734 Prothrombin DILI/ Hepatotoxicity S 2 
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P00738 Haptoglobin Hepatic steatosis/ Hepatic function 
abnormal 

D 14 

P00966 Argininosuccinate synthase Hepatic encephalopathy S 1 
P02741 C-reactive protein Hepatitis D 9 
P02763 Alpha-1-acid glycoprotein 1 Hepatic cirrhosis D 4 
P03372 Estrogen receptor Hepatotoxicity/ Hepatic steatosis S 2 
P04035 3-hydroxy-3-methylglutaryl-

coenzyme A reductase 
Hepatotoxicity S 1 

P04150 Glucocorticoid receptor Hepatotoxicity/ Hepatic steatosis  D/ S 5 
P04406 Glyceraldehyde-3-phosphate 

dehydrogenase 
Liver injury D 4 

P04731 Metallothionein-1A Hepatotoxicity D 3 
P04798 Cytochrome P450 1A1 Hepatotoxicity D 2 
P05164 Myeloperoxidase Hepatotoxicity D 3 
P05177 Cytochrome P450 1A2 Hepatotoxicity/ Drug induced hepatitis D/ S 10 
P05181 Cytochrome P450 2E1 Hepatotoxicity/ Hepatitis/ Drug induced 

hepatitis 
D/ S 22 

P05186 Alkaline phosphatase, tissue-
nonspecific isozyme 

Jaundice/ Hepatotoxicity D 7 

P05187 Alkaline phosphatase, 
placental type 

Hepatitis/ Hepatotoxicity D 12 

P05305 Endothelin-1 Liver disorder D 4 
P05362 Intercellular adhesion 

molecule 1 
Liver injury D 7 

P05412 Transcription factor AP-1 Hepatotoxicity D 2 
P06132 Uroporphyrinogen 

decarboxylase 
Porphyrin metabolism disorder D 4 

P06276 Cholinesterase Hepatotoxicity D 2 
P07550 Beta-2 adrenergic receptor Hepatotoxicity/ Cardiac anaphylaxis D/ S 8 
P08183 Multidrug resistance protein 

1 
Cholestasis/ Hepatotoxicity S 2 

P08620 Fibroblast growth factor 4 Hepatotoxicity D 3 
P08684 Cytochrome P450 3A4 Hepatotoxicity D/ S 34 
P08913 Alpha-2A adrenergic receptor Liver injury/ Adverse effects / 

Hepatotoxicity 
D/ S 9 

P0DMM9 Sulfotransferase 1A3 Hepatic necrosis D 3 
P10276 Retinoic acid receptor alpha Hepatic steatosis S 1 
P10635 Cytochrome P450 2D6 Hepatotoxicity/ Liver failure, fatal DILI D/ S 9 
P10826 Retinoic acid receptor beta Hepatic steatosis S 1 
P11245 Arylamine N-

acetyltransferase 2 
Liver injury D 4 

P11279 Lysosome-associated 
membrane glycoprotein 1 

Liver injury D 6 

P11509 Cytochrome P450 2A6 Hepatotoxicity D 6 
P11712 Cytochrome P450 2C9 Hepatotoxicity/ Liver failure, fatal DILI/ 

Drug induced hepatitis 
D/ S 15 

P11926 Ornithine decarboxylase Hepatotoxicity D 3 
P12235 ADP/ATP translocase 1 Acute hepatic failure S 1 
P12821 Angiotensin-converting 

enzyme 
Liver injury/ Hepatotoxicity/ Hepatitis S 3 

P13631 Retinoic acid receptor gamma Hepatic steatosis S 1 
P13807 Glycogen [starch] synthase, 

muscle 
Hepatic function abnormal D 8 

P14210 Hepatocyte growth factor Hepatic function abnormal D 7 
P14672 Solute carrier family 2, 

facilitated glucose transporter 
member 4 

Liver disorder D 3 

P14740 Dipeptidyl peptidase 4 Hepatotoxicity S 2 
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P17735 Tyrosine aminotransferase Hepatotoxicity D 4 
P19224 UDP-glucuronosyltransferase 

1-6 
Hepatotoxicity D 4 

P19440 Gamma-
glutamyltranspeptidase 1 

Hepatitis D 9 

P21439 Phosphatidylcholine 
translocator ABCB4 

Cholestasis/ Progressive cholestatic liver 
injury 

S 6 

P21447 Multidrug resistance protein 
1A 

Hepatocyte necrosis S 1 

P22309 UDP-glucuronosyltransferase 
1-1 

Idiosyncratic liver toxicity/ 
Hepatotoxicity 

S/ D 5 

P23110 Albumin-8 Hepatic function abnormal D 7 
P23219 Prostaglandin G/H synthase 1 Hepatotoxicity S 1 
P24298 Alanine aminotransferase 1 Liver injury/ Hepatotoxicity/ Jaundice/ 

Hepatic cirrhosis/ Hepatic necrosis/ 
Acute hepatic failure/ Hepatic steatosis 

D 40 

P27656 Hepatic triacylglycerol lipase Metastases to liver D 9 
P28482 Mitogen-activated protein 

kinase 1 
Liver injury D 4 

P29176 Transforming protein v-
Fos/v-Fox 

Hepatotoxicity D 2 

P29474 Nitric oxide synthase, 
endothelial 

Liver disorder D 4 

P31327 Carbamoyl-phosphate 
synthase [ammonia], 
mitochondrial 

Hepatic encephalopathy S 1 

P33261 Cytochrome P450 2C19 Hepatotoxicity/ Liver failure, fatal DILI D/ S 5 
P35348 Alpha-1A adrenergic receptor Hepatotoxicity  S 1 
P35568 Insulin receptor substrate 1 Liver injury D 4 
P35869 Aryl hydrocarbon receptor Hepatic steatosis S 1 
P36956 Sterol regulatory element-

binding protein 1 
Hepatic steatosis D 4 

P37231 Peroxisome proliferator-
activated receptor gamma 

Acute liver injuries/ Hepatic steatosis S 2 

P54098 DNA polymerase subunit 
gamma-1 

Hepatotoxicity/ Hepatic failure S 2 

P54855 UDP-glucuronosyltransferase 
2B15 

Hepatotoxicity D 4 

P55017 Solute carrier family 12 
member 3 

Hepatotoxicity D 3 

P61599 N-alpha-acetyltransferase 20 Hepatotoxicity D 2 
Q00268 Proliferating cell nuclear 

antigen 
Liver injury D 4 

Q00796 Sorbitol dehydrogenase Hepatotoxicity D 9 
Q05421 Cytochrome P450 2E1 Hepatotoxicity S 1 
Q05655 Protein kinase C delta type Hepatic steatosis D 7 
Q07869 Peroxisome proliferator-

activated receptor alpha 
Hepatic steatosis S 1 

Q12772 Sterol regulatory element-
binding protein 2 

Hepatic steatosis D 4 

Q13133 Oxysterols receptor LXR-
alpha 

Hepatic steatosis S 1 

Q14032 Bile acid-CoA:amino acid N-
acyltransferase 

Cholestasis S 1 

Q14097 CYP2B protein Hepatotoxicity D 3 
Q148W0 Phospholipid-transporting 

ATPase IC 
Cholestasis S 1 

Q14973 Sodium/bile acid 
cotransporter 

Hepatotoxicity/ Prehepatic cholestasis/ 
Cholestasis 

S 3 
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Q14994 Nuclear receptor subfamily 1 
group I member 3 

Hepatic steatosis/ Hepatotoxicity/ 
Hepatoxicity 

S 5 

Q28DB5 Alanine aminotransferase 2 Hepatitis D 9 
Q86VZ4 Low-density lipoprotein 

receptor-related protein 11 
Liver disorder D 11 

Q8QZR5 Alanine aminotransferase 1 Hepatotoxicity D 7 
Q91Y86 Mitogen-activated protein 

kinase 8 
Protection S 1 

Q92887 Canalicular multispecific 
organic anion transporter 1 

Liver injury/ Cholestasis/ Dubin-Johnson 
syndrome/ Cholestasis of pregnancy/ 
Could trigger intrahepatic cholestasis/ 
Cholestasis and Jaundice 

S 8 

Q96RI1 Bile acid receptor/ Farnesoid 
X receptor 

Hepatotoxicity/ Cholestasis/ Cholestasis 
inPFIC1/ Hepatic steatosis 

S 6 

Q9BWT7 Caspase recruitment domain-
containing protein 10 

Hepatotoxicity D 4 

Q9NPD5 Solute carrier organic anion 
transporter family member 
1B3 

Hepatic failure S 1 

Q9UHN1 DNA polymerase subunit 
gamma-2, mitochondrial 

Hepatotoxicity/ Hepatic failure S 2 

Q9UJ14 Caspase recruitment domain-
containing protein 10 

Jaundice D 4 

Q9Y4H2 Insulin receptor substrate 2 Liver injury D 4 
Q9Y6L6 Solute carrier organic anion 

transporter family member 
1B1 

Hepatotoxicity/ Hyperbilirubinemia S 3 
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3.3. Journals 
 

Different journals from around the world are considered, to get a diverse data set. The search 

for targets was not restricted to certain journals or parameters. As a result, 139 different 

journals are referred to in this work in the final table, which is in the appendix. Most of the 

articles can be found at PubMed with the specific PubMed ID and in addition, the DOI is 

mentioned if available. 

The following table (Table E) should give a better overview of all journals and publications 

which were listed during this research. The journals are sorted alphabetically. The number of 

articles show how often this journal was mentioned in the final table. Furthermore, the 

publication dates of those articles are displayed in ascending order. This additional 

information indicates how long this hepatotoxic effect is already well known. In the third 

column the Impact Factor (IF) is mentioned if available. This impact factor calculation is based 

on the work of Dr. Zdrazil.   

 

Table E: List of Journals mentioned in the final table 

Journal Number 
of articles 

Date of 
Publication(Count) 

Impact Factor in 
year of publication 

AIDS 2 1998(1), 2000(1) 6.109/ 8.018 
Acta Diabetologica 1 1994(1) NA 
Acta anaesthesiologica Sinica 1 1998(1) NA 
Acta pharmacologica et toxicologica 2 1983(2) NA 
Acta physiologica, pharmacologica et 
therapeutica latinoamericana 

1 1992(1) NA 

Advances in experimental medicine and 
biology 

1 1991(1) NA 

Alcoholism, clinical and experimental 
research 

3 1995(1), 1998(1), 
1999(1) 

NA/ NA/ 
2.013 

American journal of surgery 1 1992(1) NA 
American journal of veterinary research 3 1992(1), 1993(1), 

1994(1) 
NA 

Anesthesia and analgesia 1 1995(1) NA 
Anesthesiology 7 1979(1), 1981(1), 

1983(1), 1988(1), 
1993(1)1995(1), 
2001(1),  

NA/NA/ 
NA/NA/ 
NA/NA/ 
3.381 

Annals of emergency medicine 1 2004(1) 2.623 
Annals of internal medicine 1 1982(1) NA 
Annals of oncology 1 1994(1) NA 
Annual review of pharmacology and 
toxicology 

1 2005(1) 19.833 

Archives of biochemistry and biophysics 1 1995(1) NA 
Archives of dermatological research 1 1982(1) NA 
Biochemical Society Symposium 1 1995(1) NA 
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Biochemical and biophysical research 
communications 

2 1983(1), 1987(1) NA 

Biochemical medicine and metabolic 
biology 

1 1987(1) NA 

Biochemical pharmacology 3 1992(1), 1993(2) NA 
Biochemistry 1 2016(1) NA 
Biochimica et biophysica acta 1 2007(1) 2.371 
Biomedicine and pharmacotherapy 1 1999(1) 0.852 
Blood cells, molecules & diseases 1 1998(1) 3.026 
British Journal of Clinical Pharmacology 3 1980(1), 1989(1), 

2005(1) 
NA/NA/ 
2.777 

British journal of anesthesia 1 1986(1) NA 
British journal of haematology 1 2002(1) 3.052 
British medical Bulletin 1 1978(1) NA 
Canadian Journal of Gastroenterology 2 2000(2) 1.645 
Cancer Research 3 1994(1), 1996(2) NA/NA 
Cardiology Journal 1 2017(1) NA 
Carcinogenesis 2 1995(1), 1999(1) NA/ 4.118 
Cell Transplantation 1 1998(1) 1.818 
Chemical research in toxicology 17 1999(3), 1994(1), 

1995(1), 1996(1), 
1997(1), 2001(4), 
2002(2), 2005(1), 
2006(1), 2011(1) 
2017(1), 

NA/NA/ 
NA/NA/ 
NA/ 3.179/ 
3.607/ 3.339/ 
3.162/ 3.779/ 
NA 

Chemico-Biological Interactions 3 2002(1), 2004(2) 1.261/ 2.789 
Clinical Cancer Research 6 1997(1), 2001(1), 

2002(2), 2003(2) 
NA/ 5.076/ 
5.991/ 6.511 

Clinical Science 1 1980(1) NA 
Clinical chemistry 1 1994(1) NA 
Clinical communication 1 1998(1) NA 
Clinical infectious diseases 1 2000(1) 2.972 
Clinical pharmacokinetics 2 1997(1), 2003(1) 3.899 
Clinical pharmacology and therapeutics 3 1999(1), 2000(1), 

2001(1) 
4.394/ 4.846/ 
5.275 

Clinics and Research in Hepatology and 
Gastroenterology 

1 2012(1) 1.348 

Critical reviews in toxicology 2 2013(1), 2016(1) NA 
Current Opinion in Lipidology 1 2009(1) 6.133 
Dermatology 1 1996(1) NA 
Deutsche Medizinische Wochenschrift 1 1995(1) NA 
Diabetes 1 1980(1) NA 
Drug and Chemical Toxicology 1 1988(1) NA 
Drug metabolism and disposition: the 
biological fate of chemicals 

16 1981(1), 1984(1), 
1987(1), 1991(1), 
1996(2), 1998(1), 
1999(1), 2000(1), 
2002(1), 2004(1), 
2006(1), 2012(1), 
2014(3) 

NA/NA/ 
NA/NA/ 
NA/2.271/ 
2.519/ 2.513/ 
3.277/ 3.836/ 
3.638/ 3.361/ 
3.252 

Drug metabolism reviews 4 1992(1), 1997(1), 
2007(1), 2010(1) 

NA/NA/ 
5.579/ 6.263 

Drugs in R&D 1 2003(1) NA 
Endocrine practice 1 2001(1) NA 
Endocrinology 1 1983(1) NA 
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European journal of clinical pharmacology 2 1987(1), 2006(1) NA 
European journal of drug metabolism and 
pharmacokinetics 

1 1998(1) 0.556 

European journal of gastroenterology and 
hepatology 

1 1995(1) NA 

European journal of haemotology. 
Supplementum. 

1 1996(1) NA 

European neuropsychopharmacology: the 
journal of the European College of 
Neuropsychopharmacology 

1 2002(1) NA 

Free Radical Biology and Medicine 1 2001(1) 5.082 
Gastroenterology 2 1988(1), 2002(1) NA/ 13.44 
Handbook of experimental pharmacology 3 2010(2), 2011(1) NA 
Hepatology 15 1985(1), 1996(3), 

1997(1), 1998(1), 
2000(1), 2001(3), 
2003(1), 2004(1), 
2006(1), 2007(1), 
2010(1) 

NA/ NA/ 
NA/ 5.621/ 
7.304/ 8.096/ 
9.503/ 10.416/  
10.446/ 10.734/ 
10.885 

Italian journal of gastroenterology and 
hepatology 

1 1998(1) 0.589 

Journal of Cellular Physiology 1 1996(1) NA 
Journal of Hepatology 6 1989(1), 1997(2), 

2002(1), 2003(1), 
2009(1) 

NA/NA/ 
4.974/ 5.283/ 
7.818 

Journal of Medical Virology 1 2003(1) 2.371 
Journal of acquired immune deficiency 
syndromes 

2 2000(1), 2003 (1) NA 

Journal of applied toxicology: JAT 1 1987(1) NA 
Journal of clinical gastroenterology 1 1998(1) 0.763 
Journal of gastrointestinal and liver 
diseases 

1 2010(1) 1.434 

Journal of medicinal chemistry 1 2005(1) NA 
Journal of pharmacokinetics and 
biopharmaceutics 

4 1992(1), 1995(1), 
1998(2) 

NA/ NA/ 
1.477 

Journal of the American Medical 
Association 

1 2000(1) NA 

Journal of the American Veterinary Medical 
Association 

3 1982(1), 1984(1), 
1985(1) 

NA 

Journal of the Formosan Medical 
Association 

1 1996(1) NA 

Journal of toxicology and environmental 
health 

2 1995(1), 1996(1) NA 

Lancet 4 1998(1), 1999(1), 
2000(1), 2001(1), 

11.793/ 10.197/ 
10.232/ 13.251 

Leukemia 1 2005(1) 6.612 
Life sciences 2 1994(1), 2001(1) NA/ 1.758 
Masui 4 1990(1), 1994(1), 

1995(1), 2002(1) 
NA 

Medical Hypotheses 1 2001(1) 0.745 
Medical Toxicology 1 1986(1) NA 
Methods and findings in experimental and 
clinical pharmacology 

1 1998(1) 0.322 

Molecular endocrinology 4 1998(1), 2000(2), 
2005(1) 

7.853/ 6.251/ 
5.807 
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Molecular pharmacology 1 2001(1) 5.297 
National Toxicology Program technical 
report series 

1 1993(1) NA 

Onkologie 1 2000(1) 0.64 
Pediatric infectious disease 1 1985(1) NA 
Pediatrics international: official journal of 
the Japan Pediatric Society 

1 2003(1) NA 

Pharmacogenetics 1 1997(1) NA 
Pharmacology and Toxicology 2 1988(1), 1990(1) NA 
Pharmacology and therapeutics 1 1995(1) NA 
Physiological reviews 1 2003(1) 27.067 
Physiology and behavior 1 1994(1) NA 
Presse medicale 1 2001(1) 0.398 
Proceedings of the National Academy of 
Sciences of the United States of America 

1 1996(1) NA 

Progress in lipid research 1 2003(1) 10 
Prostaglandins, leukotrienes and essential 
fatty acids 

1 2005(1) 1.807 

Psychopharmacology 1 1999(1) 3.032 
Recenti progressi in medicina 1 2000(1) NA 
Regional anesthesia and pain medicine 1 2003(1) 1.766 
Research communication in chemical 
pathology and pharmacology 

5 1984(1), 1986(1), 
1987(2), 1996(1) 

NA 

Scandinavian journal of clinical and 
laboratory investigation 

1 2001(1) NA 

Science 2 2002(2) 26.682 
Seminars in liver disease 1 2010(1) 5.286 
Sexually transmitted diseases 1 1983(1) NA 
Shock 1 2004(1) 3.122 
The American Journal of Medicine 1 1992(1) NA 
The American Journal of Physiology 3 1997(1), 1999(1), 

2000(1) 
NA/ 3.077/ 
NA 

The American Journal of Gastroenterology 4 1997(1), 2001(2), 
2003(1) 

NA/ 3.549/  
4.172 

The American review of respiratory disease 2 1978(1), 1979(1) NA 
The Annals of pharmacotherapy 5 1992(1), 1994(1), 

1998(1), 2002(1), 
2004(1) 

NA/ NA/ 
1.276/ 1.796/ 1.739 

The Biochemical journal 1 1995(1) NA 
The British Journal of dermatology 5 1995(1), 1996(2), 

2005(2) 
NA/ NA/ 
2.978 

The British Journal of venereal diseases 1 1984(1) NA 
The Journal of biological chemistry 5 1984(1), 2002(1), 

2001(1), 2003(1), 
2004(1) 

NA 

The Journal of clinical investigation 1 1988(1) NA 
The Journal of pharmacology and 
experimental therapeutics 

2 1985(1), 1994(1) NA 

The Journal of the Association of 
Physicians of India 

1 2000(1) NA 

The New England Journal of Medicine 1 1986(1) NA 
The international journal of biochemistry 1 1984(1) NA 
The journal of biological chemistry 1 1996(1) NA 
The journal of clinical investigation 1 1993(1) NA 
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The journal of laboratory and clinical 
medicine 

2 1975(1), 1985(1) NA 

The journal of pharmacology and 
experimental therapeutics 

4 1986(1), 1989(1), 
1997(2) 

NA 

The journal of steroid biochemistry and 
molecular biology 

1 2012(1) 3.984 

The journal of veterinary medicinal science 3 1993(2), 2002(1) NA/ 0.496 
Therapeutic drug monitoring 1 2000(1) 1.732 
Toxicologic pathology 2 1987(1), 2005(1) NA/ 1.962 
Toxicological sciences 4 2003(1), 2005(1), 

2013(2) 
3.067/ 3.088/ 
4.478 

Toxicology 7 1976(1), 1988(1), 
1995(1), 1996(1), 
2000(1), 2001(1), 
2010(1) 

NA/ NA/ 
NA/ NA/ 
1.427/ 1.752/ 
3.641 

Toxicology and applied pharmacology 10 1983(1), 1984(2), 
1986(1), 1989(1), 
1991(2), 1993(2), 
2016(1) 

NA 

Toxicology letters 1 1991(1) NA 
Veterinary research communications 1 1994(1) NA 
World journal of gastroenterology 1 2012(1) 2.547 
Xenobiotica 1 1988(1) NA 
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4. DISCUSSION 
 

4.1. Journals 
 

The journals mentioned in this work, are based on different main focusses like biology, cancer 

research or chemistry. Despite that, they have all published articles united on the topic of 

hepatotoxicity. In response to growing health concerns, research on hepatotoxicity is 

continuously expanding in all sorts of fields. 

The most cited journal here is “Drug metabolism and disposition: the biological fate of 

chemicals”.  It was founded 1973 by Kenneth C. Leibman and is published from the American 

Society for Pharmacology and Experimental Therapeutics.  

An attempt to rank the credibility of scientific journals is the Impact Factor (IF). Therefore, 

the yearly average number of citations is considered. It was established by Eugene Garfield. 

This measurement is an attempt to show the importance of the journal on its scientific field. 

The IF has the aim to display that trustworthiness correlates with the height of the impact 

factor. The higher the impact factor, the more reliable the journal and its publications are. The 

factor is calculated yearly and therefore changing consequently throughout time. It is a method 

with which scientists can compare the liability of the published article. Although it is a help 

to evaluate the integrity of the journal or a certain article, there is also a lot of criticism 

regarding the impactor factor. [23] It can be used as a guideline but should not be seen as a 

dogma. This is because this system of citations can be also manipulated. Furthermore, it has to 

be taken into account, that small scientific fields are not cited that often, although their 

research is quite solid. Moreover, rarely spoken languages have less citations than others. A 

good example for that is the Japanese journal of anesthesiology “Masui” published by Nippon 

Masui Gakki. In 2002 when some of the mentioned articles were published it had an Impact 

Factor of 0.17 [24]. Despite that low IF the information published can be of great significance. 

Nevertheless, this method obviously does have some significant advantages, such as indicate a 

general direction which journals could offer the more reliable information.  
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4.2. Selected Proteins 
 

In this chapter some of the most interesting targets are described more closely. The Alanine 

aminotransferase 1 was the one with the most entries in this work. Likewise, Cytochromes 

P450 3A4 is one with the second most entries and deserves a closer look. The Bile salt export 

pump has very specific hepatic adverse side effect terms and is therefore important to discuss. 

Nuclear receptor subfamily 1 group I member 2 and the Phosphatidylcholine translocator 

ABCB4 do not have a lot of entries but they all are unique in Table 1 and are not mentioned by 

DITOP.  

 

4.2.1. Nuclear receptor subfamily 1 group I member 2 
 

Nuclear receptor subfamily 1 group I member 2 with gene name NR1I2 has 5 entries in this 

works final table. It is also known as Pregnane X receptor or Orphan nuclear receptor PXR. It 

has a length of 434 aminoacids and a mass of 49,762 Da. [25] It is a member of the nuclear 

receptor superfamily of proteins and mapped to chromosome 13q11-13. [26] PXR is expressed 

mainly in the liver and just in small amounts in testis and embryonic tissues in humans. [27] 

There are reports that this protein interacts with a huge amount of different endogenous and 

xenobiotic compounds. It is activated by variety of chemicals and xenobiotics like the 

antibiotic rifampicin and various plant metabolites, such as hyperforin, a hops β-bitter acid 

named colupulone, and isoflavones [30] [31]. Furthermore, it is activated by naturally occurring 

steroids, such as pregnenolone and progesterone. The structural diversity of the compounds 

that activate PXR is a broad range of ligands. As a key mediator in the transcriptional 

regulation of genes, it modulates the expression of those genes involved in the metabolism and 

clearance of structurally diverse compounds. It plays a physiological role in regulating 

metabolic pathways important for the elimination of cholesterol. It functions as a sensor of 

toxic byproducts of endogenous substances and of exogenous chemicals and enhance their 

elimination and in turn regulate aspects of the enterohepatic cycling and metabolism of bile 

acids. The accumulation of bile acid precursors leads to PXR activation. In that manner PXR 

offers hepatoprotection from the toxic accumulation of bile acids by inducing their clearance 

[28]. So the other way round, if there is a mutation or inhibition of this protein, it can lead to 

hepatotoxicity. Members of the nuclear receptor family are also involved in the adaptive 

response to cholestasis. They regulate bile acid and phospholipid transporter genes which are 
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important for hepatobiliary transport. Furthermore, they perform phases I and II metabolizing. 

A lack of therapeutic efficacy or an imbalance in mechanisms can lead to severe toxicity.  

Recent findings show that the mouse and human pregnane X receptor transcriptionally 

activates cytochrome P4503A4 by compounds that induce CYP3A expression. PXR is 

remarkably divergent between species because it has diverged during evolution [29] Thirty-

eight single nucleotide polymorphisms (SNPs) were identified. An upregulation of drug 

detoxification genes is of great interest in drug research. It will be promising to investigate the 

function of these common PXR SNPs to human variation in induction of other drug 

detoxification gene targets. PXR in a high throughput binding format provides a valuable tool 

for the rapid identification of compounds that will induce CYP3A expression and interact with 

other drugs. 

Orphan' receptors like the PXR seem to have a major role in protection from bile acid toxicity. 

PXR is now widely viewed to be the mediator of xenobiotic regulation of CYP3A Several 

important physiological processes, such as cholesterol synthesis and bile acid metabolism, are 

also tightly controlled by other ligand-activated orphan nuclear receptors like the farnesoid X 

receptor (FXR) and liver X receptor (LXR). [30] 

PXR-null mice showed a correlation between high mortality caused by hepatitis and 

hepatocellular injury and a cholesterol- and cholic acid-enriched diet in certain studies.  

Pharmacological therapy for cholestasis is limited Therapeutic targeting of PXR have been 

shown to influence cholestatic liver injury. Many liver diseases could potentially benefit from 

pharmacological manipulation of these nuclear receptors.  

 

4.2.2. Alanine aminotransferase 1 
 

Alanine aminotransferase 1 or Glutamate pyruvate transaminase 1, how it is called with another 

name has a length of 496 amino acids. Its mass is 54,637Da. [31]1 It plays a key role in the 

intermediary metabolism of glucose and amino acids. Normally it catalyses the reversible 

transamination between alanine and 2-oxoglutarate to form pyruvate and glutamate. Other 

tasks are the participation in cellular nitrogen metabolism and also in liver gluconeogenesis.  

Glutamate pyruvate transaminase has a lot of biochemical functions, for example, L-alanine:2-

oxoglutarate aminotransferase activity, pyridoxal phosphate binding. GPT has many direct 

interactions with proteins and molecules 
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The protein is found mainly in the liver, but also in heart and skeletal muscles. GPT is a specific 

indicator of liver disease if the serum level raises. Serum activity levels of Alanine 

aminotransferase 1 are routinely used as a biomarker of liver injury caused by drug toxicity, 

alcohol and infection. 

In this work this protein has 40 entries in the final list. It is connected to several terms of 

hepatotoxicity like jaundice, liver injury, acute hepatic failure hepatic cirrhosis, hepatic 

necrosis, hepatic steatosis. The interaction with this protein seems to have not a negative cause 

of side effects but only show that there is some kind of hepatotoxicity already going on when 

Alanine aminotransferase concentrations were marked as elevated. 

Despite it is the protein with the most entries, it is only mentioned in the data sourced from 

DITOP. The reason for that is that it is more a kind of marker than a cause for hepatotoxicity 

and therefore has no entries in my list.  

 

4.2.3. Bile salt export pump 
 

The Bile salt export pump (BSEP) transporter belongs to the ATP-binding cassette (ABC) 

transporter protein family. It is encoded by the ABCB11 gene. BSEP contains 12 putative 

membrane-spanning helices. It has a length of 1,321AA and a mass of 146,407 Da. The Bile salt 

export pump is responsible for the secretion of conjugated bile salts across the canalicular 

membrane of hepatocytes followed by the export into the gastrointestinal tract. This is done 

in an ATP-dependent manner utilizing the energy from ATP hydrolysis against the 

concentration gradient. BSEP is almost exclusively expressed in the liver. There it is localized 

in the cholesterol-rich canalicular membrane of hepatocytes on the apical side of the bile 

canalicular membrane. A very low level can be found in kidney, testis, and choroid plexus. It is 

the major transporter for the secretion of bile acids from hepatocytes into bile in humans. 

The Bile salt export pump translocates substrates including endogene ones such as 

taurocholate, estradiol-17 β-glucuronide, but also others like bosentan, cholic acid, 

muricholates and other mono-anionic bile salts. [32]. BSEP activity in the liver canalicular 

membrane is inhibited by a number of drugs or drug metabolites. It is the primary transporter 

responsible for excretion of monovalent bile acids into the bile, build-up of bile salts in the 

liver. This dysfunction of the transporter can lead to cholestasis and drug-induced liver injury 

(DILI).  This is the reason why it has a high importance in drug development and why it is 

important that BSEP interactions should be considered.  
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A couple of mutations are detected in the human BSEP gene that led to progressive familial 

intrahepatic cholestasis type 2 (PFIC2). This is very likely caused by genetic mutation, 

suppression of gene expression, disturbed signaling, or steric BSEP inhibitors such as 

cyclosporine A, rifampicin, glibenclamide. [33] 

Even the EMA recommends to screen compounds as inhibitors of BSEP during the research of 

new drugs. In this thesis BSEP can be linked to DILI, Cholestasis and liver injury. 

15 different journals are found that give a connection between this protein and hepatotoxic 

effects. The final table holds 25 entries of the enzyme. The articles are all published after the 

millennial what states that those findings are relatively new.  

 

4.2.4. CYP3A4 
 

Cytochromes P450 are heme-thiolate monooxygenases found in all domains of life. It is named 

after the heme group, which absorbs light at the wave length of 450nm. The most prominent 

isoenzyme of this family is the CYP 3A4. It is mainly located in the liver and small intestine. 

Other names of the protein include Albendazole sulfoxidase, Nifedipine oxidase or 

Taurochenodeoxycholate 6-alpha-hydroxylase. It has a mass of 57,343Da and a length of 503 

aminoacids (AA). CYP3A4 contributes to bile acid detoxification, the termination of action of 

steroid hormones, and elimination of phytochemicals in food and the majority of xenobiotics. 

Human liver cytochrome P450 3A4 is the main enzyme involved in drug metabolism and is 

responsible for the metabolism of about 50% of medicines. CYP3A4 is implicated in an 

NADPH-dependent electron transport pathway in liver microsomes and accomplishes a 

number of oxidation reactions for example caffeine 8-oxidation, omeprazole sulphoxidation 

and midazolam 4-hydroxylation. [34] Women seem to have higher CYP3A4 activity than men 

and CYP3A4 activity is absent in new-borns but reaches adult levels at around one year of age 

[39].  

Potent inhibitors of CYP3A4 include clarithromycin, erythromycin, diltiazem, itraconazole, 

ketoconazole, ritonavir, verapamil, goldenseal and grapefruit. That effect is sometimes more 

than desirable. For example, Ritonavir is used to create higher levels of other HIV-Protease-

Inhibitors while a HIV treatment and to spare the expensive Ciclosporin A. [35] 
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Inducers of CYP3A4 include phenobarbital, phenytoin, rifampicin, St. John’s Wort and 

glucocorticoids. The induction of CYP3A is the basis for a multitude of common drug-drug 

interactions. 

In our case CYP3A4 has 34 entries in the final list. The keyword always refers to hepatotoxicity. 

The connection to toxic effect is stated from 16 different journals in the years from 1991 until 

2005. That shows that this toxic effect of this protein is already well known, but still of great 

value in research. 

 

4.2.5. Phosphatidylcholine translocator ABCB4 
 

Adenosine triphosphate (ATP)-binding cassette, sub-family B, member 4 (ABCB4) belongs to 

the ATP-binding cassette transporter superfamily. At the same time it is also called multidrug 

resistance 3 (MDR3). It has a mass of 141,523 Da and a length of 1,286 AA. ABCB4 is situated 

at the canalicular membrane of hepatocytes. It is responsible for the regulation of biliary lipid 

secretion and mediates the translocation of phosphatidylcholine into bile. This phospholipid 

efflux translocator works energy dependent. Phosphatidylcholine (PC) is transported from the 

inner to the outer leaflet of the canalicular membrane bilayer into the canaliculi of hepatocytes. 

ABCB4 encodes a flippase for PC. This makes the phospholipids available for extraction by bile 

salts and therefore protects from the activity of bile salts.  

Genetic defects of ABCB4 can lead to progressive familial intrahepatic cholestasis type 3 

(PFIC3). Evidence refers to a rare autosomic recessive disease arising early in childhood and 

other cholestatic or cholelithiasic diseases in heterozygous adults [36] 
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5. OUTLOOK 
 

In this work, assuredly only a fraction of the existing hepatotoxicity related targets is 

mentioned. This is because on one hand, not all targets are yet identified which are related to 

hepatotoxicity and on the other hand, the underlying mechanisms of the hepatotoxic effect 

can’t be so easily connected to one certain target. There are often even multiple pathways 

which are not so simple to detect. Moreover, every day findings in scientific research offer new 

opportunities to extend this list. Scientists are working worldwide on the field of 

hepatotoxicity and how to prevent it. Some of them haven’t published their work yet and 

haven’t shared their discoveries with the public. It would be eminently interesting to collect 

more data out of other data sources all over the world. Another approach would be to have a 

look at the withdrawals from the market and their affected targets. If some pharmaceutical 

companies would share their company secrets about failed compounds and test series, a more 

detailed picture of hepatotoxicity could be drawn. It is eligible to sort out the hepatotoxic 

components before patients will get harmed or too much time and money is invested in their 

research. This topic will be on many more minds in the near future. Improving drug safety and 

enhance people’s lives will be a desirable goal to achieve.  
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6. ABSTRACT 
 

The liver is an important organ in the human body and of immense significance to human 

health. Because the liver is often confronted with drugs and other xenobiotics hepatotoxicity 

remains a major reason for drug withdrawal from the market and the need for further 

pharmaceutical development.  

At first the term hepatotoxicity and its related terms were looked at more closely. Therefore, 

different databases related to adverse drug reactions and their medical dictionaries were 

compared to and the results outlined. The different terminology of liver diseases is compared 

and the databases like MedDRA, ADReCS and SIDER are introduced.  

The main aspect of this work however is to picture the connection of a hepatic adverse side 

effect and specific proteins. This early detection of such livertoxic components is important for 

saving time and lives within the search for new drugs.  

On this account, a table was created which provides the connection of a certain target and its 

possible adverse outcome. The data mining was done manually by a literature search mainly 

based on PubMed. Then this list was matched with the list of the Chinese database called 

DITOP. A part of the work steps was done with the help of KNIME. The result of this final 

table is that some proteins were in both lists, but some were unique in each list. The outcome 

is a table containing 104 entries of proteins, which could possibly be related to hepatotoxic 

side effects.  

Additional information like Uniprot accession number and gene name, journal, name and date 

of the publication is given. Furthermore, another table shows the journals and their Impact 

Factor, which tries to help to evaluate the credibility of the publications.  

Examination reveals that there is a connection between certain proteins and toxic side effects, 

which could be predictable for some of them. In summary the subset of results shows that there 

is still a lot of research to do. The growing insight into mechanisms of hepatotoxicity is 

necessary for further approach of non-toxic drugs.  
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7. ZUSAMMENFASSUNG 
 

Die Leber stellt eines der wichtigsten Organe des Körpers dar und ist für die Gesundheit des 

Menschen von außerordentlicher Bedeutung. Da die Leber oft mit toxischen Arzneimitteln 

und Xenobiotika konfrontiert ist, ist Hepatotoxizität einer der häufigsten Gründe ein 

Medikament vom Markt zu nehmen oder dessen weitere klinische Erprobung einzustellen.  

Am Anfang dieser Diplomarbeit, war die Frage der Terminologie zu klären, welche im weiteren 

Verlauf verwendet werden würde. Sämtliche Datenbanken, die sich mit unerwünschten 

Nebenwirkungen auseinandersetzen, und einige medizinischen Lexika wie MedDRA, 

ADReCS, SIDER werden in dieser Arbeit kurz vorgestellt. Die unterschiedliche Terminologie 

der Lebererkrankungen wird verglichen.  

Der Hauptaspekt der Arbeit betrifft jedoch die Frage, ob zwischen potentieller 

leberschädigender Nebenwirkung und spezifischen Proteinen ein Zusammenhang erkennbar 

ist. So wird versucht die Verbindung zwischen dem negativen Effekt und dem Protein zu 

erkennen. Diese frühzeitliche Erkennung von leberschädigenden Komponenten ist bei der 

Forschung nach neuen Medikamenten essentiell um Zeit und Leben zu sparen. Dazu wurden 

mit Hilfe einer Literaturrecherche Daten gesammelt und eine Tabelle erstellt, welche Proteine 

enthält, die im Verdacht stehen leberschädigend zu wirken. Das Datenmaterial wurde 

hauptsächlich über PubMed generiert. Im späteren Verlauf wird diese Liste mit einer 

chinesischen Datenbank namens DITOP zusammengeführt. Ein Teil der Arbeitsschritte wurde 

mit KNIME durchgeführt. Das Resultat dieser finalen Tabelle ist, dass einige Proteine in beiden 

Ursprungslisten zu finden sind, andere liefern jedoch keine Überschneidungen. Das Ergebnis 

ist eine Tabelle die insgesamt 104 Proteine umfasst, die potentiell mit verschiedenen 

lebertoxischen Nebenwirkungen in Verbindung gebracht werden können. Zusätzliche 

Informationen wie Uniprot accession number und gene name, sowie der Name der Publikation 

und deren Erscheinungsdatum, das Journal und der betroffene Organismus können aus der 

Tabelle abgelesen werden. Außerdem wurde eine Liste der verwendeten Journale und ihrer 

Impact Faktoren erstellt, um die Seriosität der Publikationen besser einschätzen zu können.  

Die Untersuchung ergab, dass diese Korrelation zwischen Protein und toxischer 

Nebenwirkung für einige Proteine vorhersagbar ist. Zusammenfassend lässt sich sagen, dass 

noch viel Forschung auf diesem Gebiet betrieben werden sollte, um Hepatotoxizität frühzeitig 

auszuschließen. 
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8.3 Table of hepatotoxicity related targets created by Strobl J.  
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8.4 Final Table: Hepatotoxicity related targets from Strobl J. merged with DITOP 
targets 
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