
Abstract—Medication is a process of prescribing medicines 

by  knowledgeable  physicians.  Medicines  which  are  not  pre-

scribed when consumed may generate side effects.  Some dis-

eases  require  more  than  one  drug  to  control  the  disease.  If 

drugs are not carefully prescribed adverse reactions may hap-

pen. Meny people  died due to medical errors in prescribing 

medicines by medical practitioners based on their experience. 

For avoiding all these adverse effects, we need a recommenda-

tion  system or a  decision support  system for  efficiently  pre-

scribing medicines. Many parameters need to be considered be-

fore prescribing the medicines like patient’s age, medical his-

tory, side effects of drugs, possible allergies, drug-drug interac-

tions, drug-disease interactions and drug-food interactions. Se-

mantic web provides tools and technologies like ontologies to 

construct recommendation models and can retrieve data using 

tools  like  SPARQL  and  inference  mechanisms  to  infer  new 

knowledge.

Index Terms—drug, medicine, prescription, ontology, inter-

actions.

I. INTRODUCTION

Medicine Recommendation System will give a list of drugs 

for patients according to their  needs or  according to diag-

nosed disease [11]. For the treatment of chronic disease or 

non-communicable  diseases  (NCDs)  like  Diabetes,  cardio-

vascular  diseases,  and  hypertension  physicians  prescribe 

more than one medicine and for some diseases like type 2 di-

abetes doctors may have various options to select drugs to 

prescript  [10].  Sometimes  patients  can  have  comorbidities 

i.e., having more than one disease.  Controlling these comor-

bidities is a challenging task. Medication has to be given fre-

quently like mostly for six months or more. During treatment 

the patients may asked to undergo some pathological tests. 

Based on the results drug prescription will be given by con-

sidering various parameters. During treatment the prescribed 

dosage of drugs or may be the drugs can be changed based 

on pathological results [9]. And one more challenging thing 

in prescribing medicine is that every year a number of new 

medicines are released [12]. Hence prescribing medicines is a 

complex task. For efficient prescription of medicine various 

information is needed like medical history, drugs currently 

consuming, Allergies, diagnosis, laboratory results as well as 

personal information like age, blood group, communication 

details  of  patients  and  care  givers  [9].  Electronic  Health 

Records  (EHR)  will  contain  information  of  patient.  This 

EHR data can be used for efficient prescription of medicine. 

And some authors have used ontologies for patient informa-

tion. Exiting medication recommendation models are MED-

BOWLI, MedFinder, GaLenOWL, SemMed and ODDx.

The remaining paper is structured as follows. In section II 

we discussed semantic web technologies and its standards 

like ontologies and Knowledge bases. Parameters needed for 

effective prescription of medicine is discussed in section III. 

A brief literature survey is given in section IV. Section V 

contains  observation  and  analysis  of  studied  literature.  In 

section VI we have proposed a knowledge base using vari-

ous ontologies for effective prescription of medicine. In sec-

tion VII we have concluded.

II. SEMANTIC WEB AND STANDARDS

Tim Berners-Lee  coined  the  idea  semantic  web,  which 

was named as web 3.0. His idea is to build a mechanism for 

data integration and sharing, where data is scattered on the 

web. In semantic web the web of documents is replaced web 

of data [6]. Links are given to data elements on the web page 

which also called as web of linked data along with seman-

tics. This forms a semantic network which is used to build 

intelligent applications [1]. Semantic web uses various stan-

dards defined in W3C like RDF, RDFS, SPARQL, SWRL, 

Ontologies, Knowledge bases and Inference engines.

A. Ontology

Semantic web allows data to be integrated from different 

resources and allows to share. This integration of data from 

various sources forms an ontology [14]. Ontology consists 

of  features  of  Artificial  intelligence and machine  learning 

[10]. Ontologies are used to describe the knowledge or con-

cepts  in  a  given  domain.  Ontology  describes  vocabulary, 

which is used by researchers to share information in a partic-

ular domain. Ontology contains machine interpretable defi-

nitions of  concepts  and relationships among concepts.  An 

ontology  consists  of  classes  (concepts),  sub  classes,  in-

stances of classes, properties of a class, and rules on proper-

ties.  Ontology  is  created  using  Web  Ontology  Language 

(OWL) which is XML based. The rules are written using 

RDF syntax using Semantic Web Rule Language (SWRL). 

The complete domain ontology provides complete informa-

tion of the domain [3]. Information can be shared and re-

trieved  using  SPARQL query  language.  New information 

can be inferred using inference engines like JESS, Hermi T 

reasoner. Ontologies can also be used for various purposes 

like linking data, data sharing and reuse, decision support 

using knowledge bases, databases using XML schema and 

Natural language processing. Many ontologies for medical 

information are created like Biological Pathways Exchange 
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(BioPax), SNOMED-CT, GALEN ontology, Gene Ontology 

and Foundation Model of Anatomy (FMA). These ontolo-

gies  constructed  using  standards  like  BIO  Portal,  OBO 

Foundry  and  ONIONS  (Ontological  Integration  of  Naïve 

Sources).

B. Knowledge Base

Ontology along with a set of instances of classes forms a 

knowledge base. Ontology is a part of knowledge base or 

knowledge  base  starts  with  an  ontology.  Ontologies  and 

knowledge  bases  may  already  exist  in  electronic  form, 

which  can  be  imported  and  reused  in  other  applications. 

Knowledge bases organizes the data as human brain orga-

nizes information. Knowledge base allows storage, analysis 

and reuse of knowledge such that a machine can interpret. 

Knowledge Base helps search engines and other content re-

trieval applications to retrieve text and interpret results to 

advanced queries and helps in decision making by retrieving 

efficient knowledge. There is an inference layer built on top 

of knowledge base which is a series of rules and statistical 

models for interpreting information which helps machines to 

derive knowledge from Knowledge bases. Knowledge bases 

can be constructed using graph databases. Graph databases 

uses W3C standards for describing data and semantics like 

RDF, SPARQL and SKOS.

III. PARAMETERS TO BE CONSIDERED FOR DRUG PRESCRIPTION

Medication recommendation system allows physicians to 

prescribe medicines  efficiently  by considering various pa-

rameters like drug side effects, reactions and risks to patients 

by considering interaction of  drugs with  other  drugs,  dis-

eases and foods. This type of considerations helps the physi-

cian to prescribe safe drugs [27]. 

A. A. Drug Side Effects

Drug side effects are known to physicians in advance and 

patients will be informed about the side effects which they 

may have to face during treatment. Side effects will resolve 

as  the  medication  is  continued  for  days,  weeks  or  even 

months. For example, cetirizine medicine which is used to 

cure  allergies  and  running  nose  can  have  side  effects  of 

causing drowsiness  [21].  Some drugs can be used due to 

their  side effects.  For example,  the anoxeric patients  who 

have low body weight  due to  eating disorders  when con-

sumes mirtazapine whose one of the side effects is weight 

gain can improve their body weight. Generally, mirtazapine 

is an antidepressant [21]. Medicines are tested for side ef-

fects before they are launched into the market.

B. B. Adverse Drug Reactions (ADR)

ADR is harmful and unintended reactions which occurs 

due to medical  error,  misuse or  abuse and usage of  unli-

censed  medicine  [19][20].  ADR  identifies  drugs  which 

should  be  prevented  from  future  usage  or  alteration  of 

dosage and withdrawal of the drug. The drugs which cause 

ADR are generally anti diabetic, antibiotics, anticoagulants 

and cytotoxins. For example, the fatal ADR of consuming 

anticoagulant  with  non-steroidal  anti-inflammatory  drug 

(NSAID) may cause hemorrhage [19].  ADRs can be pre-

vented by careful monitoring of previous medication histo-

ries to find any such ADRs of prescribed medicines. If it is 

found these drugs has to be changed to prevent future ADRs. 

In [7], authors have developed a machine learning and rule-

based model for predicting Adverse Drug Reactions (ADR) 

by considering the drug labels. Authors have used Medical 

Directory for Regulatory Activities (MedRA) for normaliza-

tion.

C. Drug-Drug Interactions (DDI)

DDI is complex and causes Adverse Drug Events (ADE). 

In some cases, DDI are intended. Unintended DDIs are very 

harmful and even can cause deaths [17]. Allergies due to in-

teractions  with  drug  compounds  of  previously  consumed 

medicines  existing  in  patient’s  body  with  currently  con-

sumed medicines can occur. And Even drugs prescribed for 

controlling any  disease  can  also  interact  with  each other. 

Drugbank is an online repository which can return drug-drug 

interactions of at most five drugs [15]. A knowledge base 

with DDI included ADE can be  used as  decision support 

systems for prescribing drugs [17]. For example, the drug 

Abilify which is also called as aripiprazole which is used to 

treat  the  symptoms  of  psychotic  conditions  known  as 

schizophrenia. This medicine works by changing the actions 

of chemical in the brain.  When this medicine combinedly 

consumed with Ativan which is also known as lorazepam 

which is used to treat anxiety disorders will increase the cen-

tral  nervous  system depression.  The  authors  in  [16]  used 

data  from  mayo  clinic  to  find  drug-drug  interactions  for 

three cardiovascular diseases and verified on Drugbank.

D. Drug-Disease Interactions

Most of the diseases require more than one drug to cure it. 

According to a study people with age above 55 daily takes 

four medicines. Sometimes the consumed drugs may cause a 

new disease to born or worsen the condition of existing dis-

ease  [4].  These  are  known  as  Drug  Disease  Interaction 

(DDSIs).  For  example,  Donepezil  medicine  used  treat 

Alzheimer’s disease can cause 3 other diseases and can in-

teract with 9 other drug substances [4]. DDSIs will occur 

due  to  negative  effects  of  consuming  poorly  prescribed 

drugs. In this case it is necessary to avoid that drug or maxi-

mize the dose [18]. These types of drugs are known as con-

tra indications. Managing DDSIs is needed in order to over-

come serious harms and to prevent deaths.

E. Drug-Food Interactions

The effect of drugs consumed can also depend on foods 

and drinks. These interactions are known as drug-food inter-

actions  [27].  This  is  the  reason  why some medicines  are 

asked to take with empty stomach. Some foods and bever-

ages will decrease or delay the effects of medicines. This is 

the  reason of  prescribing medicines  by limiting the foods 

and drinks.  Drug and food interactions may cause serious 

side effects. For example, grape juice can interact with all 

types  of  drugs  [27].  It  changes  the  chemical  reactions  of 

drugs. Dairy products and drugs like antibiotics when con-

sumed together can also have interactions. Antibiotics can 

prevent the absorption of calcium and magnesium of milk 

products  [27].  Dairy  products  and calcium juices  can de-

crease the absorption of antibiotic drugs like Ciprofloxacin 

[28]. Consuming Ance medicine with Vitamin A may cause 

liver failures [1].
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IV. LITERATURE SURVEY

In [1], authors have developed a website to promote safe 

medical consumption by constructing a medication ontology 

with 15 categories and 73 sub categories. Authors have not 

considered drug-drug interaction, reactions and side effects 

for prescribing medicine. In [2], authors have constructed a 

rule-based system by considering drug-drug interactions and 

possible allergies a patient may have due to consumption of 

the drugs. In [3] authors have developed an Anti-Diabetic 

Drugs Ontology and Patient Data Ontology for recommend-

ing medicines to diabetic patients. Authors have used SWRL 

for constructing rules and JESS inferring engine for reason-

ing. In [4], authors have developed a semantic web enabled 

online  system  GalenOWL  for  discovering  drug-drug  and 

drug-disease  interactions  and  drug  recommendations.  The 

authors have constructed an otology using ICD-10 classifi-

cation for diseases, and Unique Ingredient Identifier (UNII) 

to identify active ingredients of the drugs, and Anatomical 

Therapeutic  Chemical  Classification  (ATC)  for  classifica-

tion of drugs.  For inferring drug-drug interactions and drug-

disease interactions OWLIM reasoner was used. In [5], au-

thors have developed an ontology named as Drug Ontology 

(DrOn) for providing consistent drug information. Authors 

have  used  RxNorm drug  terminology  constructed  by  Na-

tional Library of Medicine (NLM). RxNorm contains sev-

eral names and relations extracted from knowledge bases. In 

[6],  authors  have  created  an  ontology  for  translational 

medicine. Translational medicine consists of data from pri-

vate  clinical  domain  and  public  pharmaceutical  domain. 

Translational medicines fill the gap between basic research 

and clinical practice. In [8], authors have developed a rec-

ommendation  system for  anti-diabetic  drugs  based on  the 

symptoms. Authors have used domain ontologies. They have 

constructed Anti Diabetic Medicine Ontology to store regu-

lations of drugs from American Association of Clinical En-

docrinologists Medical Guidelines for Clinical Practice for 

the Management of Diabetes Mellitus (AACEMG) and Pa-

tient Test Ontology. Authors have created rules of ontology 

using SWRL from data of AACEMG and used JESS infer-

ence  engine  to  retrieve  drug  information  without  side  ef-

fects. In [9], authors have developed an individualized rec-

ommendation model for type 2 diabetes. Authors pointed out 

that one common treatment model is not sufficient to treat 

any disease because of varying patient profiles, life styles, 

strengths, weakness, goals, patient’s age, diseases duration 

and affordable cost [10]. Hence individual plan for recom-

mending treatment is needed. Authors have developed two 

ontologies  for  patient  profiles  and  anti-diabetic  drugs.  In 

[12], authors have constructed ontology-based recommenda-

tion model using an Electronic Prescription writer [EPW]. 

EPW interviews  the  patient  regarding  various  health  care 

primitives like previous medication, and whether they have 

mutual  negative  effects  or  negative  effects  with  ongoing 

medications. And EPW prescribe dose of the medicine and 

may suggest new medicine based on the cost and patient’s 

health condition. In [13], authors have constructed a multi 

evidence prescription recommendation model using two on-

tologies  namely  International  Classification  of  Diseases 

(ICD)  for  classifying  conditions  of  different  diseases  and 

Anatomical  Therapeutic  Chemical  (ATC)  for  classifying 

drug ingredients and functions. Authors have used EHR for 

patient data. Authors have also used demographic and side 

effect information.

Following table represents the brief summary of studied 

literate.

TABLE I.  LITERATURE SURVEY OF MEDICATION RECOMMENDATION MODELS

Ref
Ontologies 

Used

Ontologies 

Constructed

Technologies 

Used
Limitations

[1] Not Used
Medication 

ontology

OWL, 

Protégé, 

SPAQRL

Drug-Disease 

and Drug-food 

interactions are 

not considered.

[2] Not Used
Rule  based 

system

OWL, 

SWRL, 

ODDx 

inference 

engine

Not considered 

side  effects, 

Drug-Disease, 

Drug-food 

interactions 

and  adverse 

drug reactions.

[3] Not Used

Anti diabetic 

Drugs 

Ontology, 

Patient  Data 

Ontology

SWRL, JESS 

inference 

engine, 

Pellete, 

Protégé

Does  not 

considered 

Side  effects, 

Drug-Drug, 

Drug-Disease, 

Drug-Food 

interactions 

and  Adverse 

Drug 

Reactions.

[4]

ICD-9, 

ATC, 

UNII

GalenOWL

OWLIME-

Lite 

inference 

engine, 

SPARQL.

Does  not 

considered 

drug  side 

effects,  and 

Drug-Food 

interactions.

[8] Not Used

Anti 

Diabetic 

Medicine 

Ontology, 

Patient  Test 

Ontology 

SWRL, JESS 

inference 

engine, 

Pellete, 

Protégé

Does  not 

considered 

Drug  -Drug, 

Drug-Disease 

and Drug-Food 

interactions

[10] Not Used

Patient 

Profile 

Ontology, 

Anti diabetic 

drugs 

Ontology

OWL, 

SWRL, JESS 

inference 

engine

Does  not 

considered 

Drug  -Drug, 

Drug-Disease, 

Drug-Food 

interactions 

and  Adverse 

Drug Reactions

[12] Not Used
Not 

Constructed
OWL

Does  not 

considered 

Drug-Drug, 

Drug-Disease, 

Drug-Food 

interactions, 

Adverse  Drug 

Reactions,  and 

side effects.

[13]

ICD-9, 

ATC, 

UNII

Not 

Constructed
Not Used

Does  not 

considered 

Drug-Disease 

and Drug-Food 

interactions.

V. OBSERVATION AND ANALYSIS

From the above table we can analyze that authors have 

used SWRL for constructing rules, SPARQL queries for re-

trieving information and for inferencing new knowledge var-

ious inference engines like JESS, ODDx and OWLIME-Lite 
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are used. From the 8 articles only four authors of [1],[8],[10] 

and [13] considered side effects. Three authors [4],[8] and 

[13] have considered adverse drug reactions, authors of [2],

[4] and [13] have considered Drug-Drug interactions, only 

one author in [4] have considered Drug-Disease interactions 

and none of the author has considered Drug-Food interac-

tions as shown in below Fig. 1. 

Fig. 1. Analysis of parameters considered

VI. PROPOSED DRUG PRESCRIPTION MODEL

Drugs can be efficiently  prescribed by considering side 

effects,  reactions, interactions of drug-Disease with drugs, 

disease and foods. For doing this we proposed to construct a 

knowledge base by considering various ontologies like Food 

Interactions  with  Drugs  Evidence  Ontology  (FIDEO)[22], 

The  Drug-Drug  Interactions  Ontology(DINTO)[23], Phar-

macovigilance  Ontology(PVONTO)[24],  and  other  online 

materials like drugs.com for identifying side effects[25] and 

interaction checker at drugbank.com[26]. We can use infer-

ence engine like JESS to infer the information of drugs from 

constructed knowledge base.  This mechanism is shown in 

following Fig. 2.

Fig. 2. Construction of knowledge base 

The Proposed drug prescription model tries to prescribe 

drugs without interactions. The model works as follows.

 The physician diagnoses the disease and prepares a 

tentative list of drugs to prescribe.

 The Physician infers drug side effects information 

and removes those drugs from tentative list.

 The  physician  the  infers  adverse  drug  reaction 

(ADR)information  of  available  drugs.  If  ADR is 

present those drugs are replaced or removed from 

tentative list

 Further the physician infers drug interactions like

Drug-Drug,  Drug-Disease  and  Drug-Food 

interactions  one  after  another  and  removes  or 

changes such drugs if any.

 Finally, physician gets a list of drugs which are safe 

to prescribe.

This working method is shown in following Fig. 3.

Fig. 3. Working flow of Proposed Drug Prescription model.

VII. CONCLUSION

In this article we have studied works of various authors in 

the field of drug prescription using semantic web technolo-

gies.  We  have  identified  very  important  parameters  like 

Drug  side  effects,  Adverse  Drug  Reactions,  Drug-Drug, 
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Drug-Disease, Drug-Food interactions. The consideration of 

these parameters in prescription of drugs will help the physi-

cians  to  effectively  prescribe  correct  drugs.  We also  pro-

posed a recommendation model for prescribing drugs by

constructing  one  knowledge  base  by  using  various 

ontologies  used  in  medical  domain  and  information 

available  on  the  websites.  In  future  we  try  to  implement 

proposed  model  by  using  various  semantic  web 

technologies.
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