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Abstract— The use of machine learning in drug discovery is examined in this review article along with any potential advantages,
difficulties, and prospective future developments. The article examines the many machine learning models that have been
created for these uses and emphasises the value of machine learning in predicting drug characteristics, discovering new
therapeutic targets, and creating new drug candidates. The need for high-quality data, increased collaboration and data sharing,
as well as ethical and regulatory considerations, are just a few of the obstacles and limitations of employing machine learning
in drug discovery that are covered in this article. The study also highlights the necessity of regulatory frameworks that can
guarantee the safety and efficacy of novel pharmaceuticals generated using these models, as well as the significance of
transparency and accountability in the usage of machine learning algorithms. The discussion of potential future paths and
prospects for development in the field of machine learning in drug discovery finishes the essay. Deep learning models, multi-
task learning, personalised medicine, and the fusion of machine learning with other technologies like robotics and automation
are a few examples of these. In order to speed up the drug discovery process and provide novel, efficient medicines to patients
in need, the authors propose tackling the difficulties and limitations of machine learning in drug discovery as well as continuing
to investigate these exciting areas of research and development. This review paper offers a thorough summary of the current
status of machine learning in drug discovery, stressing its potential advantages and disadvantages as well as outlining the major
areas for future research and development that are expected to spur advancement. Researchers, medication developers, and
politicians who are curious about how machine learning could change the drug discovery process and enhance patient outcomes
will find the paper interesting.
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1.INTRODUCTION

The identification and development of new medications to treat a range of ailments is a complex process called
drug discovery [1]. For enhancing human health and lessening the impact of disease, innovative medicine research
is crucial [2]. Drug discovery, however, is a time-consuming, expensive process that needs a substantial amount
of resources and knowledge [3]. Target identification, lead discovery, lead optimization, preclinical testing, and
clinical trials are only a few of the stages in the conventional drug discovery process that are involved. Researchers
identify a particular biological target that is linked to a certain disease or condition during the target identification
stage [4]. This can be accomplished using a variety of techniques, including high-throughput screening of chemical
libraries, proteomics, and genomic analysis. In order to find prospective drug candidates that can bind to the target
and change its activity, researchers can screen dozens or even millions of tiny molecules after they have identified
atarget [5]. Lead discovery is the name of this procedure. The chemical structure of a lead compound can then be
improved by researchers in order to increase its efficacy, selectivity, and pharmacokinetic characteristics [6]. Lead
optimization is the practise in question. Preclinical testing is done on a lead compound after it has been optimized
to determine its safety and effectiveness in animal models [7]. A substance can move on to clinical trials, where it
is tested on people to determine its safety, effectiveness, and pharmacokinetic features, if preclinical studies
indicate encouraging results [8]. Drug discovery has come a long way over the past few decades, yet there are still
many obstacles and restrictions to overcome [9]. One of the biggest obstacles is the biological systems' extreme
complexity, which makes it challenging to predict how a medicine will act in vivo. The high failure rate of drug
candidates in clinical trials, which might be brought on by subpar pharmacokinetics, toxicity, or ineffectiveness,
is another issue. Researchers are using cutting-edge tools and strategies like machine learning and artificial
intelligence to tackle these problems. A subset of artificial intelligence called "machine learning" uses algorithms
to find patterns and connections in data. Machine learning can be used in drug discovery to analyses massive
volumes of data and find prospective new drug candidates that might be successful in treating particular conditions
[10]. The role of machine learning in drug development and the many methods that are employed to apply machine
learning in this field will be covered in the sections that follow [11]. We will also talk about potential future paths
and prospects for study in this field, as well as some of the difficulties and restrictions associated with employing
machine learning in drug discovery. In order to increase the effectiveness and success rates of drug development,
new technologies and methods are continually being created in the field of drug discovery [12]. One such
technology that has the potential to revolutionize drug development is machine learning, which enables researchers
to quickly and accurately find new drug candidates by analyzing massive volumes of data [13].
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The ability of machine learning to analyses complicated data sets and find patterns and associations that would be
challenging to spot using conventional approaches is one of the major benefits of machine learning in drug
discovery [14]. For instance, machine learning algorithms can examine extensive genomics data to find gene
expression patterns or genetic variants linked to particular diseases or situations [15]. The development of fresh
treatment approaches can then be done using this knowledge to determine possible medication targets. High-
throughput screening data can be analyzed using machine learning to find substances that have a good chance of
attaching to particular targets and modifying their activity. By drastically cutting down on the time and resources
needed for lead discovery and optimization, this strategy enables scientists to concentrate on the most promising
therapeutic prospects [16].

The advancement of personalized medicine is yet another area where machine learning has the potential to
revolutionize drug discovery [17]. Machine learning algorithms can pinpoint patient subgroups that are most likely
to respond to a certain medication or treatment plan by analysing large-scale patient data sets [18]. This may make
it possible to create therapies that are more individualized, successful, and suited to the needs of each patient [19].
Nevertheless, there are a number of difficulties and restrictions with applying machine learning in drug discovery.
The absence of high-quality data, which is necessary for training machine learning algorithms, is one of the key
problems [20]. Data in drug development may be insufficient or of low quality, which may reduce the efficacy of
machine learning techniques [21]. The need for interpretable models, which may aid researchers in comprehending
how machine learning algorithms make predictions and spotting any biases or inaccuracies in the data, is another
obstacle [22]. This is crucial in the drug discovery process since poor forecasts might have serious repercussions
[23].

Despite these difficulties, there are a number of potential methods for applying machine learning to the search for
new drugs [24]. For instance, high-dimensional genomics data are analyzed using deep learning algorithms, a form
of machine learning algorithm that can analyses complex data sets and find new drug targets. Other methods
include reinforcement learning, which involves optimizing the drug development process by training algorithms,
and transfer learning, which involves training machine learning algorithms on data from related domains. While
machine learning has the potential to completely change the drug development process by allowing researchers
too quickly and accurately find novel drug ideas by analyzing massive amounts of data [25]. While employing
machine learning for drug discovery has several drawbacks and limits, there are also a number of potential
strategies that are being developed to get over these obstacles. Machine learning is predicted to play an increasingly
significant part in the creation of novel and efficient treatments for a variety of diseases and disorders as the science
of drug discovery continues to advance [26].

THE ROLE OF MACHINE LEARNING IN ANALYZING VAST AMOUNTS
OF DATA FOR DRUG DISCOVERY:

In order to find new medication candidates, massive and complex data sets must be analyzed. Researchers can
quickly and accurately analyze these enormous volumes of data with the aid of machine learning (ML) [27]. In
biological and chemical data, machine learning algorithms can find patterns and associations that can be exploited
to create novel medications. A wide variety of data sets, including as genetic information, protein structures, and
chemical compounds, can be analysed using machine learning (ML). Researchers can get a more thorough
understanding of the molecular mechanisms behind disease and therapeutic activity by combining data from many
source [28]. The capability of machine learning to analyze vast and complicated data sets rapidly and accurately
is one of the main benefits of ML in drug discovery. This enables scientists to choose the best medicine candidates
after doing further study. ML can be used to priorities compounds for additional testing by predicting the toxicity
of possible therapeutic candidates. The capacity of machine learning to analyze data in real-time is another benefit
for drug research. Researchers can swiftly find new patterns and associations that can be exploited to generate
novel medications by utilizing ML algorithms to analyze streaming data [29].

However, there are a number of difficulties and restrictions with using ML in drug development. For instance, in
order to produce reliable predictions, ML models need high-quality data. Additionally, interpretable models that
can shed light on the molecular mechanisms behind pharmacological action are required [30]. The possibility of
bias and mistake in the data presents another difficulty and may reduce the precision of ML predictions.
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Figure 1: Understanding Drug Discovery by machine learning through Flow Chat

Here Figure 1 is discussing the method of drug discovery by the use of machine learning. The use of ML in drug
discovery is growing in popularity despite these difficulties. Researchers are creating new methods and algorithms
to get beyond these restrictions and maximize the potential of ML for drug discovery [31]. Researchers can quickly
and reliably analyses enormous volumes of data with the use of machine learning, which enables them to create
novel medications that can enhance human health [32]. The two primary categories of ML algorithms are
supervised learning and unsupervised learning [32]. In supervised learning, each data point is connected to a
particular result or label, and the ML system is trained on a labelled dataset. In order to forecast the behavior of
new, unlabeled data, the algorithm learns to identify patterns in the data [33]. The efficacy of possible medication
candidates can be predicted using supervised learning in the drug discovery process. Researchers can use an ML
model to predict the efficacy of novel, untested substances by training it on a dataset of known medications and
their efficacy data [34]. On the other hand, unsupervised learning entails training an ML system on an unlabeled
dataset. Without labelled data, the algorithm learns to spot patterns and connections in the data. Unsupervised
learning can be used to find new drug development targets as well as to find patterns in very vast and complicated
datasets. Designing new medications is a significant use of machine learning in the drug development process [35].
New drugs with particular features, such increased efficacy, decreased toxicity, or better pharmacokinetics, can be
created using ML algorithms. In comparison to conventional trial-and-error procedures, researchers can save time
and resources by utilizing ML to create new medications [36]. Drug dosages and treatment plans can potentially
be optimized using machine learning (ML). ML algorithms can determine the ideal dosage and timing for a given
treatment by examining patient data and drug response data, lowering the risk of adverse effects and increasing
patient outcomes [37]. While the world of drug development is being revolutionized by the application of ML in
drug discovery. ML algorithms are capable of identifying possible medication candidates and creating novel
pharmaceuticals with specified features by swiftly and accurately analyzing enormous amounts of data. Even
though there are still difficulties and restrictions with the use of ML in drug discovery, scientists are creating new
algorithms and strategies that can get around these problems and enhance people's health [38].

Analyzing Vast Amounts of Data in Drug Discovery Using Machine Learning

Historically, finding new drugs has been a tedious and expensive process that takes many years to complete [39].
The development of machine learning (ML) has the potential to completely transform the drug discovery process,
particularly when it comes to the analysis of enormous volumes of data to find potential new therapeutic
candidates. Finding chemical compounds with the potential to be turned into medicines for the treatment of
diseases is a key step in the drug discovery process [40]. The goal of this approach is to find compounds that have
the requisite biological activity and safety profiles by testing and analyzing a large number of molecules. Drug
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development can be expedited and cost-effectively shortened by researchers using machine learning algorithms to
analyse massive amounts of data [41].

The capability of employing ML in drug discovery to analyze huge and complicated datasets fast and accurately
is one of its main benefits [42]. Machine learning algorithms can find patterns and relationships in enormous
amounts of data that might not be immediately obvious using conventional analysis techniques [43]. Researchers
may find prospective medication candidates this way that were missed by more conventional screening techniques.
Large datasets of chemical compounds and biological data can be used to train machine learning algorithms, which
then allows them to predict the attributes of new compounds [44]. For instance, to find the medicinal compounds
that have the highest likelihood of being helpful in the treatment of particular diseases, ML algorithms can be
trained on vast datasets of known drug compounds [45]. Given that researchers can immediately identify possible
medication candidates that are most likely to be successful, this strategy offers the potential to dramatically cut the
time and expense of drug development [46].

Al-Based Drug Discovery
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Figure 2: Al based discovery of Drug through

Here Figure 2 is describing Al based drug discovery process that how we use Al in the field of drug discovery.
Predicting the effectiveness and toxicity of new drugs is another way that machine learning may be used to analyze
enormous volumes of data in drug research [47]. Large databases of well-known medicinal molecules and the
efficacy and toxicity data linked to them can be used to train machine learning algorithms. As a result, scientists
can forecast the effectiveness and toxicity of novel chemicals based on those substances' chemical compositions
and other characteristics.

The ability of machine learning algorithms to swiftly and precisely analyze enormous amounts of data is a huge
benefit in the drug discovery process. This makes it possible for researchers to find prospective medication
candidates more rapidly and effectively than using conventional approaches. Additionally, ML algorithms can find
links and patterns in the data that conventional techniques of analysis can miss [48].

The use of machine learning in drug discovery is fraught with difficulties. The necessity for a lot of high-quality
data poses a problem. For ML algorithms to work well, vast datasets must be trained, and the quality of the data
has a big influence on how accurate the predictions are. Additionally, not all organizations may have the
specialized knowledge and abilities needed to employ machine learning in drug discovery [49]. Despite these
difficulties, the application of machine learning to drug discovery offers a great deal of potential to transform the
pharmaceutical industry. The time and expense associated with developing new drugs can be decreased by using
machine learning (ML) algorithms to find possible therapeutic candidates more rapidly and effectively than with
conventional techniques [50]. In addition to lowering the amount of animal and human trials necessary in the drug
development process, the capacity to anticipate the efficacy and toxicity of new compounds using machine learning
algorithms can also speed up the process of bringing new medications to market [51]. While machine learning has
the potential to revolutionize the drug development process by making it possible to analyze enormous volumes
of data in order to find novel therapeutic candidates [52]. Large datasets of biological and chemical molecules can
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be analyzed by machine learning (ML) algorithms, which can speed up the process of identifying potential
medication candidates [53]. Even though there are difficulties involved, machine learning's potential advantages
make it an intriguing area of research for the field of drug development.

Because deep learning algorithms can analyze enormous volumes of data and identify possible drug candidates
more quickly and accurately than ever before, their usage in drug discovery has increased recently [54]. This has
resulted in the identification of innovative medication candidates with great specificity and efficacy [55]. The use
of deep neural networks to predict the biological activity of tiny compounds based on their chemical structures is
one of the most promising uses of deep learning in drug discovery.

APPLICATIONS OF DEEP LEARNING IN DRUG DISCOVERY

Using deep neural networks, quantitative structure-activity relationship (QSAR) modelling uses chemical structure
to predict a compound's action against a particular biological target [56]. To create a model that can be used to
predict the activity of new compounds, the neural network is trained on a huge dataset of known compounds and
their corresponding biological activities [57]. The action of hundreds of tiny compounds across a variety of
biological targets has been predicted using this method. In one study, for instance, scientists utilized a deep learning
model to forecast the activity of substances against the protein kinase CHKI, a target for cancer treatment [58].
The model was developed by the researchers using a sizable dataset of well-known CHKI1 inhibitors, and it was
then used to forecast the activity of a group of novel drugs. The model discovered several substances with strong
CHKI1 inhibitory action, one of which was later found to be efficient in preventing tumor growth in animal models
[59]. Generative models are another way that deep learning is being used in the drug development process to create
novel molecules with desired attributes. Large datasets of chemicals can be used to train generative models so they
can discover the patterns and structures connected to various biological functions [60]. These models can be used
to create novel compounds that are anticipated to have the desired activity after being trained. For instance,
researchers created novel chemicals that were active against the protein target bromodomain-containing protein 4
(BRD4), a prospective target for the treatment of cancer, using a generative model. The model was trained using
a sizable dataset of well-known BRD4 inhibitors, and it was then utilised to produce a collection of novel
compounds. After testing these substances in vitro, the researchers discovered that several of them had a lot of
action against BRD4. Deep learning can be used to forecast drug toxicity and side effects in addition to finding
novel treatment candidates. This may lessen the number of medications that toxicity problems cause to fail in
clinical trials. In order to forecast the toxicity of substances based on their chemical structures, for instance,
researchers utilized a deep learning model. The program was able to accurately estimate the toxicity of novel
compounds after being trained on a sizable dataset of substances with known toxicity profiles.
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Figure 3: Implication of Al in health care

Figure 3 showing the implication process of Al in health care. These instances highlight deep learning's enormous
potential for drug development. Deep learning can speed up the drug development process and assist in bringing
new, efficient medicines to patients more rapidly by enabling researchers to analyze huge volumes of data and
produce novel compounds with desired properties [61]. Deep learning in drug discovery is not without its
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difficulties, though; they will be covered in more detail in the section below. Overall, applying deep learning to
drug discovery has the potential to completely change how novel medications are found and developed. Deep
learning can speed up the drug development process and assist in bringing new, efficient medicines to patients
more rapidly by enabling researchers to analyse huge volumes of data and produce novel compounds with desired
properties.

CHALLENGES AND LIMITATIONS OF USING MACHINE LEARNING IN
DRUG DISCOVERY

Due to its potential to hasten drug development and enable the identification of innovative drug candidates with
higher speed and accuracy than conventional methods, machine learning has attracted a lot of attention in recent
years [62]. To fully realize its potential, machine learning must overcome a number of key obstacles and constraints
related to the drug discovery process.

The availability and quality of data are two of the main obstacles to applying machine learning in drug discovery.
An extensive dataset of compounds with proven activity against certain biological targets is needed to train
machine learning models to predict the biological activity of small molecules. However, such information is
frequently sparse and of varying quality. As a result, the model's accuracy may suffer and biases may be introduced.
Additionally, the data used to train machine learning models is frequently gathered from several sources and can
be extremely varied in terms of the quality of the experimentation and the data itself [63]. As a result, there may
be difficulties with data pre-processing and normalization, which may affect how accurate the final models are.
The interpretability of the models is another difficulty with using machine learning in drug discovery. Machine
learning models are frequently referred to as "black boxes" since it can be challenging to comprehend how they
make predictions. Finding the underlying biological mechanisms and pathways that underlie the reported activity
of small compounds, which is essential for drug discovery, might be difficult as a result. Additionally, machine
learning models are frequently extremely complicated and demand a large amount of processing power for both
training and inference. Small research teams or those without access to high-performance computing resources
may find this to be a significant hindrance. When employing machine learning in drug development, there are not
only technological difficulties to be solved, but also ethical and legal issues to be considered. For instance, there
are worries about the possibility of discrimination and prejudice ASin machine learning models, which can result
in the exclusion of particular patient populations or the creation of medications that are less effective for particular
subgroups. Furthermore, using machine learning in drug discovery comes with regulatory obstacles. Because
machine learning models present special difficulties that traditional regulatory systems were not intended to
address, it may be challenging to have pharmaceuticals produced using these techniques approved [64]. Despite
these difficulties and restrictions, machine learning has a lot of potential for use in the drug discovery process.
Machine learning has the potential to speed up the drug discovery process and enhance patient outcomes by making
it possible to analyze massive datasets and produce fresh drug candidates with desired features. However, it's
critical to address the difficulties and restrictions related to using machine learning in drug discovery, as well as
to create new strategies and tools, in order to fully realize this promise.

When employing machine learning in drug discovery, there are a number of additional aspects to take into account
in addition to the difficulties and restrictions mentioned above. The necessity of cooperation amongst various
stakeholders in the medication development process is one of these elements. Researchers, doctors, and industry
partners must collaborate and exchange knowledge in order to produce high-quality data and create accurate
models. The requirement for machine learning model validation and testing is another element that needs to be
taken into account. The activity of tiny molecules can be predicted by machine learning models with great
accuracy, but it is crucial to evaluate these predictions in experiments. This is crucial when developing new
pharmaceuticals because before a drug can be licensed for use in humans, its safety and effectiveness must be
thoroughly assessed. Additionally, there is a requirement for enhanced accountability and openness in the
application of machine learning to drug discovery. Developing techniques for deciphering the conclusions
produced by machine learning models and spotting biases or limitations in the data or models employed is crucial
as these models grow more complicated and challenging to interpret. The long-term effects of applying machine
learning to drug discovery must be carefully considered [65]. Even though these techniques can hasten the
development of new drugs and enhance patient outcomes, they also raise moral and cultural concerns regarding
the use of technology in healthcare and the possibility that they might worsen already-existing disparities in access
to care. The difficulties and restrictions related to using machine learning for drug discovery underline the necessity
of continued study and advancement in this area. It is conceivable to realize the full potential of machine learning
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in drug discovery and to improve patient outcomes in a safe and efficient manner by tackling these issues and
creating new techniques and tools to get beyond these restrictions.

FUTURE DIRECTIONS AND OPPORTUNITIES FOR ADVANCEMENT IN
THE FIELD

There are numerous intriguing potential directions and opportunities for advancement in the fast developing field
of machine learning in drug discovery. We will go through some of the major areas of research and development
that are anticipated to propel advancement in the upcoming years in this post [66]. The creation of deep learning
models is among the most promising machine learning research topics for drug discovery. Artificial neural
networks are used in deep learning, a sort of machine learning, to learn from data. These models have the ability
to greatly increase prediction accuracy while minimizing the requirement for massive volumes of labelled data.
The creation of models for multi-task learning is another field of study [67]. A kind of machine learning called
multi-task learning allows for the simultaneous learning of several related tasks using a single model. This strategy
enables the prediction of numerous properties of a chemical using a single model, potentially increasing the
efficiency and accuracy of drug discovery.

In addition to these technical developments, the application of machine learning to drug discovery presents
prospects for innovation. For instance, the application of machine learning in the creation of personalized medicine
is gaining popularity. An approach to healthcare known as "personalized medicine" aims to cater each patient's
care to their unique needs. The identification of patient-specific biomarkers and the prediction of individualized
treatment outcomes are both possible thanks to machine learning, which has the potential to greatly enhance patient
outcomes. The creation of new forms of data for machine learning models is another area of innovation. For
instance, the utilization of imaging data for drug discovery is becoming more and more popular. Imaging
information, such as that obtained from MRI and CT scans, can provide thorough details about the composition
and operation of tissues and organs, which may be used to forecast the behavior of tiny molecules. The application
of machine learning to the development of fresh medication candidates is also gaining popularity [68]. In this
method, referred to as generative modeling, new molecules with desired features are created using machine
learning. By enabling the quick development and testing of numerous novel drug candidates, generative modelling
has the potential to drastically cut down on the time and cost involved in drug discovery. Finally, there is a lot of
room for machine learning to be used with other technologies, such automation and robotics, to speed up the drug
development process even further. Machine learning might, for instance, be applied to high-throughput screening
technologies' massive volumes of data analysis and experiment design optimization. Machine learning for drug
development has a lot of potential for innovation and advancement, but there are also obstacles that must be
overcome if this technology is to reach its full potential. The requirement for more high-quality data is one of the
main difficulties. The amount of data needed for drug development may be greatly reduced with machine learning,
but accurate model training still requires high-quality data.

Greater cooperation and data sharing across various players in the drug development process is a challenge as well.
Researchers, doctors, and industry partners must collaborate and exchange knowledge in order to produce high-
quality data and create accurate models [69]. Additionally, there is a need for increased accountability and
openness in the application of machine learning to drug discovery. Developing techniques for deciphering the
conclusions produced by machine learning models and spotting biases or limitations in the data or models
employed is crucial as these models grow more complicated and challenging to interpret.

When utilizing machine learning in drug development, ethical and legal issues must be taken into account. For
instance, there are worries about the possibility of discrimination and prejudice in machine learning models, which
can result in the exclusion of particular patient populations or the creation of medications that are less effective for
particular subgroups. There are numerous interesting potential for innovation and advancement in the fast
developing field of machine learning for drug discovery [70]. However, it is crucial to solve the difficulties and
constraints connected with this strategy in order to fully realise its potential. Machine learning has the ability to
dramatically enhance the drug discovery process and provide innovative, efficient medicines to patients in need
by tackling these issues and cooperating to produce accurate and transparent models.

CONCLUSION
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In summary, the use of machine learning in drug development is a fascinating and quickly developing topic that
has enormous potential for expediting the discovery of novel drugs and providing patients with cutting-edge
treatments. It has been demonstrated that machine learning models are useful for developing new drug candidates,
finding novel therapeutic targets, and forecasting pharmacological attributes. The use of deep learning models,
multi-task learning, personalized medicine, and the incorporation of machine learning with other technologies like
robotics and automation are just a few of the promising areas of research and development that are likely to propel
advancement in the upcoming years. To fully realise the potential of machine learning in drug discovery, there are
other issues and constraints that must be resolved. These consist of the requirement for more high-quality data,
increased collaboration and data sharing, accountability and transparency in the application of machine learning
models, as well as ethical and legal considerations. The potential for additional advancement in the field of machine
learning in drug discovery is substantial. We can use the power of machine learning to speed the drug discovery
process and create more efficient medicines for patients in need if we solve these issues and collaborate.
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