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Throughout history, humans have dreamed of finding 
a panacea for diseases and an elixir for immortality. As 
alluded to in the popular Chinese legend of Shennong, 
who tasted hundreds of herbs in a day to test their med-
ical value, for thousands of years before the emergence 
of modern medicinal science, only natural materia med-
ica and medication methods derived primarily from 
experience could be used to treat diseases. When epi-
demics wreak havoc and medicine cannot provide relief, 
witchcraft prevails but eventually fails to overcome the 
disease. Various lethal human diseases, such as plague, 
smallpox and tuberculosis, persisted and claimed count-
less human lives throughout history until they were 
finally harnessed by the power of medical sciences.

With the development of modern medical sciences 
based on anatomy, physiology, microbiology and immu-
nology, drug discovery is no longer a merely accidental 
process depending solely on experience. The rise of the 
modern chemical and pharmaceutical industry has ena-
bled the use of not only natural sources but also chem-
ically synthesized substances to combat various forms 
of human diseases. For example, the application of sul-
fonamide, penicillin and streptomycin antibiotics tem-
porarily relieved humans of the nightmare of bacterial 
infectious diseases.

Driven by the discovery of the double-helix structure 
of DNA and the development of molecular biology, the 
understanding of diseases and drug targets has deep-
ened, extending to the genetic and molecular levels. 
Moreover, owing to the development of protein struc-
tural biology, direct interactions between small drug 
molecules and their target macromolecules can be cap-
tured. These scientific advances led to the discovery 
of the first targeted antitumor drug, imatinib, for the 
treatment of chronic myeloid leukemia [1].

Despite the emergence of chemically synthesized 
drugs, natural products remain the basis and major 

resource for drug innovation. Currently, half the drugs 
on the market are derived from natural products and 
related molecules [2]. Among them, artemisinin, derived 
from traditional Chinese medicine, is a notable example 
[3]. The discovery of natural product lead compounds 
and mechanisms of action has been, and will continue 
to be, the frontier of fundamental research and a prom-
ising path to the discovery of new drug targets and cel-
lular signaling pathways [4].

It is also worth noting that progress in the resolu-
tion limit of complex structures determined by three-
dimensional reconstruction technology of Cryo-EM at a 
near- atomic level renders it a new and powerful tool 
for drug discovery [5, 6]. The growing number of suc-
cessful determinations of drug-target co-structure by 
cryo-EM makes us hopeful that this technique will keep 
pace with protein crystallography in the field of drug 
discovery in the near future [7, 8].

Beyond experimental methods, the success of 
Alphafold-2 has enabled the prediction of accurate 
three-dimensional structures of drug targets on a large 
scale [9]. The rapid development of artificial intelli-
gence has positioned information technology to play 
an increasingly important role in the preclinical stage 
of drug discovery, particularly in virtual ligand screen-
ing, rational drug design and the prediction of pharma-
cokinetic and toxicological characteristics, thus allowing 
candidate drugs to be obtained with reduced cost and 
time [10]. This important cornerstone of drug discovery 
marks its shift from the realm of chance to the realm 
of necessity. The recent success of Pfizer’s anti-COVID-19 
drug, Paxlovid, perfectly illustrates both the strength 
and necessity of rational drug design [11].

According to data released by the WHO, infectious 
diseases caused by bacteria, viruses and parasites are 
leading causes of human death, accounting for approxi-
mately 25% of all deaths due to disease [12]. On the one 
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hand, antibiotics, once regarded as the pinnacle of med-
icine and an effective weapon against bacterial infec-
tions, have gradually lost their advantages partly because 
of the emergence of multidrug-resistant and extensively 
drug-resistant strains [13, 14]. Secondary infection of 
drug-resistant bacteria, such as multidrug-resistant 
Mycobacterium tuberculosis, Staphylococcus aureus and 
other bacterial infections in hospitals are becoming major 
threats to global health. Super-bacteria that are resistant 
to almost all antibiotics have also emerged [15, 16]. The 
rate of development of new antibiotics has lagged far 
behind the rate of the emergence of new bacterial drug 
resistance. On the other hand, since the 21st century, 
new viral infections such as H1N1 influenza, Ebola, Zika, 
poliomyelitis and COVID-19 have caused several Public 
Health Emergencies of International Concern [17], par-
ticularly coronavirus infections, which have caused sev-
eral fatal human pneumonia outbreaks, including severe 
acute respiratory syndrome [18], Middle East respira-
tory syndrome [19] and the currently ongoing outbreak 
of COVID-19 caused by the SARS-CoV-2 virus [20]. New 
and recurrent zoonoses have remained a major threat 
to worldwide public health [21]. Therefore, in the post-
COVID-19 era, the development of anti-drug-resistant 
bacteria and antiviral drugs will continue to be main 
themes in drug discovery.

Another situation that cannot be ignored is that many 
countries worldwide, particularly developed countries 
have increasingly aging populations. Chronic diseases 
associated with aging, such as cancer, cardiovascular 
and cerebrovascular diseases, neurodegenerative dis-
eases and metabolic diseases have become major health 
problems in these countries [12]. The medical expendi-
ture for the treatment of these diseases accounts for an 
increasing proportion of governmental and insurance 
company budgets. Therefore, in the coming decades, 
the main efforts in drug discovery and development are 
expected to remain focused on fields associated with 
these chronic diseases. In addition, drug research and 
development in the field of anti-aging is also expected 
to experience a rapid boom.

Since the beginning of the 21st century, with the com-
pletion of the human genome project [22], biomedical 
sciences have entered the postgenome era, and new 
tools and concepts have proliferated. The development 
of fundamental biomedical research itself has promoted 
the discovery of innovative drugs. For example, break-
throughs in nucleic acid research have made mRNA vac-
cines and gene-editing therapies possible [23, 24]; the 
study of tumor immune escape has led to PD-1/PD-L1 
antibody therapy and CAR-T cell therapy [25, 26]; and 
the study of ubiquitination-degradation systems and 
the autophagy system have enabled protein-target-
ed-degradation drugs (e.g., protacs, lytacs, autacs and 
attecs) [27–30]. Moreover, the study of small drug mole-
cules as probes can sometimes work in reverse by pro-
moting fundamental research. For instance, the study 

of rapamycin as a molecular glue resulted in intensive 
promotion of fundamental research in the field of anti-
aging [31].

In this era in which the rate of advancement of the 
theoretical underpinnings of basic disciplines such as 
physics and mathematics has slowed, biomedical sciences 
have risen to become the prominent revolutionary force 
of scientific development. The pursuit of health and 
immortality powers drug discovery. Countless innova-
tive concepts and technologies as diverse as molecular 
glue [32], bispecific antibodies [33], protacs [27], anti-
body-drug conjugates [34], DNA-encoded libraries [35], 
allosteric regulators [36], multiomics technologies [37] 
smart drug-delivery systems [38] and synthetic biology 
of natural products [39], indicate that we are in a chal-
lenging but promising era of change. We must listen 
to the demands of patients, doctors and regulatory 
authorities, as well as the voices of science, conscience 
and humanity. The ultimate goal of drug discovery is 
to produce a panacea to treat diseases and enhance 
the health and happiness of all humanity. To progress 
toward this yet-distant goal, we call for cooperation, 
mutual compromise and joint efforts among scientists, 
investors, industrial manufacturers and policymakers. In 
the most optimistic scenario, drugs should be created 
but eventually will no longer be needed.

The discovery of new drugs is among humanity’s 
most sophisticated and cutting-edge intellectual activi-
ties. This process requires not only the discovery of the 
basic laws governing biological activities with curiosity, 
but also the inspirational creation of new materials, 
and decades of persistence in the face of difficulties 
and failures. This pursuit is both interdisciplinary and 
comprehensive, and such a grand project could not 
be advanced without the large-scale collaboration of 
numerous talented minds. Non est ad astra mollis e ter-
ris via: there is no easy way from the earth to the stars.
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