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The 2015 Nobel Prize in Physiology or Medicine
A Soil Bacterium and a Chinese Herb Steal the Show
Pundi N Rangarajan
The Nobel Prize in Physiology or Medicine 2015 was awarded
to Willliam C Campbell, Satoshi Omura and Youyou Tu for
their research leading to the discovery of potent parasiticidal
drugs that save millions of lives across the world. The work
of Campbell and Omura led to the discovery of Ivermectin,
which till date remains one of the most effective drugs against
helminth parasites causing onchocerciasis (river blindness)
and lymphatic filariasis (elephantiasis) as well as veterinary
parasites. Youyou Tu’s discovery of Artemisinin, a potent
anti-malarial drug from Artemisia annua, a medicinal plant
used in Chinese traditional medicine, highlights the power of
combining traditional knowledge with modern methods of
drug discovery and development. The Nobel Committee
stated that the award to Tu was not for honouring Chinese
medicine, but for how she employed scientific procedures to
extract the active ingredient and produce a wonderful drug
that is saving millions of lives. Let us hope that a scientifically
validated drug based on Indian traditional medicine will
bring similar global recognition to India in the near future.
This Nobel Prize is likely to rejuvenate natural productbased drug discovery programs which are in a state of neglect
due to the dominance of combinatorial chemistry and highthroughput screening-based approaches.
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1. Introduction
A number of natural products having pharmacological or biological activity are components of traditional as well as modern
medicines; history is full of remarkable stories of how molecules
isolated from microbes and plants profoundly impacted advances
in biology and contributed to alleviation of human suffering.
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Traditional healers of ancient civilizations experimented with
various plants and their extracts to determine their therapeutic
properties and through trial and error, found that some had
healing powers. This knowledge was passed on to several
generations and some of these treatments were systematically
described in the traditional Chinese medicine and Indian Ayurvedic
texts. Some of these traditional medicines have real, beneficial
effects and extracts of the medicinal plants led to the discovery of
lead molecules1 and eventually to the development of modern,
chemically pure drugs. In addition to plants, serendipitous discovery and subsequent clinical success of penicillin led to global
search for microorganisms that produce anti-microbial compounds. Examples of lead molecules and drugs discovered from
microbes and plants are listed in Box 1.

Figure 1.

1

Lead molecules are promising

bioactive compounds that can
be refined further and developed

The award of the Nobel Prize 2015 to William Campbell (USA),
Satoshi Omura (Japan) and Youyou Tu (China) (Figure 1) is
another example of drug discovery from microbes and plants.
Omura collected soil samples across Japan and successfully
isolated the bacterium Streptomyces avermitilis. Campbell purified the compound(s) having anti-parasitic activity from S.
avermitilis and developed it further to produce the drug ivermectin,
which till date remains one of the most effective drugs against
parasitic infections (Box 2) such as onchocerciasis (river blindness) as well as lymphatic filariasis (elephantiasis) (see Box 3).
Ivermectin is also effective against ectoparasites such as mite,
tick and botfly, which cause massive economic losses in the
livestock industry. The global annual sales of Ivermectin is in
excess of 1 billion US dollars (~6 crore Indian rupees) since the
mid-1980s. Merck & Company donated Ivermectin free of charge
since 1987 to people in tropical countries to combat river blindness and elephantiasis. Ivermectin is also now being used for the
treatment of human strongyloidiasis and scabies. Thus, a microorganism isolated from a golf course in Japan has provided a drug
that emerged as a very successful tool in human and animal
health.

into drugs.
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Box 1. Examples of Anti-Microbial Compounds Derived from Microbes and Plants
Drug/Lead molecule

Source

End use

Penicillin

Penicillium chrysogenum

Anti-bacterial drug

Fungi
Cephalosporins

Cephalosporium acremonium

Anti-bacterial drug

Griseofulvin

Penicillium griseofulvum

Anti-fungal drug

Lovastatin

Pleurotus ostreatus

Cholesterol lowering drug

Mevastatin

Penicillium citrinum

Cholesterol lowering drug

Cyclosporin

Tolypocladium inflatum

Immune suppressor

Ergometrine

Claviceps spp

Vasoconstrictor

Asperlicin

Aspergillus alliaceus

Treatment of anxiety disorders

Streptomycin

Streptomyces griseus

Anti-bacterial drug

Amphotericin B

Streptomyces spp

Anti-fungal drug

Chloramphenicol

Streptomyces spp

Anti-bacterial drug

Daptomycin

Streptomyces spp

Anti-bacterial drug

Tetracycline

Streptomyces spp

Anti-bacterial drug

Polymyxins

Paenibacillus polymyxa

Anti-bacterial drug

Rifamycins

Amycolatopsis rifamycinica

Anti-bacterial drug

Botulinum toxin

Clostridium botulinum

Treatment of muscle spasm

Bleomycin

Streptomyces verticillus

Anti-cancer drug

Ivermectin

Streptomyces avermitilis

Parasiticial drug

Paclitaxel

Taxus brevifolia (Yew tree)

Anti-cancer drug

Omacetaxine mepesuccinate

Cephalotaxus harringtonii

Anti-cancer drug

Galantamine

Galanthus spp.

Alzheimer’s disease

Morphine

Papaver somniferum

Analgesic drug

Colchicine

Colchicum autumnale

Treatment of Gout

Artemisinin

Artemisia annua

Anti-malarial drug

Quinine

Cinchona

Anti-malarial drug

Nicotine

Nicotiana tobaccum

Parasympathomimetic

Bacteria

Plants

alkaloid
Atropine

Atropa belladona

Reduction of salivary and
bronchialsecretions

Digoxin

Digitalis purpurea

Cardiac glycoside

Vincristin/Vinblastine

Vinca rosea

Anti-cancer drug

Resperine

Rauwofia serpentina

Hypotensive agent
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Box 2. What are Helminth Parasites?
Parasites are organisms that reside in or on another organism (the host), from whom they derive nutrition,
reproduce and cause chronic or life-threatening diseases. There are three main classes of pathogenic human
parasites: protozoans, helminths, and ectoparasites. Of these, the helminth parasites are classified under the
phyla Platyhelminthes (flat worms) and Nemathelminthes/Nematoda (round worms). Helminths exist both as
free-living organisms in aquatic and terrestrial environments as well as parasites in many animals including
vertebrates. Parasitic nematodes include the major intestinal worms and the filarial worms that cause lymphatic
filariasis (LF) and onchocerciasis.

Parasitic flat worms include

the flukes (trematodes) such as the

schistosomes, and the tapeworms (cestodes) such as the pork tapeworm that causes cysticercosis. Infections
caused by these helminthic parasites result in morbidity and mortality in developing and semiindustrialized
countries in Sub-Saharan Africa, Southeast Asia and South America. For example, ~25 million people in Africa
are still infected by onchocerciasis and the burden of just this one disease in the 31 endemic countries is
estimated be ~250 million by 2016.

Youyou Tu was inspired by traditional Chinese medicine in
developing a drug against malaria. After examining nearly 2000
recipes of Chinese traditional herbs, Tu finally noticed the recordings of Ge Hong, a Taoist priest (283–363 AD): “One bundle
of Qing Hao (Artemisia annua), soak in two liters of water, wring
out for juice extract, then take it all” . Qing Hao has been used for
more than 2,000 years to alleviate fevers in China. Inspired by
this, she prepared the extract from this plant and successfully
Box 3. Glossary of Major Diseases
Onchocerciasis: It is also known as river blindness and Robles disease. The disease is caused by the parasitic
worm, Onchocerca volvulus. It causes severe itching, bumps under the skin, and blindness.
Lymphatic Filariasis (elephantiasis): This is an extremely painful, debilitating and disfiguring disease caused
by parasitic worms of the roundworm family which live in the lymphatic system comprising of a complex
network of nodes and vessels that maintain the fluid balance between blood and tissues. While many infected
individuals remain asymptomatic, some develop swelling of the arms, legs, or genitals.
Cysticercosis: This is caused by pork tapeworm (Taenia solium), a parasite belonging to the phylum
Platyhelminthes. Many infected people remain asymptomatic while some develop solid lumps beneath the skin.
A severe form of the disease called neurocysticercosis, which affects the brain which can cause seizures.
Malaria: Malaria is caused by the protozoan parasite belonging to the genus, Plasmodium (see Box 4 for
details).
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demonstrated its efficacy in a mouse model of malaria. Then, she
herself consumed the extract to prove its safety before demonstrating its efficacy in human malaria patients. She finally
isolated artemisinin, the active compound from the A. annua
extracts and this drug saves about 100,000 lives across the globe
annually.
2. The Discovery of Ivermectin

One third of the
anti-microbial
drugs that are in
use today are
isolated from soil
microbes and
marine bacteria.

One third of the anti-microbial drugs that are in use today are
isolated from soil microbes and marine bacteria. However, only
1% of microbes in a soil sample can be cultured in a laboratory
and a major challenge for a microbiologist such as Satoshi Omura
was to develop techniques for successfully culturing soil microbes and identify those producing novel anti-microbial compounds. Once this was achieved, the next step was to examine the
ability of these compounds to kill the microbes in vivo in an
animal model. Merck Sharp & Dohme (MSD), a pharmaceutical
company in the United States had a strong research program on
the analysis of anti-microbial activities of compounds synthesized chemically using in vivo assays and had the resources to
conduct complicated and expensive human clinical trials of
promising lead compounds. In the year 1971, Satoshi Omura, an
investigator at this institute, went on a sabbatical to the laboratory
of Max Tishler at the Wesleyan University in the United States.
Tishler had earlier worked at MSD and therefore facilitated
Omura’s interactions with researchers at MSD and as result, H
Boyd Woodruff, the chief microbiologist at MSD travelled to
Kitasato Institute, Japan in the year 1972 to establish collaboration for discovering new anti-microbial products from fermentation of soil microbes isolated by Omura. As per their research
agreement, researchers at the Kitasato Institute would isolate
organisms from soil samples and carry out preliminary in vitro
evaluation of their bioactivity. Promising bioactive samples
would be sent to MSD for further in vivo testing of anti-parasiticidal activity.
Amongst the various soil bacteria, Streptomyces species are
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2

These are nutrient-rich liquid

media used for growing microorganisms which are dehydrated
by controlled methods at low
temperatures.

This process,

known as lyophilization or freeze
drying involves removal of water
from a frozen sample placed
under vacuum so that the ice
changes directly from solid to
vapor without passing through a
liquid phase.

known to produce a wide variety of compounds with anti-microbial activities. At the same time, they are very difficult to culture
in laboratories. Omura focused on different strains of Streptomyces and after characterizing thousands of Streptomyces cultures,
he selected ~50 of them for in vivo testing at MSD. At MSD, a
group headed by William Campbell examined the anti-parasitic
activity using a specialized, novel anthelmintic mouse-screening
model wherein lyophilized broths2 of these bacteria were mixed
with the food and tested in mice infected with the parasite,
Nematospiroides dubius. A decrease in the number of parasite
eggs in the faeces is used an index of anti-parasiticidal activity.
One of these new Streptomyces strains, OS3153, isolated from
the soil near a golf course in Ito, Japan had the best antiparasiticidal activity. It was subsequently named Streptomyces
avermitilis and the metabolites responsible for the activity were
named avermectins. The avermectins consisted of eight closely
related compounds (Avermectins A1a, A1b, A2a, A2b, B1a, B1b,
B2a and B2b) of which 22, 23-Dihydroavermectin B1, comprising of 95% B1a and 5% B1b was selected for further development
and named Ivermectin. Avermectins are macrocyclic lactone
derivatives that lacked antibacterial and antifungal activity but
possessed potent anthelmintic properties (Figure 2). They had

Figure 2.
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the highest potency and no toxicity and target the invertebrate
glutamate-gated Cl- channels affecting transmission of nerve
messages in peripheral muscles of insects and nematodes. Humans are not affected because ivermectin is a large molecule and
therefore cannot cross the blood-brain barrier to reach these
transmitter sites in the central nervous system. Ivermectin had
biocidal activity against a wide range of nematodes, insects and
arachnids and was 25 times more potent than all other
anthelmintics. Ivermectin is not a cure as it does not kill adult
parasites but suppresses symptom-causing onchocercal microfilaria in the skin and eyes and prevents the disease from progressing. Entire communities need to take the drug, once annually. It
has the unique ability to kill both ecto- and endoparasites and thus
gave rise to the new class of compounds called ‘endectocides’.
3. Impact of Ivermectin on Human and Animal Health
In addition to its success as a potent drug against onchocerciasis
and filariasis, ivermectin is being used for the treatment of other
human diseases such as strongyloidiasis (million cases/year),
scabies (300 million cases/year), pediculosis, gnathostomiasis,
leishmaniasis and myiasis. The drug is effective against many
soil-transmitted helminth parasites (including Ascaris, Trichuris
and hookworm) many of which cause morbidity arising from
poor childhood nutrition and growth. Roy Vagelos, CEO at
Merck, made sure that ivermectin is available free of cost to
governments and patients for the treatment of river blindness and
lymphatic filariasis. As of 2012 ~200 million people received
ivermectin (WHO 2013) of which 118 million received both
ivermectin and albendazole for periods ranging from 1—11 years
for the elimination of lymphatic filariasis. Thus, Omura and
Campbell contributed to the identification of a new class of drugs
with extraordinary efficiency against parasitic diseases. Omura
has discovered more than 400 new chemicals, several of which
have become key drugs that have improved the lives and welfare
of crores of people worldwide [2]. In the year 2012, 99.3 million
Africans received an annual dose of ivermectin to treat and
eliminate onchocerciasis while ~105 million Africans were treated
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with ivermectin as part of the lymphatic filariasis elimination
campaign [2]. A large number of people including Omura,
Campbell, Ralph Hirschmann, Mohammed Aziz, Ken Brown,
and Roy Vagelos have played pivotal roles in ensuring that
ivermectin is not only available but also affordable to the world’s
poorest communities. [3].
Avermectin-containing products are the international best-selling compounds in the animal health market since 1981, generating annual sales of around 1 billion US dollars. Thus, ivermectin
is a rare example of a drug that was not only a commercial success
but also contributed to disease prevention amongst the poorest
Box 4. What is Malaria?
Malaria is an infectious disease caused by the protozoan parasite, Plasmodium. In humans, malaria is caused
by Plasmodium falciparum, P. vivax, P. knowlesi, and P. malariae. The life cycle of malaria parasite consists
of two hosts: a Dipteran insect host, usually the female Anopheles mosquito and a vertebrate host. Female
Anopheles mosquitoes pick up the parasite when they bite infected humans. Inside the mosquito the parasites
develop and reproduce. When the mosquito bites again, the parasites present in the saliva enter the human blood,
multiply in the liver and red blood cells. One to two weeks after infection, symptoms of malaria appear: usually
fever, headache, chills and vomiting. If left untreated, malaria can kill by infecting and destroying red blood
cells and by clogging the capillaries that carry blood to the brain or other vital organs. When the parasite enter
the brain it results in cerebral malaria, which is fatal. In the year 2015, 214 million cases of malaria were
reported worldwide resulting in 438,000 deaths, 90% of which occurred in Africa. There is no effective vaccine
for malaria as yet. Malaria is treated with drugs such as chloroquine, amodiaquine, lumefantrine, mefloquine
or sulfadoxine/pyrimethamine etc. However, the parasite has developed resistance for most of these drugs.
Between 1950 and 1970, parasites developed resistance to chloroquine which was then replaced by sulphadoxinepyrimethamine, which itself became ineffective and was replaced by artemisinin. Since 1990, artemisinin
remains the frontline drug against malaria. To decrease the probability of the parasite developing resistance to
artemisinin, it is being used in combination with other anti-malarial drugs and this is known as artemisinin
combination therapy (ACT).
Malaria researchers have won several Nobel prizes. The existence of Plasmodium in the wall of the midgut and
salivary glands of mosquito was discovered by Ronal Ross, a British surgeon working in India in the year 1898
for which he was awarded the Nobel Prize in 1902. Charles Laveran, a French Physician working in an Algerian
hospital discovered parasites in the red blood cells of malaria-infected patients and received the Nobel prize in
the year 1907. Paul Herman Muller, a Swiss scientist received the Noble prize in the year 1948 for the synthesis
of dichlorodiphenyltrichloroethane (DDT), a potent insecticide that was used extensively to control malaria.
Youyou Tu was awarded the Nobel prize in 2015 for the discovery of artemisinin.

322

RESONANCE

April 2016

GENERAL ARTICLE

and made global impact both in human and animal health.
4. The Discovery of Artemisinin
The discovery of artemisinin can be traced back to the Vietnam
war which occurred in Vietnam, Laos, and Cambodia from 1
November 1955 to 30 April 1975. This war was fought between
North Vietnam (supported by the Soviet Union, China and other
communist allies) and South Vietnam (supported by the United
States, Philippines and other anti-communist allies). As the war
progressed, Chinese soldiers fighting for communist North Vietnam were dying by the thousands from malaria (Box 4) because
the parasite was developing resistance to the anti-malarial drug,
chloroquine. So, in the year 1967, the then North Vietnamese
leader, Ho Chi Minh asked China for help to treat thousands of
Vietnamese and Chinese soldiers suffering from malaria during
the Vietnam War. Mao Zedong, Chairman of the Communist
Party of China, launched a secret military project on 23 May 1967
named Project 523 (5th month, 23rd day). It brought together
hundreds of doctors and chemists to work on the development of
an anti-malarial drug. The project was divided into two groups:
i) those developing synthetic anti-malarial compounds, ii) those
developing anti-malarials based on traditional Chinese medicine.
Youyou Tu, a researcher at the Academy of Traditional Chinese
Medicine, joined the second group in the year 1969 at the age of
39. Tu’s group searched for recipes that had been used for several
decades to treat fever. For the next two years they made ~380
different extracts from ~200 Chinese herbs and evaluated them in
a mouse model of malaria with little or no success. They soon
realized that a plant known as qinghao (Artemisia annua or sweet
wormwood; Figure 2B) had been described in ancient Chinese
inscriptions such as a piece of silk unearthed from the Mawangdui
Han Dynasty tombs (168 BCE) and texts such as the Compendium of Materia Medica by Li Shizhen (1518–1593) during the
Ming Dynasty, as a remedy for several illnesses including fever
(4, 5). When the extract from this plant was tested against mice
infected with Plasmodium bergheii in the rodent model of
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malaria, it inhibited the growth of malaria parasite, but the results
were inconsistent.Tu found one sentence in an ancient Chinese
text entitled A handbook of Prescriptions for Emergencies written by Ge Hong (340 AD) that caught her attention. It said:
“qinghao, one bunch, take two sheng [2.2 liters] of water for
soaking it, wring it out, take the juice, ingest it in its entirety” (4).
Tu’s team realized that the active ingredient might have been
destroyed when the leaves are boiled in water during the conventional extract preparation. Therefore, she redesigned the extraction process using solvents with a low boiling point and also
separated the extracts into acidic and neutral by treating them
with either acidic or neutral aqueous solutions during the process.
Finally, she obtained extract number 191 from the neutral solvent, which killed 100% of both the P. berghei-infected mice and
P. cynomolgi-infected monkeys on October 4th, 1971. This
extract from qinghao known as Qinghaosu was later named
artemisinin. It should be noted that Qinghao is a general name of
atleast six types of herbs, each containing different chemical
components with various degrees of efficacy in treating malaria.
Amongst these, only Artemisia annua extract had the antimalarial
effect. Further, only fresh leaves collected before floral initiation
contained sufficient quantity of the active compound. Thus, Tu’s
team had to overcome several uncertainties and inconsistencies in
the early stages of their research.
3

Generally, any novel drug has

to be administered first to healthy
human volunteers to demonstrate that the drug is safe. Only
then, the drug should be tested
in the affected population.
4

Parasitemia refers to parasite

load/burden in the blood of an
infected individual.

Measuring

parasite levels in the blood before and after drug treatment
can be used as a measure of the
efficacy of the therapy.
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Having demonstrated the efficacy of qinghaosu in animal models,
the next step was to examine its efficacy in humans. Before that,
its safety3 had to be ascertained. Therefore, Tu and three of her
colleagues volunteered to test the new extract on themselves.
Having demonstrated its safety, Tu and her team left for Hainan
Province, an island off the southern coast of China and tested the
efficacy of qinghaosu on 21 patients infected with P. vivax and/or
P. falciparum. They observed rapid disappearance of fever and
decrease in parasitemia4 in blood parasites from the blood compared to the control group treated with chloroquine (5). Later, a
compound of molecular weight of 282 Da isolated from qinghaosu,
with a molecular formula of C15H22O5 was identified as the active
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compound. In 1973, Tu also synthesized dihydroartemisinin with
a hydroxyl group, which was later found to be more effective than
the natural compound. The structure of artemisinin was later
determined in 1975 in collaboration with the Institute of Biophysics, Chinese Academy of Sciences and artemisinin was identified
as a sesquiterpene lactone (Figure 2B).
While there is no denying the fact that the clue for discovering the
anti-malarial activity of artemisinin was obtained from ancient
texts of the traditional Chinese medicine, it is the untiring efforts
of Tu’s team to prepare the active extract, validate its therapeutic
properties in animal models followed by demonstration of its
safety and efficacy in humans that ultimately got her the global
recognition, which she truly deserves. It is interesting to note that
Tu had no PhD, was not trained overseas and was not a member
of the elite Chinese Academy of Sciences. No one bothered about
her and her efforts until Louis Miller and Xinzhuan, researchers
at the US National Institutes of Health reviewed letters, researchers’ original notebooks and transcripts of 523 project meetings a
decade ago and apprised the scientific community of her contribution. She received America’s top medical accolade, the Lasker
Award in the year 2011, followed by the Nobel Prize in 2015.
There is a lesson for biologists in countries such as China and
India, whose time and efforts are being spent primarily on catching up with the west and chasing journal impact factors rather
than producing cutting-edge innovations.
5. Traditional Medicine – the Road Ahead
The Nobel Committee stated that the award to Youyou Tu was not
for honouring Chinese medicine, but for how Tu employed
scientific procedures to extract the active ingredient and produce
the chemical drug that now saves millions of lives. China has
made tremendous progress in combining traditional Chinese
medicine with modern drug discovery methods, and Tu, in her
Lasker Award Lecture, mentions a number of promising drugs
derived from Chinese traditional medicine which are under various stages of development [6]. These include: Huperzine A for
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