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Abstract. The “Cultural Revolution” was, launched in China by President Mao Zedong (1966)
and was the most profound social convulsion and political crisis that the People’s Republic of
China has ever undergone. The “Cultural Revolution” represented the triumph of antiintellectualism and for the period 1966-76 destroyed intellectual scholarship, the formal
education in China’s schools, and all the qualities associated with professionalism in science.
Intellectuals and professors were accused as inherently counter-revolutionaries, who opposed
the interests of the masses. Universities were closed, books burned, professors and scientists
were exiled in remote villages and scientific journals ceased publication. For 10 years scientists
and engineers were cut off from foreign scientific developments. Professor Tú Yōuyōu a
Chinese pharmacist was trained in traditional Chinese medicine and worked at the Academy of
Traditional Chinese Medicine (Youyou is her first name). In 1967 President Mao
Zedong agreed to set up a secret drug research project, named Project 523, for the discovery
of traditional drugs to cure malaria. Tu Youyou was appointed head of the Project 523
research group at her institute. By 1971, her team had screened over 2,000 traditional Chinese
recipes and made 380 herbal extracts which were tested on mice. One of the compounds was
proved very effective. It was the plant sweet wormwood (Artemisia annua), which was used in
the past for "intermittent fevers," a hallmark of malaria. Tu Youyou discovered that a lowtemperature extraction process could be used to isolate (without dissociating the sensitive
molecule of Artemisinin) the pure substance. She was not allowed to publish the results,
considered as a military secret. Finally, after the death of Mao, scientific publications were
allowed. Results were published in the Chinese Medical Journal in 1979 and were met with
skepticism at first. In the late 1990s, the well known pharmaceutical company Novartis filed a
new Chinese patent for a combination treatment, providing the first artemisinin-based
combination therapies (ACTs) at reduced prices to the World Health Organization (WHO). By
2006, Artemisinin had become the treatment of choice for malaria in many countries, proved
very effective and its use has saved millions of lives in the developing world. In 2011, Tu
Youyou was awarded the prestigious Lasker-DeBakey Clinical Medical Research Award (USA)
for her role in the discovery of Artemisinin. In 2015, she was awarded half of the 2015 Nobel
Prize in Physiology or Medicine for discovering Artemisinin "a drug that has significantly
reduced the mortality rates for patients suffering from malaria". She was the only Chinese
woman scientist to receive the Nobel Prize. This review presents the history of the discovery,
her struggle for research of traditional plant extracts under the adverse environment of the
“Cultural Revolution”. Dr. Tu Youyou after the Nobel Prize described in detail her scientific
work and the problems she faced during the decade of turmoil in the Chinese society. Her
example is a testament of scientific integrity, dedication to scientific research and human
values in the pharmacy and medical fields.
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Introduction: Malaria, a worldwide life-threatening disease
The World Health Organization (WHO) is carrying regular reports for the
worldwide situation and trends of the life-threatening disease, Malaria. WHO
estimated that nearly half of the world's population is at risk of malaria. In 2015, there
were roughly 212 million malaria cases and an estimated 429,000 malaria deaths.
Increased prevention and control measures have led to a 29% reduction in malaria
mortality rates globally since 2010. Sub-Saharan Africa continues to carry a
disproportionately high share of the global malaria burden. In 2015, the region was
home to 90% of malaria cases and 92% of malaria deaths. Malaria is a life-threatening
disease caused by parasites that are transmitted to people through the bites of
infected female Anopheles mosquitoes. The disease is preventable and curable. In
2017, there were an estimated 219 million cases of malaria in 90 countries and Malaria
deaths reached 435, 000.1
Besides the Sub-Sahara Africa, other regions at risk for extensive malaria cases
are in South-East Asia, Eastern Mediterranean, Western Pacific, and in Latin America
countries. Some population groups are at considerably higher risk of contracting
malaria, and developing severe disease, than others. These include infants, children
under 5 years of age, pregnant women and patients with HIV/AIDS, as well as nonimmune migrants, mobile populations and travelers. Most countries have active
national malaria control programmes and take special measures to protect these
population groups from malaria infection, taking into consideration their specific
circumstances.1,2
In areas with high transmission of malaria, children under 5 are particularly
susceptible to infection, illness and death; more than 70% of all malaria deaths occur in
this age group. The number of under-5 malaria deaths has declined from 440,000 in
2010 to 285,000 in 2016. For some regions of Africa WHO recommends protection for
all people at risk of malaria with effective malaria vector control. Two forms of vector
control – insecticide-treated mosquito nets and indoor residual spraying – are effective
in a wide range of circumstances.1,2
Also, WHO recommends antimalarial drugs for curing the symptoms and
suppresses the blood stage of malaria infections, and intermittent preventive
treatment with sulfadoxine-pyrimethamine. In the case of infants living in hightransmission areas of Africa, 3 doses of intermittent preventive treatment with
sulfadoxine-pyrimethamine are recommended, delivered alongside routine
vaccinations. In 2012, WHO recommended Seasonal Malaria Chemoprevention as an
additional malaria prevention strategy for areas of the Sahel sub-region of Africa.1-3
Sulfadoxine/pyrimethamine, is sold under the brand name Fansidar (Fansidar is
indicated for the treatment of acute, uncomplicated P. falciparum malaria for those
patients in whom chloroquine resistance is suspected). It is a combination medication
containing sulfadoxine (a sulfonamide) and pyrimethamine (an antiprotozoal). For the
treatment of malaria it is typically used along with other antimalarial medication such
as artesunate. WHO recommends Artemisinin-based combination therapies (ACTs) for
the treatment of uncomplicated malaria caused by the P. falciparum parasite. By
combining 2 active ingredients with different mechanisms of action, ACTs are the most
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effective antimalarial medicines available today. Companion drugs include
lumefantrine, mefloquine, amodiaquine, piperaquine and chlorproguanil/dapsone.
Also Artemisinin derivatives include dihydroartemisinin, artesunate and artemether.4
In recent years, parasite resistance to Artemisinin has been detected in 5
countries of the Greater Mekong subregion: Cambodia, Lao People’s Democratic
Republic, Myanmar, Thailand and Viet Nam. Studies have confirmed that Artemisinin
resistance has emerged independently in many areas. Additional pockets of resistance
emerged independently in new geographic areas. Consequently, WHO’s Malaria Policy
Advisory Committee in September 2014 extended the goal of eliminating P.
falciparum malaria in this Greater Mekong region by 2030 and launched the Strategy
for Malaria Elimination (2015–2030) at the World Health Assembly in May 2015.4

Natural plant-derived extracts as antimalarial drugs
For centuries natural plant-derived extracts were used among other diseases as
antimalarial drugs in various countries of Africa and Asia. There are well known natural
plant-derived alkaloids such as morphine, cocaine, atropine, quinine, and caffeine,
most of which are used in medicine as analgesics or anaesthetics. Some alkaloids are
poisonous, e.g. strychnine and coniine (the poison of Socrates, κώνειο). Alkaloids were
known for many centuries as one of the major classes of compounds possessing
antimalarial activity. In fact, one of the oldest and most important antimalarial drugs,
Quinine, belongs to this class of compounds and is still relevant for treating high fever
in people with malarial symptoms. From the 1820s the first antimalarial drug used was
Quinine, isolated from the bark of Cinchona species (Rubiaceae). It is one of the oldest
and most important antimalarial drugs, that is still used today. In 1940, another
antimalarial drug Chloroquine was synthesized and until recently, this was the only
drug, used for the treatment of malaria. Unfortunately, after an early success, the
malarial parasite especially P. falciparum became resistant to chloroquine. Treatment
of chloroquine-resistant malaria was done with alternative drugs or combinations,
which were rather expensive and sometimes toxic. These combinations were not
always based on pharmacokinetic principles due to inadequate knowledge of
mechanism of action of antimalarial drugs.5

Chloroquine
Quinine
Figure 1. From the 1820s the first antimalarial drug used was Quinine. Also,
Chloroquine has been used to prevent and to treat malaria, but certain types of
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malaria, resistant strains, and complicated cases typically require different or
additional medication.
Natural alkaloids Cinchona species are well known for their antimalarial
properties and the constituent alkaloid Quinine is still acknowledged as an effective
drug. Perhaps the less widely known stereoisomer quinidine is at least as potent as,
and possibly more potent than quinine. The Chinese traditional treatment of malaria
includes the use of Artemisia annua (Compositae) and its active compound,
Artemisinin, which has a higher chemotherapeutic index than chloroquine and is
effective in chloroquine-resistant strains of human malaria. Another species used as an
antimalarial drug in Chinese traditional medicine is Dichroea febrifuga (Saxifragaceae).
The active principle, febrifugine has been used clinically against P. vivax and P. ovale
but its liver toxicity makes it unacceptable as a useful antimalarial drug. The use of
plants for the treatment of malaria extends to at least three continents including
several countries in Africa, Americas and Asia.6
The NAPRALERT natural product database lists species from 152 genera which
have folklore reputations for antimalarial properties. It is important that using modern
biological techniques plants with these traditional representations are investigated in
order to establish their safety and efficacy, and to determine their value as sources of
new antimalarial drugs.7

Cinchona Calisaya species
Figure 2. Natural alkaloids Cinchona species are well known for their antimalarial
properties. It is a genus of flowering plants in the family Rubiaceae containing at
least 23 species of trees and shrubs. They are native to the tropical Andean forests
of western South America.

4

NAPRALERT® (College of Pharmacy, University of Illinois at Chicago,
naplarert@ulc.edu) is a relational database of natural products, including
ethnomedical information, pharmacological/biochemical information on extracts of
organisms in vitro, in situ, in vivo, in human (case reports, non-clinical trials) and
clinical studies. Similar information is available for secondary metabolites from natural
sources. To date more than 200,000 scientific papers and reviews are included in
NAPRALERT, representing organisms from all countries of the world, including marine
and microorganisms. 25% of the database is derived from abstracts and 75% from
original articles. [https://www.napralert.org/].7
For many decades scientists experimented with extracts and isolated
constituents selected from plants and focused on in vitro testing and in vivo
antimalarial activity in experimental animals (mice, rats). Useful information regarding
in vivo antimalarial activity can be obtained by assessing the activity against rodent
infections. In particular, the 4-day suppression of parasitaemia test against P. berghei
infections in mice has been used to evaluate plant extracts.8

Febrifugine
Sergeolide

Glaucarubin

Tehranolide

Figure 3. Some natural plant-derived extracts with antimalarial properties.
There are many scientific studies with natural plant-derived antimalarial drugs
and their testing in vitro and in vivo from combating malaria.9-14
The discovery of Artemisinin and then the production of pure medicinal
substance by Novartis introduced a new dimension into the antimalarial fight against
the widespread disease. The Artemisinin combination therapies (ACTs) dramatically
changed the landscape to combat malaria with natural plant extracts and showed the
other side of scientific research for antimalarial drug development. Also, preventative
measures by national medical authorities to keep mosquitoes away from villages,
farmers and young people in certain areas of Asia and Africa have some effects in the
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malaria rates. The good news is that between 2000 and 2012, the malaria incidence
rates were reduced by 25% globally, and the global malaria mortality rate was reduced
by 42% during the same period. Many countries are now on track for declaring
malaria-free status. Artemisinin and its derivatives have played a key role in malaria
related mortality. According to a recent estimate, approximately 22% of the 663
million worldwide averted clinical cases of malaria were due to the therapeutic use of
Artemisinin combination therapies (ACTs).15

The Turmoil of the “Cultural Revolution” in China (1966-1976)
The Chinese Communist Revolution started with a civil war (1945-1949) and
was led by the Communist Party of China and its leader Mao Zedong which resulted in
the proclamation of the Peoples Republic of China on 1 October 1949. Mao believed
that socialism would eventually triumph and following the First Five-Year Plan based
on a Soviet-style centrally controlled economy, Mao took on the ambitious project of
the Great Leap Forward in 1958. In the beginning an unprecedented process
of collectivization in rural areas took place and food production suffered. Then Mao
urged the use of communally organized iron smelters to increase steel production,
pulling workers off of agricultural labour to the point that large amounts of crops
rotted unharvested. Land reforms during the Great Leap Forward resulted in massive
famines. Estimates suggest that 30 million Chinese perished between 1958 and 1961.
By the end of 1961 the birth rate was nearly cut in half because of malnutrition of the
population [Meisner M. Mao’s China and After: A History of the People’s Republic. 3rd edition,
Free Press, imprint of Simon & Schuster, New York, 1999].
In the 1960s the Chinese government in order to revive the stagnant economy
decided some important economic and social changes. China’s new policies
reinvigorated the agricultural and commercial sectors. The 1965 harvest production
return to the 1957 level, but President Mao was no pleased with the introduction of
more liberal policies, the retraction of farming communes and giving peasants the
freedom to manage their own land. This was according to his ideas a betrayal of
communist ideologies. To impose socialist orthodoxy and rid China of "old elements",
and at the same time serving certain political goals, Mao began the Cultural Revolution
in May 1966. The campaign was far reaching into all aspects of Chinese life. Red
Guards terrorized ordinary citizens, officials and professors were deemed counterrevolutionaries. Education and public transportation came to a nearly complete halt.
The “Cultural Revolution” was launched by the president of China Mao Zedong
in 1966 and ended with the end of the Mao era in 1976 (Mao died on the 9th
September 1976). It was the most profound crisis that the People’s Republic of China
(PRC) has ever undergone. Mao Zedong launched the so-called “Cultural Revolution”
(known in full as the Great Proletarian Cultural Revolution) in Augusts 1966, with mass
mobilizations after a decision of the Chinese communist party plenum and kicked off
by party newspapers as an epochal struggle that would inject new life into the socialist
cause of the Chinese people. “Like the red sun rising in the east, the unprecedented
Great Proletarian Cultural Revolution is illuminating the land with its brilliant rays,”
one editorial read. In fact, the “Cultural Revolution” crippled the economy of China,
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ruined millions of lives of simple Chinese people and thrust China into 10 years of
turmoil, bloodshed, hunger and economic and social stagnation. Gangs of students
and Red Guards attacked people wearing “bourgeois clothes” on the street,
“imperialist” signs were torn down, intellectuals and party officials were murdered or
driven to suicide.16-18
The Cultural Revolution forced China to descended into chaos and the state
functions were disrupted. The purges had reached the level of army generals who
dared to speak out against the excesses of the Cultural Revolution, and Red Guards
groups were turning against one another and fighting in the streets. Red Guards were
encouraged to raid arms from the People's Liberation Army (PLA), and even to replace
the army entirely if necessary. There is an extensive literature and internet sites on the
case of the “Cultural Revolution” in China.19-22
The “Cultural Revolution” was violent and disruptive of all aspects of the
Chinese people’s lives. The turmoil shut down the nation’s schools, calling for a
massive youth mobilization to take current party leaders to task for their
embrace of bourgeois values and lack of revolutionary spirit. In the months that
followed, the movement escalated quickly as the students formed paramilitary
groups (Red Guards) and attacked and harassed members of China’s elderly and
intellectual population. The excesses of the Red Guards resulted in around 1.5
million people killed during the “Cultural Revolution”, and millions of others
suffered imprisonment, seizure of property, torture or general humiliation. The
sociopolitical impact has been felt mainly in China’s cities, but its long -term
effects covered the entire country for decades to come. Mao’s large -scale
attack on the party system eventually produce a result opposite to what he
intended, leading many Chinese people to lose faith in the state.

Figure 4. Burning of books and literature by Red Guards which were considered as
bourgeois values. Public beating and humiliation processes during the Chinese
“Cultural Revolution” against officials, teachers and professors.
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The “Cultural Revolution” represented the triumph of anti-intellectualism and
the consistent, decade-long deprecation of scholarship, formal education, and all the
qualities associated with professionalism in science. Intellectuals were assumed to be
inherently counter-revolutionary, and it was asserted that their characteristic attitudes
and practices were necessarily opposed to the interests of the masses. Universities
were closed from the summer of 1966 through 1970, but when they reopened again
for undergraduate training wit reduced enrollments and a heavy emphasis on political
training and manual labour. Students were selected for political rectitude rather than
academic talent. Primary and secondary schools were closed in 1966 and 1967, and
when reopened were repeatedly disrupted by political struggle. All scientific journals
ceased publication in 1966, and subscriptions to foreign journals lapsed or were
canceled. For most of a decade China trained no new scientists or engineers and was
cut off from foreign scientific developments.
During the decade 1966-1976, China's leaders attempted to create a new
structure for science and technology characterized by mass participation, aiming at
quick solutions on practical problems in agriculture and industry. At the same time
forced a dogmatic eradication of distinctions between scientists and workers.
Ideologues saw research as an inherently political activity and interpreted all aspects
of scientific work, from choice of topic to methods of investigation, as evidence of an
underlying political line. Research must serve the interests of the working social class
under the guidance of the communist party to ensure that it served the interest of the
masses. Inevitably, these measures put obstacles in scientific discoveries.
These dogmatic ideological principles interfered dramatically with scientific
institutions. Chinese scientists were forced to adopt in the early 1970s mass
experimentation, in which large numbers of peasants were mobilized to collect data
and encouraged to view themselves as doing scientific research. Typical projects
included collecting information on new crop varieties, studying the effectiveness of
locally produced insecticides, and making extensive geological surveys aimed at finding
useful minerals or fossil fuels. Even Mao Zedong took a personal interest in earthquake
prediction, which became a showcase of Cultural Revolution-style science. Geologists
went to the countryside to collect folk wisdom on precursors of earthquakes, and
networks of thousands of observers were established to monitor such signs as the
level of water in wells or the unusual behavior of domestic animals. The emphasis in
this activity, as in acupuncture anesthesia, was on immediate practical benefits, and
little effort was made to integrate the phenomena observed into larger theoretical
frameworks.19-22
The effects of the extreme emphasis on short-term problems and the
deprecation of theory were noted by Western scientists who visited China in the mid
and late 1970s. For example, work in research institutes affiliated with the
petrochemical industry was described as excessively characterized by trial and error. In
one case, large numbers of substances were tried as catalysts or modifiers of the wax
crystals in crude oil, and little attention was given to the underlying chemical
properties of the catalytic or modifying agents. The decade of the 1966-1976 it was a
wasted period in terms of scientific developments in a country that had a substantial
numbers of natural science scientists and expertise in science and technology. In the
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last decades, the Chinese communist party restricted scholarly and public discussion of
the “Cultural Revolution” and in particular the Mao era. History textbooks continue to
abide by the official view of party history originally formulated in the early 1980s and
government archives from the mid-1960s onward remain largely inaccessible. Most of
the social and human rights abolished during the “Cultural Revolution” and mass
arrests and thousands were demoted or exiled in the countryside. Violence against
civilian “reactionaries” raged in a period known as the Red Terror. Atrocities also
began to occur in the Chinese countryside, as the implicit authorization of violence
drove pogroms and enabled the elimination of political rivals and opposition on the
local level.23-25

Tu Youyou, education, university life and research for antimalarial drugs
Artemisinin was discovered during the turmoil of the Chinese “Cultural
Revolution”. This was the time when scientific research was restricted to certain fields
and results of the projects were not allowed to be published in foreign scientific
journals. Malaria was and still is a highly deadly disease in the South areas of China,
but especially in Vietnam (due to the large rivers and wetlands covering large areas all
over the country, the so called Mekong Delta). For many decades and in some official
meeting of the Chinese and Vietnam Communist officials there was discussion on
antimalarial drugs. China was well known for its traditional Chinese medicines from
natural herbal drugs used for 2.500 years in folklore Chinese medical practice.
Vietnamese officials asked Chinese government to help them on malaria
treatment and discovery of more effective drugs. Vietnam was a very poor country
with very few scientists working on research fields, pharmacology and medicine.
Subsequently, the Chinese government launched a secret military operation called 523
Project [May 23 (523)] in 1967. Dr Tu Youyou was brought into the project in January
in 1969 when the 523 directors visited the Institute of Chinese Materia Medica and
asked for help. She was designed as a team leader of 523 to search for Chinese herb
recipes having antimalarial activities.15

Figure 5. The School of Chinese Materia Medica (formerly known as Department of
Chinese Materia Medica of BUCM, established 1958). It was merged with the Research
Institute of Chinese Materia Medica in 1985. At present, it has 4 academic institutions,
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12 teaching sections, 8 research platforms, 6 research centres (Beijing University of
Chinese Medicine). On the right, President Xi Jinping presented award certificates to
Tu Youyou during the National Science and Technology Awards Conference, honoring
distinguished scientists’ achievements at the Great Hall of the People in Beijing.
Tu Youyou was born and raised in Ningbo, Zhejiang, China. She studied at the
Peking University in Beijing. Since 1965 she has worked at the China Academy of
Traditional Chinese Medicine, where she is now Chief Scientist. Tu Youyou is married
and has two daughters.26
Tu Youyou described in details of her life history after winning the Nobel
Prize.26 According to her account, her father worked in a bank while her mother stayed
at home to look after the four brothers and she was the only girl in the family. Her
family’s long history showed that they highly valuing children’s education and always
considering this as the family’s top priority. So, she had good opportunities for
attending the best primary and secondary schools in her region (mostly private). At the
age of 16 she contracted turbeculosis and she had to take a two-year break and
receive treatment at home before she resumed her studies. This experience led her to
make a decision to choose medical research for her advanced education and career.
After graduation from high school, she attended the university entrance examination
and fortunately she was accepted by the Department of Pharmacy and became a
student at the Medical School of Peking University (which is the most powerful,
famous and prestigious comprehensive medical school in China).

Figure 6. Tu Youyou decided to study pharmacy in the University. She was driven by
her interests, curiosity, and a desire to seek new medicines for patients. In 1941, an
Institute of Chinese Materia Medica was established at Peking University under the
China Ministry of Health.
……………………………………………………
*Note. Peking was the English name until the adoption in the 1980s of the new “Beijing" name
which is the atonal pinyin romanisation of the Mandarin pronunciation of the Chinese.
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University education of Tu Youyou
Tu Youyou in her historical narrative explained her choice of learning
pharmacy. “… I was driven by my interests, curiosity, and a desire to seek new
medicines for patients”. In 1941, an Institute of Chinese Materia Medica was found at
Peking University. The institute later was developed into the Department of Pharmacy
in the Medical School and in 1952, the Medical School left the Peking University to
become the independent Beijing Medical College with significant efforts of investment
for buildings and infrastructure. Pharmacy courses (pharmacognosy, medicinal
chemistry and phytochemistry) were taught by returnees (after studying abroad), such
as Professors Lin Qishou (林启寿) (graduated from University of Meryland, USA) and
Lou Zhicen (楼之岑) who had received educations and advanced degrees in Western
countries (graduated from the University of London). In the pharmacognosy course,
Professor Lou Zhicen conveyed knowledge on the origins of medicinal plants and
trained us how to classify, distinguish and identify these plants based on their
botanical descriptions etc. In the phytochemistry course, Professor Lin Qishou gave a
comprehensive introduction and hands-on training on how to extract active
ingredients from the plants, how to select proper extraction solvents, how to carry out
chemistry studies and determine the structures of the chemicals isolated from the
plants etc …”.

Figure 7. Tu Youyou with her mentor Professor Lou Zhicen in 1951 at the China
Academy of Chinese Medical Sciences. This image is now in the public domain in China
because its term of copyright has expired. Xinhua News Agency.
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Tu Youyou, life-long commitment to research on traditional Chinese medicine
Tu Youyou continued her story (in the Noble Prize biographical notes published
after the award in 2015). “….In December 2015, we celebrated the 60th anniversary of
the China Academy of Chinese Medical Sciences (CACMS) which was also the 60th
anniversary of my career. After graduation from the university in 1955, I was assigned
to work in the Institute of Chinese Materia Medica of the newly established Academy
of Traditional Chinese Medicine under the China Ministry of Health. The academy has
been growing and expanding rapidly over last 60 years along with change of its name
from the Academy of Traditional Chinese Medicine to the China Academy of
Traditional Chinese Medicine and now the China Academy of Chinese Medical
Sciences…. “.
Tu Youyou described her research projects with traditional Chinese herbs.
“…..My first research project was on Lobelia chinensis (半边莲), an herb commonly
prescribed in the traditional Chinese medicine for the treatment of Schistosomiasis, a
disease caused by Schistosoma type parasitic flat worms. In fact, my first publication
was on the pharmacognostical study of Lobelia chinensis, coauthored with my mentor,
Professor Lou Zhicen, in 1958. I completed another study on pharmacognostical
evaluation of Radix Stellariae (银 柴 胡) before I went for a full-time training program
on Chinese medical theory and practice organized by the Ministry of Health for
professionals with a Western (modern) medical background between 1959 and
1962…”. Over the last sixty years, I have held different responsibilities at the academy,
from head of the Chemistry Department (1973–1990) to head of the Artemisinin
Research Center of the China Academy of Chinese Medical Sciences (1997–) and
academic assignments from associate professor (1979–1985), professor (1985–), and
now chief professor of the China Academy of Chinese Medical Sciences……”.
Western and traditional Chinese medicine: a unique complimentary combination
In this section of her life history Tu Youyou described the importance of
combining Western medicine to complimentary support traditional Chinese medical
practices [https://www.nobelprize.org/prizes/medicine/2015/tu/biographical/] . She
feels obliged from experience to support the fact that Western medicine and
pharmacology have advanced with more robust and qualified research studies and
provided detailed mechanisms and more understanding of human physiology by large
epidemiological, clinical studies and randomized multicenter double-blind trials for
new drugs. Unlike the traditional Chinese and Indian medicines which are old fashion,
secretive and localized, insufficiently tested and rest on the intuition and experience of
the practitioner. Even the Chinese government at a time that the revolutionary fervor
was at its peak and under dogmatic communism theories, realized the importance of
learning from Western scientific advances and new drug discoveries.
Tu Youyou continues her story: “….China lacked medical resources in the early
1950s. There were only around 20,000 physicians (for around 550 million population)
and several tens of thousands of traditional Chinese medical practitioners in the
country. To fully utilize these limited resources and explore Chinese medicines, the
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national leadership launched programs in an effort to promote the ideas of enhancing
the healthcare services through a “combination of Western and traditional Chinese
medicines.” Medical school graduates or young doctors were encouraged to learn
traditional Chinese medicines, while experienced traditional Chinese medical
practitioners were asked to enrich their knowledge by attending training courses on
Western medicine. This unique combination not only proved beneficial to patients but
also enabled further exploration and development of Chinese medicine and its
application through modern scientific approaches……”.

Figure 8. Tu Youyou performed her pharmaceutical research by working very hard in
the laboratory bench and during her experiments in the institute continued to teach
younger research students on analytical techniques. These photos give a picture of a
typical laboratory with simple instruments, glassware, chemical reagents, solvents and
solutions.
Tu Youyou continued in her short biography: “….The Ministry of Health of
China organized a number of full-time training courses in the late 1950s in which
scientists with Western medical backgrounds were given opportunities for systemic
training on the traditional Chinese medicine. In my two and a half year training
program, I learned traditional Chinese medical theory and gained experience from
clinical practice. Another training program I attended was on Chinese Materia Medica.
The traditional way of processing was developed and summarized from thousands of
years of experience in the traditional Chinese medical practices, with a belief that
processing could alter the properties and functions of remedies, increase medical
potency and reduce toxicity and side effects. Knowledge of such processing, in
combination with the scientific explanation, benefited my work enormously …”
(processing means extraction, cleaning, removal of solvents under reduced pressure,
storage, avoidance of microbial contaminations, use of combinations of two or more
substances to increase therapeutic effects, etc). In fact, Artemisinin extraction from
the plant was achieved under mild conditions, which preserved the structure without
breaking the unusual peroxide –O-O- bond. Artemisinin is a sesquiterpene lactone
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containing an unusual peroxide bridge which is believed to be responsible for the
drug's mechanism of action. Extraction with hot water destroyed most of the peroxide
bridge thus diminishing the drug efficiency. It was the intuition of Tu Youyou to use
mild conditions, low extraction temperature and aqueous organic solvents that
preserved the whole structure.
Malaria is a scourge disease in many countries of the Third World. Many South
East countries in Asia witnessed a resurgence of malaria and rapidly increased
mortality in the past (Cambodia, Vietnam, Indonesia, Malaysia, Philippines, China, etc).
In the 1960s, the Division of Experimental Therapeutics at the Walter Reed Army
Institute of Research (WRAIR) in Washington, DC (USA) launched scientific programs to
search for novel therapies to support the US military from malaria during the Vietnam
war. For many years, over 214,000 compounds (synthetic and natural plant extracts)
were screened for antimalarial properties but this research did not find many
substances with positive outcomes. The accelerated pace of research and
development during the 1960s and 1970s resulted only in two FDA-approved
antimalarial drugs, mefloquine (Lariam) and halofantrine (Halfan), that were invented
and developed for therapeutic use by the WRAIR.27
In order to make traditional Chinese medicine accessible to both foreigners and
native speakers, President Mao ordered that the ancient Chinese texts be translated
into modern Chinese. It must be emphasized that the discovery of Artemisinin by Tu
Youyou happened only because of her rather unique ability to read 1,500-year-old
Chinese medical texts. But, that was not all. There was no canon per se of traditional
Chinese medicine. Instead, Chinese medicine was a hodgepodge of inconsistent
ancient texts, implausible theories (e.g., five element theory- Wood, Fire, Earth, Metal,
Water- is deeply woven into the fabric of Chinese culture, the foundation of Chinese
disciplines such as feng shui, the martial arts, ), undetectable phenomena (e.g., qi,
acupuncture meridians, yin yang imbalance), folk wisdom, and anecdotal accounts.
Thus, to facilitate the acceptance of Chinese medicine by empirically-minded critics,
Mao ordered the writing of new texts; ones that would present a standardized,
internally consistent Chinese medicine. Additionally, notions such as “holism” and
“preventative care” were incorporated into the new writings, no doubt to increase
Chinese medicine’s appeal to Western sensibilities. Thus, while traditional Chinese
medicine is generally thought to be an ancient opus (which many value precisely
because it is presumed to be ancient), to a real extent it is the modern result of Mao’s
advocacy.15
Military research on antimalarial drugs, during the “Cultural Revolution”
Tu Youyou continues her history on the discovery of Artemisinin. “….In China,
the military institutes started confidential antimalarial research in 1964. In 1967, the
Chinese leadership set up a group office for malaria control (abbreviated as the
National 523 Office) to coordinate nationwide research. Several thousand compounds
were screened between 1967 and 1969 but no useful medicines were found (Tu
estimates that more than 500 scientists were recruited in 60 participating institutes to
search for effective antimalarial drugs). In 1969, two directors and another member
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from the National 523 Office visited the Academy of Traditional Chinese Medicine and
the Institute of Chinese Materia Medica, seeking help in searching for novel remedies
among Chinese medicines… “.26
Tu YouYou continues: “….antimalarial research was developed at a time that
the culturalrevolution in China was at causing great hardship to the research institutes.
Almost every institute was impacted and all research projects were stalled. A lot of
experienced experts were sidelined. After thoughtful consideration, the academy’s
leadership team appointed me to head and build a Project 523 research group at the
Institute of Chinese Materia Medica. My task was to search for antimalarial drugs
among traditional Chinese medicines. As a young scientist, I was so overwhelmed and
motivated by this trust and responsibility. I also felt huge pressure from the high
visibility, priority, challenges as well as the tight schedule of the task. The other
challenge was the impact on my family life….”.
“… By the time I accepted the task, my elder daughter was four years old and
my younger daughter was only one. My husband (Li Tingzhao (李廷钊), a metallurgical
engineer) had to be away from home attending a training campus. To focus on
research, I left my younger daughter with my parents in Ningbo and sent my elder
daughter to a full-time nursery where she had to live with her teacher’s family while I
was away from home for the project. This continued for several years. My younger
daughter couldn’t recognize me when I visited my parents three years later, and my
elder daughter hid behind her teacher when I picked her up upon returning to Beijing
after a clinical investigation….”.
…………………………………………………………
(*Note Tu Youyou does not mention here that her husband was banished in the
countryside, exiled as many Chinese scientists, a detainee in a labour camp, as a
reactionary by the Red Guards, performing daily manual farming work).

Figure 9. During the Nobel Prize ceremony. Tu Youyou and her husband, a
metallurgical engineer, exiled during the Cultural Revolution.
[For a book on the excesses of the Cultural Revolution. Andrew Walder. China Under Mao: A
Revolution Derailed. Harvard University Press, Cambridge, MA, 2017].
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Traditional Chinese medicine and its relevance to malaria
Tu Youyou continues her story: “…Our long journey searching for antimalarial
drugs began with collection of relevant information and recipes from traditional
Chinese medicine. Malaria was one of the epidemic diseases with the most
comprehensive records in traditional Chinese medical literature, such as Zhou Li
(周礼), a classical book in ancient China published in the Zhou Dynasty (1046–256
B.C.). Tu Youyou describes a number of important literature sources published in
ancient China from 770 B.C. to 1644 A.D. Able to read ancient traditional medical
Chinese texts, that was a great advantage. After thoroughly reviewing the traditional
Chinese medical literature and folk recipes and interviewing experienced Chinese
medical practitioners, I collected over 2,000 herbal, animal and mineral prescriptions
within 3 months after initiation of the project. From these 2,000 recipes, I summarized
640 prescriptions in a brochure entitled “Antimalarial Collections of Recipes and
Prescriptions” (抗疟单秘验方集). I circulated copies of the brochure to other research
groups outside the institute for reference through the national project 523 office in
April 1969….”.

Figure 10. Artemisia annua [Qinghao (青蒿)] also known as sweet wormwood, sweet
annie, sweet sagewort, annual mugwort or annual wormwood is a common type of
wormwood native to temperate Asia, but naturalized in many countries including
scattered parts of North America. Researchers in China have genetically engineered
the sweet wormwood plant (Artemisia annua) to produce high levels of the antimalarial compound Artemisinin. Their results have been published in Molecular Plant.
“…. From May 1969, extracts of over hundred herbs were prepared and tested
in rodent malaria, with few promising results found up to June 1971. After multiple
experiments and failures, I re-focused on reviewing the traditional Chinese medical
literature. One of the herbs, Qinghao (青蒿) (the Chinese name for the herbs in
the Artemisia family), showed some effects in inhibiting malaria parasites during initial
screening, but the result was inconsistent and not reproducible. I repeatedly read
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relevant paragraphs in the literature where the use of Qinghao was recorded as
relieving malaria symptoms…”.
“….In Ge Hong’s A Handbook of Prescriptions for Emergencies, I noticed one
sentence “A handful of Qinghao (herbs of Artemisia family) immersed in two liters of
water, wring out the juice and drink it all”, when Qinghao was mentioned for
alleviating malaria fevers. Most herbs were typically boiled in water and made into a
decoction before taken by the patients [*decoction, method of extraction by
boiling herbal or plant material to dissolve the plant chemicals, which may include first
mashing the plant material for maximum dissolution, and then boiling in water
to extract oils, volatile organic compounds and other chemical substances]. This
unique way of using Qinghao gave me the idea that heating during extraction might
have destroyed the active components and the high temperature might need to be
avoided in order to preserve the herb’s activity. Ge Hong’s handbook also mentioned
“wring out the juice.” [meaning * to squeeze or twist especially so as to make dry or to
extract moisture or liquid]. This reminded me that the leaf of Qinghao might be one of
the main components prescribed. I redesigned experiments in which the stems and
leaves of Qinghao were extracted separately at a reduced temperature using water,
ethanol and ethyl ether…..”.
The discovery, Sample no. 191, a symbolic breakthrough in Artemisinin test. Tu
voluntarily tested the new drug
Finally success!. The experimental process by her group focused on sample
191: “….We produced extracts from different herbs including Qinghao using the
modified process and subsequently tested those ethyl ether, ethanol and aqueous
extracts on rodent malaria. On October 4, 1971, we observed that sample number 191
of the Qinghao ethyl ether extract showed 100% effectiveness in inhibiting malaria
parasites in rodent malaria. In subsequent experiments, we separated the extracts into
a neutral portion and a toxic acidic portion. The neutral portion showed the same
effect when tested in malaria-infected monkeys between December 1971 and January
1972. On March 8, 1972, I reported these findings at the National Project 523 meeting
held in Nanjing ……”.
“….This encouraging news evoked overwhelming interest from antimalarial
drug research teams across the country. Starting in March 1972, the team started to
produce large quantities of Qinghao extract in preparation for clinical studies. Most
pharmaceutical workshops were shut down during the great cultural revolution.
Without manufacturing support, we had to extract herbs ourselves using household
vats etc. The team worked very long hours every day including the weekends. Due to
lack of proper equipment and ventilation, and long-term exposure to the organic
solvents, some of my team members included myself started to show unhealthy
symptoms. This, however, did not stop our efforts. Some conflicting information was
seen from the animal toxicological studies. It was already in the middle of the summer
and very limited time was available to us before the malaria epidemic season would
end. We would have to delay the study for at least a year if we continued our debate
on toxicity. To expedite the safety evaluation, I asked to take the extracts voluntarily.
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The leaders at the institute approved my request. In July 1972, two other team
members and myself took the extracts under close monitoring in the hospital. No side
effect was observed in the one-week test window. Following the trial, another five
members volunteered in the dose escalation study. This safety evaluation won us
precious time and allowed us to start and complete the clinical trial in time…..”.

Figure 11. Artemisinin chemical structure. Active portion of molecule is the endoperoxide bridge (red arrows) highly reactive oxygen bridge which reacts with the iron
in malaria organisms, and the iron in cancer cells. Tu Youyou realized in her
experiments the sensitivity of peroxide bridge, so she reduced the heating and also
used other aqueous solvents with better solubility.
“…..Traditional Chinese medicine started with a story: “Sheng Nong tasted a
hundred herbs.” Sheng Nong was an ancient Chinese medical practitioner. To
understand the efficacy and toxicity of the herbs, he tasted over a hundred herbs
himself and recorded all the details, which left us with a lot of precious information.
Although Qinghao was prescribed as an herbal medicine for thousands of years, the
dose of the active ingredients in these prescriptions was much lower than that in the
Qinghao extract we tested. Our desire to get the clinical trial completed and have the
medicine for our patients as soon as possible was the real driving force behind our
action…..”.
The first clinical trial of Artemisinin was met with success
“….The first clinical trial on the Qinghao extract was carried out in Hainan
province between August and October 1972. We treated a total of twenty-one local
and migrant malaria patients, nine infected by Plasmodium falciparum, eleven infected
by Plasmodium vivax and one with mixed malaria infections. The patients were divided
into three groups with different dose regimens. We closely monitored the patients’
body temperature and the changes in the numbers of parasites in their blood
18

specimens. The trial was successful: all patients recovered from the fevers and no
malaria parasites were detected after treatment. Nine malaria patients were also
successfully treated with the Qinghao extract in Beijing No. 302 hospital. The results
from the first clinical trial in Hainan and Beijing No. 302 hospital were reported in the
National Project 523 meeting held in Beijing in November 1972. The success of the first
clinical trial and previous evidence observed in rodent malaria and monkey studies
steered nationwide antimalarial drug research toward Qinghao….”.
Tu Youyou continues her account on the clinical trial success tests “…..We
started isolation and purification of neutral Qinghao ethyl ether extract parallel with
the clinical trial in 1972. Between April and June of 1972, a few crystals were isolated
from the extract. The team finally isolated several crystals using silica gel column
chromatography in November 1972, of which one showed effectiveness against
malaria. The compound was later named Artemisinin, or Qinghaosu (青蒿素) in
Chinese. We carried out a clinical trial of Artemisinin between August and October
1973 using Artemisinin tablets, which however did not yield the desired results. We
examined the tablets returned from the clinical center and found that the tablets were
too hard to disintegrate. We resumed the study using Artemisinin capsules at the end
of September 1973. Since it was already toward the end of the epidemic season, we
only treated three patients and all of them recovered after administration of
artemisinin capsules. Dihydroartemisinin was found in September 1973 in an
experiment where I tried to derivatize artemisinin for a structural activity relationship
evaluation. The carboxyl group related peak disappeared and was replaced by the
hydroxyl group related peak in the IR spectrum after a reduction reaction using sodium
borohydride. This experimental result was verified in a repeat experiment carried out
by team members. In a subsequent test in rodent malaria, we noticed that a
significantly reduced dose was sufficient to achieve the same efficacy as artemisinin
when dihydroartemisinin was administered…..”.
“……We completed a series of development activities on the chemistry,
pharmacology, pharmacokinetics, stability, and clinical trials on artemisinin and
dihydroartemisinin according to regulatory requirements. The China Ministry of Health
granted an Artemisinin New Drug Certificate to the Institute of Chinese Materia
Medica in 1986 and a Dihydroartemisinin New Drug Certificate in 1992, respectively.
Dihydroartemisinin is ten times more potent than Artemisinin clinically, again
demonstrating the “high efficacy, rapid action and low toxicity” of the drugs in the
artemisinin category. A series of development activities on the chemistry,
pharmacology, pharmacokinetics, stability, and clinical trials on artemisinin and
dihydroartemisinin according to regulatory requirements. The China Ministry of Health
granted an Artemisinin New Drug Certificate to the Institute of Chinese Materia
Medica in 1986 and a Dihydroartemisinin New Drug Certificate in 1992, respectively.
Dihydroartemisinin is ten times more potent than Artemisinin clinically, again
demonstrating the “high efficacy, rapid action and low toxicity” of the drugs in the
artemisinin category….”.
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Figure 12. Artemisinin and Dihydroartemisinin proved to be very effective antimalarial
drugs and were granted a new drug certificate by the Institute of Chinese Materia
Medica in 1986 and 1992 respectively.
“Bench to bedside” – collaboration expedited translation from a discovery to a
medicine
After the demonstration of highly antimalarial efficiency of Artemisinin.
“…..We started to determine the chemical structure of artemisinin in December 1972.
The first thing we verified was that the compound did not contain nitrogen. This gave
us a hint that the compound we found could be a new chemical different from
quinolines. The team late confirmed that the compound was a new sesquiterpene
lactone containing a peroxy group with a formula of C15H22O5 and a molecular weight
of 282. In the 1970s, instruments and capabilities were very limited at each individual
institute. The team at the Institute of Chinese Materia Medica collaborated with the
Institute of Materia Medica, China Academy of Medical Sciences, who confirmed the
formula of the artemisinin molecule. We started collaboration with the Shanghai
Institute of Organic Chemistry and the Institute of Biophysics of the Chinese Academy
of Sciences on Artemisinin chemical structure analysis in 1974. The stereo structure
was finally determined using X-ray crystallography at the Institute of Biophysics. This
was one of the first applications reported in China in determining an absolute
molecular configuration utilizing the scattering effects of oxygen atoms by X-ray
diffraction technique. No doubt, collaboration and collective efforts expedited the
translation from discovery to new medicine. Colleagues from the Academy of
Traditional Chinese Medicine, the Shangdong Provincial Institute of Chinese Medicine,
the Yunnan Provincial Institute of Materia Medica, the Institute of Biophysics of the
Chinese Academy of Sciences, the Shanghai Institute of Organic Chemistry of the
Chinese Academy of Sciences, the Guangzhou University of Chinese Medicine, the
Academy of Military Medical Sciences and many other institutes made significant
contributions in their respective areas of responsibility during the development
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process. The leadership team from the National 523 Office played an important role in
ensuring logistic support and coordinating nationwide collaboration…..”.
“…. I always feel that nothing can be more rewarding than the fact that
artemisinin, since its discovery, has saved many malaria patients’ lives. Over the past
several decades, more than two hundred million malaria patients have received
artemisinin or artemisinin combination therapies….”.

Figure 13. Tu Youyou in her laboratory with extraction equipments.
Importance of combination therapies with Artemisinin
From the beginning scientists were worried that extensive use of Artemisin
might lead to the development of resistance. So, in the last decade Artemisinin-based
combination therapy (ACT) was recommended (by the WHO) for the treatment of P.
falciparum malaria. Fast acting Artemisinin-based compounds are combined with a
drug from a different class. Companion drugs include lumefantrine, mefloquine,
amodiaquine, sulfadoxine/ pyrimethamine, piperaquine and chlorproguanil/dapsone.
Artemisinin derivatives include Dihydroartemisinin, Artesunate and Artemether. A coformulated drug is one in which two different drugs are combined in one tablet; this is
important to ensure both drugs are used. The benefits of ACTs are their high efficacy,
fast action and the reduced likelihood of resistance developing. In order to make best
use of them, particularly since no alternative is likely for several years, it is critical to
address issues of delivery, access and cost.28
WHO recommends that “Artemisinin and its derivatives must not be used as
oral monotherapy, as this promotes the development of artemisinin resistance. Severe
malaria should be treated with injectable artesunate (intramuscular or intravenous)
for at least 24 hours and followed by a complete 3-day course of an ACT once the
patient can tolerate oral medicines.29,30

21

Challenges on dissemination of scientific publications on Artemisinin
Tu Youyou and other Chinese scientists were eager to publish their results. But
they witnessed serious problems in publishing the results of their research in the
international scientific literature, because of the military nature of the research
project and the censorship in China. Tu Youyou describes in an article in 2011 (after
receiving the prestigious award Lasker-Debakey for Clinical Medical Research in the
USA, an award devoted to distinguished medical discoveries worldwide) her
experiences with the postponed publications.31
“….. In addition to problems of production and formulation of Artemisnin, we
also faced challenges regarding the dissemination of our findings to the world. The
stereo-structure of Artemisinin, a sesquiterpene lactone, was determined with the
assistance of a team at the Institute of Biophysics, Chinese Academy of Sciences, in
1975. The structure of Artemisnin was first published in 1977, and both the new
molecule and the paper were immediately cited by the Chemical Abstracts Service in
the same year. However, the prevailing environment in China at the time restrained
the publication of any papers concerning qinghaosu, with the exception of several
published in Chinese….” (see the list of 19 articles below).
[ Collaboration Research Group for Qinghaosu. A new sesquiterpene lactone—qinghaosu [in
Chinese]. Kexue Tongbao 3, 142 (1977).
Liu, J.M. et al. Structure and reaction of qinghaosu [in Chinese]. Acta Chimi. Sin. 37, 129–143
(1979).
Collaboration research group for Qinghaosu. Studies on new anti-malarial drug qinghaosu [in
Chinese]. Yaoxue Tongbao 14, 49–53 (1979).
Collaboration research group for Qinghaosu. Antimalarial studies on qinghaosu [in Chinese].
Chin. Med. J. 92, 811–816 (1979).
Tu, Y.Y. The awarded Chinese invention: antimalarial drug qinghaosu [in Chinese]. Rev. World
Invent. 4, 26 (1981).
Tu, Y.Y. et al. Studies on the constituents of Artemisia annua L [in Chinese]. Yao Xue Xue Bao
16, 366–370 (1981).
Tu, Y.Y., Ni, M.Y., Zhong, Y.R. & Li, L.N. Studies on the constituents of Artemisia annua L. and
derivatives of artemisinin [in Chinese]. Zhongguo Zhong Yao Za Zhi 6, 31 (1981).
Tu, Y.Y. et al. Studies on the constituents of Artemisia annua L. (II). Planta Med. 44, 143–145
(1982).
Collaboration Research Group for Qinghaosu. Chemical studies on qinghaosu. J. Tradit. Chin.
Med. 2, 3–8 (1982).
Xiao, Y.Q. & Tu, Y.Y. Isolation and identification of the lipophilic constituents from Artemisia
anomala S. Moore [in Chinese]. Yao Xue Xue Bao 19, 909–913 (1984).
Tu, Y.Y., Yin, J.P., Ji, L., Huang, M.M. & Liang, X.T. Studies on the constituents of Artemisia
annua L. (III) [in Chinese]. Chin. Tradit. Herbal Drugs 16, 200–201 (1985).
13. Wu, C.M. & Tu, Y.Y. Studies on the constituents of Artemisia apiacea Hance [in Chinese].
Chin. Tradit. Herbal Drugs 6, 2–3 (1985).
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Tu, Y.Y., Zhu, Q.C. & Shen, X. Studies on the constituents of Young Artemisia annua L [in
Chinese]. Zhongguo Zhong Yao Za Zhi 10, 419–420 (1985).
Wu, C.M. & Tu, Y.Y. Studies on the constituents of Artemisia [in Chinese]. Chin. Bull. Bot. 3, 34–
37 (1985).
Wu, C.M. & Tu, Y.Y. Studies on the constituents of Artemisia [in Chinese]. Zhongguo Zhong Yao
Za Zhi. 10, 31–32 (1985).
Xiao, Y.Q. & Tu, Y.Y. Isolation and identification of the lipophilic constituents from Artemisia
anomala S. Moore [in Chinese]. Acta Bot. Sin. 28, 307–310 (1986).
Tu, Y.Y. Study on authentic species of Chinese herbal drug winghao [in Chinese]. Bull. Chin.
Mater. Med. 12, 2–5 (1987).
Yin, J.P. & Tu, Y.Y. Studies on the constituents of Artemisia eriopoda Bunge [in Chinese]. Chin.
Tradit. Herbal Drugs 20, 149–150 (1989).
Gu, Y.C. & Tu, Y.Y. Studies on chemical constituents of Artemisia japonica Thunb [in Chinese].
Chin. Tradit. Herbal Drugs 24, 122–124 (1993).

“……Fortunately, in 1979, (after the dramatic changes in the political
environment in China and restoring the liberties of Chinese to visit foreign countries
and publish scientific papers in international journals) the China National Committee
of Science and Technology granted us a National Invention Certificate in recognition of
the discovery of Artemisinin and its antimalarial efficacy. In 1981, the 4th meeting of
the Scientific Working Group on the Chemotherapy of Malaria, sponsored by the
United Nations Development Programme (UNDP), the World Bank (WB) and the World
Health Organization (WHO), took place in Beijing. During a special program for
research and training in tropical diseases, a series of presentations on qinghaosu and
its antimalarial properties elicited enthusiastic response (this was the first
international recognition of Artemisinin, 9 years after the discovery). As the first
speaker of the meeting, I presented our report “Studies on the Chemistry of
Qinghaosu” . The studies disclosed on this presentation were then published in 1982.
The efficacy of Artemisinin and its derivatives in treating several thousand patients
infected with malaria in China attracted worldwide attention in the 1980s…..”
[Klayman, D.L. Qinghaosu (artemisinin): an antimalarial drug from China. Science 228,
1049–1055 (1985)].31 After the 1985 article by Klayman in Science, the discovery of
Artemisinin and its effectiveness against malaria became well know in the
international medical community. The success of Artemisinin attracted the attention
of big pharmaceutical companies.32
Among the most important awards that Tu Youyou received from 1978
onwards, the most important was The Lasker Medical Awards in the USA in 2011. This
award made Tu Youyou internationally known and promoted Artemisinin to be an
important antimaliar drug worldwide. The Lasker awards have been awarded annually
(since 1945) to living scientists who have made major contributions to medicine (the
Lasker-Debakey is special for clinical medical discoveries). These awards are
sometimes referred to as "America's Nobels" because they gained a reputation for
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identifying future winners of the Nobel Prize in medicine. Until now 86 Lasker
laureates have received the Nobel Prize, including 32 in the last two decades. In 2011,
the award was awarded to Tu Youyou “for the discovery of Artemisinin, a drug therapy
for malaria that has saved millions of lives across the globe, especially in the
developing world”.
Other awards for the discovery and use of Artemisinin
Tu Youyou was awarded by the scientific community many awards for her
significant contribution to healthcare (against malaria) of the world population.
a)

Award for Progress in Antimalarial Research Achieved by the Project 523
Scientific Team by the China National Science Conference in 1978,

b)

National Scientific Discovery Award for the Antimalarial Drug Qinghaosu by the
China Ministry of Science and Technology in 1979,

c)

Invention Award (as the first inventor) by the China National Congress for
Science and Technology in 1982,

d)

Award for Young and Middleaged Experts with Outstanding Contributions by the
China State Council in 1984,

e)

Highest Honorary Award,China Academy of Traditional Chinese Medicine, 1992,

f)

the Top Ten National Achievements for Progress in Science and Technology
award from the China State Scientific and Technological Commission in 1992,

g)

First-rate Award of National Achievements in Science and Technology by the
National Award Committee for Advances in Science and Technology in 1992,

h)

the National Model Worker award from the China State Council in 1995,

i)

the Award for Outstanding Achievement in Traditional Chinese Medicine by the
Guangzhou Zhongjing Award Foundation Traditional Chinese Medicine in 1995,

j)

the Outstanding Scientific Achievement Award by the Hong Kong Qiu Shi Science
and Technologies Foundation in 1996,

k)

the Top Ten Healthcare Achievements in New China by the China Ministry of
Health in 1997,

l)

Woman Inventor of the New Century award by the China National Bureau of
Intellectual Property in 2002,

m)

Golden Medal of the 14th National Invention Exhibition by the China National
Bureau of Intellectual Property in 2003,

n)

Award for Development of Chinese Materia Medica by the Cyrus Chung Ying
Tang Foundation in 2009

o)

China GlaxoSmithKline Award Outstanding Achievements in Life Science in 2011.

p)

Prince Mahidol Award Foundation (Thailand) for presenting with the 2003 Prince
Mahidol Award,
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q)

Albert and Mary Lasker Foundation (USA) for the 2011 Lasker-DeBakey Clinical
Medical Research Award

r)

Warren Alpert Foundation and Harvard Medical School (USA) for awarding the
2015 Warren Alpert Foundation Prize (co-recipient).

s)

Nobel Prize in Physiology or Medicine as a co-recipient in 2015 [William C.
Campbell and Satoshi Ōmura jointly awarded another half of Nobel Prize for
their discoveries concerning a novel therapy against infection with roundworm
parasites].

Figure 14. Tu YouYou wins the Nobel Prize for Medicine or Physiology for discovery of
Artemisinin. (Image Courtesy of IFLScience and China’s Daily ).
……………………………………………………
* note As of 2007, her office is in an old apartment building in Dongcheng District,
Beijing. Before 2011, Tu Youyou had been obscure for decades, and is described as
"almost completely forgotten by people".
Tu is regarded as the Professor of Three Noes – no postgraduate degree (there was no
postgraduate education then in China), no study or research experience abroad, and
not a member of any Chinese national academies, i.e. Chinese Academy of Sciences
and Chinese Academy of Engineering. Up until 1979, there were no postgraduate
degree programs in China, and China was largely isolated from the rest of the world.
Tu is now regarded as a representative figure of the first generation of Chinese
medical workers since the establishment of the People's Republic of China in 1949.
https://alchetron.com/Tu-Youyou ]
[ The biography of Tu Youyou. From The Nobel Prizes 2015. Published on behalf of The
Nobel Foundation by Science History Publications/USA, division Watson Publishing
International LLC, Sagamore Beach, 2016
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This autobiography/biography was written at the time of the award and later
published in the book series Les Prix Nobel/Nobel Lectures/The Nobel Prizes. The
information is sometimes updated with an addendum submitted by the Laureate.
Copyright © The Nobel Foundation 2015
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