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The 2020 year shows the fragility of the human teemto a virus that affects the people
dependent of immunosuppressant agents. The airhiofpaper it to contextualize the

importance of the hope as essential element in ida¢mesign to obtain tacrolimus, and to

professionals involved in this research. It is preted the processing of this drug and the
impact of their results on scientific and technadad products, as well as in the human

resource formation in the undergraduate and gradukgvels, and impact in the society,

showing that university extension can be done wesitiernal public, beyond of its technical

production, bringing social hope to people who r@miavisible to public policies.

RESUMOQO

O ano de 2020 mostra a fragilidade do ser humanadidea um virus que atinge pessoas
dependentes de medicamentos imunossupressores. jglivaobdeste artigo é o de
contextualizar a importéancia da esperanca enquamento essencial no projeto quimico
para a obtencdo de tacrolimo, bem como para os nwépprofissionais envolvidos na
pesquisa. E apresentado o seu processamento eaztimge seus resultados em produtos
cientifico e tecnolégicos, assim como na formagdaetursos humanos tanto em nivel de
graduacdo quanto de graduacéo, mostrando que asiteuniversitaria pode ser feita com
0 publico externo, além de sua producéo técniazendo esperanca social a pessoas que
permanecem invisiveis as politicas publicas.




1. INTRODUCTION

state, where 40 % of transplant people live. I8 8@me year,
there was a court decision ending the productiwesld@ment
artnership that produced and supplied the drulgedvlinistry

In Brazil, since the promulgation of 1988 Federgl¢ oaith (Ferrari, 2018). The history of the lamkthe drug

Constitution, the right to health is universal, liding
comprehensive therapeutic and pharmaceutical assist
Brazil has the largest public transplantation aystethe world,
with the Unified Health System (SUS) responsiblefiizancing
96 % of all procedures related to the transplamtaprocess
(Oliveira et al., 2019). However, in view of the vab19
pandemic, there is a totally new situation in petgplives, and
profound impact for the current generation. The kivath has
historic moment of extreme exceptionality, whoseaggest
recommendation is isolation, understanding thatitdlation is
not a personal choice, but a social necessity.rmarglisituations
and demands could be assessed, circumvented,atigasgtuch
a way as to proceed with daily activities. It ist ibe case,
because one lives in a universe that approachescecfiction,
apocalyptic, but deeply real. Prudence and commeosesare
needed, with science and technology as determiailigs,
especially for the population considered at riglchsas those

persisted, as in 2019 news about the problem agedin
According to an article published Bgrnal Extra Classén July

2019, in the state of Rio Grande do Sul alone, @pprately

6,000 transplant recipients still suffered from timeertainty of
the supply of the immunosuppressant. Likewiseafigened in
the same year in Minas Gerais state, wieraal Hoje em Dia
reported that the wait for receiving the drug restimore than
6 months. This news clearly points to a productbseie to be
resolved and that necessarily involves investmeresearch
and development and innovation. In this aspectoHjective of

this paper it to contextualize the importance «f tiope as
essential element in chemical design to obtairotacus.

2. RESULTS AND DISCUSSION

who need transplants and those who have alreadyth®ad 2.1 Chemical design

transplant. The pandemic, since it was enactedancivi2020
by the World Health Organization (WHO), has greatffected
the then 45,636 people on the waiting list for argransplants
in Brazil. In the case of kidney transplants, whiepresenting
67 % of the total number of surgical interventiothgre were,
in early March 2019, 510 transplant surgeries, whosmber
was reduced to 477 in the same period of 2020 (Mz0&0).
Among the reasons that caused such a decreaseggaries, is
the new treatment routine, since patients are e
vulnerable to organ rejection, considering the segged

immunity due to the use of medications, making ﬂBEOpt

susceptible to infections by viruses, fungi andtbiaa. In

addition, the hospitalization itself can exposdeuds, such as
what happened, at the end of May 2020, in the kidrasplant
sector at theHospital das Clinicas de Sdo Paulwhere it

stopped work at the end of April after the verifioa of that

most patients were infected by the new coronaviwisose

central suspicion was that patients were beingdaotally

infected by health professionals (Preite; Sobrir#@20).

As can be seen, the coronavirus pandemic hasdheck
greatly changes the life of the population affecfedexample,
by chronic kidney disease, whose prospect of satviv a
transplant. In addition to physical pain, the patleves from the
expectation of improvement or, in other words, frtvope.
When a kidney problem is detected, the patienttasope of
a quick cure, however he suffers when he findsluait his life
will be governed by a treatment, such as dialyBiaring
dialysis, the patient has the hope for kidney f{otard,
participating in an endless wait for a compatibigam. Upon
finding such an organ and performing the surgerfisfgraft,
the patient has the hope that his organism wikikecthe new
organ as his own and, for that, he starts admnmgfe
immunosuppressant that, at the time of adaptingtiyanism
for the graft, exposes to the most diverse typésfettion. The
patient starts to have the double hope that thanmsg will
adapt to the immunosuppressant, as well as to asgidsures
that could make him lose this organ. In addititve, patient has
the hope of having the immunosuppressant at hjsoda, so
that he can start to sow the hope of living. Bus tbycle
continues even after the end of the covid-19 paimtjeand the
Universities and their researchers must be awaté this
problematic.

In 2017, some media outlets reported the lack
tacrolimus in several Brazilians states, includi@go Paulo

A complete chemical design includes critical reviefv
the idea, that there is a need for a process augtpselection
of an appropriate process, process optimizatiomipasent
design, description of the optimal operation, amnemic
forecast of its profitability. The design technieabects usually
involve standard engineering disciplines (Sherwd®¥2). A
design for obtaining specific immunosuppressivegdram via
fermentation, for example, requires knowledge abldgy,
chemistry, thermodynamics, mass transfer and y@tations,
o culminate in a typical chemical engineering gasFigure 1.

Figure 1 - Flowchart characteristic of a chemical dsign
of (adapted from Sherwood, 1972).
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The design ideation begins when someone detects a

social need and/or economic opportunity. In theeca$
immunosuppressant, the social needs are urgent. theor
chemical industry, in its turn, this category ofigiican become
an economic opportunity. In this context, it is onfant to
remember that Brazil ranks among the ten world pewethe
chemical sector, standing behind China, UnitedeStalapan,
Germany and South Korea. On the other hand, Bpegdents a
worrying record in its trade balance, with an esple growth
in the deficit from US$ 1.5 billion in 1991 to ovdE$ 32 billion
in 2019.

According Vieira (2006), the added value of Bramili
exports is mainly concentrated in products of leshinological
intensity, such as cellulose, textiles, leathed exports with a
high degree of technology in the products accoonfefss 10 %
of its total.

Among the products that involve high degree ¢
technology, there are drugs. It can be seen, thexgthat when
directing efforts, investments in research, develept of
immunosuppressant, including innovation in theiogassing,
the result, in addition to bringing financial beitefto the
industry, has an impact on the trade balance, magutheir
deficit and, mainly, favors an important social derm.

2.2 Tacrolimus processing

According to the National Commission for
Incorporation of Technologies (CONITEC), tacrolimigsthe
most recommended drug for therapy of the treatratkidney
and liver transplantation, as well as for
transplantation therapy. This drug decreases tbersence and
severity of refractory rejection episodes and aslvavents. In
addition, tacrolimus is recommended for the treatmef
autoimmune diseases, such as rheumatoid arthlitisen
planus (Kovarik et al., 2003; Sanchez et al., 2@3vell as in
bronchial asthma treatments (Pereira, 2006), delogital
disorders (Milikan, 2000; Dahnhardt, et al., 2018)ch as
vitiligo (Tamler et al.,, 2011), psoriasis, atopi@rohatitis
(Rodrigues et al., 2004; Chaudari et al., 2012), @ye diseases
like uveitis (Hogan et al., 2007; Erdinest et 2019).

the

panceeaty,

The challenges related to the production of tacra$ on
an industrial scale are low process yields and dexnp
purification, since other by-products are excrdbgdbacteria
during secondary metabolism (Gorartoet al., 2012; Moreira,
2018).
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Figure 2 - Structural formula of tacrolimus and
applications.

2.3 Technical and social results

In general, the production and purification of tienus
is summarized in Figure 3. Figures 4 and 5 showesstaps
along the processing. This tacrolimus processirgdexeloped
t Mass Transfer Process Laboratory (LPTM), Schabl
Chemical Engineering (FEQ), University of Campinas
(UNICAMP) (Cremasco and Ferrari, 2018), resultingpatent
deposited at INPI (National Institute of Industifabperty). The
results were discussed in the undergraduate anduape
classes, showing the importance of technical vissmonomic
opportunities necessarily linked to the social eghtas shown
in Figure 1. It should be noted that, in additiorthe technical
and scientific feasibility of processing tacrolimtisere was an
important impact on society when the results ofrésmarch on

its processing were released. The interview by the

Products derived from tacrolimus produced by Aagell LPTM/FEQ/UNICAMP research group, published in doenal
Pharma Inc. are the Prograf®, Advagraf®, Gracep,tor@a Unicampin early March 2020, had national repercussion and

Astagraf XL®, Prograf XL® and Protopic®. In 2016,S%
1.841 billion of these drugs were marketed worldwyid
representing 15.4 % of the global immunosuppressiaeket
(Ferrari, 2018).

Tacrolimus, known as FK-506 and fujimicin, Figure2
a macrolide lactone originally obtained from therfentation of
the Streptomyces tsukubaenbi®th; this bacterium was found
in the soil of Tsukuba, northern Japan (Moreira080
Tacrolimus, molar mass of 804.018 g/mol and emgliric

formula G4HsdNO12, can be obtained via fermentation by

was broadcast in several sources, including TV REsoeport,
news on the websites of the Brazilian Chemical &gci
Brazilian Society of Immunology, Brazilian Assodiat of
Intellectual Property, Transplant Center - RN, Goweent of
the State of S&o Paulo, SP SAUDE, SBT Interior, B$T SP,
News in FOCO MS, Innnovagro, among others. This
repercussion demonstrates that the population needisve
hope, and that the academic community can nurtuveith
scientific, technical and social commitment.

Another social indicator in consequence of the medi

several species of the geritseptomyceim an agueous nutrient divulgation, was repercussion in social networlssFacebook,

medium, containing carbon and nitrogen sourcesferably
under anaerobic conditions (Barreiro and Martinezt,
2014).

the feeling of hope was common and the repercussimre
even greater. Not only patients, but the genergdufadion
leaves their opinion in the comments that showirtgortance
of the drug. A transplanted patient with recent A@vrote in



the report published on TVB Recordly God, who will say
after a few months with normal delivery, we areihg\a new
medication problem and no expected retuAnother follower
of this same page, G.C, also left her feeling gfeh@hank God!
That everything is right, to improve distributid@n the official
page of the State University of Campinas on Fadebabere
the news was released, followers highlighted theoirrance of
research, L.M. wrote,Congratulations to the Unicamp team,
the family of transplant recipients are so gratefahd L.E. J
said, “My son uses this medication. | know the ingece of
this study’

Production

(pre-inoculation, inoculation and fermentation)

Removing insoluble

(filtration, biomass centrifugation)

Primary separation

(solvente extraction, adsorption)

Purification

(chromatographic adsorption)

Final preparation

(crystallization)

Lineage: Streptomyces tsukubaensis.
Culture medium: Corn starch, glucose,
fructose, sucrose, maltose, corn oil,
vegetable oils, amino acids, CaCO;,
KNO;, (NHy) ,S0s.

Fermenter specification

Standards: tacrolimus (macrolides).
Solvents: for analytical analysis: methanol,
acetonitrile.

Filter and filter media; centrifuge.

Solvents: acetone, ethanol, acetonitrile, methanol,
dextran blue

Stationary phase: C18, Diamonsil (for analytical
analysis); Diaion HP-20, AMBERLITE® XAD,
polyvinyl benzene, activated carbon (for semi-
prepared column)

Egquipment: Adsorption system, column packaging
system, HPLC.

99% pure liquid tacrolimus
Techniques: evaporation, cooling, crystal filtration

Figure 3 - (Simplified) tacrolimus processing.
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Figure 4 - Production steps and primary tacrolimusseparation.
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Ferrari, W. M. C. Processo de purificagdo de tacrolimo. Patent: Privilege of Innovation. Register number: BR10201801483,
Registry Institution , M. A.; : INPI - National Institute of Industrial Property. Deposit: 20/07/2018

Figure 5 - Purification steps and final tacrolimuspreparation.



The social impact of this research increases the
scientific and technical challenge for people iweal with
this subject. At present, for instance, thererissgarch about
the use of microfiltration for the separation obriass
contained in fermented broth. In this case, it appa new
hope associated with the scale-up of tacrolimusiyetion,
and another hope happens, but now with the poisgibil
transference of this technology to an industry,, amere,
another hope emerges: to offer the medicine fopleeavith
low cost for government and ease access for patiaiitthis
hope can be summarized by symbol of LPTM's reselareh
as presented in Figure 6.

y

Figure 6 — LPTM laboratory symbol.

The green is the hope color, ant the green ribbon
represents the donnation organ campaign. When iatstc
with laboratory name (LPTM) and “esperanca” (hopkels
symbol demmonstred the social commitment of the
researchers with people that have ordinary hopigeiin lives
since to drink a little more water or a glass ofiv{due to
limitation of the liquid injection during dialystseatment) to
dream with end of their uncertainties. This symbol
summarizes the empathy of science and technologly wi
social commitment.

3. CONCLUSION

The year 2020 enters to history of mankind, exppsin
its fragility due to a virus, which affects fromipe ministers
to people that remain invisible to public policiesnong
these, those ones that maintain their lives thrahgtuse of
immunosuppressant. Humanity's hope lies in scisrgpetk
response to beat the coronavirus, but the hopbosktthat
need tacrolimus remain, because they depend orcmedit
their disposal. Technology professionals, in patéic from
chemical engineering, have the differentiating ralé
proposing, developing chemical design to productidn
tacrolimus. Such professionals can be adding hurakre to
their modus operandiln other words, it is possible to do
science and develop innovative technology withrgjreocial
commitment based on the hope. It is important tmtioa
that hope is associated to beligaethe realization of what
one desires. It must always be greater than uaingrt And
the role of researchers is to minimize this undetyaby
applying their technical knowledge, in view of thebcial
commitment and, mainly, exercising empathy duringirt
studies, understanding the situation of patientisingafor a
transplant and those that need tacrolimus for thaivival.

Hope harbors the heart of every person who depends
medication, that is, is the meaning of life forrhes well as
for researchers that found more meaning for theirkw
However, the patients can't live only with hope ith
science, technology and social commitment, the luapeto
become itself in reality, and showiltigat life is a gifth for
all.
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