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NOBEL PRIZE 2018.
Discovery of Cancer Therapy
by Inhibition of Negative Immune Regulation.

New class of drugs for activated immune
system as an effective strategy for
harnessing attacks on cancerous cells

Athanasios Valavanidis
Department of Chemistry, National and Kapodistrian University of Athens, University Campus Zografou, 15784 Athens, Greece

KEYWORDS:
Malignant neoplasm; SUMMARY

cancer; anticancer

therapy; immune system; = Malignant neoplasm (commonly called cancer) comprises various types of

T cells; cancerous cells which are characterized by accummulation of DNA muta-

braking mechanisms tions and uncontrolled proliferation of abnormal cells spreading to healthy

organs and tissues. In the last decades many different anticancer therapeu-

tic approaches were developed, including surgery, radiation, and antican-

cer drug strategies. Some of these discoveries earned the Nobel Prize to the

research scientists. Huggins earned a Nobel Prize (1966) for the discovery

of hormonal treatment of prostatic cancer, discovery of chemotherapy (No-

bel Prize, Elion and Hitchins, 1988), and Thomas ED, earned a Nobel Prize

in 1990 for bone marrow transplantation as a successful treatment for leu-

kemia and other blood conditions. In 2018 the Nobel Prize in Physiology

or Medicine was awarded jointly to researchers-professors James P. Allison

(USA) and Tasuku Honjo (Japan) “for their discovery of cancer therapy by in-

hibition of negative immune regulation.” The discovery is transforming can-

cer treatments and has led to a new class of drugs that work by switching

off the braking mechanism, prompting the immune cells to attack cancer

cells. Professor Allison JP (immunology at University of Texas, USA) with

his studies realised the potential of harnessing the immune system to de-

stroy cancer cells. But cancer cells have sophisticated ways to hide from

immune attacks by unleashing a braking mechanism (various proteins that

function as brakes on the T cells, inhibiting immune activation). Profes-

sor Honjo T (immunology at Kyoto University, Japan), working in the same

field discovered a different protein on immune cells that also appeared to

Correspondingauthor  operate as a brake, but with a different mechanism of action. These anti-

Prof. A. Valavanidis, =~ cancer drugs have significant side-effects, but have been shown to be effec-

E-mail:  tive - including, in some cases, against late-stage cancers that were previ-
valavanidis@chem.uoa.gr
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ously untreatable. However, advanced cancer remains immensely difficult
to treat, and novel therapeutic strategies are needed. This review presents
fundamental stages in the discovery of these new therapeutic anticancer
drugs that were developed simply by pushing the frontiers of knowledge
about cancer through the biology of T cells of the immune system that trav-
el in human bodies and work to protect human health.

1. Introduction

The Nobel Prize in Physiology or Medicine 2018 was
awarded jointly to professors James P. Allison and
Tasuku Honjo “for their discovery of cancer therapy
by inhibition of negative immune regulation.”

On the 1° of October 2018 the Nobel assembly at
the Karolinska Institute in Stockholm for the Nobel
Prize in Physiology or Medicine announced that an
American and a Japanese scientist have won the
2018 Nobel Prize for their discovery of a revolution-
ary approach to cancer treatment. The two scientists
have been awarded the prize for their discovery that
the body’s immune system can be harnessed to at-
tack cancer cells. The human immune system under
normal physiological conditions seeks out and de-
stroys mutated cells, but cancer cells find sophisti-
cated ways to hide from immune attacks, allowing
them to thrive and grow. Many types of cancer do
this by ramping up a braking mechanism that keeps
immune cells in check.!

The discovery came to fruition after 20 years of
research. The practical applications of the method-
ology transformed cancer treatment and has led to
a new class of drugs that work by switching off the
braking mechanism, prompting the immune system
to attack cancer cells. The drugs have significant
side-effects, but have been shown to be effective,
including, in some cases, against late-stage cancers
that were previously untreatable.The human im-
mune system is critical in fighting inflammation and
cancer, because it has been designed to recognize na-
tive and non-native cells. The immune system is an
efficient biological machine that protects the human
body from germs and fights off viruses and infec-
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Figure 1. Professor Tasuku Honjo (University of To-
kyo, Japan) and Professor James P. Allison (University
of Texas, USA), have won the 2018 Nobel Prize in Phys-
iology or Medicine for their discovery of a revolution-
ary approach to cancer therapy by the activation of
the immune system.

tions and in turn may cause fevers, pains, inflamma-
tion and swelling.?

The teams of researchers on the subject of fight-
ing cancer through the immune system were numer-
ous, but the two scientists awarded the Nobel Prize
(2018) were prominent in the discovery of the new
therapeutic methodology. Professor Allison (pro-
fessor and chair of immunology at the University of
Texas’s MD Anderson Cancer Center, USA) investi-
gated in the 1990s a known protein that functions
as a brake on the immune system. He realised the
potential of releasing the brake and thereby un-
leashing the human immune cells to attack cancer-
ous tumours. He then developed new understanding
on the biology of immune T cells that can travel in
human bodies and attack cancer cells. Meanwhile,
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Figure 2. Immune checkpoints are signaling pathways responsible for downregulating the immune response
to avoid destruction of endogenous targets, and tempering the peripheral immune response. During typical
interaction of T cells with antigens, complex cytokine signaling provides the immune system confirmation of
correctly targeting only non-self antigens, thereby preventing a state of auto-immunity. [antigen presenting
cells = APC), T-Iymphocyte-associated protein-4 = CTLA-4); T-cell receptor =TCR; Programmed cell death-1 =

PD-1; Programmed cell death ligand-1, PD L-1].

Professor Honjo (immunology department at Kyo-
to University, Japan), discovered a different protein
on immune cells that also appeared to operate as a
brake to the immune system attacking tumours, but
with a different mechanism of action.?

2. Activation of the immune system. New thera-
peutic approaches to cancer treatment

Cancer (malignancy) comprises many different dis-
eases (there are more than 200 types of cancer),
all characterized by uncontrolled proliferation of
abnormal cells with capacity for spread to healthy
organs and tissues. In the last decades a number
of therapeutic approaches are available for cancer
treatment, including surgery, radiation, chemo-
therapy and other strategies, some of which have
been awarded previous Nobel prizes. These include

methods for hormone treatment for prostate cancer
(Huggins, 1966), chemotherapy (Elion and Hitchins,
1988), and bone marrow transplantation for leu-
kemia (Thomas 1990). However, advanced cancer
remains immensely difficult to treat, and novel ther-
apeutic strategies are desperately needed.*®

In the 1990s researchers investigating cancer
mechanisms and therapeutic means, approached
the concept that activation of the immune system
might be a strategy for attacking and destroying tu-
mour cells. Attempts were made to infect patients
with bacteria to activate the defense. These efforts
only had modest effects, but a variant of this strate-
gy is used today in the treatment of bladder cancer.
It was realized that more knowledge was needed.
Many scientists engaged in intense basic research
and uncovered fundamental mechanisms regulating
immunity and also showed how the immune system
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Figure 3.The immune response depends on two types of lymphocytes: B lymphocytes, or B cells, and T lympho-
cytes, or T cells. Both types of lymphocytes are produced in the red bone marrow. Both B and T cells can recog-
nize and respond to specific pathogens. On the right: scanning electron micrograph of a human T cell.

can recognize cancer cells. Despite remarkable sci-
entific progress, attempts to develop generalizable
new strategies against cancer proved difficult.%?
The use of immunotherapy for cancer has become
widespread as a therapeutic method in recent dec-
ades and is used to treat both solid and hematolog-
ical malignancies. Immune checkpoint inhibitors, in
particular, have demonstrated considerable promise
in their recent approval for the treatment of melano-
ma, non-small cell lung cancer, and other cancers.'!1?
These new anticancer drugs have been approved
by the Food and Drug Administration (FDA, USA).
FDA approved in 2011 the therapeutic antibody
drug ipilimumab (trade name Yervoy® Bristol-My-
ers Squibb Co) which is a monoclonal antibody that
works to activate the immune system by targeting
CTLA-4 (T-lymphocyte-associated protein), a pro-
tein receptor that downregulates the immune sys-
tem. It is used for the treatment of melanoma, a type
of skin cancer. Aslso, is undergoing clinical trials for
the treatment of non-small cell lung carcinoma (NS-
CLC), small cell lung cancer (SCLC), bladder cancer

172

and metastatic hormone-refractory prostate cancer.
The concept of using anti-CTLA-4 antibodies to treat
cancer was first developed by James P. Allison.!1*

Also, in 2014 FDA approved PD-1 inhibitor pem-
brolizumab (trade name Keytruda® Merck Sharp
& Dohme Corp.). It is a humanized antibody used
in cancer immunotherapy. It is an IgG4 isotype an-
tibody that blocks a protective mechanism of can-
cer cells, and allows the immune system to destroy
those cancer cells. It targets the programmed cell
death 1 (PD-1) receptor of lymphocytes. The FDA
initially approved it to treat metastatic melanoma.
In 2017 the FDA approved it for any unresectable or
metastatic solid tumor with certain genetic anoma-
lies (mismatch repair deficiency or microsatellite in-
stability). It was the first time the FDA had approved
a cancer drug based on tumour genetics rather than
tissue type or tumour site.!

Programmed cell death 1 (PD-1) and programmed
cell death ligand 1 (PD-L1) axis stands out as a val-
uable therapeutic target because it not only plays a
key role in physiological immune homoeostasis, but
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also appears to be a means through which cancer
cells evade the immune system. The introduction of
PD-1 or PD-L1 inhibitors into clinical practice has
had a revolutionary effect on cancer treatment, but
favourable long-term outcomes are only observed in
a fraction of patients. Also, immunotherapy is asso-
ciated with several immune-related adverse events
and has an estimated cost of more than $300, 000
per quality adjusted life year.!®

Meanwhile, with more than a dozen new mole-
cules identified to be involved with signaling at the
interface of T cells, the discovery of many more ther-
apeutic leads are anticipated. Combination therapy
comprised of multiple checkpoint inhibitors.'”

3. What are immune checkpoints. Accelerators
and brakes in human immune system

The human immune system has the fundamental
ability to discriminate “self” molecules from “non-
self” molecules so that invading bacteria, viruses
and other dangers can be attacked and eliminated.
Self-nonself discrimination is achieved by both cen-
tral thymic selection and peripheral immune regula-
tion. T cells, a type of white blood cell, are key play-
ers in this defense. T cells were shown to have recep-
tors that bind to structures recognized as non-self
and such interactions trigger the immune system to
engage in defense. But additional proteins acting as
T cell accelerators are also required to trigger a full-
blown immune response. Many scientists contrib-
uted to this important basic research and identified
other proteins that function as brakes on the T cells,
inhibiting immune activation. This intricate balance
between accelerators and brakes is essential for
tight control. It ensures that the immune system is
sufficiently engaged in attack against foreign micro-
organisms while avoiding the excessive activation
that can lead to autoimmune destruction of healthy
cells and tissues.’®

Immune checkpoints refer to a plethora of inhib-
itory pathways hardwired into the immune system
that are crucial for maintaining self-tolerance and
modulating the duration and amplitude of physio-
logical immune responses in peripheral tissues in

A. Valavanidis, Pharmakeftiki, 31,1V, 2019 | 169-178

order to minimize collateral tissue damage. Scien-
tists understand now why malignant tumours co-
opt certain immune-checkpoint pathways as a ma-
jor mechanism of immune resistance, particularly
against T cells that are specific for tumour antigens.
Because many of the immune checkpoints are initiat-
ed by ligand-receptor interactions, they can be read-
ily blocked by antibodies or modulated by recombi-
nant forms of ligands or receptors. Cytotoxic T-lym-
phocyte-associated antigen 4 (CTLA4) antibodies
were the first of this class of immunotherapeutics
to achieve the Food and Drug Administration (FDA,
USA) approval. Preliminary clinical findings with
blockers of additional immune-checkpoint proteins,
such as programmed cell death protein 1 (PD-1), in-
dicate broad and diverse opportunities to enhance
antitumour immunity. Knowledge of the importance
on checkpoints and accelerators on harnessing the T
cell response of the immune system lead scientists
to the innovation on cancer immunotherapy.!®-?!

4. A new principle for immune therapy of cancer

During the 1990s, Professor Allison JP (immunolo-
gy laboratory, University of California, Berkeley, CA,
USA) did some fundamenatl research on the function
of the T cell protein CTLA-4 (T-lymphocyte-associat-
ed protein-4). He was one of several scientists who
had made the observation that CTLA-4 functions as
a brake on T cells in their fight to harness cancerous
tumours. CTLA-4 is a well-known regulator of T cell
activation. Although originally cloned from a CD8
CTL library, it was subsequently shown to negative-
ly regulate CD4* T cell expansion by recruitment of
phosphatases to the TCR signaling complex (T cell
receptor). Because of this, the requirement of CTLA-
4 for adaptive tolerance has been examined in a
number of experiments.?*?3

Other research teams exploited the mechanism as
a target in the treatment of autoimmune disease. Pro-
fessot Allison, however, had an entirely different idea.
He had already developed an antibody that could bind
to CTLA-4 and block its function. The next phase of
his research focused to investigate if CTLA-4 blockade
could disengage the T cell brake and unleash the im-
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mune system to attack tumour cells. Prof. Allison and
co-workers performed advanced experiments in ex-
perimental animals (mice, 1994), and in their excite-
ment the results were spectacular. Mice with cancer
had been cured by treatment with the antibodies that
inhibit the brake and unlock antitumour T cell activi-
ty. But despite the importance of these therapeutic re-
sults the pharmaceutical industries (some of the big
pharma have headquarters in the USA) showed little
interest to explore the innovative anticancer poten-
tial. Prof. Allison continued his intense efforts to de-
velop the immunology strategy into a therapy of some
difficult to treat solid and hematological cancers.
Promising results soon emerged from several groups,
and in 2010 an important clinical study showed strik-
ing effects in patients with advanced melanoma, a
type of skin cancer (by the drug ipilimumab). In sev-
eral patients signs of remaining cancer disappeared.
Such remarkable results had never been seen before
in cancer patient groups.?%’

A few years after the discovery of Prof. Allison for
the role of immune system in fighting cancer, Prof.
Tasuku Honjo and co-researchers discovered (1992)
another protein PD-1 which functions in a similar
way blocking the anticancer function of T cells. The
immunoregulatory roles of PD-1 are responsible
for limiting excessive T cell activation to prevent
immune-mediated tissue damage. Programmed
death-1 (PD-1) is a cell surface molecule that reg-
ulates the adaptive immune response. Engagement
of PD-1 by its ligands PD-L1 or PD-L2 transduces a
signal that inhibits T cell proliferation, cytokine pro-
duction, and cytolytic function.?®?

Prof. Honjo and his co-workers were determined
to unravel PD-1 role. So, they meticulously explored
its function in a series of elegant experiments per-
formed over many years in his laboratory at Kyoto
University. The results showed that PD-1, similar to
CTLA-4, functions as a T cell brake, but operates by
a different mechanism. The researchj laboratory of
Honjo performed animal experiments and estab-
lished that PD-1 blockade was also shown to be a
promising strategy in the fight against cancer,; the
same results were demonstrated by other research
groups. This paved the way for utilizing PD-1 as

174
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a target in the treatment of cancer patients. Clin-
ical development ensued, and in 2012 a key study
demonstrated clear efficacy in advanced melano-
ma, a type of skin cancer. In several patients signs
of remaining cancer disappeared. Such remarkable
results had never been seen before in this patient
group. The anticancer results were dramatic, leading
to long term remission and possible cure in several
cancer patients with metastatic cancer, which was
considered essentially untreatable. Scientists con-
cluded that “Anti-PD-1 antibody produced objective
responses in approximately one in four to one in five
patients with non-small-cell lung cancer, melanoma,
or renal-cell cancer; the adverse-event profile does
not appear to preclude its use. Preliminary data
suggest a relationship between PD-L1 expression
on tumor cells and objective response. (Funded by
Bristol-Myers Squibb and others; ClinicalTrials.gov
number, NCT00730639.).3°

Alarge number of recent scientific papers focused
on the efficiency and cancer immunotherapies tar-
geting the PD-1 signaling pathway. All scientific
reports put emphasis on immunotherapy that has
moved to the center stage of cancer treatment with
the recent success of trials in solid tumours.?!-3*

In the last decade anticancer research is focused
on understanding the impact that targeted and con-
ventional cancer therapies (chemotherapy and ra-
diation) have on the generation of an antitumour
immune response. Protective tumour immunity
is thought to require innate immune stimulation,
a robust cytotoxic T cell response and overcoming
an immunosuppressive tumour microenvironment.
The most important future challenges for fighting
human cancers are to develop rational combina-
tions, to understand the impact that all cancer thera-
peutics have on patients’ immune systems, optimiz-
ing the therapeutic window of treatment through
appropriate dosing and temporal sequencing, and
prioritizing the rapidly growing number of combi-
nation therapy trials.®

5. Conclusion

Immune checkpoint therapy for cancer today and
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in the future will advance with new discoveries and
it can be proved to be the most effective therapeu-
tic methodology in combination with conventional
therapies. After the initial studies showing the ef-
fects of CTLA-4 and PD-1 blockade, the clinical de-
velopment has been dramatic. Anticancer specialists
now know that the treatment, often referred to as
“immune checkpoint therapy”, has fundamentally
changed the outcome for certain groups of patients
with advanced cancer. It must be clear that these
methods have adverse side effects which can be se-
rious and even life threatening. They are caused by
an overactive immune response leading to autoim-
mune reactions, but are usually manageable. Many
research groups worldwide continue to investigate
and elucidate mechanisms of action, with the aim
of improving therapies and reducing side effects.
Of the two treatment strategies, checkpoint therapy
against PD-1 has proven more effective and positive
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results are being observed in several types of cancer,
including lung cancer, renal cancer, lymphoma and
melanoma. New clinical studies indicate that combi-
nation therapy, targeting both CTLA-4 and PD-1, can
be even more effective, as demonstrated in patients
with melanoma. The initial discoveries of profes-
sors Allison and Honjo have inspired other research
efforts to combine different strategies to release
the brakes on the immune system with the aim of
eliminating tumour cells even more efficiently. For
more than 100 years cancer specialists attempted
to engage the immune system (especially T cells)
in the fight against cancer but with modest results.
The seminal discoveries of recent years by many re-
search groups made progress into clinical develop-
ment of new drugs a reality. Checkpoint therapy has
now revolutionized cancer treatment and has funda-
mentally changed the way we view how cancer can
be managed. O
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Turipa Xnueia, EOviko kaw KamoSiotpiakd mavemiotiipio ABnvayv, llavemiotyuiovmodn Zwypapov, 15784 ABrva

AEZEEIX-KAEIAIA:
Kaxko10ng veomAaoia,
kapkivog, avtikapkt-
ViK1 Oepameia, avo-
GOTIOUTIKO 6VOTH)-
na, T- Aep@okvtrapa
cancer, (VoG TAATIKOL
pnxaviopol

INEPIAHYH

H xakonOng veomAacia (KOW®G amoKAAOVUUEVOG KAPKIVOG) amoTeAEiTaL
atd S1&@opoug THTIOVG KAPKIVIKWY KUTTAPWY ToU Yapakmnpilovtal amo
ovoowpevon petaAAdagewv oto DNA kot aveEédeykto TOAAATAAGLAGHO
EMOETIKWV» KAKONOWV KUTTAPWVY TOV SlaxEoVTal O€ UYLELS LOTOVG Kal
opyava. Tig TeAevtales SekaeTieg avamTuxONKoy SLAPOPEG AVTIKAPKLVIKEG

175



®APMAKEYTIKH, 31,1V, 2019 | 169-178 APOPO ENIZKOITHXHX

PHARMAKEFTIK]I, 31,1V, 2019 | 169-178 REVIEW ARTICLE

BePATTEVTIKEG aywYEG, TEPLAAUBAVOUEVG TNG XELPOVPYLKNG EMERBAOT,
TV akTofoAlwv kot Siapopes ymuewoBepameies. Oplopéveg amd Tig
Bepameieg autés BpafevOnkav pe to Bpoafeio Noumed ducloroyiag
N latpwkig. O Huggins Bpafevbnke to 1996 pe tqv avakdAuvdm tng
oppovikiG Bepameiag Tov kapkivou tou mpootdtn, Elion kot Hitchins
BpapevBnkav (1988) ywa v e@appoyn ¢ xnueobepamneiag, o Thomas
BpapevBnke (1990) yio T LETALOGXEVOT) LUEAOV TWV 00TWV 0T1 Bepateia
™G Asuvxaipiag kot Sta@opwv alpomomtikwy kapkivwv. To 2018 to
Bpapeio NopmeA dvacioroyiag 1 latpiknig amoveuifnke amod kowvol 6Toug
kabnyntég-epevvnteg James P. Allison (HITA) kat Tasuku Honjo (lamwvia)
yla TV «avakdivn tne Bepamelag Tov Kapkivov uéow TnG avaoTos Tng
apvnTikl¢ pUOULGTS TOV aVOoTOoTIOTIKOU cUGTHUATOG». H avakdAum épepe
EMAVAOTATIKEG peTAfoAéG otn Bepamevutikn pebodoroyia Tov kapkivou
Kol 081ynoe o€ VEX QVTIKOPKLWIKA @APUOKA, TK OTola EeEKAEBWOVOLV
TOV QVOOTAATIKO UNXQVIOHO, KoL EVEPYOTIOOUV TO QVOCOTIOUTIKA
(avoooroywka) kOttapa (ta T-Aep@oxkvttapa) va «emitefoliv» Kal va
kataoTpéPouv Ta kapkiky kottapa. O kab. Allison ].P. (avocoloyia, Mav.
Texas, HITA) pe TiG LEAETEG TOU AVAYVWPLOE TNV LKAVOTTA TNG TIOACEVOTG
TOU AVOCOTIOWTIKOU (AVOGOA0YIKOV) GUOTIUATOG GTNV KATAGTPOPT] TWV
KAPKIVIKOV KUTTAPWV. AAAQ Ta KAPKIVIKA KOTTOPA £X0VV ETILTNSEVUEVOUG
UNXAVIGUOUG Yl TNV amoKpuYPl TWV OVOGOTIOWTIK®OV EMIOECEWY UE
™V TPOWONOoN EVOG UNYOVIGUOV-@PEVOL (HE SLAPOPES TIPWTEIVEG TOU
Agltoupyolv g @péva TV T-AEUPOKVLTTAPWV KAl TAPEUTIOSIONG TNG
gvepyoToinong Tou avocomomtikov). O kaBnyntns Honjo T. (avocoAoyia,
[Mav. Tokyo, lamwvia) epyaldpevog otov (810 Topéa avakdAvye pio
SLPOPETIKT TIPWTEIVY IOV EVEPYOTIOLEITAL WG PPEVO TOU AVOCOTIOTLKOV
(avocoAoywkol) oAAA pe Sla@OPETIKO pnyoaviopd. Ta @dppaka auta
IOV QVTILETWTII(OUV TO TIPOPBANUA EYOUV APKETEG TIAPEVEPYELEG, AAAG GE
TEPAPATA TIOPOUCIACAY ATOTEAEGUATIKOTNTA, GUUTEPAXUPAVOUEVWV
TWV TEPIMTWOEWY Kapkivwv TeAlkoU-otadlov mov Bewpovvtal
aBepamevtol. Elval yvwotd OTL kapkivol o€ TPOXWPNUEVO OTASLO
elval mpoPAnpaTikol Kol amaitovv veeg BOepameuTikeg peBodoAoyies.

Tuyypa@éag urehOuvog H emwokémmon oavty mapovotdlel ta Pacikd otadla Twv VE®WV

Y v aAAnAoypa@io: BePATEVTIK®OV avAKOAVPEWVY KAL TA @APUOKA TTIOU avatttuxOnkav. Ot véeg

KaB. ABavdaoiog AVOKOAAVPELG TIPO®MONOAV TIG ETLOTNUOVIKEG YVWOELS YL TNV BloAoyia Tovu

BoAaBavidng, QVOGOTIOTIKOU (0(vOG0A0YIKOVU) CUOTIHATOG Kal TwV T-AEUPOKVTTAPWV

E-mail: IOV KUKAO@OPOVV GTO avOp®TILVO MUK KL EPYALOVTAL AKATATIOVOTA Yl
valavanidis@chem.uoa.gr TNV TpooTacia TG avlpwTvnG VYELaG.
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BeAtioTtoTonom Tov PapaKoAoyikov
[Mpo@iA Puoikwv [IpoiovTwy pEocw
EykAwBiopov toug oe KukAodetpiveg

Anuntprog Mavdogt, Owpag Mavpopovotakog!, Avdpéag T{dkog?
1E6viko kau Kamodiotpiaxo Havemiotnuio ABnvayv, Tunua Xnueiag, Epyaotipio Opyavikis Xnueiag, Illavemiotnuiovmoln,
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Hlavemotiuio lwavvivwv, Tunjua Xnueias, Touéag Opyavikiic Xnueiag kat Bioynueiag, T.K. 45110, loavviva, EMdda.

AEEZEIX KAEIAIA:
duokd TtpoidvTa,
KukAoSetTpiveg,
Amo@hia

SUMMARY

Ta Mmoé@IAa TTPoioVTA OTIWG TOAAEG AAAEG BLOSPACTIKEG EVWOELS [ELO-

VEKTOUV WG TIPOG TO PAPUAKOAOYIKO TOUG TPo@iA ylati mapovaoialovv
KUpilwg peTafolikr) aotabela, EAAeNPT EKAEKTIKOTNTAG Kol XaunArn Bo-
StaBeopotnTa. H pop@omoinon toug peéow oVUTAEENG e kKukAodegTpl-
VEG SUvaTal va BEATIWOEL TA LELOVEKTILOTA QUTA KOL VA TA KATOOTIOEL
SUVANEL HOPLA PAPUAKOAOYIKOU EVOLAPEPOVTOG LLE EVOIWVEG TIPOOTITL-
K€G Yl TNV avBpwmivny vyeia. e autd T0 APOPO AVAOKOTNONG TTAPE-

Tuyypa@iag
aAAnAoypa@iag:
Anutprog [avAog,
dpavlos@chem.uoa.gr

1. Elocaywym

1.1 Amoépuia Puowka Ipoidvta: Ta @uokd Tpo-
iovta Swadpapatifovv {wTikd poéAo otn Bepamein
mAN00oVG aoBevelwv. ATtoTEAOUV avekTiunTy TNy"
KAOWG TTOAAA ATt TA XPTOLUOTIOLOUUEVO PAPUOKO
OTNV KAWIKY Tipoépyovtal amevbeiag 1| pe tpoTo-
moinomn ¢ SoUnS PUOIK®VY TTPOIOVTWV.?

‘Evag tpomog taglvounong tov tepdotiouv apld-
HOU (PUOLK®OV TIPOTOVTWVY elval o€ SLAPOPETIKOVG
SopkoUg TUTOUG CVUEWVA PE TG BLOCUVOETIKES
ToUG 06006, OTIWGS PAAPOVOELST], KAPOTEVOELST), OA-
KOAOELSY], QUOLKEG (PALVOAEG, TEPTIEVOELSY], ALYVa-
VEG, KOUPAPIVES, alBépla EAaia, apvogen, TemtiSia
KAT. ‘Exet emBefoaiwbel 4Tl Tat pUOLkA TpoidvTA
avaioya pe TIG Sopég Toug mapouvolalovv Slago-
PETIKEG BLOAOYIKEG KAL (PAPUAKOAOYLIKEG Spaoelg.34

XOVTUL TAPASEYHATA ATTO AVTITTPOCWTEVTIKA LOPLA, PUGLKA TIPOLOVTA,
TV 0TolwV oL 18LOTNTES BEATIWON KAV dTay @LAoEevBNnKay amo SLd@o-
poug EevioTeg KUKAOSEETPLVEG.

H 8pdomn moAAwv amd Ta Quolkd TPoiovTa Tov
elval Aimé@la avEavetal o eplBdAlovta auinpe-
VNG TIEPLEKTIKOTNTAG AlTtouG. ATatteitatl SnAadn ka-
TOLOG ALTIAPOG (POPENG YIX VAL ATIOSEGUEVTEL TO PU-
01K0 BLodpaaTikd TPOiOV aTd TOUG PUTIKOUG LGTOVG
Kol va amoppo@nOel amd tov opyaviopo. I'a mapa-
Setypa éxel SlamiotwOel 6T BlodlabectpudTnTA TOVL
AvkoTeviov gival peyaAUTEPT Ao PHAYELPEUEVT] TO-
pataf odAtoa (k.A.m.) pe kdmoto Atapd TPO@LO.°

Ta popLa TV PUOIKWY TPOTOVTWV OTIWG PAABOVES,
KapOoaAKOA0ELST), KOUUAPIVES, ALYVAVEG, TEPTIEVOELST,
apvo&éa, memtidia, abepia EAaia Kat GAAa cuxva Si-
aB£Touy £va 1] TIEPLOCOTEPA XELPOUOPPA KEVTPA TIOU
gpavifouv §U0 1) TEPLOGOTEPX OTITIKA LoOEPT| (TOV-
Adylotov SVo evavtiopepn).b’ Zuxvotepa, SUo eva-
vtlopepn ep@avifouv oA SLaPOPETIKEG BLOAOYLIKES
Kot / 1 @apuakeVTIKEG Spaotnplotntes. Ta cis-Avko-
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TEVIA TIAPOLGLAlouY XapunAdtepo onueio TEews Kat
HEYOAVUTEPT MTTO@IAKOTNTA OE OX€0M HE TA trans
AvkoTévia (uTd o@eideTal ot Sopn TOVG: Ta ¢is Sev
KAVOUV KOAN TIAKTWON o€ oxéomn He Ta trans). ‘Exet
SlamotwOel 6TL TO AuKoTéVio TIoV BplokeTal 6TOUG
AmapoVs 1loToUG KAl 6To aiua Touv avOpmTov lval
KATA TTOAU TTAOUGLOTEPO OE CiS-LOPPES KAL KUPLwG o€
5-cis-Auk0Tévio, To 0TIo{0 TTOPOUCLALEL KAl TLG LOYL-
POTEPES AVTIOEEISWTIKEG 1BLOTNTEG.E

Tevikd 1 Atmo@Adia ek@paldpevn wg 1 Aoyapid-
WIKY TLU TOU GUVTEAECTH UEPLOMOU OKTOVOANG /
vepov (logP ), elvar pa Bepediddng mapdapueTpog
TIOU povTeAOTOLEL TN BLoAoyiKn) kaTavopr g dpa-
ong tTwv popiwv tov @appdkov. I'a mapdadeypa,
1 amoppOPNOT TOU (PUAPUAKOU KAL O GUVTEAECTNG
uepopov “logP " oxetifovral dueoa Adyw g ma-
ONTIKNG SLdYLVONG KATA UNKOG TNG KUTTAPLKNG UEU-
Bpavng. Mmopolpe va vmoAoyloovpe TV amoppod-
eNomn, akoun Kat m SIMEPATOTNTA KAl TOV TPOTO
KQTOVOUTG TWV UTIOYM@PLWV QAPUAKWY GTO GO
amo to logP .7

T TTOAAEG EVWOELG, 1) EMUNKUVOT] KOPEOUEVNG
QAELPATIKNG aAvcibag amd éva avBpakodtopo ot
Tévte WG evvéa avBpakodtopa odnyel o avinon
™G SPACTIKOTNTAG, EVW T TMEPATEPW ETMIUIKUV-
omn odnyel oe amoéToun pelwon G SpacTiKOTNTAS.
AuTb To @awopevo pumopel va e€nyndel pe v av-
&non ™G Amo@AKOTNTAS TOL popiov. AvEnon g
MTO@MKOTNTAG HEXPL EVOG OPIlOU ETLTPETEL TNV
€(0080 NG £vwoNG 0TI KUTTAPLKESG LEPPpaveS. ATO
€va oMNUED OUWG KL TEPA EAATTWVETAL 1) VSATOSL-
QAVTOTNTA KAl SnplovpyovvTal TIPORAUATH HETA-
(POPAG OE VSATIKA HECA 1] KOL CUCOWUATWOT).

Ot kukAoSeEtpives amoTeAoVv TTapAayovtes otabe-
POTIOINGNG SLPOPETIKWV HOPLWV KAL PAPHAKWV YLOTl
eykAwfifovtag éva peyddo pépog tou popiov epmo-
Siouv TV TPOGEYYLoN TOU VEPOU Yl TNV TPOKAN 0N
VOPOAVTIKIG SlaoTiaoNG 1] 0EEBWTIKNAG amolkoSouN-
ong 1N wTtodlacmacns. Me autd Tov TPOTIO TIpoCTA-
TevoLV TO «evaiobnTo» TUUA Tov popiov. O Babudg
TpooTaciag eivat avaAoyog g L.ox VoG NG CUUTIAEENG.

1.2 Oynuata peta@opds- KukAodegtpiveg
Ot xukAobe€tpiveg (CDs) elvar pla opdda Sopka
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OUYYEV®WV QUOLK®V TIPOTOVTWV Tov oxnpati{ovtat
Katd ™ Baxkmnplakny mEYmM g kuttapivig. Avtol
Ol KUKALKOL OAlyooaxyopiteg amoteAovvtal omd
(a-1,4)-ouvdedepéves povadeg ao-D-yAukomupavo-
.. Meptéxouv Tn ATTOPIAN KEVTIPLKT] KOLAOTNTA KAl
™V V8POPIAN e€wTepikn] emL@AveLa. Ot TUTIKES K-
kAode€Tpives amoteloUvTal amo €L, EMTA KAL OKTW
Hovadeg yAukolng, oL omoieg StatiBevtal oTo gUTO-
pto kat ovopalovtat a-CD, B-CD kat y-CD, avtiotoi-
X0G. 10

E€attiag ™¢ PlodlabecudTnTag Kol Ttwv To-
AV-AELTOUPYIK®OV XAPAKTNPLOTIKWVY TOVG, OL KUKAO-
Se€tplveg elval kaveg ya v e§dAetm apKeTwv
avemBUUNTWY  I8LOTATWVY  SLHPOPWY  PAPUAKWV
oe SLa@opeg 0800G YOp1yNnong HECW TOU OXNUA-
TIOHOV CUUTIAOKWY EYKAELGUOV. Z€ éva GTOUATIKO
oUOTNUA TIAPOXNG PAPHAKOV, 0L USPAPIAES Kal oL
LoVTI{OpEVEG KUKAOSEETPlveg pmopoiv va AeLToup-
YNoouvv w¢ Loyvpol opelg Twv BlodpacTtikwy ov-
OlV OTA CLUCTNHATA AUEONSG Kol KaBuoTepnpuévng
amoSéopeuong, v 0 pubpdg ameAevBEPWONG TWV
V8ATOSLAVTWV PapUAKWV pTtopel va emiBpaduvOel
ue Amo@res CDs. Y pée avéavdpevo to evliape-
POV YL TNV QVATITUEN EVOG GUGTNUATOG TTOU B £XEL
™M SuvaToOTNTA Vo EAEYXEL TOV pLUBUS KoL TOV XpOvo
ameAgvBépwong pag Plodpactikng ovolag, yati n
KATAAANAN amo8£0UEVOT) TOV PAPUAKOV OF pLa §0-
coloyia elval kplowng onuacioag ywx t Bepamev-
TIKI ATOTEAECUATIKOTNTA TOU.!12 TIpokeLuévou va
oxedlooToUV TILO TIPONYHEVES HOP@PEG Socoloyiag,
QVATITUOOo0VTAL SLAPOPOL PETAPOPEIS VAIKWV Yl
TNV ATMOTEAECUATIKY Kol HE UEYAAN okpifela pe-
THEOPA NG EMBVUNTHAG TOCATNTAG PAPUAKOV OE
B€0€1g 0TOXOUG YIX €V OPLOUEVO XPOVIKO SLAoTN-
not® O kukAoSe€tpiveg eivat SuvnTikd VTTOYNPLES
yla évav T€Tolo poAo, Adyw NG LkavoTNTAES TOUG va
oupuTAOKOTIOLOVUVTAL PUE BLOSPACTIKEG EVWOELS 1] VA
Spouv w¢ Asrtoupykol peta@opeig VALKWY oTLg SLd-
(POPES PAPHAKOUOPPEG. 2

‘Eva amd Ta ONUAVTIKOTEPA XAPAKTNPLOTIKA TWV
CDs eivat 6tL oynuatifouv cUUTAOKA EYKAELGUOV
TO00 0€ SLGAVHA 000 KOl O€ OTEPER KATAOTAOT),
ota omola kaBe @LAogevovuevo poplo mepLaAie-
ToL amd 1o VSPOPOLo TEPLPAALOV TNG KOLAOTNTAG
™G KukAoSeEtpivng. Autd pmopel va odnynoel oe
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Iynqua 1: Ot a- B- kat y- kukAoSe€tpiveg ot omolsg amotedovvtal and 6, 7 kat 9 udpia avtiotoya tng D-yAvko-
Tupavolns ouvdedeuéva uetav toug e a-1,4-yAvkolitikovs deopovs. H B-CD mepiéyet 21 opddes vépoéuiiov,
7 amo TIG 0TI lval TPWTOTAYELIS Kat oL uTtoAotTes 14 Sevtepotayel.

HETAPBOAN TWV QUOIKWY, XMIKWOV Kol BLOAOYIK®OV
LSLOTTWV TWV PLAOEEVOUEVWV LOPIWV KL VO ATTO-
KTIO0LV TEAIKA ONUAVTIKY @apuakoduvauky. [po-
oQATA, OXESLAGTNKE EVAG aplOUAG TPOTTOTIOUEV WV
KUKAOSEETPLVMOV Kl CUUTIAOKA TIOAUUEPWV-KUKAO-
Se&Tpvwv Y va emitevxBovv peyodltepeg Suva-
TOTNTEG eYKAEloHOU at’ OTL oL TPOSPOUEG KUKAO-
Settpiveg [Mivakag 1].2% H B-CD eivat 1 Lo Kowr)
untpwr CD kat mepiexel 21 opddeg vépotuiiov, 7
aTo TIG OTOolEG Elval TPWTOTAYEIS Kol OL VTTOAOLTIEG
14 Seutepotayeis (Exnua 1). ‘OAeg auTEG oL OpGdES
vdpotuiiov elval Sabéoeg wg onpeia ekkivnong
vy Sopikég tpomomounioels. Emopévwg Std@opeg Aet-
TOUPYLKEG OUASES £xoUV eloayOel 6TOV HAKPOKUKAL-
k6 SakTOAL0. 'ETOL 0L (PUOLKEG KL TPOTIOTIOLLEVEG
CDs £xouv xpnowpomowmBel ektetapéva yia m PBeA-
Tiwon SLa@opwV ELOTNTWV TOU PAPHAKOV, OTIWE 1
StoAdvtd TR, 1 oTaBEPOTNTA, 1) TAXVTNTA SLaAvoE-
WG ka1 Bodabeopdmra.2>3t

MeTa&) Twv XNUK®OS TPOTIOTOHEVWY KUKAOSEE-
TPV, 0L USPOPIAEGE S 1} aAALWG LovTIOpEVEGHH
OUABEG EVIoYVOUV TNV ATIOPPOPTOT) TOV PAPUAKOU,
eV ol v8paofes umopel va €gouv gupeia e@ap-
poyn kat B pmopovioav va XpnoLHEVCOUVV WG VEOL

@opels Bpadeiag amodéopevong vSatoSLAAV TGOV
QAPUAK®WY, CUUTIEPIAAUBAVOUEVWY TWV TETTIS WV
KoL TWV TIPWTEWVOV.2* 0L unTpkéG Kol XNUK®OG
TPOTIOTIONEVESG KUKAOSEETPiveG pTTOPOUV Va Xp1OL-
potomnBovv w¢ popeig emBuunTig TocoTNTAS BLo-
SpaocTIKWV 0UCLWV o€ BECELG-0TOXOUG.

2. Napadeiypata Pvokwv Ipoidviov mov
£xovv xpnotpomom0el 6 HOPPOTIOMGELG PE K-
kAode&tpiveg

v mapoloa epyacia yivetal pla mpoomadela
Kataypa@ng, opadomomong Kot ouoXETIoNG Kd-
TOLWV OVTITIPOCWTIEVTIKWY (PUOLKWV TIPOIOVTWY
Tov £xouv EAegevnBel oe KuKAOSEETPIVEG WG TIPOG
TOV TIPOGSLOPLOUG TNG OTOLXELOUETPING TOV XM~
TWOUEVOU CUUTIAOKOU TOU SpACTIKOU GUCTATIKOV
TOU (PUOLKOV TPOIOVTOG LE TNV KUKAOSEETPivY, TV
TOTIOYPA@iot KAl TOV TPOCAVATOALOUO TOU popiov
HEoa oV KUKAOSeETPiv KaBWGS Kat TG BLoAoY KNG
a&loAdynong tov cupmAokomompévou BlodpacTti-
koU poplov o€ ox€om He TO TTPOSPONO HOpPLO.

'ETol e§eTdlovTal KATA GELPA 1) KEPKETIVN, TO Av-
KOTEVIO (KApOTEVOELSEG), M KoupKoupivn (@uotkn
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Zynua 2: (A) H Kepketivy (QUE) ue tov Saxtilio B otn Seéid mAsupd tov oxfuarog, ue Bdon tnv omoia eée-
t@ovtat ta ovumioka QUE-B-CD, QUE / Et-B-CD, QUE /y-CD ue ototyeiouetpia 1.7:1, QUE-aovAgpoBovtulat-
0ép-B-CD, QUE-vdpoéumpomuA-B-CD, (B) o Avkomévio (Lyc) ue ovumAééeis CD- Lyc (1/0,0026,1/0,005,1/0,05),
B-CD-Lyc, 2-Yépoévumpomiio-B-CD-Lyc, uéOvA-B-CD-Lyc, (T') n kovpkovuivy (CUR) ue ovumdééeic CUR-B-CD,
(4) n kapvooivy (CARN) ue mapouotes ovumeéeis pe B-CD.

@awvoAn) xatm kapvooivn (Sitmentidio) oe katdota-
o1 oVUTIAEEN G Le KUKAOSEETPIVEG.

2.1 H Kepketivn

H Kepketivn 1} Kovepoetivny (QUE) sivar pid @Aa-
BovoAn (PAafovoeldég) mov Pploketal oe TOAAQ
@EpoVLTa, Aaxavikd, @UAAX Kot oTtdopovs. Mmopel va
XpnoomomBel WG cLOTATIKO G CUUTANPWUATA
Slatpoenc, ota motd 1 ta TPd@Lua. To xnuikd g
6vopa katd IUPAC elval 2-(3,4-8wdpotupaivu-
20)-3,5,7-tpwdpotu-4H-xpwpev-4-6vn.

Iy epyaocia twv Z. Aytac et al.**n kepketivn et
onx6n omv kokotnTa g B-CD kat otn cuvexel
evowpatwdnke oe ToAvakpuiltkd of\ (PAA) kat
pe Sidxvon tou SLaAUTN TPoékuPE CUUTAOKO Yl
TO OTol0 UEAETEG SLOAVTOTNTAG PAOTG Kol Soung
UTIOSNAWVOUV OTL 1] GTOLYELOUETPIX TOVU GCUUTIAOKOU
QU-B-CD eival 1:1. Emiong ot peAéteg StadvtoTTOG
@A&oNG amodetkviouy OTL 1] VSATOSLOAVTOTNTA TNG
KEPKETIVNG AUEAVETAL LE TN CUUTIAOKOTIOMOM).

O KPUOTAAAKEG KOPLUPES TNG KEPKETIVNG Sev gpl-
@avifovtal oto Sidypappa mepiBAaong aktivwv X
TOV CUUTAGKOU TILBaVOV edattiag TnG cVUTAEENG TG
KePKETIVNG pe ™ B-CD.

182

Emtiong to mapaydpevo cOUTAOKO ep@avilel apke-
T& VYN avTloEEldwTIKY Spdon Kat pwTooTadepo-
™mta. Ot Tapamavw WLOTNTES o@eiAovTal oty vm-
AN emupavelakn taon Kat To VPnAS TopwSeg Tov
TAPOUCLALEL TO CUYKEKPLUEVO GUUTIAOKO.

Y perém twv K. H. Park et al.>n Siadvtotta
TNG KEPKETIVNG EVIOXVONKE ONUAVTIKA [LE TO OXNUA-
TIOWUO EVOG CUUTIAGKOU eYKAELopOU pe Et-B-CD. Autd
TO GUUTIAOKO EYKAELGUOU avaAVONKE PE Qaouato-
okomia UV-vis,’H kat DOSY NMR, Siapopikr} Ospuido-
uetpla oapwangs (DSC), vépubpng pacuatookomiag
(FT-IR) kat HAextpoviknic Mikpookomias Xapwong
(SEM) O tpdTog cuumAeing ¢ kepketivng pe Et-
B-CD mapakorovbnbnke pe @aocpatockomio 2D
ROESY. Ta amoteAéopata £8ei&av OTL Ta TIPWTOVIA
010 SakTtUAlo B g kepkeTivng cupmepAn @Ok
otV KolAdtnta tou Et-f-CD.

To amotéAeopa ™G cUUTAEENG TNG KEPKETIVNG UE
Et-B-CD pe Baon v avtioéeidwrtiky Tov dpaocti-
KOTNTA MpoodloploTnke xpnolpomolwvtag tm So-
Kipaoio ORAC-FL kat to ovumioko QUE / Et-B-CD
£8e&e To VPMAGTEPO VTIOEELBWTIKO ATTOTEAET Q.
Ta amoteAéopata £8el§av emiong 0TL emTeV)ONKE
neyaAUTepn ovpumAeln kepketivng pe Et-B-CD, o€
oUykpLom pe ekeivn pe mapaywya B-CD. EmimAéoy,
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Mivakag 1. Xprjowpa tapdywya ¢ B-CD Tov Xp1oLoTolovvTal 6€ @UPUAKEVTIKA

OKEVACHATA

Mapdywyo O£0M VTTOKATAGTATY) YOKATAGTATNG
Ta v8po@ULa Tapdywya

MeBuAtwpévn B-CD 2,6-2,3,6- -0-CH,

Y8&potuarkvAlwpévn B-CD Tuyaiog -0-CH, -CH (OH)-CH,

AwxAadiopévn B-CD

-TAvk6luo-paitoluio

Y8po@opa mtapaywya
AlBvliwpévn B-CD 2,6-2,3,6- -0C,H,
YrepakvAiwpevn B-CD 2,3,6 - -0-CO(CH,), -OH,

Iovti{opeva mapaywya

KapBo&uaikiiwo B-CD Tuyaiog -0-(CH,) -COONa
KapBotupebulo aibuiro 2,6-3- -0-CH,COONa-0C H,
BOelikd Tuyaiog -0-SO,Na
AAxuAoGoVA@OVIKG Tuyaiog -0-(CH,), -SO,Na

10 ovumioko QUE / Et-B-CD avénoe v véarto-
Stadvtotnta TG Kepketivng €we 35,1 @opég, ot
oUYKPLOT HE TN @UOLKN LVSATOSIXAVTOTNTA TNG
KEKPKETIVNG. ATO AUTA TA ATIOTEAEGUATA, CUTIE-
PULVETAL OTL 1] XOPAKTNPLOTIKY EAAELTITIKY KOLAG-
mta tov Et-B-CD umopel va xpnowpomowmBel ya
OAAQ ETLUNKT U TTOALKA QAPUAKEVTIKA HOPLA, TA
oTtola pTopovv va emeKTEIVOUY TNV avATITUET OEL-
PAG TAPOUOLWV PAPUAKWV.

Ta VEATOSLHAVTA SLXAVHATA CUUTTAOK®WV KUKAO-
Sektpivng kepketivng®! pmopoliv va mayidevtolv
otV V8ATIKY @AOoT TWV oTABEP®OV TOAVCTPWUA-
TIKOV ATTOCWUATWY, EMITAEOV TNG EVOWUATWOTNG
™G KEPKETIVIG 0NV ATTOCWUIKTY StTAOCTIRASH pE
™ puéBodo evudatwong Aemtov vpueva. OL pacpato-
OKOTILKEG UETPNOELS UTTOSAWVOUY OTL T CUUTIAO-
Ko KeEPKETIVNG- KUKAOSeETPivG evowpatwOnkay
EMTUXWS OTA ATTOCOHATA Xwpi§ va emmpeactel n
pop@oAoyia Toug. To TOGOGTO EVOWUATWONG Pap-
paKov oxed0V SIMAACLACTNKE OTA SITAG EVTaypéEVa

AMToowUaTa 6€ GUYKPLOT HE QUTA TIOU Sev TEPLEL-
Xav Ta cvpmAoka kukAodeEtpivng. Ta Atmoowpata
IOV EVOWUATWOVOUV CUUTAOKN TOU (PAPUAKOU UE
KUKAOSEETPIvN aTteEAEUOEPWOVOLY TIEPLOGOTEPO PAP-
HOKO atrd O,TL TA ATIOOWUATA TIOV EYKAEIOUV HOVO
To P&puaKo.

Tmv gpyaocia twv E.A. Parrila et al.>? pedetdtal n
OUUTIAEEN KoL 1 avTo&eldwTIkn Spdon Twv onua-
VTIKOTEPWV TIOAVQULVOA®V TIOV VTIAPXOUV GTO UNAO
SMAadn YAwpoyeviko o&l), pouTivr Kot KEPKETIVY U
B- kukAoSeEtpivn. Ot TeXVIKEG IOV XpNoLLOTOW ON-
Kav ftav pacuatockomia @Ooplouot kat «Aokiua-
ola Avaywyng Zidnpov / Avtioéetbwtikov Avvapikov
(FRAP)».

H otoyeiouetpia GAwv TV TOAVPAVOAKWOV GU-
umAdkwv eivat 1:1. To cOpumAoKO TNG KEPKETIVNG IO
PoUCLAleL TN peyaAVTEPT oTafepd oYNUATIOUOD KOl
™MV VYMAGTEPT avTloéeldwTikl) Spdon oe GxEOT HE
TA UTIOAOLTIA TTOAVPALVOALKA GCUUTIAOKQL.

H ocvpmAetn emPBefarmOnke pe petpnoels Stapopt-
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k¢ Beputdouctpias oapwans (DSC) kaL n avtlotel-
Swtwkn Spdomn avénbnke pe tn cUUTAELD.

Ov]. L. Koontz et al.>3 Sokipaocav T cOuTAEEN Kep-
KETIVNG pe Y- KukAoSeEtpivn e atoyeopuetpia 1:7:1
katanddoon 21% (w/w). Me pacpatookotieg ATR/
FT-IR, 13C CP/MAS NMR, TGA ka1 DSC amoSeixdnke n
aAAnAemidpaon pe v kukAodegTpivn oe poplakd
emimedo.

H peAétn twv Y. Zheng et al.>* katédeie oapwg otL
N véatikn StaAvToTTA KAL 1] XNUKY oTabepoTnTa
(oto aAkaAikd pH) ¢ kepketivng umopei va avén-
Bel ovolaoTikG péow ovpmAedng pe B-CDs, WSaite-
pa pe oovA@ofovtviat@épa ting B-CD. Ou otade-
PESG LooppoTIiag Kal ol OeppoSuVApIKEG TTOPAUETPOL
oV mpocdloploTnkav pe TN HEAETN SLKAVTOTNTOG
PAoNG KABWG KAl 0L ONUAVTIKEG UETAPOAES XNULKNG
UETATOTTLOTS TNG KEPKETIVNG TIOU TIapaTnpriBnKaY HE
TLG Stapopeg kukAodettpiveg oe avaivoelg 'H-NMR
OUULPWVOUV [E TO CYXNUOTIOUO CUUTIAOKWY EYKAEL-
opov.

Ot Alexandra Primikyri et al.*® oe Sokipaoieg Aet-
TOUPYIKNG KUTTOPOTOEIKOTNTAG TNG KEPKETIVNG
oTIG Aeuyaikés aelpég Jurkat T-kuttapwy, Jurkat
Bcl-2 ko Jurkat Puro, £8ei&av 0tTL 1 kepketivn Se-
opevetal pe v mpwteivn Bel-2. H aueon déopev-
o1 NG KEPKETIVNG 0TI TpwTeives Bel-2 kat Bel-xL
emBeBatwbnke BloxnUKd Le TN XPNOT AVOAVTIKWOV
Sokipacwwv. Ta mepauata NMR, n @OBoptououstpt-
K] QQOUATOCKOTII®X Kat Ot UTToAoylouol Tpdodeans
amodelkviouv TeAlkA OTL 1 kepketTivn Seopevetal
ot B¢on Séopevong BH, g mpwteivng. Avt n (St-
Ot TaLlVopEl TNV KEPKETIVI WG Eva UOLKO PAa-
Bovoeldég pe BH, puntikr Spactnplomta tkavn va
wONoEL TA KAPKIVIKA KUTTApA o€ amdTTwor. Pual-
KQ, 6ev amokAeiovtal AAAEG AUETES 1) EUUECES ATIO-
TTWTKEG EMSPACELS TNG KEPKETIVNG, AAAL QUTA TaL
OTOTEAECUATA TIAPEXOVV ETILOTNHLOVLIKEG aTtOSEEELS
Yl TIG KUTTAPOTOEIKEG ETUSPAOELS TNG KEPKETIVNG
0€ KUTTaPIKEG oelpée Jurkat kot iowg og AAAEG Agv-
XOULULKEG KUTTUPLKEG GELPES.

Emiong, ot Alexandra Primikyri et al.>® Siepedivn-
oav T cupmAokotoinon tov Zn (II) pe ta Quoikd
@Aafovoeldn kepkeTivn Kol AOUTEOALVT PE TN Xp1iom
pacuatookomiag NMR xai Stapopa emimeda kBavti-
K®V vmoAoylopwv. OL Oéaeis ovumieéne evpébn OtL
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elval To o&uydvo kapfovuiriov CO-4, 1 amompwTo-
viwpeévn C-3 vépouiopdda tng kepketivng, To CO-4
KkapBovuldik6 ofuydvo kal 1 amompwToviwuévn C-5
vdpouro opdda g AouteoAivng. Exouv mapatnpn-
Oel onpavtikoi cuvtovicpoi NMR o€ apketd peyaio
€0poG BEPLOKPATLAOV YIa TNV EAEVHEPT KAL GUUTIAO-
KOTIOUMUEVT] KEPKETILV.

0 mpoodloplopnog Twv Tipwv AH © xat AS ° pe T
TAS ° mailel onpavtikd péAo otoug 298 K. EArjpon
YPOUULKO Ypa@Nua TwV otabepwv Sidxuons DMSO,
TMS, e€apueBuiokukA0TPLALOVAEEGVLIO KoL EAEVOEPNG
KepKETIvNG pe TN xpnomn mepapdtwv DOSY. Autd
EMETPEYE TOV TPOGSLOPLOUO TOU ATOTEAEGHATIKOV
HOPLAKOV BAPOUG TOU CUPTIAGKOU TO OTIO{0 ATIOSE(-
XOnke 6TL Tav KUpiwg oe avaroyia puetdAlov- kep-
ketivne 1:1.

Ot DFT vmoAoytouol emainBgvoav o€ HEYAAO TTO-
000TO TA TELPAUATIKG SeSopeva yia Ta onpeia ov-
HTAEENG.

ZUUTIEPACUATIKA, | GUVSVACUEVT] XPTOT TNG Pa-
opatookotioag NMR, pe ép@aon oTtoug @atvoAtkols
ouvtoviopovs OH, mapdAAnAa pe toug KBaAvTiKoUg
UTIOAOYLOOVUG B PUTTOPOVCE VX ATIOTEAECEL £Val TTO-
AUTIo epyadeio yia tnv axpfn Sopkn Kot nAekTpo-
VIKI) TEPLYPAPT] TWV SLUAYVTTIKOV GUUTAOK®MV
@AaBovoeldovg-peTdAov.

Tuvetédn emiong éva oUUTIAOKO KEPKETIVNG TO
omolo emétpePe v evioyvon ™G SLAAVTOTNTAS
NG KAl Tavtoyxpova Satnpnoe TN PlodpactikoTn-
TA TNG OTNV KUTTAPLKN AVTIHETMTILOT KAPKIVOU TOU
avBpwtvou ovpomowmtikov T24. H otabepdtnta
TOU CUUTIAGKOU KoL 1] poplakt) Ao Twv oAAnAemL-
Spaoewv Tov avamTLXONKAV € AUTO TO CUUTAOKO
TPOCSLOPIoTNKAV E EVOWUATWON WLAG GEPAS OVa-
AUTIKWOV TEXYVIKWV KAl TEPAPETWwY Moplaknc Avva-
uknig (MD). Me YrmoAoyiopovg Illpocappoyng Lovse-
ong (IFD) kat mpoocopowwoelg Moplakng Auvapikng
(MD) éywve mpoomaBela va oxediacBovv opBoroyt-
K& popla kepketivng yx va otoxevoovv tmv Bel-xL,
pilot aVTI-ATOTTTWTIKY TIPWTEVN auinuévng onuaci-
06 WG AVTIKAPKLVIKOG TTIOPAYOVTAS,.

T va BeAdtiwBel To PEOVEKTNHA ATTO@IALXG TG
KEPKETIVNG, va avénBel ) SeopeuTikn LKAOVOTNTA TOV
TPOo@IA yia to Bel-xL kot va evioxvBel 1 exAekti-
KOTNTA TOUG Yl KAPKIVIKA KUTTAPA GUVTEONKAVE
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TEOOEPA TIAPAYWYA TNG KEPKETIVIG 0 oV(even pe
Staopetika apwoééa (aAavivn, yAoutapko oy,
@awviadavivny kat Agukivn) otov SaktuAlo B. Ta
vmoAoytotika Sedouéva MM-PBSA kot MM-GBSA
¢8el&av 0TL To ovpumAoko Que-Glu3 TtapovoLdlel Ty
vymAoTepn Seopevtiky T (-47,16 kcal mol?).58 Ta
dedouéva pBopiouot Htav emiong cOUEWVA UE TIG
BewpnTikEG peAétes kal pacpatwv NMR.

ZUUTIEPACHATIKA, GAXBOVOELST] TIPOPAPULAKA OU-
Cevypéva pe apwvoééa Ba pmopovoav va elval pa
UTIOOXOUEVT) TIPOGEYYLOT) YLOL TNV EVIOXUOT TOL Qap-
HOKEVTIKOU (PAGHATOG TOUG,.

Me petprioels paouatopBopiououstpiag, Oepuido-
UETPLaGC Kat UEAETES SLOAOYIKWV TIEPAUATWY TIPOCOUOL-
WUEVWY O€ UTTOAOYLOTH TO TIAPACKEVACHEY CUUTIAOKO
KepKETIVIG-aAavivng Seopevetal TPWTIOTWS pe ™V
aABoupivn tov 0pov), kKupiwgs pEow Seopwv vEpoydvou.
Méow auTiG ™G CEPAES TEPAUATWY AVOKOAVPOTKE
OTLY] OUYKEKPLUEVT] EVWOT] EXEL BEATIWUEVES LOLOTNTES
0€ 0XE0T) LLE TNV KEPKETIVI OGOV QPOPA TNV KUTTOPO-
ToEIKOTTA, VW TIApdAANAa Swatnpel ) cuyyéveld
™G pe v aABoupivn Tou opov, eéacparilovtag £tol
TN HETAPOPA TOL 0TOUG LoToVG. Ta puokd TrpoidvTa
B pmopovoav £T0L VA TIPOGPEPOUV £V ONUAVTIKO
TAPAYOVTA YL TNV AVATITUEN BLOSPACTIKWV EVWOOTEWY
HE evioyupévn Bepameutikn Spdon.>

2.2 To Avkomévio

To Avkomévio (lycopene) eivar £évag molva-
KOpeoToG udpoyovavBpakag o omolog TEPLE-
xet 40 dartopa avBpaka pe ovopaocia IUPAC (6E,
8E, 10E, 12E, 14E, 16E, 18E, 20E, 22E, 24E, 26E)
-2,6,10,14,19,23,27,31-oktapebvrodpitoako-
vta-2,6,8,10, 12,14,16,18,20,22,24,26,30-tp1deKae-
vn.

Abyw ™G VYMANG AKOPESTATNTAG TOU TO AUKOTIE-
VL0 €lval pia atmo TIg TALOV LoYUPES AVTIOEELSWTIKES
ovoieg @UTIKNG TTpogAguonG. To AUKOTEVLIO WG ALTTO-
@0 avTloEEldwTIKG, Tailel kaBoploTikd poAo ota
BoAoywa cvothuata. Mmopel va Swadpapatioet
onuUavTikd poio ota avBpwmva BloAoykd cuoTH-
HOTa TIPEXOVTAG TPOOTACGIN Ao KOPSLOYYELOKES
TABNOELS KAl KATIOLOUG KAPKIVOUG Kal evioxUovTag
TO AVOCOTIONTIKO GUOTN AL,
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Ymv gpyaocia twv G.P. Blanch et al.®® emtuy-
Xavetalr 1 otabepomoinon O6Awv Twv trans- Av-
KOoTeviwy amd viopata pe evBuddkworn HE o-,
B- kot y- kukAodeEtpives. XpnowomomOnkav &vo
uebodoL ywx TtV amopdvwor, N ouuBatiky k-
xOAon kot 1 ExyOAwon pe Ymepkpiowa Yypd,
SFE. AmodelkvOeTal OTL He TNV Un oupPoTiky pé-
Bob0 emTUYXAVOVTAL HEYXAUTEPEG ATOSOOELS.
Ot M. Vertzoni et al.?! ypnowomoimoav pia feAtioto-
mompévn péBodo TOPWONG Yl TNV TTAPACKELT Su-
adlkwv ocvoTNUATWY AuKoTEViOU-KUKAOSEETPIVIG
Tov odnyeital oe SiaAvtomoinon Tov Avkomeviov
o€ vepo kal og Stddvpa Se€tpolng 5% (w/v). Ymo-
AoyloTnkKe 1 CUYKEVTPWOT] TOV AVKOTIEVIOU (Pacpa-
TOOKOTILKA META amd €kXUALoM pE Siydwpopedavio
Kol eTTaAN 00BN Ke pe vypn xpwpaToypa@io VPmMATS
amddoong. MeAemiOnke emiong 1 otabepOTNTA TWV
TOPATIAV® SLUEPDV CUOTNUATWY KATA TNV aTodn-
KELGT) TOUG 0TouG 4 Kat 6toug -20 °C, ota Avo@Lro-
Tompéva TPoiovTa.

Ot D.V. Bangalore et al.®* peAétnoav tnv Kavo-
mta amoppdéenons plwv ofuydvou (ORAC) kot
emkVpwoav TN péBodo ORAC yla SLd@opeg ouyke-
VIpWOELG AvkoTeviov Tapovsia B-kukAodeEtpivng,
1 omoia evioyvel T SLKAVTATNTA TOV 0TO VEPO. To
ekyVAlopa Lyc-O-Mato 6% xpnoipomombnke wg
TMy1 AUKOTIEVIOU Yl auTd Ta Ttelpapata. To Avko-
TEVIO EKYVAIOTNKE cUH@WVA HE TIPOTUT Stadika-
ola @PAOUATOEWTOUETPIKNG avAAuong mapovoia
a-kukAodeLtpivng oe ovykevipwoels 0,4, 0,8 kat
1,6% xou petpnbnke n avtogeldwtikny §pdon Tou
AvkoTeviov pe tn Sokipacio ORAC. H evowpdtwon
™m¢ B-kukAodeEtpivng oty Sokipacio ORAC BeAti-
wveL ™ ovoxétion peta&d ORAC kal cUYKEVTPWONS
AvkoTeviov, StevplivovTag £ToL TO TIESIO EQAPUOYNS
™m¢ Sokipaciog ORAC wote va oupmepldfel éva
ETUTAE0V ATTOSLOAVTO AVTIOEELS WTIKO.

2.3 H xovpkoupivn

[Mpdkettal ya pia @UGIKY TTOAV@ALYOAN XPWUATOS
KiTpwou Tou mpoépxetal amd T pila Tou PuToL
«Curcuma longa». Elvat pia @uown xpwotiki mov
XPNOLLOTIOLETAL OE TPOPIKA KA PAPULAKEVTIKA TTaL-
paokevaopata pe ovopacio IUPAC (1E, 6E)-1,7-8ig
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(4-v8potu-3-pebotupaivud) emta-1,6-8tevo-3,5-81-
ov.

Ou C.S. Mangolim et al.®® pe petpnoeg FT-IR, FT-
Raman, @wtoaKovoTiKiG QacuaTooKOTixG Kal Te-
ptOAaciuetpov aktivwv X (XRD) tavtomoimoav to
oVuTAOKO Koupkoupivng-B-kukAodegtpivng. Xpnot-
potowm Onke 1 nEBodog ¢ ovykatafOLong Kot -
paTNpnONKe OTL TO TAPAYOUEVO CUUTIAOKO TIXPOL-
olalelL ueyaditepn otabepioTNTA GTO XPWHUA VTIO TNV
eMiSpaon @wTog, ato pH, otV amodrikevon kat oty
0épuavon amd 6t kovpkovpivn. F'a Toug Tapatd-
vV AGY0OUG TIPOAYETAL YIO XPT)ON GTA TPOPLLLA.

H koupkoupivn éxel avapepbel wg Suvntikd dpa-
OTLKY) KATd TOVU kKapkivov. AOyw ™G xaunAng StaAv-
TOTNTAG TNG Koupkoupivng, ot N. Rocks et al.* ypn-
owomoimaoav kukAode&tpives (CDs) wg péco yla v
avénon g vdatodlaiutéTnTag Kot TS Blodtabeat-
HOTNTAG TNG KOoupKoLpivNG. Ot emSpaoels g Swa-
AvTOTIOMLEVNG KOUPKOUL VNG Exouv a&lodoynBel oe
KUTTAPLKEG KAAALEPYELEG KO WG KaL o€ Eva «in Vivo»
HOVTEAO OYKOU TIOVTLKOV.

Ta SdeSopéva amodelkviouy OTL 1] KOUPKOUivY,
otav xopnyeital amd to otépa oe StaAdvToTOME-
vn pop@n pe KukAodeltpivn, pelmvel to peyebog
TOU KOPKLWIKOU OYKOU GTOV TVEVLHOVA «in Vivox.
EmumAéov, ta Sedopéva vmoypappifovv eva mbavd
TPOGOETO ATOTEAEG A TNG KOUPKOUUIVNG LUE TN YEU-
otrtafivn, Tapéyxovtag £TOL LA ATIOTEAECUATIKY Oe-
PUTIEVTIKTY ETIAOYY Yo TV Bepameia Touv kapkivou
TOU Tivevova.

Ou B. Tang et al.% pedémoav @AoUATOPWTOUETPL-
KA TO GUUTAOKO KOUPKOUWIVNG HE KUKAOSEETPIiv
kat pBaocav ota €€1¢ amoteAéopata:

H B-kukAode&tpivn avtiSpa pe v kovpkovpivn
yw va oxnuatiost éva obumioko oe avaloyia 2: 1
ue vmodoyt{ouevn otabepda oxnuatiouov 553 x 10°
mol? L% Mg Baon v evioyvon tng amoppo@nong
NG KOUPKOUNIVNG TIOU TTAPAYETAL LEGW TOV OXMLO-
TIOPOU GUUTIAOKOU, AVATITUXONKE IO PAoUATOPW-
TOUETPLKY HEBOSOC Yo TOV TIPOGSLOPLOUO TNG Koup-
KOUUIVNG 0TO LSATIKO SLAAVUA PE TNV TTHPOVGIA TG
B-CD. H ypappkr oxéon petadd tng amoppo@nong
KaL TNG CUYKEVTPWATG KOUPKOUNIVNG eANBN otnv
KAlpaxa 0-15 pg / mL, pe ovvteAeoty ouoyETiong r
= 0.9991. To 6plo aviyvevong ntav 0,076 pg / mL.
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H mpotewdpevn pébodog xpnoipomomnke yia tov
TPOCSLOPLONG TNG KOUPKOUUIVIG 0€ KAPU KOl HOU-
OTAPSA LE LKAVOTIOMNTIKA ATIOTEAEGUATAL.

Ot M.M. Yallapu® cuvéBecav cOpmAoka KUKAOSEE-
TpVNG-KOUPKOUUIVIG KAl TA XUPAKTHPLOQV UE Qa-
ouatookomia vépuOpns aktivoforiag pstaoynua-
Ttopov Fourier (FTIR), ue Osputdouetpia Atapopikic
Xapwongs (DSC), ue Ospuootabuiky Avaivon (TGA),
UE NAEKTPOVIKO UIKPOOKOTILO adpwans (SEM) kat ue
avaivoels HAektpovikoU Mikpookomiov Atédevong
(TEM).

To ocvOumloko koupkoupiving pe kKukAoSegTpivn
agloAoynbnke ywa evSokuttaplkny TPoOcAnYm Kot
aVTIKAPKLIVIKY Spaotnplotnta. O TOAAATAACLAGHOG
TWV KUTTAPWV KAl 0L KAwvoyovikol Tpoadloplopol
£€8el€av OTL 0 OXNMUATIONOG TOU GUUTIAOKOU TNG
Koupkoupivng pe v B-kukAodeEtpivn adénoe v
ameAevBépwon koupkoupivng kat BeAtiwoe T Be-
PUTIEVTIKI] TNG OTMOTEAECUATIKOTNTA OE KAPKLVIKA
KUTTAPX TOU TIPOCTATY O€ GUYKPLOT| LE TNV EAeVOe-
p1 KOUPKOULUIVY.

2.4 H kapvooivny

H kapvooivn (B-adavul-L-.otidivn) eivat éva Surme-
TITISL0 TIOV TIPOEPYETAL ATIO CUVEVWOT AAQVIVIG KoL
LoTidivng. Bpioketal ag vPmAr CUYKEVTPWOT GTOUG
HUEG KOL TOV EYKEPAAO.

H kapvooivn éxel amodelybel oe oelpd PEAETWV
OTL SlaBftel auinuévn tkavotnTa ya t déopevon
Twv gAgvBépwv p{wv ouyovou KoL ToU EVEOKUT-
TaplKkov pubuLloTikoU SlaAvpatog mpwToviwy. AT
™V GAAN N Kapvootvdon eivat pia €181k TeEMTSA-
o1 KOV VX KATAOGTPEPEL TO BLOAOYIKE evepyO Oi-
memtiSio.

TNo va Eemepaoctel autdg o TepLloplopos, 1 B-ku-
kAodegtpivn (B-CD) ocuvdudonke pe Kapvooivn vy
va SwoeL TIg ak0AovBeg véeg evwaoets: 64 - [(3 - {[(1S)
-1-kapBo&u-2- (1H- ywdaloA- 4- vA) abBvA] apwvo}
-30¢ompoTuA) auwvo] -64- eofu- B- kukAoSeEtpivn
(1), 6* - [(B-aAavuA-L-totidul) apvo] -B-kukAoSet-
Tpivn (2) ko (2AS.3AR) -3A - [(3 - {[(1S) -1-kap-
Bo&u-2- (1H- ywdafoA- 4- vA) alBul] apwo} -3-o0&o-
TPoTVA) apvo] -3A- deofu- B kukAodeltpivn (3). H
£€peuva TOAULKNS padiéAvong £5ete OTL Ta Tapdyw-
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ya 1-3 ¢ B-CD mapovaidlovv avénuévny tkavotnta
otn Séousvan eAsvOépwv pila)v OH.87

Emtiong emitevxOnke n ovvOBeomn kal o yapaktnpt-
op6s Vo cvonuatwy B- kKukAoSeETpvwv pe Vo
HOpLX KOPVOGIVNG HECW TV apvopadwy, 6A, 6C-
(B-aAavuA-L-totidivn)  -6A, 6C-818e0tv-Prta-ku-
kAoSe€Tpivn kot 64, 6D- (B-aiavuA-L-totidivn) -6A4,
6D -818e08v-Prta-kukAodeitpivn (64, 6D, 6C cuvli-
oToVV E0TEPEG TNG KAPVOG v G pe peBUAOUASES).

H tkavotnta TV Topaywywy TG Kapvooivig-Ku-
KA0SeETpivng va Seopebiouy OVt YaAkoU pe TpdTo
amo TNV KEQUAN TIPOG TNV 0UPA& TPOKAAEL TOo oxn-
HOTIONO OALYOUEPWV CUUTIAOKWV (péExpL e§opepn))
otV mepintwon tov ACCDAH, 6movu ta Vo tunua-
TA KAPVOOivNG lval YEITOVIKE, EVW OTNV TIEPITTW-
on ADCDAH 1 apotBaia aAAnAemiSpaon petadd twv
TEMTIS KWV 0AVGi8wv 8U0o popiwv ADCDAH emuitpé-
TIEL TOV OXESOV ATIOKAELOTIKO OXNUATIOUO EVOG Sipe-
POUG CUUTIAOKOU XOAKOV.®8

Ye mapopola epyacia TpooSlopioTNKE 1 IKAVOTH-
TA KATIOLWY TTapaywywv B-kukAoSe&tpivng pe Kop-
voaoivn va avaatéAdouy v o&elbwon s XaunAng

D. Pavlos et al, Pharmakeftiki, 31,1V, 2019 | 179-191

[Mukvotntag AtmompwTteivng (LDL) kaBodnyolpevn
amd xoAko (1) oe oUykplon pe AUTY IOV gR@aVile-
Tl amd Ta avaioya mapaywya kapvooivng. Ta too-
uepn B-kvkAodeEtpivng kapvooivng mapovoialovy
VYPNAOTEPO TIPOCTATEVTIKO ATIOTEAECUA ATIO OTL TA
elevBepa mapdywya SimemTiSiov Kol opokapvooi-
VNG, PEPVOVTAG OTO PWG TOV POAO TNG KOLAOTITAG
B-CD.%

3. Zupunépacpa

Ta mo mavw mapadelypata Ta omoia ava@Epo-
VIOl 0€ OUUTAEEN QVTIMTPOOWTEVTIK®OV (PUOLKWV
TPOIOVTWV UE KUKAOSEETPIveG amodelkviouv OTL:
(o) TO PaPUAKOAOYIKO TIPOPIA TWV PUOIKWOV TPOi-
Ovtwv pmopel va BeAtiwOdel 6Tav @logevnBolv ot
KukAoSe€Tpiveg, (B) upelovekTuaTa UETUBOALKNS
aotabelag Kot SLAVTOTNTAG UTTopPoUV ETioNG va
BeATiwBoUv. AuTA TO UELOVEKTHATA PUTOPOUV va
eAattwholv MEPAUTEPW EAV TA PUOLKA TPOIOVTA
KATAOTOUV TIAPAYWYA HE AAAEG PUOLKEG EVWOELS 1
Sopuka tunpata. O
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SUMMARY

Lipophilic compounds such as many bioactive compounds do not

present their optimum pharmacological profile because they mainly
exhibit metabolic instability and toxicity, they lack selectivity and suffer
from low bioavailability. Their complexes with cyclodextrins improves
these disadvantages and transform them to improved molecules of
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Tyrosine kinase Background: Clinical Pharmacist should be aware of hematologic tox-
inhibitor; Chronic icities from tyrosine kinase inhibitors (TKI) used to treat chronic mye-
myeloid leukemia logenous leukemia (CML). Drug-drug interactions (DDI) may be prob-

lematic.
Objective: To analyze DDI between TKI and the concomitant medica-
tion.

Setting: Retrospective observational study carried in a tertiary hospi-
tal of Spain.

Method: A bibliographic search was made on the UpToDate®, Lexi-
comp® and Micromedex® software platforms to search for evidence
on DDI between TKI and the concomitant medication.

Main outcome measure: Number of interactions with respect to sex,
to number of concomitant drugs, and to TKI used.

Results: A total of 28 patients were analyzed. 78.6% of patients had
medication associated with the TKI. There was a total of 50 significant
DDI, out of a total of 128 drugs, so the risk of having interaction in the
study population was 39.1%. Regarding the management of the inter-
actions by the hematologist and the acceptance of the pharmaceutical
intervention: 10 patients experienced 14 high-level interactions. Of
these the doctor knew 50% and had performed intervention in all cas-
es: modify the treatment in 28.6%, consulted with service responsible

Corresponding author for treatment in 42.8% and spaced the intake of drugs in 28.6%. It is
Prof. Dr. Alberto Frutos important to periodically review concomitant medication and to have
Pérez-Surio a strategy to manage interactions. The role of the clinical pharmacist
Email: ajfrutos@salud.aragon.es, is essential in communication with the patient, assessment of treat-
ajfrutos@unizar.es ments, detecting potential interactions and disseminating information
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Conclusion: All patients who are prescribed oral antineoplastic drugs
are provided patient education materials about TKI, which include pos-
sible interactions. Any changes in the patient’s medications prompt a

review for DDI.

Introduction

In recent years, advances in the treatment of cancer
have led to the emergence of numerous oral anti-
neoplastic drugs. The oral route is consolidated in
the first-line treatments of some carcinomas, as it
has been shown that the disease-free survival and
overall survival, as well as the toxicity profiles, are
not different from those of the parenteral route!.
However, drug interactions are common and may be
problematic. Concomitant use with moderate CYP3A
inhibitors, strong or moderate CYP3A inducers, gly-
coprotein-P (P-gp) inhibitors, or narrow therapeutic
index P-gp substrates should be avoided. Therefore,
the pharmacodynamic characteristics of drugs do
not vary over time, but plasma and tissue concen-
trations, as well as efficacy may be influenced as a
result of concomitant treatments or specific eating
habits?3.

In this scenario, new challenges have been posed
for the clinical pharmacist, specialized in the area of
oncological consultation, and in charge of the care of
these patients such as the monitoring of therapeutic
adherence, and management of adverse effects and
interactions or safe handling of toxic waste at home.
The onco-hematological patient is especially suscep-
tible to drug interactions, as he often receives one or
more antineoplastic agents, along with concomitant
medications, to alleviate the pain or adverse effects
of the chemotherapy itself. In addition, there are
several factors derived from the disease that predis-
pose patients to interactions, such as poor absorp-
tion, malnutrition, liver or kidney damage*.

The most concerning interactions are those whose
consequences are detrimental for the patient expo-
sure to the drug, either because it is increased caus-
ing adverse effects, or because exposure is dimin-

ished causing an inadequate therapeutic response®.
In the case of antineoplastic drugs, this can lead to
treatment failure or loss of scarce therapeutic op-
tions available®, thus compromising patient’s safety’.

Riechelmann et al. concluded that 67% of hospi-
talized cancer patients were at risk of experiencing a
drug interaction®. The factors that predispose them
to this include the number of drugs involved in their
treatment’, frequent use of alternative medicines,
comorbidities, organic deterioration that affects the
processes of metabolization and excretion of the
drugs, and finally, the fact that a large number of the
recently commercialized cytostatics have not un-
dergone extensive premarketing studies that allow
proper drug interactions analysis'’.

This study expresses oral cytostatics involved in
the treatment of chronic myeloid leukemia (CML).
The introduction of tyrosine kinase inhibitors
(TKIs) revolutionized the management of CML!" ',
improving the 10-year overall survival from ~20%
to 80-90%. In some patients, expected survival is in-
distinguishable from that of the general population
13 These are the first drugs with a specific therapeu-
tic target: the BCR-ABL fusion gene. The first TKI
to appear was Imatinib. Despite the good results of
studies with this drug, there is a group of patients in
whom it is not possible to use Imatinib, either due
to intolerance, adverse reactions, suboptimal effects
or resistance to the drug. The options available after
Imatinib resistance at maximum doses are the sec-
ond-generation TKIs include Dasatinib and Nilotin-
ib.

It is important to consider potential drug-drug in-
teractions between TKIs and substrates, inhibitors
or inducers of the CYP3A4 isoform and the P-gp. Re-
cent studies revealed that concomitant prescription
of drugs that can inhibit the effectiveness of protein
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kinase inhibitors can vary between 23 and 57%, and
drugs that can increase their toxicity between 25
and 749101415,

Patients with CML usually take several medica-
tions simultaneously with their oncological therapy
therefore, taking into account the risks of polyphar-
macy, it is possible that there are potential phar-
macological interactions between their oncological
treatment and the rest of medications. To assess the
impact of these interactions, we intend to carry out
a study in patients treated with TKIs in a third level
clinical university hospital.

The aim of this study was to analyze the presence
of pharmacological interactions between TKIs and
the concomitant medications used in patients with
CML, and to investigate the influence of clinical
pharmacist’s interventions.

Material and methods

A retrospective observational study in which 28
adult patients diagnosed with CML and treated with
TKI were selected who attended the Clinical Phar-
macy Service of a tertiary level Clinical University
Hospital from October 1, 2016 to October 1, 2017.
The data on the treatment were obtained retrospec-
tively from the individual dispensing module of the
Dominion Farmatools® program. The following
variables related to the patients were collected: age,
sex, type and dose of antineoplastic drug, character-
istics and number of concomitant non-antineoplas-
tic medications and number, level and type of drug-
drug interactions noted. The collected information
included additional medication patients could be
taking for other indications such us medications pre-
scribed by the GP/other Doctors/specialists. To de-
tect the possible interactions between their regular
mediations and oncological therapy, a bibliographic
search was carried out on the UpToDate® (and Lex-
icomp® to detect DDIs) and Micromedex® comput-
er platforms and the information obtained with the
technical data sheets of the drugs was completed.
The interactions were classified according to their
severity, following the classification of Lexicomp®
database (LexiComp, Inc, Hudson, Ohio, 2010) and
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DRUG-REAX System® (Thomson Reuters, Green-
wood Village, Colo, USA, 2010). Each drug-drug in-
teraction is assigned a risk rating of A, B, C, D, or X.
Monographs rated X, D or C indicate situations that
will likely demand a clinician’s attention.

- Level of interaction X: significant interaction,
avoid combination. The risks associated with the
concomitant use of these two drugs normally out-
weigh the benefits. It is a contraindicated drug com-
bination.

- Level of interaction D: significant interaction,
consider therapy modification. A patient-specific
evaluation should be conducted to determine if the
benefits of such treatment outweigh the risks. Ac-
tions such as exhaustive monitoring, dose changes
or use of alternative drugs should be carried out to
obtain benefits or decrease the toxicity resulting
from the concomitant use of said drugs.

- Level of interaction C: significant interaction,
monitor therapy. Normally, the benefits of the con-
comitant use of these drugs outweigh the risks. In
any case, a monitoring plan must be carried out to
detect potential adverse events. Dose adjustments
may be necessary in one or both drugs in a minority
of patients.

Potential interactions were identified, as well as
their prevalence and the risk that this could pose to
the patient. They were also classified according to
the type of interaction in pharmacokinetics, phar-
macodynamics or others and within each of them an
increase or decrease in dose was expected.

Once all the information was collected, the spe-
cialist responsible for the patients was informed
about the most relevant interactions. A detailed re-
view was done for each patient, jointly between the
hematologist and the pharmacist using the clinical
history, evolution of the analytical data, and medi-
cation changes, in order to design a clinical decision
for each type of interaction in each patient. The clin-
ical significance of these interactions was recorded
by the hematologist and the acceptance and utility
of the pharmaceutical intervention performed was
evaluated.

The quantitative variables were summarized with
mean and standard deviation or median and range,
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and the qualitative variables with percentages.
Statistical analysis was performed in the group of
patients who were prescribed concomitant treat-
ment, and the patients were grouped according to
whether they had relevant interactions between the
antineoplastic drugs and their concomitant drugs.
Differences in sex, concomitant treatment (greater
or lesser than 5 drugs) and TKI used were evaluated
using the chi-square test (x?)-Statistical analysis was
carried out with the statistical package SPSS 21.0 for
Windows (License of the University of Zaragoza).
Ethics approval: A study with initial protocol was
prepared to submit to explore confirmation by the
Clinical Research Ethics Committee. Enrollment,
medical, and drug files were linkable based on an
encrypted patient identification number. The use
and analysis of de-identified administrative claims
or limited data sets; was considered exempt from
review by an Institutional Review Board (IRB), as
de-identified information requires personal health
information (PHI) waiver of authorization.

Results

A total of 28 patients with CML treated with a TKI
were analyzed. 60.7% were males with an average
age of 56.5 * 14.2 years, and only 42.8% of the pa-
tients were older than 60 years. 39.3% of patients
were treated with a first-generation TKI (Imatinib),
while 39.3% were being treated with Dasatinib, and
21.4% of patients with Nilotinib.

78.6% of the patients had concomitant medica-
tions that included analgesics / opioids, anxiolytics
/ hypnotics / sedatives and antihypertensives, fol-
lowed by proton pump inhibitors (PPIs). Table 1 de-
scribes the frequencies of prescribed non-antineo-
plastic drugs.

The median of concomitant drugs prescribed was
4 (range 0 to 16). 21.4% of patients did not take
any additional drugs, 39.3% had 1 to 5 concomitant
drugs and 39.3% had 25 prescribed non-antineo-
plastic drugs.

A total of 50 TKI- no TKI interactions were record-
ed. These interactions occurred in 20 patients out
of 28, who took a total of 128 drugs, so the risk of

interactions in the study population was 39.1%. Of
the total interactions detected, 72.6% were poten-
tial interactions (level C) in which a dose adjustment
is not necessary but precaution and monitoring of
adverse events is recommended, 15.1% were level
D, in which the modification of the therapy is rec-
ommended, while the amount of contraindicated
interactions (level X) was 12.2%, in which it was
recommended to avoid this combination of drugs.
The median of interactions was 1 (0-5). Interactions
almost entirely were of pharmacokinetic nature
(90.7%), of these 87.4% involved a possible increase
in concomitant drug concentrations, due to the in-
hibitory nature of TKI and only 12.6% a possible
decrease in the concentration of TKI due to interfer-
ence in absorption (antacids and PPIs). The drugs
with the highest number of interactions were anal-
gesic / opioid, antihypertensive and antipsychotic
potential (Table 2).

In patients treated with Imatinib, 34.2% of the
concomitant treatment could result in an inter-
action. Of these interactions, 84.6% were of level
C, due to the moderate inhibition of cytochromes
CYP3A4 (31.8%) and CYP2D6 (27.3%) and of the
P-gp (4.5%). 3.8% were level D, and 11.6% were lev-
el X. In this last group, interaction with Metamizole
(dipyrone) stands out, as it can increase adverse re-
actions such as agranulocytosis and pancytopenia.

In case of Dasatinib, 48.0% of concomitant drugs
had the possibility of interacting with TKIs. Of these
interactions, 75.0% were level C, due mainly to the
inhibition of cytochrome CYP3A4 (44.4%) and the
increase in the antiplatelet effect (33.3%). 8.3%
were level D and 16.7% level X, highlighting the in-
teraction with PPIs, which significantly reduce the
absorption of Dasatinib, thus reducing its plasma
concentration.

Finally, amongst the patients on Nilotinib, 44.4%
of concomitant drugs had some type of interaction.
58.3% of the interactions were of level C, 33.3%
were of level D, due to their interaction with antac-
ids and divalent ions (66.7%) and 8.4% of level X,
due to the high risk of prolongation of the QT seg-
ment on ECG and risk of developing cardiac toxicity,
as with Quetiapine.
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In the overall statistical analysis, there were no
significant differences in the number of interactions
with respect to sex (p = 0.386). There were also no
significant differences in the frequency of relevant
interactions between patients who had less than
5 concomitant drugs and more than 5 drugs (p =
0.603). As for the TKI used, no significant differenc-
es were found in patients who used first generation
(Imatinib) or second generation TKI (Dasatinib /
Nilotinib) (p = 0.174) although there is a tendency
to have more interactions with the second genera-
tion TKIs.

Regarding the management of the interactions by
the hematologist and the acceptance of the pharma-
ceutical intervention: 10 patients experienced 14
high-level interactions (D or X). Of these the doctor
managed 50% of the interactions and had made
intervention in all cases: modify the treatment in
28.6%, interconsultation with service responsi-
ble for treatment in 42.8% and space the taking of
drugs in 28.6 %. With the other 50% of the inter-
actions an individualized pharmaceutical interven-
tion was carried out and recommendations included
interconsultation to the service responsible for the
treatment (14.3%), space the taking of the drugs
(42.8%), monitor possible adverse effects due to the
interaction (14.3%) and modify / reduce treatment
(28.6%). All the proposals were accepted by the re-
sponsible physician.

Discussion

In the present study, the estimation of the risk of
presenting with clinically relevant interactions be-
tween TKI and non-TKI drugs was lower than that
described in the literature®’. The percentage of in-
teractions that increase concomitant drug concen-
trations was higher than that of a study presented
in the USA by Bowlin et al. in 2013, while the per-
centage of interactions that decrease the concen-
tration of TKI and thus its effectiveness, was lower
than that of Browlin study. The cause of these differ-
ences may be the limited sample of patients and the
fact that the study has been done only for the TKIs
that treat CML. Other studies confirm that greater
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the number of concomitant drugs in patients diag-
nosed with CML on TKIs, greater the risk of interac-
tions [5,6], On the other hand, in the current study
no significant differences were observed regarding
the frequency of relevant interactions between pa-
tients who had less than 5 concomitant drugs and
more than 5 drugs. This is because the interactions
between non-antineoplastic drugs have not been in-
cluded. No differences were observed in interactions
when administering first generation or second gen-
eration TKI, since pharmacologically no metabolic
profile more is susceptible to suffering interactions
than another.

The analgesic and sedative drugs together with
the antihypertensive drugs were the most frequent-
ly prescribed in the patients included in the study.
Pain, insomnia and depression were one of the most
frequent comorbidities in the cancer population
and, therefore, analgesic and psychiatric drugs are
the most frequently prescribed drugs. The concomi-
tant drugs involved in the interactions were analge-
sics, antihypertensives and antipsychotics, followed
very closely by anxiolytic drugs, PPIs and blood glu-
cose lowering drugs.

Regarding the joint assessment with the respon-
sible physician, the professionals’ concern about
the interactions of this group of drugs was demon-
strated and, due to the lack of time in the consul-
tation or the limitation in access to search tools
and databases, cannot be properly addressed by
the hematologist. The intervention of the clinical
pharmacist both at the beginning of the treatment
and in successive reviews of medication could help
avoid adverse events and even avoid the change to
second generation TKIs, which sometimes occurs
due to intolerances or adverse events of unknown
origin, thus improving adherence. With this inter-
vention, the real need of another drug, molecular
response of the patient, clinical situation and, in
some cases, the plasma levels of TKI, would help to
predict the result of the interaction. Thus, the per-
sonalized pharmacotherapeutic follow-up of the
hematological patient should lead to collaboration
with the hematologist and other health profession-
als forming part of a multidisciplinary team.
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Table 1. Frequencies of prescribed non-antineoplastic drugs

PRESCRIBED NON-ANTINEOPLASTIC DRUGS
ANALGESICS / OPIOIDS

ANXIOLYTICS / HYPNOTICS / SEDATIVES
ANTIHYPERTENSIVES

PROTON PUMP INHIBITORS
ANTIDEPRESSIVES

LIPID MODIFYING AGENTS

BLOOD GLUCOSE LOWERING DRUGS, EXCL. INSULINS

ANTIPSYCHOTICS / NEUROLEPTICS
STEROIDS

ANTICOAGULANTS

ANTIHISTAMINES FOR SYSTEMIC USE
ANTIBACTERIALS

DIURETICS

ANTICONVULSIVANTS

DRUGS USED IN BENIGN PROSTATIC HYPERTROPHY

ANTIVIRALS
ANTIPARKINSONIANS

In the present study, most of the interactions were
pharmacokinetic, due to substrates, inhibitors or in-
ducers of the CYP3A4, CYP2D6 and P-gp isoforms,
confirming the information published in a review
carried out in 20146,

The work carried out presents a series of perfectly
defined limitations. Firstly, the sample size is limit-
ed; resulting directly from the population of adult
patients with treated CML in the geographic area of
study. Secondly, as it is a retrospective analysis, there
may be loss of information in the variables collect-
ed from the computerized medical record, since it
is possible that the concomitant treatment in pro-
gress was not updated correctly in some cases. As

DRUGS ( N=128) % (N)
14.8 % (19)
12.5 % (16)
10.1 % (13)
9.4 % (12)
7.8 % (10)

7.0 % (9)
6.2 % (8)
6.2 % (8)
5.5 % (7)
5.5 % (7)
4.7 % (6)
3.1% (4)
2.3% (3)
1.6 % (2)
1.6 % (2)
0.8 % (1)
0.8 % (1)

the study was retrospective, there is also potential
that the patient is no longer taking the interacting
medication. Thirdly, interaction data was not always
available in the databases for the different drug com-
binations. Fourthly, the study has been carried out
for the TKIs that treat CML, there are other TKIs with
other indications and most of the studies consulted
analyze all the TKIs, so they cannot be compared
directly. Finally, the interaction rates have been un-
derestimated since the interactions between the an-
tineoplastic drugs themselves or among the non-an-
tineoplastic drugs have not been included. To sum
up, this is a small study which does provide evidence
of the benefit of pharmacist role in reviewing pa-
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Table 2. No tyrosine kinase inhibitors (TKI) im

NON-ANTINEOPLASTIC DRUGS

ANALGESICS / OPIOIDS

ANTIHYPERTENSIVES

ANTIPSYCHOTICS / NEUROLEPTICS

ANXIOLYTICS / HYPNOTICS / SEDATIVES

PROTON PUMP INHIBITORS

BLOOD GLUCOSE LOWERING DRUGS, EXCL. INSULINS
ANTICOAGULANTS

ANTIACIDS

STEROIDS

ANTIBACTERIALS

LIPID MODIFYING AGENTS

DRUGS USED IN BENIGN PROSTATIC HYPERTROPHY

tients who are taking TKIs for CML

This study demonstrates that oral antineoplas-
tics require pharmaceutical interventions aimed at
preventing and / or minimizing the risk of toxicity
or decreased efficacy due to interactions with oth-
er medications. Many of the drug interactions in
oncology are not recognized as such since they are
masked by some symptoms of the pathology itself
and are even confused with the toxicity inherent to
the use of antineoplastic drugs. Therefore, before in-
troducing a new drug in onco-hematological patient
therapy, it is important to question the real need for
it, assessing possible safer alternatives.

The Clinical Pharmacy Services have shown that
by means of the pharmaceutical intervention, the
risk of an adverse event caused by a pharmacolog-
ical DDI can be reduced by 25.9 %?'’. This context
makes the act of the pharmaceutical interview a
valuable tool to detect and manage interactions
involving oral antineoplastic drugs!®. Therefore,
patients with complex treatments and a high risk
of potential pharmacotherapeutic problems (that
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plicated in interactions

INTERACTIONS ( N=50) % (N)
20 % (10)
16 % (8)
16 % (8)
10 % (5)
8 % (4)
8 % (4)
6 % (3)
6 % (3)
4% (2)
2% (1)
2% (1)
2% (1)

may compromise the effectiveness and safety of
the treatment) may benefit from this Service. In
this context, clinical pharmacists have played a
fundamental role in pharmacotherapeutic care
and monitoring of the external onco-hematologi-
cal patient.

This work could be used in the future for devel-
opments of the Clinical Pharmacy Service. Another
possible future guideline with these drugs, given
the wide possibility of pharmacological interaction,
would be their pharmacokinetic monitoring in rou-
tine clinical practice, since target concentrations are
available in terms of efficacy, and target concentra-
tions to ensure the safety of the treatment!®2°.

With this study we conclude that administration
of concomitant drugs causes a potential risk of ex-
periencing DDIs. In addition, it is important to pe-
riodically review the concomitant medication and
have a strategy to manage those interactions and
avoid them. And that the role of the pharmacist is
fundamental in the communication with the pa-
tient, assessment of their treatment, and detection
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of potential interactions and the dissemination of
medication information among the multidiscipli-
nary team.

Conclusions

All patients who are prescribed oral antineoplas-
tic drugs should be provided written or electronic
patient education materials about their treatment
before or at the time of prescription. Patient educa-
tion includes: the preparation, administration, and
disposal of their antineoplastic drug; concurrent
cancer treatment and supportive care medications/
measures (when applicable); possible drug/drug
and drug/food interactions; and the plan for missed
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SUMMARY

Citrullus colocynthis (L.) Shrad. (C. colocynthis) is a perennial herb of Cu-
curbitaceae Family native in Arabia, West Asia, Tropical Africa and in the
Mediterranean region. C. colocynthis is a perspective medicinal plant due
to its pharmacological activities in particular for the treatment of diabetes
mellitus. In this study a dry extract of C. colocynthis fruits was obtained.
Technological scheme of extract obtaining was represened. Obtained dry
extract has been standardized for these parameters: solubility, pH, weight
loss on drying, the content of heavy metal, total ash content, identification
and determination of quantitative content of biologically active substances
(BAS). C. colocynthis fruits dry extract was standardized with the content of
ellagic acid (EA) (0.62%). High performance liquid chromatography (HPLC)
method was developed and validated for quantification of EA. The validated
procedure is linear, specific, and therefore can be used to determine EA in
C. colocynthis dry extract.
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should be noted that the total effect of the action
of extracted substances may differ from the effect

1. Introduction

In recent years diabetes mellitus (DM) gains menac-
ing proportions of the global pandemic. According
to the International Diabetic Federation (IDF) by the
year 2015 there were 415 million patients with di-
abetes, and according to experts in 2040 their num-
ber is expected to increase to 642 million people’.
Today more attention is paid to phytotherapy of
DM?23, Herbal preparations, unlike synthetic ones, do
not have a single mechanism of action. Their influ-
ence on the organism is caused by a balanced com-
plex of biologically active substances (BAS), which
simultaneously act on both the underlying disease
and the functional disorders that accompany it. It

of the basic BAS, therefore, taking into account the
expected pharmacological activity, the isolation of
a specific physiologically active substance is not al-
ways necessary*>.

Colocynthis - representative of the Cucurbitaceae
family, known for its antioxidant, antihyperglycemic,
antihyperlipidemic, hepatoprotective properties,
used for treatment of inflammatory processes, joint
pain, fever, bacterial and fungal infections®°.

The largest number of preclinical and clinical
studies is devoted to the study of C. colocynthis an-
tidiabetic activity. In the traditional medicine of the
Mediterranean countries C. colocynthis is known as
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an antidiabetic agent!''2, Despite this literary sourc-
es contain rather contradictory information about
the optimal form of plant administration, some of
which supplement the results obtained earlier, oth-
ers exclude them, which leads to the continuation
and conduction of new trials!®1¢,

In order to study antidiabetic activity of C. colocyn-
this we obtained a dry extract from its fruits, which
was subsequently standardized, so reduced to a cer-
tain content of a substances with known therapeutic
effect, to ensure that the object of standardization is
in line with its functional purpose.

2. Materials and methods

The studied material was a dry extract obtained
from C. colocynthis fruits in the laboratory of the De-
partment of Pharmacognosy and Botany of Bogomo-
lets National Medical University (Kyiv, Ukraine).

2.1. Obtaining of C. colocynthis fruits dry extract

Dry fruits of C. colocynthis, imported from Egypt
(Cairo), were grounded to a particle size of about
0.5 mm through a sieve!’. The crushed pieces of the
fruits were extracted in a Soxhlet apparatus (ex-
tractant - chloroform)®®. The extaction cake was
dried, and then extracted with purified water for 30
minutes (in the ratio of 1:10) in a water bath?'’; the
obtained extract was filtered; the filtrate was evap-
orated and dried to a residual moisture content of
5%. Thus, a dry extract of C. colocynthis fruits was
obtained.

2.2. Standardization of C. colocynthis fruits dry
extract

According to the Monograph «Extracts» of the State
Pharmacopoeia of Ukraine (SPhU) for standardiza-
tion the numerical parameters were determined in
5 batches of the extract obtained in laboratory con-
ditions. The following indicators were determined:
solubility, pH, weight loss on drying, the content of
heavy metal, total ash content, identification and
determination of quantitative content of BAS. The
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determination of solubility of dry extracts in various
solvents, pH and the content of heavy metal were
carried out according to the standard methods of
the SPhU.

2.2.1 Weight loss on drying.

This indicator is introduced to control the con-
tent of volatile substances and / or moisture in the
substance. According to the method (2.2.32) of the
SPhU if there are no other indications in a separate
monograph and the substance is not crystalline sol-
vates, the weight loss on drying or the water con-
tent should not exceed 5%. Testing of the samples
was determined after drying in a dryer «IIC-161».
Approximately 0.2 g (precise weight) of the sub-
stance, with an accuracy of 0.002 g, was dried in a
dryer at a temperature of (105 * 1)° C to constant
mass. The calculation was carried out according to
the formula 1:
Weight loss on drying,
% =(W1+W2)-W3 /W2 x100%, (1)
where W1 - the weight of the empty weighing
bottle, mg;
W2 - weight of the tested sample, mg;
W3 - constant weight of the weighing bottle
and sample after drying, mg.

2.2.2 Total ash.

The common ash was determined according to the
method (2.4.16) of the SPhU after combustion of
substances in a muffle furnace «MII-2Y». Approxi-
mately 0.2 g (precise weight) of the substance, to an
accuracy of 0.002 g, was placed in a crucible, dried to
a constant mass. It was burned on a tile and placed
in a high-temperature oven, burned at 600-650 ° C
to constant weight (two weighings, a difference <
0.0005 g). The calculation was carried out according
to the formula 2:

Total ash, % = (W3-W2) / W1 x 100 %, (2)

where

W1 - weight of the tested sample, mg;

W2 - the weight of the empty crucible, mg;

W3 - constant weight of the crucible and ash, mg.
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Figure 2. Typical chromatogram of C. colocynthis dry extract solution

2.2.3 Identification and qualitative determina-
tion.

Fortheidentification of dry extracts methods of infra-
red spectroscopy or high-performance liquid chro-
matography combined with characteristic chemical
reactions are commonly used. HPLC studies were
performed on a Shimadzu LC20 Prominence liquid
chromatograph in a modular system equipped with
a four-channel pump LC20AD, column thermostat
CTO204A, automatic sampler SIL20A, diode-matrix
detector SPDM20A in comparison with the external
standard model of elagic acid in such conditions:
column Phenomenex Luna C18(2), size 250
mm x 4,6 mm, particle size 5 pm;

column temperature - 35° C;

detecting wavelength- 330 nm;

flow rate of the mobile phase - 1 ml/min;
volume of the entered sample - 5 pl;

Mobile phase: Eluent A: 0.1% solution of trifluoro-
acetic acid in water; Eluent B: 0.1% solution of trif-
luoroacetic acid in acetonitrile.

Identification of the components was carried out
in accordance with the time of retention and com-
pliance of the UV spectra with the substances-stand-
ards (at 254 nm and 330 nm). The HPLC method has
been validated in accordance with accepted scientif-
ic practice and existing recommendations for ana-
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lytical validation, conducted in accordance with the
requirements of the ICH management regarding the
validation of the Higher Technical Methods (HAC-
CP): Text and Methodology Q2(R1)%.

3. Results

The obtained extract is homogeneous composition,
with a characteristic smell and a specific bitter taste,
brownish-orange color. Technological scheme of ex-
tract obtaining is given in Figure 1.

In order to investigate the pharmacological activi-
ty of C. colocynthis dry extract, obtained for the first
time, it was necessary to establish parameters for its
standardization. Parameters of standardization of
C. colocynthis dry extract are represented in Table 1.

According to results of standardization C. colocyn-
this dry extract is well soluble in water and practical-
ly insoluble in alcohol. All 5 samples corresponded
the parameters of standardization. The average val-
ue of pH of 10% aqueous solution of C. colocynthis
dry extract was 5.0, weight loss on drying was 2,71
%. The content of heavy metals was no more than
0.01%. The content of total ash in dry extract was
set at 6.34%.

According to results of the HPLC the chlorogenic
acid content (retention time = 20,5 min) was 0.05%
and EA (retention time = 31,2 min) was 0.62% (Fig.
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Table 1. Parameters of standardization of C. colocynthis fruits dry extract according to

requirements of SPhU

Sample1 Sample2 Sample3 Sample4 Sample5
A homogeneous brownish-
I orange powder with a
Description . + + + +
characteristic odor and a
specific bitter taste
Well soluble in water,
Solubility practically insoluble in + + + +
alcohol
When interacting with
e cupri-tartaric solution, a
Identification . . + + + +
red brick-red precipitate
develops (reducing sugars)
Weightloss 4 59 302%  283%  210%  246%  3.15%
on drying
pH 4.5-6.5 4.72 5.12 5.25 481 5.05
Total ash <9,0% 532% 6,15 % 7,04 % 5,20 % 8,01 %
The contentof o1, <001% <0.01%  <0.01%  <0.01%  <0.01%
heavy metals
The contentof ., 5o, 063%  060%  064%  061%  0.62%

ellagic acid

* + — Sample corresponds the parameter of standardization

2). Other phenolic components were unknown. Tak-
ing into account research data about positive impact
of EA on the course of diabetes through different
ways of action in particular suppressing the activity
of phosphorylase and a-glucosidase, slowing of glu-
cose transport through the intestine, insulin-tropic
action, protection of SOD from glycosylation and
fragmentation and others??® the extract was stand-
ardized with the content of EA.

Validation parameters of the methodology for de-
termining the EA by the HPLC method are given in
Table 2.

4. Discussions
At the stage of preclinical experimental research

medicinal plant raw materials are typically used in
the form of various extracts. For the convenience

to study pharmacological activity of C. colocynthis
fruits we obtained a dry extract from a pre-obtained
aqueous fruit extract. The dry extract has a number
of advantages over liquid extract and soft extract.
Due to low moisture content (no more than 5%),
the dry extract is easily transported. Dry extract can
be crushed to a powder state, exactly dosage, which
contributes to increasing its therapeutic effect.

In search of the most effective form of application
that determines the presence of a certain type of
pharmacological activity based on the composition
of BAS in the received substance, the researchers
proposed to use different types of extracts from
medicinal plant material of C. colocynthis13-16.
Scientists have contradictory data on the benefits
of different types of extracts, their safety and ef-
ficacy**3l. Marwat S. K. et al. in their review high-
lighted the positive effect of various seed extracts
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Table 2. Generalized validation parameters of HPLC method

Parameter

Maximum of absorption

Result

330 nm

Tailing factor = 1,19

System suitability

RSD = 0,23 %

Theoretical plates = 21047

Range: 2-25 mg/ml
Correlation coefficient r?=0.9998;

Linearity

Linear equation: Yi = 0,9923x + 0,0057;

Slope = 0.9923; Intersept = 0.0057

Standard solution of EA: Rt EA = 31.2 min
Placebo solution of EA: Rt EA = absent

Specificity

C. colocynthis dry extract solution of EA: Rt EA = 31,2 min

The method is specific

Precision (%RSD)
Intra-laboratory precision
Accuracy

Stability 0.01

Limit of quantitation (LOQ)

Limit of detection (LOD)

of C. colocynthis (aqueous extract, fat-free aqueous
extract, aqueous methanolic extract, ethyl acetate
and n-butanol extracts) on the following indicators:
glucose tolerance, body weight, mass of the pancre-
as, diaphragmatic muscle tissue, serum cholesterol,
triglycerides, urea, creatinine, transaminase and
alkaline phosphatase in animals with diabetes. The
authors concluded that the most pronounced effect
in diabetic rats had aqueous and n-butanol extracts,
the lowest - fat-free aqueous extract®2.

Investigation of phenolic compounds content was
a priority for us, since it is known that they possess
antioxidant, antiinflammatory and also antidiabetic
properties83133343536,

Rashedi H. et al. shows a significant difference in
the content of flavonoids and phenolic compounds
for different parts of C. colocynthis. The maximum
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2,23 % (NMT 3,0 %)
2.89 % (NMT 3,2 %)
0.14 % (NMT 0,74 %)

(NMT 1,024 %)

0.143% to the concentration of the standard solution

0.047 % to the concentration of the standard solution

content of flavonoids and phenolic compounds were
observed in fruits and stems. Moreover, the content
of these compounds is different depending not only
on a certain anatomical part of the plant but also on
the type of extract. Such facts have been proven in
studies by E. Chekroun et al,, A. I. Hussain et al., N.
Benariba et al.

The object of our research was C. colocynthis fruits
dry extract. We detected the presence of EA and HA
in the fruits of C. colocynthis by HPLC method. Hus-
sain A. I. et al. by the method of reverse phase high
performance liquid chromatography (RP-HPLC)
found ferulic acid, vanillic acid, p-coumeric acid,
gallic acid, p-hydroxy benzoic acid and chlorogenic
acid, and flavonoids quercetin, myricetin and cate-
chin in ethanol and hexane extracts of roots, leaves
and fruits. The data of the author according to the
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results of the chromatographic analysis coincide
with ours regarding the presence of chlorogenic acid
in fruits of C. colocynthis. However, in the list of com-
pounds mentioned by the author there is no elagic
acid, which was obtained in our trials. Both the au-
thor and we carried out the determination of phy-
tochemical compounds by HPLC method which was
developed and validated31. In trials of other scien-
tists’ identification of phenolic compounds was car-
ried out using the method in which Folin-ciocaltue
was used3*%,

Obtained results regarding the component com-
position of C. colocynthis fruits dry extract were
expected. Our previous research on the culture of
pancreatic cells of Rin-m5F showed the presence of
pronounced antioxidant properties of extract, which
contributed to the increase in the number of living
cells in the culture in the environment of prooxi-
dant factors action®”. We believe that this effect was
caused by EA, which is a strong antioxidant of natu-
ral origin. The ability of C. colocynthis fruits extract
to reduce glucose levels in in vitro and in vivo exper-
iments®738 is also likely to be in most cases related to
the effects of EA.

A number of studies confirm the antidiabetic ac-
tivity of EA through various mechanisms of its ac-
tion?"%8, In the literature review, Gurudeeban S. et
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EKAHAQZXEIY - MEETINGS

¢ 18-19 NOVEMBER 2019, PARIS, FRANCE

31st International Conference and Expo on Nanosciences and Nanotechnology
https://nanotechnology.conferenceseries.com/

20 NOVEMBER 2019, NOTTINGHAM, UNITED KINGDOM

Twenty Years of the Rule of Five

http://www.rsc.org/events/detail /39112 /twenty-years-of-the-rule-of-five
¢ 16 - 17 AEKEMBPIOY 2019, AITAH ZANIIIEIOY

190 [MaveAArvio PappakevTikd ZuvéSpLo

http://www.pepharm.gr/

* 19-23 JANUARY 2020, ST. ANTON, AUSTRIA

2nd Alpine Winter Conference on Medicinal and Synthetic Chemistry
https://www.alpinewinterconference.org/

¢ 22-24 JANUARY 2020, GENEVA, SWITZERLAND

2020 International Symposium on Chemical Biology
https://symposium.nccr-chembio.ch/

¢ 22-25 MARCH 2020, FREIBURG, GERMANY

Frontiers in Medicinal Chemistry
https://veranstaltungen.gdch.de/tms/frontend/index.cfm?1=9286&sp_id=2
« 7-9 MAY 2020, ATHENS, GREECE

18th Hellenic Symposium on Medicinal Chemistry (HSMC-18)
https://helmedchem2020.gr/

* 6-10 SEPTEMBER 2020, BASEL, SWITZERLAND

XXVI EFMC International Symposium on Medicinal Chemistry (EFMC-ISMC 2020)
https://www.efmc-ismc.org

*10-11 SEPTEMBER 2020, BASEL, SWITZERLAND

EFMC-YMCS 2020 - 7th EFMC Young Medicinal Chemist Symposium
https://www.efmc-ymcs.org/

*20-24 SEPTEMBER 2020, BARCELONA, SPAIN

23rd EuroQSAR Symposium “Integrative Data-Intensive Approaches to Drug Design”
www.euroqgsar2020.org
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Z 1 TA MEDICAL MANAGEMENT

Exoupue T teyvoyvwaia kai tnv e€g1dikevon otov Ywpo tn¢ Yyeiag...
To adtomotoupie yia va Kavoupe Tou¢ 0TOYOUC oa¢ mpaypartikotnra!

H ZITA Medical Management civai etaipeia mou avrikel otnv ZITA Group Kal $paoTnPIOTIOIEITAL OTO XWPEO
™G mapoxng e€el8Ikeuuévwy UTINPECIWY Management kat marketing, og emMoTNUOVIKEG TAIPEieC, OpiAoug
Kal eMmayyeAHaTieg, Kupiwg amd Tov xwpo tne uysiag. Hhektpovikn emkowvwvia, digital marketing, évtumneg
Kal NAEKTPOVIKEG EKOOTELG Kal Xopnyieg, gival PEPIKEG amd TIG BACIKEG UTTNPEGCIECG, TTOU TA EUTTEIPA OTEAEXN
MOG KAL N EPTTELPIA TWV 36 XPOVWVY EYYUWVTAL TNV ATTOTEAECHATIKOTNTA 0TV EAANVIKA Kat S1E0vi ayopa.

M Ixebaopdc, avamruén, Siayeipion 1otocedidwy

B AvaBa6on & Hosting tou dn umapyovrog Website

M Anpovpyia n avaBabpon Twv R8n umapyoviwv Social Media

B ‘Eviuneg & HAektpovikéc EkSooelg

Bl Eidikd tpomomoinpévo AoyiopIKe yia T Snpiovpyia emoTNROVIKOD NAEKTPOVIKOU TTEPIOSIKOU
B KaBopiopdg atpatnyikiic Online NpowOnong (Digital Strategy)

M Npoodiopiopog otoyou (targeting)

B Aayeipion hoyapracpwv Kat dpdcewv mpoPolng
Emkowvwvnote padi pag yia éva evnuepwtiko pavtefou... Oa oag kootioel timota

www.zita-group.com/zita-medical-management/
lepdotpoc Kovhoupmig

Opripov 29, Néta Zapwvikov, 190 01, TnA: +30 22994 40962,
E-mail: g.kouloumpis@zita-management.com




