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ABSTRACT

Objective: The main goal of our review is to determine the importance of
Pharmaceutical Care through pharmacoepidemiological studies.

Methods: This is an observational, descriptive, retrospective and length-
wise review.

Results: Pharmacoepidimiological studies specify and quantify the Drug
Therapy Problems (DTP). The solution of DTPs is the main responsibili-
ty of the Pharmaceutical Care practitioner. Besides the qualitative results,
pharmacoepidemiological studies provide the economic benefit of the im-
plementation of Pharmaceutical Care.

Conclusion: Pharmaceutical Care supported by and at the same time con-
tributing to the development of pharmacoepidemiological studies, leads to

an improvement in the provision of quality health services and significant
savings in care costs but still more research projects should be conducted
to support this result.

* CORRESPONDING
AUTHOR:

Dr Christos Kontogiorgis,
Email: ckontogi@med.duth.gr

Introduction

Pharmaceutical Care (PhC) is an additional personalized health service that com-
plements primary care, expanding the range of healthcare services provided by
qualified professional pharmacists (Pharmaceutical Care practitioners) within
the pharmacy area.! PhC practitioner focuses on the pharmacotherapy of the pa-
tient using evidence-based scientific knowledge.>* More precisely, the purpose
of the PhC’s service is to identify, resolve and predict Drug Therapy Problems
(DTPs).* The DTP is any adverse event experienced by the patient that is possi-
ble to be related to his pharmacotherapy and prevents the achievement of the
desired treatment goals.! DTPs represent the major responsibility of the PhC.5¢

DTPs are categorized in a way to help the PhC practitioner identify and resolve
them. The categories of DTPs are the following: ¢

1) Therapeutic Indication. This category includes either the use of drugs by the
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patient although there is no clinical indication, e.g. use
of antibiotics for a viral infection, or the no usage of
medication by the patient while there is a clinical indi-
cation, e.g. hypertensive patients not taking antihyper-
tensive treatment.

2) Therapeutic Effectiveness. It refers to the qualita-
tive ineffectiveness of a drug, e.g. a patient uses tablets
although having swallowing difficulties, or quantitative
ineffectiveness, e.g. a patient taking a lower dose of the
drug than the recommended one.

3) Therapeutic Safety. The case where the drug is
unsafe for qualitative reasons e.g. causes a headache,
which is not dose-related, or for quantitative reasons,
e.g. the dose of the drug is higher than the recommend-
ed ones.

4) Therapeutic Adherence. When the patient is not
able to understand, remember or be able to take or he/
she does not prefer the medicines that have been rec-
ommended for him/her.

The PhC process includes clear, measurable and
achievable goals in a specific period.”

The main goal of the PhC is to improve the quality of
patients’ life by achieving specific results, such as treat-
ing the disease, stopping or delaying the pathological
process, eliminating or reducing the symptoms of the
patient and finally preventing a disease or its symp-
tomatology.'®

Pharmacoepidemiological studies (PES), on the
other hand, are the studies considering the use, and
the effects, of drugs and other medical devices in the
population. PES use the methods of epidemiology to
study the content area of clinical pharmacology. Fur-
thermore, PES explore the frequency of adverse drug
reactions, so they can contribute to the scientific infor-
mation about drug safety and effectiveness that is not
available from premarketing studies,’ thus permitting
a better assessment of the risk/benefit balance. '°

The main goal of our review is to determine the im-
portance of Pharmaceutical Care (PhC) through Phar-
macoepidemiological studies (PES).

Methods

This is an observational, descriptive and retro-
spective review of the literature. The information
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is collected from existing scientific papers or data-
bases. An English-language search was performed
on online databases such as PubMed, Scopus and
google scholar. The following keywords were used:
“pharmaceutical care”, “pharmacoepidemiological
studies”, “drug therapy problems”, “drug-related

» o« » o«

problems”, “adverse drug reactions”, “pharmaceu-

tical care service”, “pharmaceutical care practice”,
“pharmaceutical care practitioner”.

Results

The recent bibliography focused on PhC through
PES were analyzed. We have categorized the re-
sults into two different groups:

A. Pharm i
high impact mainly on Drug Therapy Problems.

The PhC service can be described as the practi-
cal implementation of well-justified clinical phar-
macology in primary care, to ensure the efficacy
and safety of the pharmacotherapy for the patient.
“11 The identification, resolution and prediction
of DTPs are included among the goals of the PhC
service. Besides the enormous impact of DTPs
on the quality of the life of the patients, they are
also strongly associated with an increased cost of
treatment, morbidity and mortality of patients.*!

PES that present and measure DTPs can show
the potential quality results of improving the PhC
service - such as resolving and predicting contra-
indications, duplications, prescription errors, in-
teractions, inappropriate medication, etc.'!

The DTPs are counted among the most import-
ant causes of illness and mortality and are also im-
plicated in 3-9% of hospital admissions. However,
nearly more than 50% of DTPs have been judged
as preventable and show us the potential improve-
ment the PhC service can offer to the patient.!?

Additionally, studies in Europe show that 17%
of patients use inappropriate medication with
the most frequent group being the NSAIDs (7%)
and the long-acting benzodiazepines (5%).1%141516
In this field the role of the PhC practitioner is to
identify, resolve and predict those DTPs regarding
indication, efficacy, safety and adherence.

miological ies with
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In a large proportion of patients (almost 60%)
at least one potential drug interaction has been
identified and half of them were classified as “ma-
jor”.17181% Drug interactions, based on classifica-
tion, are effectiveness DTP (e.g. fluoroquinolones
combined with hypoglycemic affect blood glucose
levels) or safety DTP (e.g. enoxaparin combined
with NSAIDs lead to an increased risk of bleed-
ing). The most common clinical consequences of
drug interactions is increased risk of clinical side
effects such as increased bleeding risk (22%), hy-
potension (15%), nephrotoxicity (13%) and elec-
trolyte disturbances (10%).17-181°

From several studies, it has been found that
50% of chronic patients do not comply with their
medication, which is referred as adherence DTP.?°
Non-adherence to the treatment affects both the
quality and the expectancy of life’s patient; for ex-
ample, it is estimated that better adherence with
antihypertensive therapy alone could prevent
86.000 premature deaths in the United States in
one year and the average blood pressure (at age
40+) would have been 10-13% lower. The im-
provement of blood pressure was estimated to re-
duce the overall cost of hospital care in the United
States.”!

Furthermore, in the USA, annually 125.000
deaths occur due to not taking the drugs proper-
ly, and 69% of the reasons for hospitalization are
caused by poor patient adherence to their drug
regimen. Furthermore, 50% of patients on the
new statins will discontinue medication after 6
months.?? Each one of those problems is catego-
rized as adherence DTP.

The aforementioned studies prove that PhC can
slow down the pathological process, prevents pa-
tient’s symptoms but also increases the quality
and expectancy of life through the identification,
resolution and prediction of DTPs.

PES in the United States and the Netherlands
have proven the improvement of the clinical out-
come by the PhC. In particular, 61% of patients had
one or more DTPs; identifying and solving them,
resulted in the improvement or stabilization of
the clinical condition in 83% of patients.?* In USA,

PhC practice led to a reduction of the inappropri-
ate prescribing of drugs, discontinuation of ther-
apy along with increased patient adherence.®

Also, a cost-benefit analysis carried out in
Spain, studied the medication of older patients
(between 65 and 94 years) with polypharmacy
between two groups: in the intervention group
(IG) PhC practitioners were following up the pa-
tients’ medication, in the control group (CG) the
patients were taken the medication without ex-
ternal intervention. The study showed that the
IG had a higher reduction rate in prescription
drugs, increased quality of life and reduced med-
ication cost.**

B. Pharm idemiological i h
show mainly the economic impact of Pharmaceu-
tical Care.

In some countries, PhC practice has been ap-
plied by PhC practitioners for more than 25
years and the PES can show the economic impact
on their National Health systems.

Among the results of PhC service are included
reduced hospital admissions due to overdose,
drug-induced adverse reactions and drug inter-
actions. Furthermore, the PhC service led to the
discontinuation of the use of over-the-counter
medicines, more efficient use of medicines by the
patient, improved patient adherence and proac-
tive medicine practices. Each one of the above
consequences leads to a reduction of the finan-
cial burden of pharmacotherapy in the health-
care system.

An Australian study on the evaluation of PhC in
the community pharmacy highlighted 526 Drug
Therapy Problems in 179 patients. 432 of those
DTPs were monitored and 75% of these prob-
lems had been well-managed by the end of the
study. The economic analysis showed that the
net annual cost savings per patient ranged from
40 to 311 Australian dollars.?®

Another study in the USA showed that a total
of 218.113 patients (inpatients and outpatients)
die every year due to adverse drug reactions
(ADRs), which the PhC practitioner can identify,
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resolve and predict. The PhC service has led to a
24-55% increase in adherence to the Care Plan, a
3.9-40% reduction in inappropriate prescriptions,
and a 9-39.9% reduction in treatment interrup-
tion. Overall mortality has decreased by 7.9%. The
above results translate into a reduction in the risk
of drug-related mortality by 85% annually. Inter-
estingly, the savings for hospitalizations, emer-
gencies and home care were estimated to be 53.3
billion $. The savings due to better compliance
with the medication amounted to an additional
87.2 billion $. Finally, the net cost of the PhC ser-
vice was estimated at 19.2 billion $.V7

Another study that was performed on approx-
imately 3.000 patients in the USA estimated the
financial benefit of healthcare due to PhC, at
1.134.162 USA dollars ($). The reduced cost was
attributed to the avoidance of a visit to outpatient
clinics (585.650%) and the reduction of hospital
admissions (354.002 $). This represents a bene-
fit-cost ratio of 2:1. In other words, it is proved
that the provision of PhC by a PhC practitioner can
save 2 $ for every 1 $ invested in the provision of
the service. 23

A study in Sweden demonstrated that commu-
nity pharmacy interventions in patients’ DTPs are
most likely to lead to favorable clinical and eco-
nomic outcomes. In particular, in 358 cases (68%),
the pharmacy interventions were judged to have
produced an improved therapeutic effect in the
patient, and in 172 cases (32%) to have prevented
or relieved adverse drug reactions. Primary care
visits were initiated for 151 patients (29%), and
pharmacy interventions were assessed to save 68
(13%) primary care visits and 16 (3%) future hos-
pitalizations. The potential societal cost savings
extrapolated at the national level were estimat-
ed at € 358 million. This is 37 times the expected
pharmacy personnel costs for identifying and cor-
recting the DTPs.?¢

Finally, a study in the USA concerning the cost-ef-
fectiveness of PhC in patients with type 2 diabetes
in community pharmacies indicated that the in-
creasing costs of PhC appeared to be offset by large
cost savings ($20.000 per patient) due to a reduc-
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tion in diabetes-related morbidity and mortality
(additional 0.44 per quality-adjusted life year).?’

Discussion

Our analysis of the above studies shows that the
PhC through its positive impact on resolving DTPs
improves the quality of patients’ life and also has
a substantial financial impact on the health care
system.

The future of the implementation of the PhC
service in each country depends on well-designed
studies that will show its financial benefit. This is
the most accepted way for PhC to attract the inter-
est of the pharmaceutical and insurance compa-
nies and finally of the state authorities. Hopefully,
this will lead to the legislation of PhC and even
more to a general reorganization of the role of the
PhC practitioner in the field of primary care of the
National health system.

Conversely, the implementation of PhC in the
community pharmacy, creating validated data
through written documentation of the PhC can
contribute to national PES that will identify
whether patients:

e Practice preventive medicine (eg vaccination)

e Have the necessary information for their phar-
macotherapy (eg route, method, frequency and
duration of administration, etc)

e Comply with their medication (eg assessment
of compliance scale)

e Use drugs without indication

Conclusions

The use of PESs at the service of the PhC is an es-
sential aid to the PhC practitioner, as these studies
determine which drugs are most commonly found
in drug interactions, causes of adverse effects,
inappropriate use and overdose effects. Also the
PESs in the form of scientifically documented in-
formation organized into databases greatly facili-
tate the PhC practitioner during the implementa-
tion of PhC.

In conclusion, PhC supporting and contributing
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to the development of PES, is leading to an im-
provement in the provision of quality healthcare
services and a reduction in health care costs. Still,
more research should be done to support the re-
sults in each national environment.

Pharmacists seem to be in the best position in
the health care chain to detect, prevent and correct
DTPs. They could have an important role in pro-
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INEPIAHYH

H vooog Alzheimer (NA) kot o cakxapwdng Stafntng (ZA) elvat amd tig
00 KOWEG aoBéveles Tov axetilovtal pe tn ynpaven. H maboAoyia tng NA
OXETILETAL OTEVA UE CUGOWPEVUEVEG AALOLWUEVEG TIPWTEIVES IOV 061 YOUV
0€ VEUPWVIKI] €K@UALON Kal SuoAettovpyla otov eyke@aro. O Swafntng
XOUPAKTNPILETAL QIO AAAOLWHEVT) ONUATOSOTNON WWOOVAIVIG TIou odnYyel
o€ pelwPEVN TPOSANYM YAUKOING, LETABOALKT] KATAGTOAN TWV KUTTAPWY
TIOU KATOVOAWVOUV EVEPYELR, KOl UETATPETIOVV TNV YAUKO(N o€ Almog,
oto Nmap. Mapd Ta SLaKpLTA TOUG XAPAKTNPLOTIKA, QUTEG OL AOOEVELEG
HolpG&lovTal KOWVA GTOLXEI KAl OUOLOTNTEG WG TIPOG TOUG TIAPAYOVTEG
EKONAWONG TOUG.

H NA potpaletat ToAAQ KOWA OTOLXElX UE AOOEVELEG IOV ALPOPOVV TNV
avTloTaen OTNV WWOOVALVY, OTIwG 0 XA TUTOU 2, UE XUPAKTNPLOTIKES
™ Swtapayn oTn oNUATOSOTNON TNG LVOOVLAIVNG, TN VEUPOMAEYHOVN,
TO OEEBWTIKO OTPEG, TH TEAKA mpoiovta YAukidwong (AGEs),
pitoxovdplakny SuoAeltovpyilar kat to peTafoAlkd ocuvvdpopo. Emiong,
OPLOUEVEG BEPATIEVTIKEG TIPOOEYYIOELS Yl TNV kabe pla Seiyvouv va
UmopoVV VA EMNPEAGOVV EVEPYETIKA TNV GAAT).

H kaAUTepn Katavonon g mapaywyng Tou 0EESWTIKOV OTPEG KAl 1)
avtipetwTion s NA Kot Tov ZA pmopel va TPOG@PEPEL OPLOUEVOUG VEOUG
0TOX0US Yl Bepamela, evw elval onpavtiko va emonuavOel 6TL edv To
0ZEBWTIKO OTPEG elval 1) W attd TIG KUPLEG ALTieG TNG TTABOYEVEON G TWV
2 QUTWV KATAOTACEWVY, TOTE 1] AVTLOEELSWTLKT SPACT] TOU (PUPLAKEVTIKOV
popiov lowg pmopel va Exet emiong onpavTiko poio otn Bepameia.
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1. Elcaywyn

Téoo n vooog Alzheimer (NA), 660 Kot 0 cakyapw-
¢ SwpNtng (ZA) eival ek@LALOTIKEG aoBEéveleg
TIOU TEPIAQUBAVOUV VEUPWVIKI] OTIWOAELN KAl KATO-
oTpon B-kuTTdpwV, avtiotoya.® O kUpLog cuoTy-
UATIKOG OUVOECTUOG PETAED UTWV TWV ACHEVELWV
elvar 1 eaoBevnpuévn onuatoddTtnon ooLvAivng,
IOV 08N Yel 0€ VEUPOEKPUALGHO KL YVWOTIKES BAA-
Bec.” O StaPntikol acBeveis £xovv vYMAdTEPA TTO-
000TA YVWOTIKNG €EaoBévnong Kal w¢g €k TOUTOU
Statpéyouvv peyaAvtepo kivouvo ep@dviong NA.
Toéoo n vmepyAvkaipio 660 KAl 0L UTTOYAUKOLULKEG
KATaoTdoelg cUBdAAOVYV 0T SuGAELTOLPYLX TWV
YVWOTIKOV ALToupylwv kat Stadikaciwv. Kat ot
800 KATAOTACELS elval ATMOTEAEOUX TNG AVTIOTA-
ONG OTNV LVOOLAIVT Kal TG Slatapaynis Sta@opwyv
Blodoywwv Sepyaoctwv kat 08wy onpatodotnong
™me.+e

H maBoAoyia tng vocov Alzheimer amd povn g
pmopel va odnynoel o avtioTAon OTNV LVGOLA{VY
OTOV EYKEPAAOD, EVW YEVIKOTEPX 1] AVTIOTAOT QUTH
umopel va amotedéoel pia TapeuPatiky HETAPBANTH
0T VEVPOEKPUALOTIKT Staxtapayt). H umepyAukaipia
Kal 1 avtioTaon otV WweovAivn amd tov Stafinty,
IOV EMIKAAVTITOVTAL [E TNV TtaBoAoyia Tng NA, emi-
Sewwvouy, Tpaypatt, TV eEEALEN TWV VEUPOEKPUAL-
oTIK®WV Stadikactwv.” Ad v &AAn, oto A TOTOU
2 (ZA2), to ofpa woovAdivng eEaoBevel kal Exel wg
ATIOTEAEOUA TNV EVATIODECT] YEPOVTIK®V TTAAK®WV, TN
ptoxovdplaky SucAeltovpyla Kal T PAEYHOVI] TOU
avtiotolyov LotoV. TéTol KOWA XOpAKTNPLOTIKA
TapatnpovvTal emiong otoug acBeveig pe NA. Tpo-
OQATEG HEAETEG ETLOTHAIVOUV TO pOAO TNG eéaobe-
VIUEVNG ONUATOSATNONG LVOOVAIVIG OTNV VTIEPPW-
o@opuliwon ¢ mpwTteivng Tau, AToKAAVTITOVTAS
[ emmAgov oxeomn petady g NA kot tov Stafn.®

H Baowr ttuxn tov XA2 elval n avtiotaon otnv
LVOOLALVT 1] oTto{a OXETICETAL [LE TO QUENUEVO ETTiTIE-
50 PAeYHOVWEWV HEGOAAPNTWV OTIWG 1) LVTEPAEVKI-
w-6 (IL-6) kot n C-avtidpwoa mpwTteivn (CRP).O1
Ta auénuéva emimeda EAeYHOVWE®V SEKT®V GUV-
S¢ovtal pe 1N SucAsttoupyla NG AVOCOAOYLKNG
amokplong, Tov odnyel oe avTioTACT OTNV LVGOULAL-
vn, evw 1 NA oyxetileton pe @Aeypovwdn amdkplon.
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Avta ta @Aeypovwdn mpoidvTta cUCCWPEVOVTAL E
SLa@opeTikoVs puBpols oTov eykEPAAO acBevmv
ue NA, evw peAéteg éxovv deiéel 6tin CRP ouvdéetat
e Tov kivéuvo tng NA.2

2. 0¢el8wTikO oTPEG KAt cuoxétion pe NA kat
XA2

To 0&el6wTIKO oTpeS Tailel KaBopLoTikd poA0 aTNV
maboyéveon twv 6Vo Statapaxwv. YTdpyxovv apke-
T€G 0801 IOV oXeTIlOVTAL PE TO OEEBWTIKO GTPES KOl
ouvdéovy T000 TV NA 600 kat tov TA2.531* Qotdoo,
oplopévol TaBoAoytkol unyavicpol ot omoiot Tapa-
mpovvtal atov Safntn Sev eivat amapaitnta ot
(8toL unxaviopol mov oxetiCovtat pe v NA 1 oL puo-
Vol Tov oxetifovtal pe v maboAoyia tg. To o&el-
Swtikd otpeg Sadpapatilel omovdaio péAo oTnV
avaTTUEN TWV SWPNTIKWOV ETITAOKOV 0AAG KAl
otV Sla v avantuén Tov Safnn, o’ vos HEow
™G UTIEPBOALKIG TIAPAYWYTG EVEPYWV LOPP®V 0&V-
yovou (ROS) kat a@etépouv Adyw TNG UELWUEVNG
QATOIKOSOUNONG TOUG ATd TOUG AVTIOEELSWTIKOVS
UNXAVLIGUOVG TOVU KUTTAPOU.!®

H avénuévn yAukoln kat to auinuévo mocootd
Twv eAeBepwv Mimapwv o&éwv (EAO), cupfaAriovv
otV abo@uaclodoyia Tov S, p€ow Sla@odpwv
Sladkacwyv, 0w 1 avtoogeibwan g YAukolng, n
eEaoBevnévn LTOXOVSPLAKT TIAPAYWYN] EVEPYELXS
Kal 1 ak6Aovbn evepyomoimon odwv gvaicOnTwv
oto otpec.t® H vmepyAukaipio Spactnplomolel ap-
KETEG OTUAVTIKEG 050UG IOV VBVVOVTAL YLK TIG ETIL-
TAOKEG TOL Staffm. Avutol ot o8ol meptlapfBavouv
ta AGEs (Advanced Glycation Endproducts), xou
Toug vtodoyxeig toug (RAGE: Receptor for Advanced
Glycation Endproducts), thv 086 ™G TPWTEIVIKNS
Kwaong C (PKC), v 086 tTwv ToAVOA®Y, TN WLTO-
Xov8pLakn SucAeltovpyla KoL Th QAEYLOVY.

Ot mAdKeg AB apUAOELSOUG KAL TX UTIEP-PWTPOPL-
Alwpéva Tau vevpoivika cvoowpatwuata (T-NFTs)
EUTAEKOVTAL OTNV TIHPAYWYT KaBWS Kal otV Tpo-
®Onon ™m¢ o&eldwtikng BAaPNs g NA. Omotadnmo-
TE Un @uooAoykn avénon twv ROS, Adyw ¢ Ta-
povciag AP mAakwv kat NFTs, mpodyet BAGfn oto
uttoxovdplako DNA 1) /xat RNA, Tou €xel wg amote-
Agopa pitoxovdplakn SuaAsttovpyla kal BAGRN Twv
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peuppavwv. AAAeg BAafeg mov oxetifovtal Ue TO
o&eldwtiko otpes otn NA elvatn auto-o&eibwon g
YAukO{nG mov odnyel oty mapaywyn AGEs kat m
avénuévn evamobeon touv AB-apvAoeldoug, ue amo-
TEAEGLA TNV ATIOTITWOT), TOV VEUPWVLIKO BAvaTo Kal
mv Swatapayn Twv cuvaPewv.t’” H tapovoia twv
TAQK®OV TPOKAAEL 0EELSWTIKO OTPEG, LECW TIOAAWY
UNXOVIG ULV, TIPOKAAEL OLWG KoL PAEYLOVY], EVMD KOl
1 PAEYLOVT] TIPOKOAEL KoL QUTT] LE TN OELPA TNG OEEL-
SwTikd otpes. OL PAeyHOVWOSELS ATTOKPIOELS GTOV
EYKEPAAO WG QTOTEAECUA TNG VEUPOEKPUALONG
Katd v NA, amotedolv To ETKEVTPO TNG EPELVAS
™G vooou Kat Bewpovvtal Suvntikol Stapecorofin-
€6 6. H veupopAeypovn Aapfavel ywpa ota Tpw-
o otadia g NA,Y evw 1 ekNAwon TG TEPLAap-
Baver mv a’i&non Twv EAEYHOVWS®Y KUTOKLV®V Kol
™mv Steloduon TV HIKPOYAOLAKWOV KUTTAPWY TNV
TIEPLOXT TWV AUVAOESWV TIAAK®V.!® H vevpopAey-
povn ovppariel otnv maboroyia g NA péow g
TPOKANONG 0&eBWTIKNG BAAPNG, VTIEPPWTPOPUAL-
WomNG NG tau-TpwTeivG, CLUGCWPEVOTG TOV B-apv-
A0€1800¢g, aAAA Kat TG TPdKANonNG SucAettovpyiag
TOU YOAWVEPYLKOVU OCUGTIHATOG. M

3. MEALOVTIKEG TIPOOTITIKEG

H kaAUtepn katavonaomn g mapaywyns Tov oEetdwtl-
KOV OTPES K1 avTIHeT®TLon TS NA kKot tou ZA pmopet
VO TIPOCPEPEL OPLOHEVOUG VEOUS OTOXOUG YL Bgpatteiar.
Elvat onpavtiko va emonuavOel 6t edv to oEeldwtikd
OTPESG elval 1 pa amo Ti§ kUpLeg attieg g Taboyéve-
01§ TWV 2 AUTWV KATATTAGEWV, TOTE 1] AVTIOEELSWTIKNY
Spaom Tou EaPUAKEVTIKOV HOplov {0wG UTTopEl va £XEL
onuavtikd poro ot Bepameia Toug.

3.1. Avaotoieic ovoowpevong AGEs

Ta teAwa poidvta yAvkidwong (AGEs) mpoépyxovtat
aTo TN un evupK YAUKISwon Kuplwg Twv TpwTe-
Vv, aAAG Kot Twv ATSiwy Kat VOUKAEIK®V 0EEwV
ato TN YAkODn. Ta pakpopopla Tov £Xouv UTTOoTEL
HETATPOTIEG CUOCWUATWVOVTAL AGY®w TWV HETAED
TOUG aVTISPACEWV Kal Spouv wg evepyES ayideg, Se-
OUEVOVTAG TIPWTEIVEG TOV TTARCUATOS KAl TIapeppai-
VOVTOG OTT] (PUOLOAOYLKT AgLToupyia TV IoTWV.Y

Ye TaBoAOYIKEG KATAOTATELS, OTIWG 0 XA kain NA,
efattiag TG vTEPYAVKALUING, O TIPOAVAPEPOUEVOS
KATAPPAKTNG SLadikaotwv vTtepAeLTovpyel kKat o8-
Yel otV VTIEPTAXGIN TWV LOTWV. AUTEG TTPOKAAOVY
KATAGTPOPT GE LoTOVG, OTIWS GTOV AUPLBANGTPOEL-
SN XITOVA TWV HATLOV, OTA VEVPA, OTA VEPPA KAl
OTA aLLo@Opa ayyela, KaBwg Kol o€ AOLTEG TIpw-
TEIVEG TOV CWUATOG UE ATOTEAEOUA TN SnpLovpyia
«OLWTMA®V PAEYHOV®OVY. OL «GLWTMAEG PAEYLOVEGY
aTOTEAOVV TO KUPLOTEPO AUTLO TIOAAWY VOCWV KAl
™G TPowpPNS ynpavons. H yéveon twv edevBépwv
plwv (WBaitepa ™G ‘0,), amd KATACTPAUUEVA T
SvoAettoupyolvta prtoxdvdpla, €xel evoyomonOel
WG EVAPKTNPLO YEYOVOS 0TIV avATITUEN Tov Staffm
KOl TwV EMMAOK®OV Tov.2’ Aedopévou dtL 0 pubpog
mapaywyns twv AGEs emitayvetat oe maboloyikég
KATAOTAOELG, 0 OXESLAOUOG avaoToAéwv Twv AGEs
atmoTteAel KUPLO EpELVNTIKO 0TOXO TTOV B uopovoE
Vo CUPPBAAEL OTNV QVTILETOTILOT TNG AVATITUENG 1)
™G e&€AENG ™ NA kat tov XA2, pe tnv Umapén Tpt-
WV BEPATIEVTIKWVY TIpooeyYloEWY, TNV TIPOANYN TOV
oxnuatiopoy AGEs, tn Slakom] TV oTAOUpWT®OV
OUVSEG WY HETA TN SMpovpyia TOUG KAl TV TPOAN-
UM TwV apvnTIKWOV TOUG ATTOTEAEGUATWV.

3.2. Avaotoleis avaywydaons ths aAdolns (AR)

H avaywydon ™¢ aAd6lns (ALR2) eivat to Tpwto
évlupo ™G 080V TwV ToAVOAWV.2! H gumloki) tov
ofeldwTKoV O0TPeG OTIG EMMTAOKEG TOU ZA pmopel
va XpnoLpomomn0el Y Tov oSO PO EVOTEWY TTOU
Ba meplopifouv ™ BAGPN AOYW WOUWTIKOU OTPES,
HECW, AVAGTOANG TNG avaywydons TG aAdolng, 1
otola €xel SLATIOTWOEL OTL EUTAEKETAL OTIG XPOVL-
€6 emTAOKEG TOU ZA. O avaoToAElgTNG avaywyd-
ong ¢ aAd6{n¢ (ARIs) elvat Suvatdv Statnpwvrag
™ @ApPUaKO@OPO Sour) TOUG va ATOKTHOOUV, LE
LOPLOKY] TPOTOTIONOT, €MTAEOV LSLOTNTEG AVTLO-
EELOWTIKEG 1 CAPWTIKEG €TIL TWV €AEVOEPWVY PLlWV.
H elco8og¢ ¢ yAukolng oty 086 TwV TOAVOAWY,
EAATTWVEL TNV AVTIOEEISWTIKY] LKAVOTNTA TOU KUT-
Tapov kal avéavel tov oxnpatiopd twv AGEs, ta
oTola cLVSEoVTAL LLE TOUG UTTOSOXELG TOU KAl TIPOKA-
A0VV 08 WTIKO OTPEG.?

ApKeTd XxpoOviX HETAE, ONUAVTIKOS aplOuos ava-
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otoAéwv AR (ARIs) €xouv avakaAvgbel, aAda €a-
koAouBoUv va tapouotalovy SUCKOALES, OTIWG Ttpo-
BANUATIKY @APUAKOKIVTIKN 1] Kol avemBOunTeS
EVEPYELEG TTOV EPTIOSICOVV TNV ST PN OT TOVG 6TNV
KAwkn mpdén. H Siepevvnon ya v ebpeon véwv
ARIs gival 0To €TiKeVTPO EPELVITIKWV TIPOCTIADEL-
WV, kabwg, Tapd tov onpavtikd apbud ARIs mou
éxouv avamtuyBel, kavéva Sev xeL eykplOel yix gv-
peia KukAo@opla ot BepamevTIKY, AOYW EUPAVL-
oNG TOEKOTNTAG N WKPTS IN VIVO ATIOTEAECUATIKO-
mrtag.?

3.3. Néot Ospamevtikoi Xtoyot yia tyv NA

Av xal ol poomaBeleg gvpeong vEwv BepaTevTi-
KWV TPOCEYYIOEWVY Ylat TNV aVTIHETWTILOTN TG NA
elvat paySaieg, HEXPL KoL ONIHEPA KUKAOPOPOUV GTO
EUTIOPLO KLPiWG V0 Katnyopies @appdkwv. Ot ava-
OTPEYLHOL AVAOTOAELG TNG AKETUAOXOALVEGTEPAONG
(AchEl), w¢ mpoomdabela BeAtiwong tng xoAwvep-
Ywns petafifaong evtog tov KNZ kat ot avtayw-
viotés twv NMDA vmodoxéwv, vy mpoAnym twv
Steyepopotoéikwyv Spdoewv twv NMDA yAovtapt-
VIK®OV UTIOS0XEWV O€ GUYKEKPLUEVEG TIEPLOXEG TOU
eYKe@AAoL.M AUTEG oL Katnyoples @appakwy Sev
elvat IKaveEg va SltapopoToloUv 1 va TpoAapfdvouv
™mv eEEAEN TG aoBEvelag, TTapa HOVO Vo avaKoL@i-
{ouV Ao TA CUUTITWUATA TNG VOGOU KL VAL TIPOC(PE-
POLV LETPLO BpayuTpOOEGO OPEADG.

KaBwg n NA @aivetat 6tL glvat moAv-attioAoyt-
K1}, TOAVWG 1 AVTIHETWTILON TG va vTofonBeitat
AT TOAV-AELTOVPYIKEG EVWOELS IOV Ba amevBuvo-
VTOL 0€ APKETEG ALTIEG TNG VOGOU, OTIWG PAEYHOVT,
vmepxoAnaTepoAaLpia Kat 0EESwTIKO oTpes.2* Tlapd
TO YEYOVOG OTL KATAOTACELG OTIWG VTIEPYOANOTEPO-
Aatpio, vEEPTAON Kal cakyapwdng Stafrng amote-
AoVv TTapayovteg KlvdUvou yla v vooo Alzheimer,
TA AVTIOTOLY O PAPHAKA, OTIWG OL OTATIVES, Sev Bpé-
BNKaV ATTOTEAECUATIKA 0TNV TapepUToSion 1 BeAti-
womn ¢ Topeilag TG vooou. Qatdoo, Bepameia pe
otativeg otn Slaxelplon MTIS{WV HELWVEL OTHAVTL-
K& Tov Kivduvo ote@aviaiwv cupfapdtwy, Ta omoia
oxetilovtat ue LA kot NA.

To tpéxov evlila@épov yla Tov Bepamevtikd poAo
Twv otatvwv ot NA, Baciletat kupiwg otV avti-
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@Aeypovwdn Spdom Toug OTWG ToPATNPELTAL OF
UEAETEG. X PlA ATIO AUTEG AVA@EPETAL OTL M| oupa-
oTATiV EAATTWOE ONUAVTIKG Ta eTtimeda Tov AR40
0TO EYKEPAAOVWTLAIO VYPO aoBevdV pe o NA.2
H veupo@Aeypovr) €xet mpotaBel wg unyaviouds ya
v taBoyéveon g NA kabwg ta evepyomompéva
VEUPOYAOLOKA KUTTOPQ, LTtELOUVA yla TN SLapdp-
(PWON TOV EYKEPAAOV, ELTIAEKOVTAL OE SLAPOPES OrA-
AOLWOELS KAl TEALKA 08N YOUV 0€ eYKE@AALKT BA&SN,
Kol SevTEPOV, PaiveTtal OTL aoBeveig pe GAAN @Aey-
HovwoéT Tadnom, 0Tws pevpatoeldn apbpitida, ot
omolol vmoBdAdovtal oe Bepameia e AVTUPAEYHO-
Vo8N @ApUaKa Yo SEKAETIES, EYOUV HIKPOTEPO KiV-
Suvo yua avamtuén NA.2¢

[Mepautépw Slepevnomn TWV PAEYHOVWEWV unyo-
VoUWV oV epmAgkovtal otn NA, é8ei&e dtLn evep-
yoTonon ¢ LKPoyAolag KL TWV AGTPOKUTTAP WY,
ETAYOUV TNV TAPAYWYT] PAEYHOVWE®Y KUTOKIVQV,
kuplwg wvtepAevkivng 1B (IL-18) kat Tov mapdayo-
vta vékpwong oykou a (TNF-a). [Tlo ouykekpiuéva,
1 onuatodotnon TNF-a €xel SeiyBel ot emiSevwvel
TO00 TN CLOCWHATWON AP 0G0 KAl TN PWOQOPUVAL-
won ™¢ Tau in vivo, pe ta emimeda Twv TeAsvTAiWY
va aveuplokovTal auENUEVA 6TOV EYKEQPAAO KAL GTO
TAGopa aoBevwv pe NA.?7

O 1161 vmapyovteg avaotoelg TNF-a (TNFI), ot
omolot elvat eykekppévol amod tov Apepikavikd Op-
yaviopo ®apupakwv kat Tpo@ipwv (FDA), wg Boro-
Y& @dappaka (LOVOKAWVIKG avTiowpata mAbs)
yla ) Bepameia ™ pevpatoeldos apbpitidag, g
vooou Crohn, ¢ Ywplacikng apBpitidag kat dA-
AWV TIEPLPEPIKWOV PAEYHOVWOWV aoBEVELWDV, HEAE-
TOVTAL WG P O] BEPATEVTIKY GTPATNYLKN YL
™ NA. Zta @dappaka autd TepAauBavetal 1 v@AL-
ELULAUTN, 1) ASAALHLOV AT, 1] YOALLOUUAUTIT, ) OEP-
TOALJOVUAUTIN KAL 1) ETAPVECETITY], AVACUVSUVAGHEVT|
mpwteivy oVVINENG, 1) oTola emion g avaoTéAAEL TOV
TNF-a, pe TNV TEPLPEPLKT] OTOXEVOT TNG SpACTNPL-
o6ttag tov TNF-a kat v meploplopévn Sieioduon
TOUG ATIO TOV ALUATOEYKEPAALKO @paypd (AED), va
ATOTEAOVV KUPLO UELOVEKTNHA YL TNV XP1|ON TOUG
otn NA, av kat yivetal mpoomaBela yia avaoyedia-
opo6 Twv TNF, €10l wote va kataotel Suvat i Si-
elodvon amo6 tov AED.*

Me Bdaoel Ta mapamdvw, 0 GXESIATUOG PAPUAKWV
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katda ¢ NA B propoloe va 6ToxeVEL € HOPLX TTOU
(PEPOUV TOAAATIAEG SPACELS OTIWG AVTIOEELSWTIKT,
QAVTUPAEYHOV®DON, VTOXOANGTEPOANLULKT] KAl UTO-
YAUKaLUKY. G €k TOUTO, 1| AVATITUEN VEWV TOAV-
TIAEVPWV OEPATIEVTIKWV GTPATIYLIKDV YL TIG AVOLES
TEPLAAUBAVEL XP1IOT) AVTIOWUATWY, AVTLPAEYUOV®-
SV ToPAYyOVTWV KoL QVTIOEELSWTIKWY 0VUOLWV.

H AadootiyiAn (Ladostigil, TV-3326) eival évag
VEUPOTIPOOTATEVTIKOG TTOAPAYOVTAG IOV SLEPEVVA-
TaL ywa tn Oepameia VELPOEKPUALCTIK®WV Slata-
paxwv OTIwG 1 vooog tou Alzheimer, 11 vooog tov
Lewy kat 1 vocog tov [Tapkivoov.?? Asttovpyel wg
aVaoTPEYLHOG OVUOTOAENG OKETUAOXOALVECTE-
PAonG Kol BOVTUPVAOYXOALVEGTEPAGNG KAl WG UM
AVACTPEYIHOG AVAOTOAENG TNG MOVOOULVOEELS G-
ong B, kat cuvdudlel Toug punxaviopovs Spaong
TOAQLOTEPWV PAPUAKWV OTIWGS 1 pLBacTiyuivny Kot
N pacaydivy o€ éva povo popo.3* 3 Extdg amd tig
VEUPOTIPOOTATEVTIKEG TNG LELOTNTESG, EVIOYXVEL TNV
€KQPAOT VEUPOTPOPLIK®OV TAPAYOVIWV OTWS TOU
GDNF (Glial cell line-derived neurotrophic factor)
kat tov BDNF (Brain-derived neurotrophic factor)
Kat pmopel va eivat tkavo va avtioTpéPeL oplopé-
veG amod TI§ BAGBEG TOV TAPATNPOVVTAL OE VEL-
POEKQPUALOTIKEG aoBEveleg Péow TNG EMAYWYNS
vevpoyéveone.3? H AadooTiyiAn €xel emiong avti-
KOTAOAMTTIKA amoTeAéopaTa Kal pmopel va &i-
vat xprnowun ye t Bepameio g katabAme Kot
TOU GyYO0UG IOV TAPATNPOVVTAL CUXVA GE TETOLES
acBéveleg.333t

OL kUpLeg BepaTteieg IOV PEAETWVTAL OE KALVIKEG
SokluEG oToxevouv oty Tpotomoinon g NA Ba-
o€l G maboAoylag ¢ vocou (disease-modifying
treatments, DMTs). Ilpwtapywkoi otdyol eivar 1
QTOTPOTN] 1) 1] HEIWON NG EVATIODECTG YEPOVTIKWDV
TAQK®OV KAL 1] Helwomn TG TOEIKNG CLOCCWUATWONG T
™G e0@aApévN G avadimAwong twv NFTs.

Kata ovvémela, ta avti-apuroedn DMTs gxouv
emkevipwOel oe 3 KUPLOVG uNyaviopovs Spdone.®

° [MpowBnon ¢ k&bapons AR (Avocobepa-
Tela)

° Meiwon ¢ Tapaywyng YEPOVTIK®V TAX-
KWV LECW QVAOTOANG TNG Y-EKKPLTACTG KoL B-EKKPL-
Taong, Ta uTeEvBLVaA EviVUa YIX TNV TTAPAYWYT] TOU
TokoV AB42, M| evioxvuon NG a-EKKPLTACTG, TIPOG

OYNUATIONO TOU Un ToStkov AB40
° AvaoToAn ™ cuocowpaTwong Tov AR

3.3.1. Avooobspaneia

Ot avoooBepamevTikég TPooeyyloels Exouv Kuplap-
xMoeL Ta teAeutaia 15 xpovia xwpis OUws va Exouv
Wlaitepa afloonpelwta amoTEAEoUATA HEXPL OTLY-
une. H avocoBepameia Tou otoxevel oty pelwon twv
TOEKWV YEPOVTIKWV TIAAKW®WV aIVETAL var gival TTOA-
A& vTtoGXOUEVT OO0V APOPE 0T UElWOT) TWV TOEIKWV
emmESwV NG AR TPWTEIVIG 0TOV EYKEPAAOD, KATL TTOV
oW akoun Sev vooTNPIleTAL ATIO KAWVIKEG SOKLUES.

H Sieyepon ¢ €uputng avooliag, elte pe gvep-
YNTIKY, €lte pe TaBNTIKY avocoToinot, BEATIwVEL
emiong v maboAoyla TG vOcoL TpodyovTag N
Agttoupyia ™G WKPOYAOLAG KL TWV HOKPOQ@AYWV.
ZUVOALKQ, OL OTPATNYLKEG 6TOXELONG TNG AR TTpWTEL-
VNG @aivovtal TOAA& VTTOCXOUEVEG EQV XPTCLLOTIOL-
oVVTaL TTOAV vwpig otnv eE€AEN TG Voo oL, TIpLV attd
TNV TIKPOVCIX CUUTITWHATWY. Tl auTtd Tov Adyo,
QAVATITUOOOVTAL GE TPEXOVOESG KALVIKEG SOKLUEG TNV
TPWIUN @AM TNG VOGOV, EVW Ol GTPATNYLKEG TIOV
otoxevouv oty maBoloyikr Tpwteivn Tau, av Kat
TIOAAQ UTLOGXOUEVEG, (PEPOUV APKETOVG KIVSUVOUG.
Me v mpoUmdBeomn 6TL o€ omopadiky kabuotepn-
uévn évapén g NA, n maboloyla Twv TPpwTEIVWOV
Tau kat AB Oa pmopovoe va eEediyBel o€ EexwploTég
08006, TTOU PUTOPOVV Vo EMNPEGCOLV 1) piot TNV GAAN
OUVEPYLOTIKG,® elval mBavo, oL avocoBepameieg
™G NA va umopolv va 6ToXeVOUV TAUTOXPOVA TNV
maBoAoyia T600 TG TpwTeivng Tau, 660 kAl Tov Te-
mTiSiov AB.Y

AlG@opa LOVOKAWVIKA OVTIOWUATA EVAVTL TNG
TOEKNG HOP PTG TNG B-apuAoeldols TTpwTeivng, oV
OUOOWPEVETAL GTOV EYKEPAAO, TWV ATOPWVY HE NA,
Bplokovtal o KAwikeG peAeteg @aong I, cupmept-
AapBavopévwv twv aducanumab, gantenerumab,
kot BAN2401, yix tpoSpopa otadia 1} o€ oA Tieg
KATAOTAOELG TNG VOoou. H pedétn otoyevel otnyv 8é-
opevoN Kat eE0VSETEPWOT) TOV B-apuAoetdovg, aAA&
KL 0TNV «EToNpavon» tov AR42, £ToL )OOTE va Ki-
vntomomnbel To AVOCOTIOMTIKO GUOTNUA EVOVTIOV
TouG. Ta amoteAéopata oL €xouv SnuoctevBel yia
ulo amo autég Tig Sokipég (NCT01230853) Selyvouv
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6Tl To BAN2401 Tav apKeTd ao@oAEG Kol KAAWS
QAVEKTO 0€ SLAPOPEG BOTELS, EVW TA ATOTEAECUATA
Tov solanezumab Sev é5woav To (510 evBappuvTIKG
amoteAéopata.?®3?

H avocomoinon pe avtioopata anti-tau 1N pe
tau-mentidia, (owg Ba umopovoe va amopakpUVeL
TA CUCCWUATWHUATA KAL VAL BEATLWOOEL TN YVWOTL-
K1) LKAVOTNTA TOU ATOUOV, KATL TO 0Tolo pag Sivet
vées BepamevTikég pooeyyioelg mpog Siepelivn-
on. H mpoodevtiky e€dmAwon ¢ mpwteivng Tau
amd TN pio TEPLOXN TOU EYKEPAAOU OE pia GAAN
TOTEVETAL OTL TPOKAAelTAL AT €EWKLTTAPLKN
Staovvantiky petadoon AavBaopévng T-mpwte-
n¢ petadd Twv veupwvwv. MpokAViKEG neAETES
éxouv Sel€el OTL Ta avTiowpata katd tng Tau
UTTOPOVV VA ATOTPEYOUV QUTHV TN HETAPOPE TWV
AavBaopévwv Tau TpwTEIV®OV PETAED TWV VEVLP®-
vwv. Katd autd tov tpdémo ta avticwpata anti-
tau €youv ™ SuvATOTNTA VA CTAUATIICOVV 1] VX
emBpadvouv Tnv e&€ALEn ¢ NA 1 omolaodnmote
AAANG acBévelag oxeTileTal HE TNV VTIEPP WO PO-
puAiwon ¢ tau.

e poe GAAT oTPATNYLIKY N avATTLEn KAl 1 eloo-
806G 0TV KAWLIKY TPA&EN EKAEKTIKMOV AVAGTOAEWY
™G B- 1 Y- OEKPETACTG 1] AVACTOAEWV TNG CLOOW-
HATWONG Tov B-apvAoetdolg elvat ToAU emBuun T
Kal eATSo@opa,. [Tapd v €pguva oV ylveTal TN
tedevtaia Sekaetia Kavéva amd ta eATISo@oOpa
@appoaka 8ev €xel eykplOel, evw TOAAQ avATTL-
Eav ocofapég avemBuUNTEG evépyeleg KT TNV
SLapKelot TWV KAWIK®OV SOKIPWV. ZUH@®WVA LE TNV
vT60eoN TOU APVAOELSOVG, | ApLAOELSOYEVIG 0806
mpowBdeital petd t Sadoxikn Staomacn g APP
amd B-exkkpltaon Kat y-ekkpiltaon. Katd ocuvénela,
oL PLBIOTIKEG aVTEG ovoieg, aAAdlouv ™) Spdaon
Tov ev{UHOV WOTE VA PTTAOKAPETAL HOVO 1) Ttapa-
YwYN Twv Toélk®wV TEMTIS WV Tov AB-apvioeldovg
Kal 0XL OAWV T®WV HOPPWV apuAoetdovs.*’ Qotdoo,
1 EQAPUOYN AVACTOAEWVY TNG Y-OEKPETAONG WG Oe-
PATIEVTIKY] OTPATNYIKY] Oa TpEmEL va elval apKeETA
TIPOCGEKTIKY, Ylati To evIUHO UTO GUUHETEXEL Kol
0€ GAAX ONUATOSOTIKG LOVOTIATLA, OTIWG TO LOVO-
matt Notch, mov pe ) oelpa toug kabopilovv v
KUTTOPLKY Sla@opomoinomn Kot avamtuén Kat £Tot
Ba mpémel va amo@evxBolv TBaVEG TETOLEG ave-
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TOVUNTES eVEPYELEG.S>0 (g ek TOVTOU, OL KALVIKEG
UEAETEG OTPEPOVTAL GTNV AVACTOAN NG B-oekpe-
tdong-1 (BACE1), ®wat600, 0L KAWVIKEG SOKIUEG UE
Toug avaotoAeic BACE, lanabecestat, verubecestat,
Kal atabecestat, €youv StakoTel TpoOoPATA AOYW
ampoaSOKNTWV SUCKOALWV, OTIWG EAAELYPTG ATIOTE-
AECUATIKOTNTAG, KABWG KAl YLt AOYOUG Ao PAAELAG,
OTIwG eEavOMUATA, TOEIKOTNTA GTO AP KAl VEL-
poYuXlATPIKA oupTTOHaTe3 442 Tyetikd pe v
ETTAYWYN ™G SpaoTNPLOTNTAS NG A-EKKPLTAONG,
N SpaotnpoTTa TOL €Vv{UpoL €xel Bewpndel wg
évag kVpLog BepameuTikds otoxos vy ) NA, ka-
0w powOel TV pun apvroedoyevi 086 tov AB40.
QoT600, Alya SeSopéva elval YvwoTa yla TIG KUPLEG
08006 onuatodotnong mov Ba pmopovoav va Sie-
yelpouv ) Stdomaon g APP e v a-cekpetdon.
[MBavov, n evepyomoinon tng mpowbeital péow
™¢ 080V PI3K / Akt kat péow onuatoddtnong Tov
vmodoxéa y-apwvofovtupikov oééog (GABA). ‘Etoy,
Ol TAPAYOVTEG TOU EVEPYOTIOLOUV TO HOVOTIATL
PI3K / Akt 1] §pouv w¢ ekAekTIKOl PLOULOTEG TOV
vmodoxéa GABA, éxouv mpotabel wg mBavol Bepa-
TIEVTIKOL 0TOXOL Yl TNV NA. #3344

Ot APH-1105 xat ID1201 evepyomototv v 086
PI3K / Akt xat BpiokovTal g KAWVIKEG LEAETEG P&~
o1nG 2 ywx a§loAGynon Toug o€ T £wG LETPLX VOGO.
To Etazolate (EHT0202) Sieyeipet ) un apvioeldo-
YOVO 080 NG A-EKKPLTAONG WG EKAEKTIKOG Slapop-
@WTNGS TwV vTodoxewv GABA. KAvikég SoKIuES @a-
omng 2, €8y OTL 0 TTAPAYOVTAS TTAV ACPAATG KAL
KOAQ aveKTOG 0€ aoBeVeig Pe Tl EwG PHETPLA VOTO.
Qot60o0, n Tepaltépw a&loddynon tou etazolate oe
Sokuég paong 3 Sev éxel poywpnoel. To Etazolate,
€Tl TOV TTAPOVTOG, AELOAOYE(TAL GE TIPOKALVIKES [IE-
AETEG YA TNV TIPOANTITIKY TOV Spdon o€ Statapay
HETATPAVUATIKOV OTPEG.H®

4. AvtiSuaBntikd @dppaka wg mOavég Oepamnei-
ggywax tn NA

Omwg €xeL ava@epbel TponyoLvpuEVwE, vTooTNpile-
Tat 6t NA avTimpoowTeVEL pa VEUPOEVEOKPLVIKT)
Slatapoyr) Tov potdlel pe pio povadikn pop@n LA2
IOV GUVOSEVETAL ATO VEUPOEKPUALGUO, 0 0Tol0g
UEPLKESG POPES YapakTnpiletal wg Stafntng TuTOL
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I1I. TIpogpyduevol amd auTV TNV VTIOOED, OpLopE-
VOl TIAPAYOVTEG TOU PBEATIWVOUV TNV gvaloOnoia
OTNV WVGOUVAIVI KL HELWVOUV TNV UTIEPLVGOVALVLL-
pia €xovv mpotabel yia va fonB1couv T YVwoTiky
Aettovpyia og acBeveic pe TA2 1| NA. IToAAég €pev-
veg mapovotdlovv ™ NA wg pa petafoAkr) vdéco
Tou gyke@aAov. H kown mabo@uolodoyla TG pe
Tov XA2 Silvel To évavopa va oxnHaTtioTovy Bewpieg
OXETIKA UE TNV ATMOTEAECUATIKOTNTA TWV AVTISLA-
BNTiKOV @apudxwy Tov £xouv eykpLOel yia tov XA2,
OTNV QVTILETWTILON TNG VOooL.* MeyaAog aplOpuog
gpevVV €xeL TipaypatomomBel wote va efetaotel
T0 €UPOG NG EMBEPAONG TWV AVTISLABNTIKWV Qop-
HaKwv 0TI TaboAoykég ek@avoelg TG NA,*748 ey
OL EPEVVEG O€ (WA TIAPOVCLALOVV ATTOTEAEG AT TIOU
a@opolv TBavES BeTIKES eTISpAoels otV TtaBoAo-
yla ¢ tau-mpwTeivng kat Touv B-apvioeldols, o
VEVPOYEVEDT), 0TO OEELBWTIKO GTPES, TN AsLTovpYia
TWV CUVAPEWY, OTNV YVWOTLKY AELTOUPYLX KoL 0N
VEUPOPAEYLLOV].

Oplopéva avtiSlafntikd @dppaka mhavoTaTa
Vo aTTOTEAOVV VEUPOTIPOCTATEUTIKY OEPATEVTIKY
TPOoGEyyLon evavtia otn NA, pe onuavTikOTEPA EV-
PNUATA WOTOGO VA EUPAVI{OVTAL OE ATOUA HE NTILX
yvwoTtikn g§acBeévnon (MCI). MMapakdtw, cuvoli-
Joupe HEPIKA ATTO TA OTOLXElX ATIO TIPOKALVIKEG KOl
KAWIKEG UEAETEG.

4.1. EvSopwikn wveoviivy

Apxetég pedéteg gxovv katadellel, 6TL 1) Yop1ynon
LvooLAlvng og aoBeveig pe NA pelwvel t Spdomn Twv
KIVQOWV TIOV TIPOAYOUV TNV UTEPPWOQOPLAIWOT
™m¢ tau-mpwTEIvNG, EVioXVEL TNV kaBapon tov B-a-
MUAOELSOUG KL TNV CUVATITIKY] TTAAGTIKOTNTA.*

H Bepameia pe avaroya woovdivng odnynoe oe
aAAay€g oTa eTimeSa TOL VTTOSOXEA LVOOUALVNG TOU
IoOKApToV.* Ol TPWTEG KAWVIKEG HeEAETEG £8el€av
OTL M uTteplvooLAVaLpia, xwpig vTtepyAvkatpia, evi-
oxVeL TN pvnun oe eviiAikes pe NA, vtodnAwvovtag
ONUAVTIKO pOAO QUTHG TG 0PUOVNGS OTIS Sladikaai-
€6 NG pvNunG.* Qotdoo, 11 CLETNUATIKY XOPT YoM
LVoOVLAIVNG oxeTifeTal pe avinuévo kivéuvo vmo-
YAvKopiag kot petwpévn Sleloduorn oTo KeEVTIPLKO
veupikd cVotua (KNX). Q¢ ek toUtou, 1 evdopviki

XOpPNYNOTM WWGOUAIVNG €XEL SOKIUAOTEL OE OPKETEG
UEAETEG, LE OKOTIO TNV AUECT) OTOXEVOT TOU EYKEPQ-
A0v.%° TMpokAwika otoxeia €8e€av OTL 1| LWOOUAIVY
IOV XOpPMYElTAL EVSOPVIKA Elval LKAV va TIEPATEL
Tov AE®D kal HETAYEVEDTEPEG LEAETES OE AVOPWDTTOUG
£xouv Selel OTL petd amd evdopvikny xopnynon -
GOUVAIVNG, [l OMUAVTIKY TIOGOTNTA QUTNG (PTAVEL
0TOV YKEQPAAO O€ AELTOVPYIKA EVEPYT] KATAOoTAOT.>
Av KoL VTIAPYOUV APKETEG PEAETEG TIOV ATIOSELKVU-
ouv OTL 1 Bepamela e LVGOVAIVT], KOl GUYKEKPLUEVA
HECW €VSOPWVIKNG YOop1ynomns, mapovotdlel BeAtt-
WOELG OO0V APOPA TIG YVWOTIKEG LKAVOTNTEG TWV
acBevav pe NA, wotdoo, ya v otabepomoinon
™G eVS0PLVIKNG WVOOVAIVIG w¢ Bepameiag, amattei-
Tt 1 Stadevkavon Touv poiov Tov Stadpapatiletl o
YEVETIKOG TTAPAYOVTAG 0T pUOULOT TWV aTokpioe-
WV TV acBeviV PHETE TNV Xopnynon, Kabws Kat
TEPALTEPW OLEPEVVIION TNG GLYKEKPLUEVNG SOONG
IOV XPELAeTAL 0 KABEVAS yla Vv UTIApEouV oL eTLOv-
UNTES BEATIWOELG.

4.2. Metpopuivny

MMpokAwika SeSopéva vmodnAwvouv OTL N ATmd
TOU OTOMATOG XOPTYOUUEV pHeT@Oopuivn Staoyl-
Cet ypnyopa tov AED kat cucowpevetal oto KNX
o€ Slapopetikd emimeda.>? In vitro melpdpata ot
VEUPWVIKEG KUTTAPLKEG OELPEG, UTTO TTAPATETAUE-
VEG VUTIEPLVOOVALVALULKEG KATAOTAOEL, £8el&av
0TI N Bepameia pe petoppivn Tav tkavi va ema-
VEUXLCONTOTOGEL TN ONUATOSOTNOT WVOOVALVTG
KOl v amoTpEPEL TIG HOPLUKEG KL TTABOAOYIKES
HETAPBOAEG IOV TTAPATNPNONKAV GTOUG VEVPWVES
TV atopwv pe NA.S Epyaoctnplakd Kot KAWVIKE
dedopéva vmootnpifouv TNV VTOOEO WG UL
LKOVOTIO N TIKT €€1ynom yia ) Spdon ¢ HeTPop-
pivng elvatl n tKVOTNTA TNG VA LELWVEL TA TOELKA
SikapfoviAia, To oynpatiopd tTwv AGEs kat ™
Tau @wo@opuvAinwon.>** Aedouévng ¢ supeiag
Xpiong g petgoppivng kat g emidpacng g
OTLG YVWOTIKEG AELTOVPYIES, XpeElaleTal TpOoOeT
£PEVVA KL CUYKEKPLUEVA, HLa SLOXPOVLIKT HEAETT,
HE ETIOPKEG Selypla Kal HETA-AVAAVOT TWV HLIKPO-
TEPWV EPEVVWV TOU SleEdyovtal, PHE OKOTO TNV
TEPALTEPW Stadevkavon ™G S§p&ong ng.
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4.3. OstafoAidvodioves (PPARy aywvioTég) kat tvkpe-
Tiveg

Ot evepyomompévol vmodoyxels TmoAAamAdGLA-
opoV twv vmepofuowpativwv (PPAR, peroxisome
proliferator activated receptors) sivat petaypa@ukot
TAPAYOVTEG YLX TTUPTVIKOVG OPLLOVIKOUG LTTOSOXEI,
IOV OXETI{OVTaL LE TNV LETABOALKT] OLOLOGTAOT), KoL
Swadpapatilovv onuavtikd poio otov HeTaBoAlopd
TWV TPWTEV®V, TwV VEATAVOPAKWVY Kot TwV ArTidi-
WV, KaBwg emiong Kot o pLOULOT TWV PAEYUOVW-
Swv amokpioewv (Hewwvouy ta emimeda g IL-6 kat
GAAovG pecoAafnTég pAeypovic).>? Katd ouvénela,
OL EKAEKTIKOL AYWVIOTEG TOUG, OTIWG 1) TILOYALTAOV
(PPARY), amoteAovv pia mBavn Bepameia Tov LA2
KaL NG avTioTAonG 6TNV LVGOVA{VT TOU EYKEPEAOV,
EVW T TEAELTALA OTOLYEIX TWV EPEVVWV, VTTIOGTN P~
Couv OtL PPARY aywviotég £xouv v Suvatotnta
VO EVEPYOTIOW|GOUVV TIG 060UG OTOV EYKEPAAO TIOU
puBuilovTal amod TOV IVGOUVALVOLOPPO AVATITUELNKO
mapayovta (IGF-1).545 Q¢ ek toUtov, 1 Bepameia
pe PPAR y aywVvIoTEG, TTEPAV TNG XPNOLUOTNTAS TNG
OTNV QVTLUETWOTILON TOV ZA2, EAATTWVEL, £TiONG, TA
EMUTESA TWV PAEYHOVWE®V SEKTWYV, TWV TPLYAUKE-
péiwv, Twv EAO, ™¢ YAUKOING KoL TNG XOANOTEPO-
M5

Avtiotoya, o poAog Ttov Stadpapatilovv ot vkpe-
TIVEG KAl TA AVAAOYX LVKPETIVIG GTOV EYKEPAAO &i-
VOl VEUPOTIPOOTATEVTIKOG, £POGOV €VIGYVOLV TOV
TOAAATAQOLACUO TWV KUTTAPWVY, T1 UV, T OVL-
VATITIKI TAQOTIKOTNTA, VW SelYVOUV va HELWVOUY
TIG TIAGKEG TOU PB-apuA0EL50UG, TO 0EELSWTIKO OTPES
KaL TNV @Agypovn.>o60

5. H gappaksvtikn aywyt) ¢ NA wg mlavr) O¢-
pateia yla to LA

H @Aeypovr pmopel va mpowBnoel t SucAmiSal-
pia, TV vEPPOALKY KOLALOKY TlayvoapKia, Ta av-
ENuéva emimeda yAukolng vnotelag Kot thv vPmAn
apTNPLaK Tieon, OAX TA TUTIKA XOPAKTNPLOTIKA
oV UTtdp)XOoLV 0TO PETABOAKO cUVSpopo. H xpovia
PAeypovn, OTIwG £xel ava@epOel TponyouvuEvwg, Si-
adpapatilel onpavtikd poio t6co otnVv attionabo-
YEVELA OG0 KOL GTNV ELPAVIOT TWV ETTAOK®OV TOU
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XA2 ko g NA. H vmtepyAvkaipia mov yapaktnpilet
70 ZA @aivetal Twe amoTeAel TO EVAPKTIPLO EPEDL-
OHQ YA TNV aVATITUEN TWV PAEYHOVWOWV Slepyact-
WV, dnuovpywvtag éva @adAo KUKAO, TTOU TEAIKA
Ba mpokaAécouv-gvioxVoouY TNV ayyelakr BAGRN
KoL v adnpwpdtwon.

Agbopévou 0tL To petafoAkd cvvSpopo eivat pa
KATAOTAOT), TTOU OXETICETAL LLE TNV TIAYVOAPKIA, TTOV
umopel va avuénoet Tov kivéuvo avamtuéng ZA2, ka-
Bws kat kapdlayyelakwv ocvppapatwyv (CVD), ot
avaotoAeic ™ AchE, kat o el8ikd n yadavtopuivn,
HECW TNG AVTLPAEYUOVWDSOUG Spdong TG Uopel va
€XEL EVEPYETIKA ATIOTEAECUATA GTNV AVTLHETWTILON
TOov GLVSPOOUL.

H yadavtapivn, Tépav g KEVIPIKNGS TG Spdong
WG avaotoAéag TG AchE, £6eile avtupAeypovmdn
Spaon mov BeAtiwoe T gvatodnoia 6TV LVGOULAL-
VN Kal GAAOUG SEIKTEG PAEYHOVIG 0 TTOXVOAPKOUG
acBevelg pe petaforikd ocvvdpopo.! Me okomod va
kaBoplotel 1 KAWIKY] OTOTEAECUATIKOTNTA TWV
avaoTtoAéwv NG AchE, oe aoBeveig pe LA kot avolaq,
TPAYUATOTOMONKE piar HEYGAN LEAETN XP1IONG ava-
otoAéwv AchE og aoBeveis Tov giyav Stayvwotel pe
NA kot dvota pktig maboloylag mov eiyav eyypa-
el 0to Loundiko Mntpwo Avolag €wg tov Aekep-
Bpro tou 2015. XuvoAikd, avayvwpiotnkav 3176
(14%) acBeveig pe LA kat 19484 acBevelg xwpig ZA.
Ta amoTeAéopaTa TNG HEAETNG ESEl&av OTL 1] Xp1oM
™G SovemeliAng Kot TG YOAXVTANIVIG CUOXETIOTN-
KE LLE HELWHEVT BVNOLUOTNTA TOOO 0€ aoBeVE(G e A
600 kal og acBevelg xwpig ZA. H SovemeliAn ovoye-
Ttlomke epattépw pe ™ pelwon ¢ kapdlayyela-
KNG BynopdtnTag, wotdoo povo oe acheveis xwpig
TA, eV YEVIKOTEPQ, 1] XPTOT TWV avacToAéwv AchE
ovoyxetiotnke pe 48% pelwon ™G BvnopdTnTAG
IOV OXETI{eTAL e TOV SLafnTn).o2

6. Emmtosig PruxodpacTtik®mv @apuakwy 6t
NA

Ot Slxtapayég TG CUNTIEPLPOPAG Kot ot YuyoAo-
YIKEG Statapaxés amoTeAOVV KOLWEG ETILTTAOKEG OF
SLaopovug TuToug avolag, 6mwg 1 NA. H Ydywon,
n 8iéyepon, ot Satapayxég g Suabeong Kot 1 Ka-
TAOAWM eival pePKES LOPPEG EKSNAWONG TWV COU-
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UTEPLPOPIKMOV KAl PUXOAOYIKWV OCUUTTWUATWY
™6 avolag (BPSD). Epgavion téTolwv Statapoywy
ouvnBws vtodnAwvel TayVTepTN TPOOSO TNG VOoOU
kat vymAdtepo kivbuvo BynoudTNTAG Kol AOLTIWV
KApSLAYYELAK®V ETUTTAOK®V. Ol KAWVIKESG 0N YiES OL-
VIOTOUV U1 QUPUAKOAOYLKY TApEUBAOT WG TPWTN
QVTILETWTILON TwV Slatapoywyv. LoTdC0, av Ta oL-
pUTTOHATA €V UTIOXWPOVV LE TNV TAPOSO TOL XPO-
VOU Kal TIG EVAAAXKTIKEG Hop@EG Bepamelag, lval
amapait T N @appakoloykn mapéupacn. Avotu-
XWG, ] VTTAPXOVON PUAPHAKEVTIKI aywYT Twv BPSD,
N omola epAapfavel avTPuxwWoLKA, AVTIKATAOAL-
TTIKA Kat BeviodialeTives, Sev elval LKOVOTIOWTIKT,
kaBwg oxetiletal pe VYMAO Kivduvo avemBVuuNTWV
EVEPYELWV KaL auEnpévn Bvnopnotnta.®

6.1. AvtikataOMmTIKd

Ot ekAekTikol avaoTolelg emavampdcAnymg oepo-
Tovivng (SSRIs), kupiwg 1 oepTpaAivny, 1 oltaro-
TPAUN KAL 1] ECLTAAOTIPAUT, £XOUV NTILX KTIOTEAE-
OMATIKOTNTA KL KAAT) avoxT), LSlaitepa o€ XaUnAEg
860¢€16.* AvaAUoelg yia Ty emSpacn TwV avTiKa-
TOUOATITIKOV 0TA VEVPOYUXLATPIKA CUUTTOUATA,
EKTOG amoO TNV KatdbAwm, oe acbevels pue avola,
0€ EAEYXOUEVEG HEAETEG [LE ELKOVIKO QAPLOKO, ESEL-
Eav 0TL 1 Bepameia pe oepTPAAivI] KoL GLTHAOTIPAUN
oxetiletal e onuavtikny peiwon g Si€yepong tou
ac0evonc.5 ZUYKEKPLUEVQ, 1] CLTAAOTIPAT), OE GXETL-
K& xapnAn 800m, yLa xpnom EvavTL KPS SLEYEPOTS,
o€ acBevelg pe Mo Babuod yvwotiknig eacBévnong,
elXe KA1 QTMOTEAECUATIKOTNTA KAl AVEKTIKOTNTA.
AvtiBeta, aoBeveic pe coBapn Sieyepon kat cofapod
YVWOTIKO EAAELU, avATITUERY O€ PeydAo Babpd Su-
opeveis emmtwoelg. H oitadompaun cuvéBaie otnv
pelwon tov dyyxous, Twv PeudalobNoewv KoL 0TV
otabepomoinon TG ocuvaloONUATIKNG aoTABELNS.
Qot600, og VYMAEG §O0ELG EMISEIVWOE TIS YVWOTL-
KEG AELTOVPYIEG KL TIPOKAAETE EAAPPA TIAPATAOT
Tov Staotuatos QTc oto nAsktpokapdloypdenua
(HKT),®® evw yevikd n xopfynon ottadlompduns Kot
eoLToAOTIpaung, oe VPMAGTEPEG §O0ELS, eV GLUVIOTA-
TaL 0€ NAKIWPEVOUG aoBevels pe avola, SeSopévou
Tov KwdHvou Tapataong tou Staotriuatog QTc.567
EmumAéov, katda ) Sidpkela ¢ Bepameiag pe SSRI,

elval amapaltnto va mapakoAovbeital o kivduvog
QVATITUENG VTIOVATPLALUiNG, vauTiag, epétov, Slap-
poLaG, TPOHUOV, QALUOPPAYING TOU YUOTPEVTEPLKOV
OUOTNUATOS KAl KataoTtoAng tou KNI (vmvniia),
KaBwe Kot TtBaveg petafoArég Tov Bapoug Tov pTo-
pel va emiteivouv kapdlopetaBorikd cvvdpopa.

6.2. Avtipuywotkda

H xp1jon toug mpémel va meplopiletal, povo votepa
Ao ATOKAELOUO GAAWV QAPUAKEVTIKWOV 1] un Ta-
pepdoswv. QoTd00, 6TV TPALN, TA AVTIPLXWOLIKA
GUVTAYOYPAPOVVTAL GUXVOTEPX, ATIO TLG UTTOAOLTIEG
Beparmeies. [Ipv amod v Evapén ¢ avTPuXWGOLIKNG
aywyng, elvat amapaitntn n kapdiayyelakn aglodo-
ynon tov acBevois yia e€atopikevon g Bepameiag
Kol yla Slepevivon TaboAoy KOV XAPAKTNPLOTIK®OV
Tov evdéxetal va emBapuvBoldv amod v v Ad0yw
QVTIPLXWOLKN aywyt], LETAEY TwV 0TolwVv elval Kat
0 ZA. Katd Vv emiAoyn touv @apudkov, Ba mpeEmeL
va AapBavetoatl VTTOYN 1 PAPUAKOKIVITIKY KoL pop-
HokoSuvapky aAAnAemtiSpaon pe avactodeic AChE
Kol pepavtivn. O petafoAiopds e SovemeliAng kat
™G yoAavtapivng Ba pmopovoe va emmpeactel amo
UTIOOTPWUATA, EMAYWYEIS 1] AVAOTOAELG TOU KUTO-
xpwpatog CYP2D6 kat CYP3A4.%8

Ot 06nyleg ouvviotolv Tavta ekkivnon g Bepa-
TElOG HE TNV XAUNAOTEPN QTMOTEAEOUATIKY] SO0
AVTUPUXWOLKOU Kol otadlakn TITAoToinon oTo pé-
ywoto duvatd. Katd ) Siapkela g Oepamelag i
val amapaltnTn 1 mapakoAovbnon tov achevoug
TOKTIKA. AgSOUEVNG TNG XAUNAOTEPNG EUPAVIONG
eEWTUPAULSIKOV CUPTITWUATWY (SuoTovia kat OYt-
un Svoknoia), Ta vedtepa avTPuxwWolkda eivat
KOAUTEPX QAVEKTA, UE TA TIPOCEPATA EVPNUATA VX
UTIOSNAWVOUV TN PLoTEPLEOVN KAl TNV oAaviativn
WG Pappaka ekAoyng yla tn Staxelpton g Yoxw-
omMG KAl TNG EMOETIKOTNTAS 08 aoBevelg pe avola.®’
OL Se0TEPNG YEVIAG TIAPAYOVTEG XPTOLULOTIOLOVVTAL
YEVIKG w¢ Bepateiar TPWOTNG YPAUUNIG WOTE VA EA-
xlotomomBei o kivéuvog twv efovbevwTikwy eEw-
TUPAMSIKOV CUUTITWHATWY TIOU oXeTilovtal e
TO PAPHAKA TIPWTNG YEVIAG, TA 0Tolot Spouv Katd
KkUpLo Adyo otov D2 vmodoxEa TG VIOTapivng, cAAQ
oxetifovtat pe VPMAGTEPO KIVOUVO EPPEVIONG PETA-
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BoAwwv avemBOuNTWV gvepyelwv, OTws o Stafin-
™G, N vepxoAnotepoiatpia kat  avénon Bapovg.”

To 2005, o FDA €&éSwaoe mpoelSomoinorn oxeTL-
KA HE TNV aQUENUEVT BVNOLUOTNTA TV AcBEVOVY UE
avota kat BPSD, mov éAafav Bepamela pe avtupu-
Xwokda. AkoloUOnoe 1 (Sl mpoelSomoinon amod
tov Evpwmaikd Opyaviopd ®appdkwv (EMA). Ot
TANpo@opieg ouumepANEONKAV 0T cVVOYm Twv
XAPAKTNPLOTIK®WV TOv Ttpoiovtog (SPC) twv avti-
Yuxwowkwv. H mpoeldomoinon Paciotnke ota
ATOTEAEOUATA SNUOCLEVUEVWV KAL 1] SNLOCLEV E-
vV 8eSopévmwv Kal, I8lwg, 6TO CUUTEPAGHA HLOG
HETA-0VAAVONG 17 TUXALOTIOMUEVWV EAEYXOUEVWV
HEAETWV, N oTola SlamioTwoe OTL VT PXE TIEPITIOV
SumAdolog kivéuvog Bvnowwdmtag katd ™ Sudp-
kel ™G Bepameiag pe oAaviatmivn, plomeptdovn,
KOVETLATIVT KAl aplmimpaldAn o€ cUyKpLoT HE TO
ELKOVIKO appako.’t72

To Pimavanserin givat évag eKAEKTIKOG GEPOTOVL-
VEPYLIKOG aywVvioTh§ Tov vmodoxéa 5-HT, to omoio
eykpiBnke tov Ampido tov 2016 amd to FDA vy
™ Bepameia Twv PevdaloOnoewv. To Pimavanserin
avattuxdnke yux Poxwon, SLEyepor Kot EMOETIKO-
mta ot NA. Medetdray, emiong, yia oxllo@pévela,
KataOAum kot Puxwaon Tov oXETILETAL UE TNV AVOLX
O AWV TV o TLwv. [TioTeveTAL OTL EXEL ALYOTEPES QVE-
TOVUNTEG EVEPYELEG ATIO TOUG TIAAALOTEPOUS AVTL-
PUYWoIKOUG TIHPAYOVTEG TIOU  XPTOLHOTIOLOUVTOL
ywx ™ Bgpameia ™G Puxwons, aAAd Ta oTolXEla
Tapapévouv meploplopéva. To @ApHaKo PEPEL TIPO-
eldomoinomn pavpov koutoV (black box warning)
ya avénpévn Bvnopndtnta oe nAtkiwpévous. Emm-
pealel Toug KapSlakovg puBpols kat Sev TpEmel
va xpnolpoToLeital amd atopa pe appubpuia 1 ov
AapB&vouv @ApUAK IOV TIAPATEIVOUV TO SLACTNUA
QT. OL TtLo OCUYVEG AVETILOVUN TEG EVEPYELEG TIOV TTXPA-
mpNONKaV o€ SOKLUEG NTOV TIEPLPEPELAKO OidNpa,
vautia, cUyxvon, TapalcOnoelg, SUoKOIALOTTA Kol
Statapayn B&dlong, v CLOXETIOTNKE HE ATIOTOU
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avénomn Bapoug kat mBavy avinon ¢ YAukolng
Tou aipatog.”

7. ZTUPUMEPAGUATH

H eniSpaon tov o&eldwtikov otpeg, 1600 oTo A2
600 kat otn NA, amoteAel oNUAVTIKO KOUUATL GTNV
mabo@uoloroyia Twv voowv. H epumioxn tou ofel-
SWTIKOU OTPEG KAl TNG PAEYMOVNG KABWG Kat M
maboyévela Twv §V0 vOowV UTTOPEL Vo XpNoLUOTIOL-
N0V Yl To oXESLAGUS PAPUAKOUOPLEDV TIOV L0~
Tpémouv TV évapin kat v &€AEn toug. H kowr)
maBoyeveon Kat 1 eMiSpact Tou 0&eSWTIKOV OTPES
UTopoVV va TIPOCQEPOVV LEEEG YLK TO OXESIATHO KoL
oUVOEON ATOTEAECUATIKOTEPWV (PAPUAKOUOPIWY,
HE ONUAVTIKO KAWVIKO aVTIKTUTO, 1] OTNV EUQAVLIOT
VEWV eVEEIEEWV 1161 YVWOTWV @apUaKwV.

H Bepameia g NA péow avtiSafntik®v @apud-
KWV, IOV £X0UV QUECT] EMISPACT) OTOV EYKEPAALKO
1o0T0, amotelel emiong Topéa mpog Stepevivnon. H ma-
povoa PEAETT OTOXEVEL TIPOG TNV KATEVOLVOT AUTY,
KaBws PEow avAALVONG TWV UNYOVICU®V KOl TWV
TAELOTPOTILKWY OTUATOSOTIKWV S1adIKacLwy Tov
eumAékovTaL TG §V0 aUTéG VOoOoUG Ba ptopovca
(PAPUAKEVTIKEG EVWOELS, ELSIKA EVWOELS IE TIOAAA-
TAOUG 6TOXO0VG 8pAcTG, VX SPAGOUY TIOIKIAOTPOTIWG
BeAtiwvovtag Ta gAAelppatTa TG vOoov. Inpepa
yivetal evtatiky épeuva ylix v avakdAuvym ato-
TEAEOUATIKOV QAPUAKWY, €T TwV V0 Tabnoswy,
yla ToAA0UG AGYOoUG, OTIwG 0 TIOAD peyadog aptBpdg
TACXOVTWY, KUPIWG 0TI AVETITUYIEVEG KOLVWVIEG, 1)
ToyVTaTn €§EAEN TWV vOowV kal 10Tt kabioTatat
00Bapd KOWWVIKO KAl OLKOVOULKO TIPOBANUQ, EVWD N
QVTIHETWTILON TOUG XTOTEAEL Pl oTtovdaia papua-
KEVUTIKI] TIPOKANOT TIOU O@EIAEL VA QVTIHETWTILOTEL
ETTUXWS, VTIO TO Tplopa NG TOAV@ApHAKIAG TTOV
odnyel og emdelviwon TWV CUUTTTWUATWY TOUG KAL
ATALTEL TNV AVEVPEST] PAPUAK®V TIOV Bt 6TOXEVOLV
o€ S1aPopovg TUAWVES Twv TTabnoewv. O
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ABSTRACT

Alzheimer’s disease (AD) and diabetes mellitus (DM) are among the most
common diseases associated with aging. AD is known to be characterized
by the deposition of fibrils of beta-amyloid peptide (A amyloid plaques)
and the accumulation of the hyperphosphorylated Tau protein (neuro-
fibrillary tangles-NFT), inside the neurons, thatlead to neuronal degenera-
tion and dysfunction in the brain. Diabetes, on the other hand, is character-
ized by impaired insulin signaling, leading to reduced glucose uptake and
metabolic suppression of energy-consuming cells. Despite their distinctive
features, these diseases share commonalities and could be thought of as
similar disorders, as far as their cytotoxic mechanisms of development
are concerned. In this review, some of the fundamental characteristics of
each of the two diseases are described and similarities in their pathophys-
iology are pointed out. After examining the pathophysiology of these two
diseases, we will discuss the possible innovative therapeutic approaches,
especially in AD, and the future prospects arising from this rapidly emerg-
ing field, for which the development of drug molecules has proven to be
particularly difficult.

Epidemiological research data have shown a strong link between DM2 and
AD, and the exact mechanism behind this increased risk has not yet been
discovered. The effect of oxidative stress on both DM2 and AD is undoubt-
edly an important part of the pathophysiology of the diseases. The involve-
ment of oxidative stress and inflammation and the pathogenesis of both
diseases can be used in order to design drug molecules that prevent the
onset and progression of such diseases. The common pathogenesis and the
effect of oxidative stress may provide ideas for the design and synthesis
of more effective pleiotropically acting drugs or new applications of some
already existing drugs.
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ABSTRACT

More than 90% of the modern formulations are to be orally ingested. This
shows the popularity of this formulation type over the world thus, a ma-
jority of researchers prefer to focus on it. Bilayer tablets are the medicines
which consist of two same or different drugs combined in a single dose for
effective treatment of the disease. The aim of present research work was
to formulate bilayer tablets of Acebrophylline (mucolytic and bronchodi-
lator) and N-Acetylcysteine through their incorporation in an oral dosage
form for immediate release. Both drugs were compressed one after the
other in Bi-layer tablet machine than mixed together to form a single layer
in order to reduce incompatibility and formation of N, N’-Diacetyl-L-cys-
tine (breakdown product) from N-Acetylcysteine. While the layer of Ace-
brophylline was kept unaffected, a computer-aided optimization technique
using 23 (three-factor and two-level) factorial design was employed to
investigate the effect of the amounts of three anti-oxidants Butylated-hy-
droxy toluene, Vitamin E (as concentrated), and Propyl gallate, planned as
three independent process variables (factors) to the level of degradation
product N, N’-Diacetyl-L-cystine which was used as dependent variable in
the study. Therefore, eight trial formulations were prepared with differ-
ent amounts of the independent variables and evaluated for micrometric
properties and dissolution. Based on the results of the factorial design an
optimised formulation was prepared complying with Pharmacopeia levels
of N, N’-Diacetyl-L-cystine and evaluated for its dissolution and stability.

EPEYNHTIKH EPTAXIA

RESEARCH ARTICLE
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1. Introduction

Layer tablets are composed of two or three layers of
granulation compressed together!. This dosage form
has the advantage of separating two incompatible
substances with an inert barrier between them?3*,
Bilayer tablets are one of the best options for devel-
oping fixed-dose combination (FDC) formulations,
with different drug dissolution behaviours for each
drug in a single dosage form®. The bilayer tablet is
gaining more attention due to its advantages over
the monolithic tablet®. Acebrophylline is an airway
mucus regulator with anti-inflammatory action and
is therapeutically effective in patients with acute or
chronic bronchitis, chronic obstructive or asthma-like
bronchitis and recurrence of chronic bronchitis”
N-Acetylcysteine (Acetylcysteine) is a safe and read-
ily available agent that modifies the synaptic release
of glutamate in subcortical brain regions via modula-
tion of the cysteine-glutamate antiporter®. The solu-
ble precursor Acetylcysteine is easily converted into
bioavailable cysteine. However, it is oxidised to its
dimer N, N’-Diacetyl-L-cystine (DAC), which is almost
unconvertable to cysteine when given intravenously
resulting in a diminished bioavailability of cysteine®°.
Toxicity or Safety of DAC has not been proven !2, The
stability of Acetylcysteine can be improved by antiox-
idants?3,

Given the specific end goal of maintaining prod-
uct quality, the Quality by Design (QbD) approach has
become mandatory for all regulatory agencies. The
principle of QbD is described in the Q8 (R2) guideline
of the International Conference on Harmonisation
(ICH). The ICH guidelines that include scope, defini-
tion, and high-level guidance of QbD in the pharma-
ceutical area'*'s, The important elements of QbD in-
clude defining the objective, i.e. Quality Target Prod-
uct Profile (QTPP), determination of critical quality
attributes (CQAs), risk assessment, development of
experimental design, implementation of the control
strategy, and continuous improvement. In addition,
QbD protocol should be confirmed after the design of
experiment (DOE)'"181% Two-level, three variable full
factorial design has been reported to be suitable for
such studies.?.

Synthetic phenolic antioxidants (butylated bu-
tylated hydroxytoluene [BHT], propyl gallate and
natural Vitamin E can be used as anti-oxidants®'. The
aim of present research work was undertaken to for-
mulate bilayer tablets of Acebrophylline (mucolytic
and bronchodilator) and N-Acetylcysteine through its
incorporation of an oral dosage form that is able to
release immediately. 23 (three-factor and two-level)
factorial design was employed to investigate the ef-
fect of the amounts of three anti-oxidants, namely of
Butylated-hydroxy toluene, Vitamin E (as concentrat-
ed) and Propyl gallate, planned as three independent
process variables (factors) and level of DAC used as
dependent variable in the study.

2. Materials and Methods
2.1 Materials

Acebrophylline was purchased from Kores India Ltd,
and Acetylcysteine was purchased from Wuhan Grand
Hoyo, China. Microcrystalline Cellulose and 3 -Cyclodex-
trin bought from DFE Pharma Itd, Cuddalore and Gang-
wal Chemical Ltd, Mumbai. Vitamin E concentrated Pdt,
Butylated Hydroxy Toluene and Propyl Gallate were ob-
tained from Dsm Nutritional Pdtltd, Switzerland, Finer
Ltd, Mumbai, and PanReac Applichem Itd, India. Other
chemicals and solvents used were analytical grade.

2.2 Methods
2.2. 1 Drug-Polymer compatibility study

Drug-drug and drug-polymer compatibility were stud-
ied utilizing FTIR spectroscopy (Electrolab India Pvt
Ltd)?*%32% The FTIR spectra have been recorded for sin-
gle and combination medications with polymers, using
the Potassium Bromide (KBr) method. The drug and
combination samples have been added to KBr (1:1) and
recorded within the range 500 to 3500 cm 'in 4 cm !
resolution.

2.2.2 Risk Assessment

This goal must be identified in the initial stages of
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product development>*>, The QTPP contains the
quality details of the item’s product attributes to en-
sure that the item meets the essential requirements.
The QTPP and CQA of the bilayer tablet currently
studied reduced the level of NN DA to an acceptable
level that could be achieved with antioxidants.

2.2.3 Design of Experiment (DOE)

In the present work 8-run, 3 factor, 2-level full-facto-
rial design was used for creating second order pol-
ynomial models?® and analysing quadratic response
surfaces for optimizing the immediate release layers
of core tablets using Design-Expert software (Tri-
al version 11.0.5.0, Stat-Ease Inc., MN)?¢?728 This
design is used to assess the main, interaction, and
quadratic effects of the independent variable on the
dependent variable. The factors evaluated in the
present work are concentrations of three antiox-
idants as BHT (mg), Propyl gallate (mg), and Vita-
min E (mg) at low, medium, and high values for the
immediate release layer of Acetylcysteine with no
change in any of the component in Acebrophylline
immediate release layer. The dependent variable/
response is the DAC of the immediate release layer.
The variables and their levels used in the develop-
ment and optimization of the immediate-release
tablet layer are shown in Table 1.

2.2.4 Preparation of immediate release layer of
Acebrophylline

Acebrophylline was sifted individually by using #20
mesh. Microcrystalline cellulose, lactose monohydrate
were sieved using a #30 mesh sieve. Povidone k30 was
dissolved in isopropyl alcohol. Quinoline yellow supra
was added and transferred to the sifted materials and
binder solution to Granulation area. The sifted material
loaded into the main bowl of the Saizoner Mixer Gran-
ulator (Daiichi Jitsugyo America, Inc), slowly added to
the binder solution and mixed for 15 min. The wet pel-
lets were transferred in a tray dryer at 50°C. The wet
granules were first air-dried for 20 min, then contin-
ued to dry for 1 hour and 20 min at 50°C. The Semi-
Dried granules passed through mesh 16# and milled
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the retained granules through Multi-Mill fitted with 1.0
mm screen using knives forward medium speed. The
semi-dried and ground granules were sieved into a tray
dryer and dried for infrared determination of moisture
content at 1052 C. If the moisture content found more
than the limit, drying was continued until the desired
moisture content achieved (Limit:2-4%). Finally, dried
granules passed through #16 mesh and sifted. The fol-
lowing materials’ cross povidone, colloidal silicon di-
oxide, talc were sifted individually by using #40 mesh.
The dried granules and sifted extra granular materials
were loaded into Octagonal blender and blended for
15min at 10 rpm. Magnesium stearate was dispensed
and sifted by using # 60 mesh to the above blend and
mixed for 5 min at 10 rpm.

2.2.5 Preparation of immediate release layer of
Acetylcysteine

Screening weighed acetyl cysteine, B-cyclodextrin,
colloidal silica, talc, butyl hydroxytoluene, propyl
gallate, vitamin E concentrated powder were sifted
and let pass through Mesh #30. Quantities for its
preparation are presented in Table 2 Povidone k30
dissolved in isopropyl alcohol and labelled as a bind-
er. Semi shifted material was loaded in into Saizon-
er Mixer Granulator, and mixed for 15 mins. Bind-
er solution was slowly added into saizoner mixer
granulator. All wet pellets were transferred in a tray
dryer at 50°C (Tapasaya Engineering Work Pvt Ltd).
At first, the wet granules were air dried for 10 min.
After that, drying was continued at 50°C for 1 hour
and 30 min. The semi-dried granules were passed
through a 16# sieve, and the retained granules
were ground through a Multi-Mill fitted with a 1.0
mm sieve using a knife to grind forward at medium
speed (Sams Techno Mech Pvt.Ltd,India). The sem-
idried sifted and milled granules were transferred
into tray drier and dried with Infra-Red Moisture
balance (Ratwag Balances, Poland) determining the
moisture content at 50°C. If it is found more than the
limit the drying continues until the desired moisture
content is achieved (Limit: 1-2%). Finally, the dried
granules were passed through a #16 mesh. The fol-
lowing materials such as crospovidone, colloidal
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Table1:Design Matrix with level and variables for 23 factorial

Code Factor A Factor B Factor C
(Vitamin E) (BHT) (Propyl gallate)
(1 - - :
A + - -
B - + -
Ab + + -
C - - +
Ac + - +
Bc - + +
Abc + + +
Factor Level Symbol Assigned value
A Low - 0.1 mg
A High + 0.4 mg
B Low - 0.4 mg
B High + 0.8 mg
C Low - 0.4 mg
C High + 0.8 mg

silicon dioxide, talc, banana, powerome strawberry,
ethyl vanillin, mixed fruit powder were sifted using
a #40 mesh sieve. Intra-granular and extra-granular
materials were loaded into Octagonal blender (Sams
Techno Mech Pvt.Ltd, India) and blended for 15min
at 10 rpm. Magnesium stearate was sifted by using
# 60 mesh, dispersed in the above the blend and
mixed for 5 min at 10 rpm.

2.2.6 Micrometric evaluation

The Bulk and Tap density determined by Tap den-
sity tester (Electrolab India Pvt Ltd). The powder

sample was carefully poured into a graduated cyl-
inder (50 mL)>**%*. The apparent volume (V) and
the mass of the powder sample were recorded.
Bulk density (BD, g/mL) is calculated as the mass
divided by the volume of unconsolidated powder
in the graduated cylinder. After the experiment for
BD, the graduated cylinder was placed in a tapped
density tester. The powder was tapped 500 times
and the tap volume was measured, as all samples
showed no significant volume change after 500
taps. Tapped density (TD, g/mL) was calculated as
the weight divided by the volume of tapped powder
in a graduated cylinder. Measured in triplicate and
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Table2. Composition of powder blend for development of immediate-release acebrophylline and
acetyl cysteine immediate release bilayer tablets

Acebrophylline 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
Lactose Monohydrate 138.50 135.00 131.50 124.00 124.00 124.00 124.00 124.00
Microcrystalline

47.80 47.80 47.80 47.80 47.80 47.80 47.80 47.80
Cellulose 101
povidone k30 3.00 4.50 6.00 9.00 9.00 9.00 9.00 9.00
Quinoline yellow

0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20
supra
Methylene di chloride 50.00 50.00 50.00 50.00 50.00 50.00 50.00 50.00
Isopropyl Alcohol 40.00 40.00 40.00 40.00 40.00 40.00 40.00 40.00
Crospovidone 3.00 4.50 6.00 9.00 9.00 9.00 9.00 9.00
Colloidal silicon

o 1.50 1.50 2.00 2.50 2.50 2.50 2.50 2.50
dioxide
Talc 4.00 4.50 4.50 4.50 4.50 4.50 4.50 4.50
Magnesium Stearate 2.0 2.0 2.0 3.0 3.0 3.0 3.0 3.0
N Acetylcysteine 600.00 600.00 600.00 600.00 600.00 600.00 600.00 600.00
B-cyclodextrin 52.90 52.20 52.70 41.80 49.10 48.80 49.10 48.80
colloidal silicon
o 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00

dioxide
vitamin E

0.10 0.40 0.10 0.40 0.10 0.40 0.10 0.40
concentrated pdt *!
Butylated Hydroxyl

0.40 0.40 0.80 0.80 0.40 0.40 0.80 0.80
Toluene *?
Propyl Gallate *3 0.40 0.40 0.40 0.40 0.80 0.80 0.80 0.80
Povidone k30 25.00 25.00 25.00 25.00 25.00 25.00 25.00 25.00
MDC 30.00 30.00 30.00 30.00 30.00 30.00 30.00 30.00
Isopropyl alcohol 70.00 70.00 70.00 70.00 70.00 70.00 70.00 70.00
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Crospovidone 15.00 15.00 15.00
Collidal silicon

o 5.00 5.00 5.00
dioxide
Talc 6.00 6.00 6.00
Magnesium Stearate 10.00 10.00 10.00
Total* 1060 1060 1060

15.00 16.00 16.00 16.00 16.00
5.00 5.00 5.00 5.00 5.00
6.00 6.00 6.00 6.00 6.00
10.00 12.00 12.00 12.00 12.00
1060 1100 1100 1100 1100

*Quantity of flavours not shown in table, *1,2,3 indicated level of antioxidant in Acetylcysteine layer

in compliance with USP bulk density and powder
tap density. Compressibility index (Carr’s index)
of the dry powder blends for immediate release
tablet layers was calculated by CI=100[(pT-pB)/
pB] where, (pT) is the true density and pB is the
bulk density. Hausner’s, ratio of dry powder blends
for immediate tablet layers was determined by the
following formula: Hausner’s ratio= TD/BD. Values
less than 1.25 indicate good liquidity, while values
greater than 1.25 indicate poor liquidity. Values be-
tween 1.25 and 1.5 are considered as average flow,
and generally, a glidant has to be added for improv-
ing the flow properties.

2.2.7 Compression of Bilayer Tablets

Acebrophylline and Acetylcysteine layers were pre-
pared according to the formula as shown in Table
2. The granule volume of the immediate release lay-
er was lightly compressed using a 10-station com-
pression (Karnavathi Engineering Ltd) using a 19.5
x 9.5mm caplet shape punch with a break line on
one side and a flat on the other side. Over this com-
pressed layer, required quantity of the second im-
mediate release layer was placed and compressed to
obtain hardness in the range of 5-8 kg/cm? to form
a bilayer tablet of immediate release of Acebrophyl-
line and Acetylcysteine. Then the compressed Bilay-
er tablets were evaluated.

2.2.8 Film Coating of bilayer tablet

Isopropyl alcohol was transferred into a clean stain-
less steel vessel. HPMC based film coating material
(DRCOAT- FLV) was added to isopropyl alcohol. Next,
Opadry white was added and was passed through
the colloidal mill and mixed with the above solution.
Finally, methylene chloride was added to the above
solution with continuous stirring. Care was taken
that there were no lumps formation in the solution
visually. The above solution was filtered through
mesh 100# nylon cloth. The above solution was
transferred into a SS vessel of pressure fitted with
stirrer. Coating process carried out by film coating
equipment (Pharma R&D Coater; Ideal Cure Pvt.Ltd).

2.2.9 Evaluation of Bilayer Tablets

Bilayer tablets were evaluated according to standard
procedures of the Indian Pharmacopoeia. Friability
(Electrolab Pvt Ltd, India), Weight variation, Content
uniformity and Disintegration time were also deter-
mined ((Mettler-Toledo India Private Limited)3!.

2.3 In vitro dissolution
Dissolution tests of the prepared bilayer tablets
were conducted using the USP paddle method (Dis-

solution Apparatus, Tdt-08l, Electrolab). The drug
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Table3. Evaluation of bilayer tablet
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. - Weight - .
Thickness Hardness Friability . Disintegration
Batch variation

mm K/cm? % Time (s

(mm) (K/em?) (%) M s)
F1 5.48-5.58 8.60-9.80 0.37 1060 + 2.02 345
F2 5.5-5.62 8.50-9.60 0.36 1060 + 1.04 256
F3 5.52-5.55 9.40-9.90 0.37 1060 + 2.2 243
F4 5.60-5.67 9.45-10.72 0.32 1060 = 2.24 281
F5 5.82-5.85 11.65-12.33 0.21 1100 +1.02 307
F6 5.83-5.85 11.20-12.01 0.22 1100+ 2.13 312
F7 5.83-5.88 11.00-11.32 0.24 1100 £ 2.26 323
F8 5.85-5.92 11.17-11.36 0.25 1100 * 2.36 333
Fo* 5.55-5.60 9.45-9.90 0.12 1100 +2.48 241

* Optimized batch (F9)

dissolution medium consisted of 1000 ml of buffer
(pH 1.2, 100 rpm, 37 £ 0.5 °C). The number of ex-
periments for each sample was six. Five-millilitre al-
iquots were collected from the dissolution medium
at predetermined time points. The drug concentra-
tion was determined by HPLC-UV method. Chroma-
tographic conditions: Instrument Shimadzu, HPLC
equipped with UV detector, Column: Agilent
Eclipse XDB-C18 (150 mm x 4.6 mm, 5u) or equiv-
alent. Column Temperature,30° C and Flow rate:1.0
ml/min, Wavelength 225 nm for Acetylcysteine and
248 nm for Acebrophylline, Injection volume was 10
ul, Run time:15 min., Pump mode: Gradient. HPLC
method developed for simultaneous estimation of
Acebrophylline and Acetylcysteine Briefly, buffer
solution preparation, standards, check standard
solutions were prepared for mobile phases A and
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B. The percentage of Relative standard deviation
(RSD), the tailing factor, and the theoretical plate
count were used to find out system suitability. The
gradient programme (Gradient elution in HPLC re-
fers to the technique of altering the composition of
the mobile phase during the course of the chroma-
tographic run.) for dissolution was run up to 15 min
for mobile phase A and mobile phase B and opti-
mized at 5 min with 65 % (mobile phase A) and 35
% (mobile phase B).

2.4 Determination N, N’-Diacetyl-L-cystine (DAC)

The drug concentration was obtained by HPLC-UV
method after filtration of the sample solution with
a syringe filter, as described above. Column spec-
ification was 250x 4.6 mm, 5pl; Inertsil ODS-3V or
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Figure 1. FTIR Spectra of Acebrophylline and Acetyl-
cysteine bilayer tablets

equivalent. Column Temperature 30°C with a Flow
rate 1.0 ml/min and Wavelength 225 nm for Acetyl-
cysteine & 248 nm for Acebrophylline. Injection vol-
ume 20 pl, Run time; 50 min. Pump mode; Gradient.

3. Results and Discussion
3.3.1 FT-IR

The FT-IR spectrum of Acebrophylline was ob-
tained. The characteristic absorption of the Ace-
brophylline was the band at 3448.7 cm™, which is
assigned to the functional group O-H Stretching
and 2944.2 cm! assigned to the functional group
C-H Stretching?®?. Another band at 1666.5cm™ is due
to COOH Stretching. Another band at 1473.6 cm!
is due to CH, Bending. Similarly, the FTIR spectra
for the characteristic absorption of Acetylcysteine
was the band at 2546.0 cm™, which was assigned to
the SH Stretching vibration. The 3379.2 cm™ band
is assigned to the N-H and the band at 1535.3 cm’!
is assigned to the C-N Stretching. The characteristic
absorption bands at 1195.8 cm}, is assigned to the
N-H stretching vibration?®?. The peaks of the various
functional groups as described in the individual
IR spectra of Acebrophylline and Acetylcysteine
were also present in the Acebrophylline with Ace-
tylcysteine Tablet (Figure 1) without any shift or
change. These observations revealed the intact na-

ture of the Acebrophylline and Acetylcysteine pres-
ent in the tablet. From these results, the absence of
drug-drug interaction and the stability of the drug
in the tablet were confirmed.

3.3.2 Identification of critical quality attributes
(CQAs)

Definition of critical quality attributes (CQAs) for
bilayer tablets have already been reported by Sin-
gh et al*>. The CQAs of the drug product are deter-
mined from the QTPP analysis for use in the initial
Risk Assessment (RA), provided that the CQAs
must meet predefined requirements to ensure the
expected quality of the drug product>*. The iden-
tified subsets of CQAs were appearance, friability,
hardness, content, content uniformity, dissolution,
degradation products, residual solvents, and mi-
crobial limits by initial RA. These CQAs have the
potential to be altered by the formulation variables
and process steps of bilayer tablet manufacturing.
Principle degradation product of Acetyl cysteine,
N, N’-Diacetyl-L-cystine level considered as CQA in
the present investigation.

3.3.3 Micrometric evaluation

The granules prepared for Bilayer tablets were phys-
ically evaluated and it was suggested to be suitable
for compression into tablets. The flow properties of
powder blend Acebrophylline and Acetylcysteine
were checked by studying the bulk density, tapped
density, compressibility Index, and Hausner’s ratio.
The powder blends were found to be free flowing
with good flow properties and bulk densities were
found to be in the range of 0.625-0.735. (g/ml) and
tapped density between 0.842 and 0.902 (g/ml) for
all the formulations. The % of compressibility index
calculated using the density data. The obtained val-
ues 17.04-19.6 % that was found to be good flow
and Hausner’s ratio values were in the range of
1.205-1.245 for all powder blends. The results con-
firmed that both granules had acceptable levels of
physical properties suitable for use in the tableting
process3*%,
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Figure 2. In vitro dissolution profile* of Acebrophyl-
line (Bar in secondary axis) and Acetylcysteine (line in
primary axis) with optimized formulation (F9)

3.3.4 Hardness, Friability, Drug content and Drug
Release

Characterization of prepared bilayer tablets shown
in Table 3. Bilayer tablets prepared from all batch-
es F1-F8 demonstrated that they had an acceptably
smooth surface with no layer separation from either
side and were within the bilayer process parame-
ters used in the study. The hardness of the bilayer
tablets for the different experimental runs ranged
from 11.17 - 11.36 &11.2 -11.38 kg/ cm?. The results
show that as the compressive pressure increases,
the friability decreases with increasing hardness®®.

3.3.5 Drug Content and in vitro dissolution re-
lease

The Acetylcysteine content was determined to be
98.46-101.55 % and 97.4-101.9 %, respectively.
The speed of the bilayer compression machine is
not adjusted during this process as it is fixed at 25
rpm. Both granulation process and speed of the
equipment contribute equally to content uniform-
ity of tablets. Hence, it was suggested that a low-
er turret speed can result in better uniformity?®.
The in vitro dissolution profile is shown in Figure
2 (XYZ, 3D Graph). The dissolution of the Acetyl-
cysteine layer was found to be satisfactory, releas-
ing 65% at 5 min and 100% at 60 minutes. All 8
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Figure 3. The percentage of degradant with all for-
mulations containing various level of antioxidants
(F1-F8).

batches of dissolution testing were conducted with
only 60 minutes. Despite maximising the quanti-
ty of B-cyclodextrin, the efficiency of drug release
for batch F1 to F4 did not increase. From batch F4-
F8 burst release was obtained in this layer after
5 min, 80 % released at 30 min and complete re-
lease achieved at 60 min. Although the total tablet
weight was reduced from 800 mg to 760 mg, drug
release was observed to be little lower (65-71%
at 5 min and 85-90% at 30 minutes) for batches
F1-F4, but the dissolution profiles for F5 to F8
were observed to be 72 % at 5 min and 90% in 30
minutes. All batches shown 95% of drug release
at 45 minutes. These results shows that all bilayer
tablets used in the DOE dissolve almost complete-
ly and thus meet the dissolution criteria for 80%
drug release was confirm that acetyl cysteine dis-
solution from all the investigated runs in DOE con-
formed with the target profiles. Similar behaviour
was obtained with the Acebrophylline layer where
drug release was found from 63% to 100% within
60 min. Comparatively, dissolution profile of drug
from F1-F3 was slightly lower than from F4-F8. For
all batches, weight of layer maintained constant of
300 mg. Moreover, increasing content of lactose
did not increase drug release appreciably. It was
also observed that drug release from one layer de-
pends on the properties or release behaviour of
the other layer in bilayer tablet technology.
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3.3.6 Effect of antioxidants on N, N’-Diacetyl-L-cys-
tine (DAC)

The percentages of the related substance and princi-
ple degradation product of Acetylcysteine DAC are il-
lustrated in Figure 3. The DAC was found to be 5.65%
for F1 which marked higher than the Pharmacopoeia
limit (less than 1%) and higher in all other batch-
es and more due to lower level of Vitamin E in this
batch. High percentage 5.12 % of the substance was
found in F5 where propyl gallate was used at higher
level (0.8mg/tablet). N, N’-Diacetyl-L-cystine was de-
creased to 4.31% and 4.27% for F2 and F4. 0.8 mg of
BHT or 0.4 mg of propyl gallate and 0.1 mg of Vitamin
E reduced the (DAC satisfactorily (5.09%). Converse,
in F3 and F6 formulation containing high levels of an-
ti-oxidant of propyl gallate and BHT the degradation
of Acetylcycteine was reduced to 5.09 % and 3.62 %
respectively. Thereby, increasing the concentration of
antioxidants, relative substance was further reduced.
When BHT and propyl gallate was used at high level
(0.80 mg/tablet), percentage of DAC was markedly
reduced to 2.62 % for F7. The best formulation with
0.76 % of related substance was obtained with F8
when all the three critical variables of anti-oxidants
are used at high level.

3.3.7 ANOVA & Optimization

The model generated for DAC levels was found to be
significant as indicated by an F-value of 78.99 and
a p-value of 0.0125 (p < 0.05). There was a reason-
able agreement between the predicted R? Pred val-
ue of 0.9824 and adjusted R? Adj value of 0.9194 as
the difference between the two was less than 0.2.
(0.063) with precision of 25.48. For optimization,
the effects of various independent variables on
the measured responses were modelled using the
following mathematical model equations involv-
ing the independent variables whose interactions
on the various measured responses resulting from
the 23-factor design are as follows: Y = + 3.94500
-0.001500 A+ 0.005125 B + 0.005587 C -5.2500 AC-
0.000015 BC Design-Expert software explored the
desirability function to obtain an optimized formu-

lation, which was achieved using the set example of
maximum drug release and minimum disintegration
time. Hence, an additional batch (F9) of bilayer tab-
lets was prepared for validation. The composition,
point prediction (optimization) and confirmation of
the experimental value lie within the limit. Response
surface and contour plot of the immediate-release
bilayer design showing a value of 0.398.51 for vita-
min E mg, BHT to be 0.800 mg, and Propyl gallate
also to be 0.800 mg. The predicted value from the
plot was 0.84 %, the observed value is 0.78 %s, and
the desirability is 0.662. The mean values of the re-
lated substances (DAC) for the optimised formula-
tion F9 were found to be within the set limits. The
layer was thus confirmed to be optimized3”3839,

3.3.8 RSM and Contour plot.

Response surface methodology (RSM) and contour
plot shown in Figure 4 (a) and 4 (b). The RSM
further elucidates the effect of the main influences
(factors) on the investigated responses (in this case
related substances). Surface plots illustrate that in-
creased concentrations of vitamin E and propyl gal-
late lead to decreased related substances. Likewise,
increased concentrations of BHT and propyl gallate
lead to decreased related substances. The effect of
antioxidants was inversely proportional to the relat-
ed substances of Acetyl cysteine>'>*°,

3.3.9 Kinetics

Dissolution data of the optimized formulation was
fitted to various mathematical models (Higuchi
and First order) in order to describe the kinetics
of the drug release profile. The plot of cumula-
tive percentage drug release as a function of time.
The Korsmeyer-Peppas model (F = (Mt M) = K -t
where, F-fraction of drug released at time t; Mt-
the mass of drug released at time t; M-the total
mass of drug in dosage form; Km-kinetic constant;
n-diffusion or release exponent; t-time in hours.
was used to further analyse the drug release data
for curve fitting)*'. Peppas used this n value in or-
der to characterise different release mechanisms,
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of (A) and (C). The contour line represents percent of related substance decrease with antioxidant level.

Figure 4 Response surface method showing Effect of antioxidants on related substance (N,N’-Diacetyl-L-cys-

tine) presented by response surface plot for desirability

concluding for values for a slab, of n=0.5 for Fick
diffusion. Therefore, the optimized formulation
followed fickian diffusion kinetics, with the results
(n=0.132) and R? of 0.9932%24344,

3.4 Stability study

Accelerated Stability study carried out for optimized
formulation (Newstronic, Mumbai, India). The stability
study results showed that the hardness, assay content,
and dissolution of the optimized bilayer tablet (F9) sat-
isfied with the criteria for the corresponding ranges of
during storage for 3 months under accelerated condi-
tions Optimized F8 formulation was sealed in Alu-Alu
Blister packaging laminated with polyamide. Sample
were keptat 40°Cand 75% RH for 1, 2, 3 months. At the
end of the study period, the formulation was observed
for change in physical appearance, color, drug content
and drug release characteristics. No change in average
weight of tablet (1100+5mg). Thickness and disinter-
gration time found to be 6.55+0.014 minutes. Similarly,
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assay value of acebrophylline and acetyl cysteine found
to be 99.28 %. Dissolution of also found to be remain
intact (100.03 % of acebrophylline and 98.04 % of
acetyl cysteine at 60 minutes). N, N’-Diacetyl-L-cystine,
principle degradation product level did not increase
from 0.76% during the stability study>!>4.

4., Conclusions

The aim of this study was to use the QbD method
to investigate the effect of variables on bilayer tab-
let. The QTPP of the bilayer, immediate release tab-
let was developed as a solution of Acebrophylline
and Acetylcysteine combination for the successful
treatment and relief of asthma, which is almost all
the problem for the pharmaceutical industry espe-
cially in stability aspects. The formulations (F1-F9)
showed an acceptable range and complied with the
internal specification for weight variation, thickness,
hardness, friability, in vitro drug release. The drug
content of Acebrophylline and Acetylcysteine in tab-
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lets were constant while major degradation of Ace-
tylcysteine to N, N’-Diacetyl-L-cystine was greatly
reduced by introducing the antioxidants Propylgal-
late, vitamin E, and Bishydroxy Toluene (BHT). Us-
ing the three antioxidants as variables for a 23-factor
experimental design optimised formulation F9 pre-
pared with a reduced level of N, N’-Diacetyl-L-cys-
tine complying with Pharmacopeia limit (0.78). The
optimized batch F9 complies with standard such as
content uniformity, hardness, and friability found to
be satisfactory. The content of major degradants also
did not increase, meeting the pharmacopoeia stand-
ards. Accelerated stability profile of bilayer tablets
was found to be satisfactory. No signs of degradation
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ABSTRACT

Quinazoline scaffold was found to be a promising nucleus for the design
and development of anticancer and antibacterial agents. In this work, we
reported the synthesis of several quinazoline derivatives 3-7 starting from
N-methylisatoic anhydride (1). The cytotoxicity and antibacterial activities
of synthesized compounds were evaluated utilizing 3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay and broth mi-
crodilution test, respectively. Synthesized quinazoline compounds showed
moderate anticancer and antibacterial activities and the most promising
is the cytotoxicity of compound 7 in both cell lines, breast cancer (MCF-7)
and human prostate cancer (PC3). Since the quinazoline nucleus is report-
ed in literature as privileged structure, further enhancement of activity of
our synthesized quinazoline derivatives could lead to the discovery of nov-
el potential antineoplastic and antibacterial agents.

1. Introduction

A myriad of drugs and lead compounds pharmaceutically active possess het-
erocyclic moieties which confer a privileged physicochemical property"? Par-
ticularly, the heteroaromatic quinazoline it is well known to be associated
with several pharmacological activities, such as, anti-cancer?, anti-microbial*®,
anti-cholinesterase®, anti-inflammatory’, antihypertensive®?, sedative-hypnot-
ic®, anti-histaminic '° and anti-viral activities!’. The quinazoline nucleus al-
most certainly depict one of the mostimportant privileged structures and may
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Figure 1: Quinazolines with reported anticancer and antibacterial activities.

emerge as new-fashioned approach for the discov-
ery of new drug candidates, targeted at various bio-
logical macromolecules!?'3. The multiple biological
activities of quinazoline derivatives have attracted
the attention of pharmaceutical chemists to investi-
gate this scaffold for its potentiality against several
diseases, particularly, as anti-neoplastic'* and anti-
bacterial lead compound®®. There are many quinazo-
line derivatives used clinically as anticancer agents,
like, gefitinib, lapatinib (1a), dacomitinib and a se-
ries of analogues in preclinical and clinical trials (1b,
Figure 1)1618,

The continued manifestation of bacterial resist-
ance against the classical antibiotics has stimulated
a intensive search for new classes of agents with in-
novative antibacterial mode of action'®?!, including
quinazoline based agents. Van Horn et al. reported
that some N2,N4-disubstituted quinazoline-2,4-di-
amines with excellent in vivo efficacy provided com-
plete, or nearly complete protection to mice infect-
ed with lethal dose of S. aureus, even better than the
positive control vancomycin (1c and 1d, Figure 1)*2

Due to the prevailing interest on quinazoline scaf-
fold as anticancer and antibacterial agents, in the
present work, we report the synthesis of two novel
spiro-quinazoline derivatives (4 and 6, Scheme 1),
as a continuation of our previous work?*-2*, Addition-
ally, we synthesized a derivative 7 (Scheme 1) con-
taining antioxidant moiety which has been conjugat-
ed to the spiro-quinazoline scaffold. The anticancer
activity and cytotoxicity of the newly synthesised
compounds as well as of two previously synthesised
(3, 5 Scheme 1) was evaluated in vitro against MCF-
7 and PC3 cancer cells. Furthermore, their antibacte-
rial activity against S. aureus, E. coli and P. aerugino-
sa were evaluated.

2. Experimental

2.1. Reagents and materials

All chemicals and solvents were purchased from
commercially available sources and were of ana-

lytical grade. N-Methylisatoic anhydride, N, N'-Di-
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Scheme 1. Synthesis of quinazoline derivatives 3-7.

cyclohexylcarbodiimide (DCC), chlorotrimethyl-
silane (TMSCI), LiAlH,, trans-cinnamic acid, SOCI,
tetrahydrofuran (THF) were purchased from Sig-
ma-Aldrich (UK). NH,OH 32% from ALPHA chemi-
ka, ethylacetate from LiChrosolv®, n-hexane from
Tedia®, p-toluene-4-sulfonicacid monohydrate, hy-
drochloric acid (HCI) 37 %, sodium sulfate (Na,SO,)
anhydrous and DCM were purchased from (AZ
chem for chemicals), methanol (GC grade incom-
pliance to the specification of USP, BP, EP grade.
Lab Chem). Reaction monitoring of the synthesized
compounds was performed by Thin Layer Chroma-
tography (TLC) on commercial silica gel 60 A on al-
uminium foils with fluorescent indicator 245 nm
purchased form Sigma-Aldrich.

2.2. Gas chromatography-mass spectrometry (GC-MS)

GC-MS was used for the separation of the mixture com-
ponents and to identify their molecular weight on the
same run and was done on GC-2010 plus Shimadzu
with flame ionization detector (FID). The Perkin-Elm-
er column length 25 m, methyl 5% phenyl silicone, 0.32
mm inner diameter 1.0 pm film thickness was used.
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2.3.'H and *C NMR spectroscopy

'H and '3C NMR spectra were acquired at 500.13 and
125.75 MHz, respectively, using a Bruker Avance III
500 spectrometer (Bruker, Karlsruhe, Germany).

2.4. Cell Lines and Culture Conditions

Human hepatocellular carcinoma cell line HepG2 (HB-
8065), Human androgen-resistant (PC3) and Normal
dermal fibroblast cells were obtained from the Ameri-
can Type Culture Collection (ATCC, Rockville, MD, USA).

MCF-7, and dermal fibroblast cells were cultured
in DMEM, while PC3, were cultured in RPMI-1640 me-
dium; media contained 10% heat-inactivated fetal bo-
vine serum (FBS), 1% (v/v) of penicillin (10,000 units/
mL)-streptomycin (10 mg/mL), and 1% (v/v) L-glu-
tamine (200 mM) (all from Sigma-Aldrich). All cell lines
were cultured at 37°C in a 5% CO,, fully humidified
atmosphere.

2.5. Cytotoxicity Assay

Cell lines were seeded in 96-well flat-bottomed mi-
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croplates in 100 pL culture medium at the following den-
sities: PC3, and MCF-7 cells (3 x 103 cells/well); Dermal
fibroblast cells (4.0 x 103 cells/well). Cells could adhere
for 24 h. Then, the medium was replaced with fresh me-
dium alone or with the tested compounds at increasing
concentrations from 0 to 250 pg/mL for cancerous cell
lines and to 500 pg/mL for the normal dermal fibroblast
cells. The reference drugs cisplatin (0-100 uM) and dox-
orubicin (0-10 pM) were included as positive controls
for growth inhibition.

After 72 h, cell viability was assayed using the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay. All experimental conditions were
tested in triplicate and the experiment was performed
three times. Half maximal inhibitory concentrations
(IC,,, the concentration required for 50% in vitro inhibi-
tion of growth) were calculated for each experiment us-
ing Graphpad prism software (Version 8, San Diego, CA,
USA). IC, values were reported as mean + SD.

2.6. Bacterial preparation and antimicrobial assays
2.6.1. Preparation of compounds stock solutions

Stock solutions of each compound were prepared by dis-
solving each pure compound in DMSO to get a solution
with concentration of 1 mg/mL. Similarly, the standard
antibiotics were also dissolved in DMSO and phosphate
buffer saline (PBS) in a concentration of 1 mg/mL.

2.6.2. Bacterial strains and growth conditions

The following bacterial strains were employed in this in-
vestigation: S. aureus ATCC 29350, MRSA (clinical iso-
late), E. coli 25922, and P. aeruginosa 27853. The culti-
vation media for P. aeruginosa and E. coli were tryptone
soy agar (Oxoid, UK), while 5 % defibrinated sheep
blood added to Columbia blood agar base (Oxoid, UK)
was the medium used for S. aureus. The bacterial cul-
tures were aerobically grown at 37°C for 24 h. For anti-
microbial testing, bacterial cultures were prepared by
picking colonies from mid-logarithmic phase of growth
and suspended in 5 mL of Mueller-Hinton broth with
suitable supplements. The bacterium inoculum sizes
were adjusted to be 108 CFU/mL for all strains.

E Alhudaby et al, Pharmakeftiki, 34, 111, 2022 | 132-142

2.7. Antimicrobial susceptibility testing and MIC
determination

2.7.1 Disk diffusion

For the disk diffusion assay, bacterial suspensions were
prepared to the standard McFarlands 0.5 and subse-
quently uniformly spread on a solid growth medium in
a Petri dish. Sterile paper disks (6 mm in diameter; Bec-
ton, Dickinson & Co.) were placed on the surface of each
agar plate and were impregnated with 20 uL solution
of each compound. Plates were incubated for the rec-
ommended time periods (24-48 h) under appropriate
cultivation conditions. Antibacterial activity was deter-
mined if the tested compound produced an inhibition
zone around a disk following the incubation according
to the method outlined by Valgas et al.?>. Disks impreg-
nated with sterile DMSO served as negative controls and
disks with standard antibiotics (vancomycin, ciproflox-
acin, and clarithromycin (Oxoid, UK)) served as posi-
tive controls. Measurements at each concentration were
performed in triplicates.

2.7.2. Broth microdilution

For the broth microdilution test, 50 uL of each bacteri-
al suspension in a suitable growth medium was added
to the wells of a sterile 96-well microtitre plate already
containing 50 pL of two-fold serially diluted compound
or standard antibiotic in proper growth medium; the fi-
nal volume in each well was 100 uL. Control wells were
prepared with culture medium, bacterial suspension
only, compound only, and DMSO in amounts correspond-
ing to the highest quantity present. The contents of each
well were mixed on a microplate shaker (Eppendorf,
Hamburg, Germany) at 900 rpm for 1 min prior to incu-
bation for 24 h in the cultivation conditions described
above. The MIC was recorded as the lowest concentra-
tion where no viability was observed after 24 h based on
metabolic activity?®. To indicate respiratory activity, the
presence of color was determined after adding 10 1L /well
of INT (2-p-iodophenyl-3-p-nitrophenyl-5- phenyltetra-
zolium chloride, Sigma) or TTC (2,3,5-triphenyltetrazoli-
um chloride, Sigma) dissolved in water (INT 2 mg/mL,
TTC 20 mg/mL) and incubated under appropriate culti-
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Figure 2: 'H-NMR spectrum for compound 7

vation conditions for 30 min in the dark (Ellof, 1998). To
determine the ATP activity, the bioluminescence signal
was measured by a Microplate Reader (Tecan, Manne-
dorf/Zurich, Switzerland) after adding 100 1L /well of
BacTiter- GloTM reagent (Promega, Madison, USA) and
after 5-min incubation in the dark?. Positive controls
were wells with a bacterial suspension in an appropri-
ate growth medium and a bacterial suspension in an ap-
propriate growth medium with DMSO, in amounts cor-
responding to the highest quantity present in the broth
microdilution assay. Negative controls were wells with
growth medium and the compound. All measurements
of MIC values were repeated in triplicate.

3. Results
3.1. Synthesis of quinazoline derivatives

3.1.1. 1'-methyl-1'H-spiro[cycloheptane-1,2"-quina-
zolin]-4'(3'H)-one (4)

Asolution of 0.657 g of toluene-4-sulfonic acid monohy-
drate (0.00345 mol) with 10 ml cycloheptanone (0.0829
mol) were stirred to 10 min. under reflux (85-90°C).
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Figure 3: 3C-NMR spectrum for compound 7

Subsequently, compound 2 (4 g, 0.0266 mol), which
dissolved in 40 ml of methanol, was added drop wise
to the reaction mixture. After 4 hours the reaction was
cooled down to room temperature and the stirring had
been continued overnight. At the complete consumption
of the starting material the organic phase was concen-
trated under reduced pressure. The residue was puri-
fied by crystallization from hot methanol to afford (6.11
g,94% yield) as white crystals. Rf = 0.6 (n-hexane: ethyl
acetate = 1:1). ""-NMR (500 MHz, CDCL,): § = 1.56-1.99
(m, 12H, 2'-H2 - 7'-H2) 2.81 (s, 3H, CH3), 6.62-6.64 (d,
1H, ] = 8.2 Hz, ArH), 6.76-6.79 (dd, 1H, ] = 7.35, 7.25,
ArH), 7.32-7.36 (dd, 1H,] = 7.8, 7.45 Hz, ArH), 7.58 (s,
1H, NH), 7.88-7.90 (d, 1H, ] = 7.45, 1H, ArH). *C-NMR
(125 Hz, CDC,,): 6 = 22.97 (2C, cyclohept.), 30.46 (2C,
cyclohept.), 31.29 (NCH3),37.98 (2C, cyclohept.), 76.95
(NCN),112.62 (arom.), 116.72 (arom.), 117.59 (arom.),
128.13 (arom.), 134.01 (arom.), 148.14 (arom.), 164.51
(CO).GC-MS: m/z =244, (tR = 26.1 min).

3.1.2 1'-methyl-3', 4’-dihydro-1'H-spiro (cyclohep-
tane-1, 2'-quinazoline) (6)

To a solution of 4 (1.5 g, 0.00614 mol) in 15 ml



E Alhudaby et al, apuaxevtiky, 34,111, 2022 | 132-142

E Alhudaby et al, Pharmakeftiki, 34, 111, 2022 | 132-142

(x10,000,000) Max intensiy : 18,468,374
2047¢ Tme 40095 Scan® 9,000 Wten. 14,999,771 Oven 1empzs0.00
1.5
1.04
059

) 4 ¥ T T T l T T T

50 75 100 125 150 175 200 25 20 275 300 325 350 35 400 425 40 45

(x10,000.000) Max Intensiy : 18,468,374
2,0-{7C (1.00) Time Scan# Inten (Oven Temp|
1.0

T T T - T T T T T J[ T T 1

50 75 100 125 150 175 200 25 20 275 300 25 350 375 400 25 450 475
snttfl:Scan RetTime: [34.775] Scank : [5956]

k Base Peak 131982687 [
100 o 13 20 mz Abs. Inten Rel Inten.

Al O
o % % L N b 17 216 29 8 T O e M Y 491

20 500 750 1000 1250 1500 1750 2000 2250 2500

50 W00  350—"3500 50 400 4250 4500 4750 5000

Figure 4: GC-MS spectrum for compound 7.

of THF anhydrous was added TMSCI (4.669 ml/
0.0368 moles). The solution was stirred at room
temperature for 15 minutes. then LiAlH, (2.796
g, 0.0786 mol) was added and allowed to stir for
2 hours more until no 4 left. the reaction was
quenched adding dropwise 3.3 mL H20 distilled
water followed by adding the same quantity of
aqueous sodium hydroxide, and finally adding 10
mL H20 with constant stirring for 15 min. The re-
action mixture was extracted with ethyl acetate and
dried over anhydrous MgSO, and then concentrated
under reduced pressure and gave the pure desired
product without further purification as brownish
oily liquid (1.42 g, 95% yield). Rf = 0.2 (n-hexane:
ethyl acetate = 1:1). 'H-NMR (500 MHz, CDCI3): § =
1.40-1.98 (m, 12H, cycloheptyl), 2.75 (s, NH, brd),
2.90 (s, 3H, CH3), 3.82 (s, 2H, CH2), 6.67-6.71 (m,
2H, ArH), 7.08 (d, 1H, ] = 7.1 Hz, ArH), 7.26 (dd,
1H,J1 = 7.7 Hz, J2 = 0.1 Hz, ArH). '*3C-NMR (125
Hz, CDCI3): 8 = 23.11 (cyclohept.), 24.26 (2C, cyclo-
hept.), 28.71 (cyclohept.), 30.24 (CH3), 34.87 (2C,
cyclohept.), 51.33 (CH2N), 58.54 (NCN), 109.68
(arom.), 116.14 (arom.), 124.49 (arom.), 128.56
(arom.), 129.30 (arom.), 149.59 (arom.). GC-MS:
m/z =232, (tR =12.5 min.).

3.1.2. (E)-1-(1"-methyl-1',4"-dihydro-3'H-spiro[cy-
clopentane-1,2'-quinazolin]-3'-yl)-3-phenylprop-
2-en-1-one (7)

To a solution of cinnamic acid (217 mg, 0.00146
mol) in THF anhydrous were added triethylamine
(608.2 pl, 0.00438 mol) and thionyl chloride (106 pl,
0.00146 mol), respectively. The solution was stirred
for 5 minutes and then a solution of compound 5
(300 mg, 0.00146 mol.) in THF anhydrous was add-
ed. The reaction was monitored using TLC and GC-MS
and quenched within 2 hours before quenching with
deionized water. The reaction mixture was extracted
with ethyl acetate and dried over anhydrous MgSO,
and then concentrated under reduced pressure. The
resulting crude product was purified by crystalliza-
tion from hot methanol, to afford the title compound
as white crystals with ayield of 46%. Rf = 0.29 (n-hex-
ane: ethyl acetate = 4:6). 'H-NMR (500 MHz, CDCI3)
6=1.23-1.84 (m, 8H, cyclopentyl), 2.86 (s, 3H, CH3),
4.30 (s, 2H, NCH2), 6.66 (s, 2H, arom.), 7.05 (dd, 1H,
arom.), 7.19-7.55 (m, 7H, CH=CH and arom.), 7.7 (dd,
1H, arom.). (Figure 2).

13C-NMR (125 Hz, CDCI3): 6§ = 23.90 (2C), 30.42
(2C),36.40,44.3,110.08 (2C),117.58,118.84,122.06,
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Table 1: Reaction conditions for the synthesis of compound 7 using DCC.

1 1.05 1 EtOAc 0 50-78 NP
1 4 4 THF 5 RT <5
1 4 4 THF 15 RT <5

*NP: No product was formed

Table 2: Optimization of reaction conditions used for the synthesis of compound 7 using
SOCL..
2

1 1 3 DCM 0 NP*
1 1 3 DCM 5 30
1 1 3 THF anhydrous 5 46
1 1 3 THF anhydrous 10 NP
1 1.5 5 DCM 5 NP
1 1.5 5 THF anhydrous 5 NP

*NP: No product was formed

127.85 (2C), 128.75 (2C), 129.54 (2C), 135.38 (20),
142.75,145.26,167.75. (Figure 3).
GC-MS: m/z =334, (tR = 34.77 min.). (Figure 4).

4. Discussion
4.1. Synthetic chemistry

2-(methylamino)benzamide (2), 1'-me-
thyl-1H'-spiro[cyclopentane-1, 2'-quina-
zolin]-4'(3'H)-one (3) and 1'-methyl-3', 4'-dihy-
dro-1'Hspiro[cyclopentane-1, 2'-quinazoline] (5)
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were synthesized with excellent yield by the previ-
ously reported methods (Scheme 1)2%?7. Regarding
the synthesis of compound 4 the order of the reagent
addition was fundamental to obtain an excellent yield.
Firstly, reacting p-toluene sulphonicacid (p-TSA) with
cycloheptanone to activate carbonyl group, whereup-
on after 10 minutes the addition of compound 2 to the
mixture allowed the formation of the spiro compound
4. Compound 6 was formed by activation of carbon-
yl carbon of the amide group (compound 4) utilizing
trimethylsilylchloride (TMSCI) followed by a reduc-
tion step with LiAlH,. To optimize the reaction yield,
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Table 3: Half-maximal inhibitory concentrations (IC, ) of tested compounds in human

breast, prostate, and normal dermal fibroblast. Values are mean +SD expressed in pg/mL.

Compounds Cell line
MCEF-7 PC3 Dermal/Fibroblast
3 80.5+£12.2 > 250 > 500
4 80.5+9.7 > 250 > 500
5 > 250 > 250 >500
6 145.5+33.4 > 250 > 500
7 20.3+£5.6 89.5+10.2 332.6 +14.4
Doxorubicin 0.64 +0.4 23+13 >100
cisplatin 14.6 +2.8 16.2+1.6 > 100

we noticed that the optimum activation time of com-
pound 4 with TMSCl was 15 minutes.

Compound 7 was synthesized utilizing tow meth-
ods. Firstly, utilizing of dicyclohexylcarbodiimide (DCC)
as activating agent for carboxylic acid group to form a
good leaving group which could be subsequently dis-
placed by the secondary amine group, but the desired
product was not formed even after 24 hours. For this
reason, the procedure has been modified by increasing
the activation time of cinnamic acid with DCC to 5 min-
utes before the addition of compound 5, the target prod-
uct was formed after 2 hours in a small yield (< 5%) (Ta-
ble 1). Secondly, utilizing SOCI, as activating agent and
differentreaction conditions it was observed that the ac-
tivation time was fundamental to increase the yield up
to 46% (Table 2).

4.2. Biological evaluation
4.2.1. Cytotoxicity
The tested compounds 3-6 showed no significant activi-

ty against prostate tumor cell lines except for compound
7 with 1C50 0f89.5 +10.2 pg/mL, which showed moder-

ate activity . In contrast, moderate activity against MCF-
7 was observed for compounds 3, 7 and 4 with IC50=
80.5+12.2 ng/mlL, 20.3+5.6 pg/mLand 80.5+9.7 pg/mL
respectively (Table 3). In the light of results, compound
7 exhibited to be a potential candidate as anticancer
agent that belongs to this family. This biological activity
could be related to the chemical modification of 5 by the
introducing of cinnamoyl moiety. In literature the mech-
anism of action of several quinazoline derivatives is re-
ported, according to which their anticarcinogenic activ-
ity is exhibited by inhibition of intracellular targets like
topoisomerase or cyclin dependent kinases?. This is will
be the next step to elucidate their mode of action, for in-
stance by molecular docking in future studies. Moreover,
since the tested compounds are more effective against
MCF-7 cells, potential new target candidates are sug-
gested like epidermal growth factor receptor (EGFR)?.
Further investigations including gene expression analy-
sis are required to dedicate possible mechanisms of ac-
tion of these derivatives.

4.2.2. Antibacterial activity

It has been noticed that the test compounds (3-7) did
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Table 4: Antimicrobial activity and MIC determination of tested compounds.

Antimicrobial activity
Compounds
Zone of inhibition (MIC value ug/mL)
S. aureus E. coli P. aeruginosa
ATCC 25923 ATCC 25922 ATCC 27853
3 0 (NP) 0 (NP) 0 (NA)
4 0 (NP) 0 (NP) 0 (NA)
5 0 (NP) 12 (62.5) 10 (125)
6 0 (NP) 12 (62.5) 10 (125)
7 0 (NP) 0 (NP) 0 (NA)

NA = not active

not exhibit any antibacterial activity against Gram posi-
tive S. aureus. However, compounds 5 and 6 showed mod-
erate antibacterial activity against against Gram negative
P. aeruginosa (Table 4). Moreover, quinazolinone deriva-
tives 3 and 4 have demonstrated to be devoid of any anti-
bacterial activity against Gram positive and Gram negative
bacteria, which proves that quinazoline derivatives 5 and 6
(reduced structures of quinazolinones) possesses a supe-
rior activity against Gram negative bacteria. Compound 7
is lacking any antibacterial activity against tested bacteri-
al strains, which highlights the fact that the conjugation of
quinazoline nucleus with the antioxidant lipoic acid abol-
ished the antibacterial activity.

5. Conclusion

Several quinazoline derivatives were synthesized
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in a good yield. Their biological evaluation showed
that compound 7 possesses promising cytotoxici-
ty in both cell lines, breast cancer (MCF-7) and hu-
man prostate cancer (PC3). These results offer a
new quinazoline-based template to design and de-
velop novel antineoplastic and antibacterial agents,
therefore, additional in vitro and in vivo studies are
required to reveal their possible mechanism of ac-
tion. O
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EKAHAQXEIY - MEETINGS

* SEPTEMBER 4-8,2022 NICE, FRANCE
XXVII EFMC INTERNATIONAL SYMPOSIUM ON MEDICINAL CHEMISTRY

https://www.efmc-ismc.org/

* SEPTEMBER 8-9, 2022 - NICE, FRANCE
EFMC YOUNG MEDICINAL CHEMISTS' SYMPOSIUM
www.efmc-ymcs.org

* SEPTEMBER 26-30, 2022. HEIDELBERG, GERMANY
23RD EUROQSAR SYMPOSIUM, “INTEGRATIVE DATA-INTENSIVE APPROACHES TO DRUG DESIGN
www.euroqgsar2022.org

* OCTOBER 3-4, 2022 ATHENS, GREECE
BIOAVAILABILITY- BIOEQUIVALENCE,
Info: P. Macheras, Faculty of Pharmacy, University of Athens

« DECEMBER 15-17, 2022 IISTANBUL, TURKEY
8TH INTERNATIONAL BAHCESEHIR UNIVERSITY (BAU) DRUG DESIGN CONGRESS
https://www.baudrugdesign2022.com

JUNE 11-14,2023 IOANNINA, GREECE
16TH INTERNATIONAL SYMPOSIUM ON APPLIED BIOINORGANIC CHEMISTRY
https://isabc2023.com/registration/
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