o UNIVERSITATEA DE STAT DE MEDICINA SI FARMACIE
+Z2 ,NICOLAE TESTEMITANU” DIN REPUBLICA MOLDOVA

FACULTATEA DE MEDICINA
Catedra de biochimie si biochimie clinica

Teza de licenta

Cofeina: implicatii metabolice
in norma si patologii.

Student: Violeta Lambantu,
grupa M1527

Conducator stiintific:
Silvia Stratulat,

doctor in stiinte medicale,

conferentiar universitar



ACTUALITATEA TEMEI

Cofeina:

Este cel mai
consumat
psihostimulant
la nivel mondial.

Are multiple
efecte asupra
sistemelor
precum ar fi:
SNC,
cardiovascular,
endocrin si
gastrointestinal.

Exercita o gama
larga de efecte
asupra
organismului,
atat pozitive, cat
si negative.

Impactul asupra
sanatatii poate
fi modificat de
factori genetici,
varsta, sex,
medicamente si
alte expuneri la
mediu.



ACTUALITATEA TEMEI

In mod natural ea se contine in peste 60 de specii de cafea, ceai
si cacao, dar este si adaugata in bauturi racoritoare si de asemenea
este componenta a unui numar mare de medicamente (analgezice,
suplimente dietetice, remedii raceala/gripa).




ACTUALITATEA TEMEI

Waick Foods and Beverages Contain Caffeine

Table 1. Caffeine source and amount of caffeine content

CAFFEINE CONTENT CHART MiLLicEAMS OF CAFFEINE
ITEM TYPICAL RANGE"
Coffee (8 oz. cup) Brewed, drip method 13 b5-120
Ingtant 75 Gio-Bg
Decaffeinated 3 F I
Espresso 1 0z cup) 40 Jo-50
Teas (8 oz, cupl Brewed, major LS, brands 40 .':'rr ;;.ra
Brewed, Imported brands Go 28140
Ivatat B ELREL
Igid 5 G50
Soft drinks [Cols - 12 02, serving) 40 yo-bo
Emergy drinks (Approx 250 mi -8 3 02, serving) Bo o160
Cocoa beverage (8 oz serving) 6 332
Chacolate milk beverage (B oz serving) [ e
Solid Milk chocolate (1 oz serving] 3 15
Salid Dark chocolate, semi-sweet (1 01, serving) ao 5-35
Baker's chocolate (1 oz serving) 26 16
Chacolate flavored syrup (1 oz serving) 4 4
'I'Jur. ta breswcinn g e, planel wineef)y deand, formialion ebo

Intr-o ceasca de cafea naturala (espresso) se
contin aprox. 60mg cofeina.

https://doi.org/10.1136/bmj.j5024




SCOPUL STUDIULUI

Elucidarea mecanismelor de actiune,
efectelor metabolice si fiziologice ale cofeinei
In norma si diverse patologii pentru
evidentierea raportului risc/beneficiu a
consumului de cofeina/cafea.




4

OBIECTIVELE CERCETARII

~ Studierea proprietatilor fizico-chimice, metabolizarii si
J mecanismelor de actiune ale cofeinei.

2 Identificarea efectelor metabolice si fiziologice ale cofeinei.

5 X Elucidarea efectelor protectoare si nocive ale cofeinei in
/ diverse patologii.

»

- Evidentierea abordarilor terapeutice ale cofeinei si deslusirea

) perspectivei administrarii ei in noi domenii medicale.



STRUCTURA COFEINEI
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Spiller, M.A. 2008. The Chemical Components of Coffee. In: Caffeine. pp. 97-161. Spiller, G. A., Ed., CRC Press, Boca Raton. B



METABOLISMUL COFEINEI (II)

Caffeine (1,3,7 TMX)

CYP1A2

3-demethylation

CYP2EL

CYP1A2
CYP1A2
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1-demethylation

7-demethylation
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3-demethylation Ll
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X0 NAT2
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Mandel HG. Update on caffeine consumption, disposition,

1234.

and action. Food Chem Toxicol 2002; 40:1231-
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Ryanodine-
sensitive calcium

Ryanodine-
insensitive
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Kaster MP, Machado NJ, Silva HB, et al. Caffeine acts through neuronal adenosine A 2A receptors to prevent mood and memory dysfuncjior_}fj
triggered by chronic stress. Proc Natl Acad Sci. 2015;112:201423088.
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Zulli, A., Smith, R.M., Kubatka, P. et al. Caffeine and cardiovascular diseases: critical review of
current research. Eur ] Nutr 55, 1331-1343 (2016). https://doi.org/10.1007 /s00394-016- M :
1179-z



RECEPTORII ADENOZINICI (II)

Extracellular

— L S
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Kolahdouzan M, Hamadeh M]. The neuroprotective effects of caffeine in
neurodegenerative diseases. CNS Neurosci Ther. 2017;23:272-290.
https://doi.org/10.1111/cns. 12684
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g Efectele cardiometabolice

CENTRAL ILLUSTRATION: Effects of Caffeine at a Cellular Level

CAFFEINE

CAFFEINE

& ATP
= cAMP

\PDV PI%A
enosine '~

Ad 5'-AMP ‘

Sarcoplasmic
reticulum

Voskoboinik, A. et al. J Am Coll Cardiol EP. 2018;4(4):425-32. B




= EFECTELE COFEINEI ASUPRA SNC

Activarea psthomotorie a

e g ~ Intensifica activitatea Starea de neliniste,
f:of.elpel se datoreaz.a efectu1.u1 psihici - efectului alerta si excitare se
1nh1b1tqr a receptorilor Al a1 inhibitor a receptorilor induce prin Inhibitia

H,yC /CH_,, . . O
adenozinel Suie ) y } adenozine1 A2A - receptorilor GABA
2 a 3 - 4
A Activeaza neuronii

| CAFFEINE
CH

norepinefrinici g1 stimuleaza
eliberarea de dopamina in
manierd dependenta de

doza. Stimuleazi eliberarea de
glutamat, cel mai abundent
din punct de vedere

cantitativ mediator activator
al SNC (circa 40% din tot

Mobilizarea calciului in neuron din rezervele stocul de mediator1 este pe
intracelulare, fapt ce conduce la activarea metabolica contul glutamatului).

s1 functionala a neuronilor - stimularea functiei

cognitive, memoria, agerimea) Sawynok J. Adenosine receptor targets for p1a31n7

Neuroscience. 2016;338:1-18.



EFECTELE COFEINEI ASUPRA SCV

Cofeina creste nivelul angiotensinei II (Ang IT) @ @ @ "'{'

s1 a catecolaminelor (prioritar al epinefrine), e N ‘-1" -m]'rst‘wil,:l,';q'-~:~T1 %0
fapt ce rezulta in: HHR B vuunun i m Koy
o Igonstricgia vaselor rezistive si elevarea ,‘}f{mﬁwwﬁy‘w g *‘* B *'e H ddedde 00000
tensiunii arteriale sub actiunea Ang I1; I ) ey oA

e cresterea contractiei cardiace, precum si a j= | .
frecventei contractiilor cardiace (FCC) — efectul s#1 " A ...
epinefrinei, mediat prin receptorii betal - i
adrenergici expresati pe cardiomiocite si pe T " T
celulele din nodul sino-atrial (pace-maker-ul 1). ", 9. e
Cresterea contractiei cardiace este si rezultatul “wi EHE ] @ o)
activarii de cofeina a receptorilor rayodineide f@

pe membrana reticulului sarcoplasmic, care l;. i % - P~ f'
asigura o eliberare mai mare a ionilor de Ca2+ s G S @ ‘f. '

din acest depozit in sistola cardiaca. imaid

Gabriel Faria-Costa, Adelino Leite-Moreira, Tiago Henriques-Coelho Cardiovascular effects of the angiotensin type 2 receptor Revista Portigeza de x
Cardiologia, Vol. 33. Num. 7 - 8.paginas 439-449 (Julho - Agosto 2014) 14



https://www.revportcardiol.org/pt-vol-33-num-7-sumario-S2174204914X00085

‘ EFECTELE COFEINEI ASUPRA SCV

Cresterea frecventei contractiilor cardiace de cofeina poate fi si independent de
efectul epinefrinel asupra nodului sino-atrial, data fiind capacitatea cofeinei de a
potenta procesul de fosforilare a fosfolambanului.

Fosfolambanul este o glicoproteina in
cardiomiocit, care controleaza
activitatea pompei de Ca a reticulului
sarcoplsamic (SERCAZ2a): in
fosforilare fosfolambanul nu inhiba
SERCAZ2a, 1ar in defosforilare — _ :
invers. Deci, daci cofeina faciliteaza srmempran ‘J
fosforilarea fosfolambanului, atunci 3 ” {ELLLLEL
SERCAZ2a este activata si drept
rezultat se intensifica furnover-ul SR lumen
calciului 1n ciclul sistola-diastola,
care reprezintd conditia necesara de
crestere a FCC.
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Fill M, Copell JA. Ryanodine receptor calcium release charilgelﬁ.
Physiol Rev. 2002;82:893-922. "



@ EFECTELE COFEINEI ASUPRA SCV

Prin antagonizarea receptorilor A2a (receptorii canalelor
de potasiu dependente de ATP - K,;p receptors),
expresati pe miocitele netede vasculare, determinand
vasoconstrictie.

Cresterea tonusului vascular si a tensiunii arteriale sub
actiunea cofeinei (In special la administrarea indelungata)
este determinata si de remodelarea morfo-functionala a
peretelui vascular, manifestata prin cresterea rigiditatii
vasculare (fenomen echivalent reducerii compliantei
vasculare sau elasticitatii vasculare).

Acest fenomen se datoreaza, in primul rand, cresterii nivelului Ang II, care va conduce
la hipertrofia mediei musculare a arterelor rezistive (arterele cu musculatura neteda
bine dezvoltata)

Totodata, Ang II creste productia de aldosteron, care va activa fibroblastele din
peretele vascular, determinand sinteza exagerata de colagen fibrilar de tip I si tip IIL.
Excesul de colagen este o cauza importanta privind majorarea rigiditatii peretelui

vascular. 5
160 =



Localizarea in
tesuturi

Arterele coronare

Arterele pulmonare
Microcirculatie

Mezenteric

Aorta

Rinichi:
Circulatia generala
Arteriolele aferente

EFECTELE COFEINEI ASUPRA SCV

Mecanisme
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Laurent C, Burnouf'S, Ferry B, et al. AZA adenosine receptor deletion is protective in a mouse model of Tauopathy. Mol Psychiatry. 2014;2016:97-107.



Efectele fiziologice ale cofeinei

Aparatul respirator

tud: , Aparatul digestiv
~creste amplitudinea si stimuleaza secretia gastrica (HCL s1
frecventa respiratorie (prin epsina) ’ =
stimularea centrului respirator pep — |l ,
bulbar) actiune ulcerigena , la doze mari
-bronhodilatatie;
Aparatul renal Muschii striati
efect diuretic (datorita efectului - stimulare, cu cresterea capacitatii efort
cardiostimulant ,vasodilatator si fizic prin efect central
.Spa.ZII.l(.).ll’.CIC (maj orarii AMPP mmurma - stimularea pind la rigiditate, la doze mari
inhibitiiel fosfodiesterazei si potenterii (efect periferic musculotrop)

actiunii dopaminei) se amelioreaza
hemodinamica sistemica si renala cu
marirea fluxului renal si filtratiei). Ca Efecte metabolice

consecinti creste volumul urinei primare - creste metablizmul bazal (10-25%)

si vitezei ei prin tubii renali ce ducela _ creste temperatura corpului cu 1- 1,5 C
micsorarea absorbtiei apei si sarurilor




EFECTE METABOLICE

Magnesium
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Jane V. Higdon & Balz Frei (2006) Coffee and Health: A Review of Recent Human %%
Research, Critical Reviewsin Food Science and Nutrition, 46:2, 101-123,
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EFECTE METABOLICE

Cytokine
release

Pre-adipocyte

Insulin ==
signaling ; -
GLUTA4 translocation /‘;

Mitochondrial

stress and glucose uptake
Inflammatory
response
Inflammatory function
response Caffeine
b acid
Oxidative l Caffelc acid
ackd
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Brown y .
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|:> ﬂle—Z HO-1
Reactive Oxygen®
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Wouk ], Weber VM, Eltchechem CL, Almeida P, Martins JCL, Malfatti CR, OsieckiR.
Mechanisms and biological effects of Caffeine on substrate metabolism homeostasis: A

systematic review. ] App Pharm Sci, 2017; 7 (06): 215-221.
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levels

- . DOZE MARI DE COFEINA ~ -

letukina f— tAMP"

AMPc ATP
‘I‘Cytokine L 1

levels

Hwang JH, Kim K], Ryu SJ, Lee BY. Caffeine prevents LPSinduced inflammatory 5
responses in RAW264.7 cells and zebrafish. Chem Biol Interact. 2016;248:1-7. -



Cofeina si boala Parkinson

Cofeina fiind un antagonist adenozinic, actioneaza ca un

~ -~ agonist dopaminergic in sistemul nervos central, efect

studiat in studii preclinice.

Studiile epidemiologice arata ca persoanele care nu
beau cafea sau alte bauturi cu cofeina prezinta un risc

mai mare de boala, sugerand ca cofeina poate avea un
efect protector.

Cofeina administrata in doza echivalenta cu trei cesti de
cafea pe zi nu a Imbunatatit simptomele motorii la

pacientii cu boala Parkinson intr-un nou studiu
controlat randomizat.

»




# Cofeina si boala Alzheimer

\

e Unele studii au demonstrat un rol
protectiv pentru declinul cognitiv legat
de virsta, preponderent la femei.

)

e Susceptibilitatea la boala Alzheimer b

pare sa fie legata de expresia genei
NAT?2, cu efect crescut de acetilare,
implicata in metabolismul cofeinei. )

23 =



g Cofeina si patologia hepatica

N
o Cafeina atenueaza progresia fibrozei hepatice
prin inhibarea aderentei si activarii celulelor
hepatice stelate.
J

e O revizuire sistematica a constatat ca pacientii cu\
boli hepatice cronice care consuma cafea prezinta
un risc scazut de progresie la ciroza, o rata mai
scazuta a mortalitatii si o rata mai mica de
dezvoltare a carcinomului hepatocellular.

24 =



Boli cardiovasculare

12-
m <0.5 cups/day (Referent)
1 ®>0.5 to <2 cups/day
m>2to <4 cups/day
- B 24 cups/day
0.6
04 -
0.2 -
0 o p—

CVD mortality | Heart disease mortality

Gerasimos Siasos, Dimitris Tousoulis, Christodoulos Stefanadis Effects of Habitual Coffee
Consumption on Vascular Function Journal of the American College of Cardiology, Volugl&
63, Issue 6, 18 February 2014, Pages 606-607


Presenter
Presentation Notes
Un studiu care a analizat peste 6500 de pacienți a constatat o asociere neutră între consumul regulat de cofeină și acumularea calciu din arterele coronare și accidente cardiovasculare. Pacienții au reprezentat o cohortă multietnică si cercetătorii au ajuns la concluzia că un astfel de consum de cofeină a fost susținut ca parte a unei diete cardioprotective, așa cum este recomandat de American Heart Association.



Diabet zaharat tip 2

Figure 1: Relative Risk of Type 2 Diabetes According
to Coffee Consumption, Body Mass Index and
Physical Activity

12

Relative sk

Inactivity, Activity, Inactivity, Activity,
BMI 230 BMI 230 BMI <30 BMI <30

[ Coffee 27 cups/day ] Coffee 3-6 cups/day [ Coffee 0-2 cups/day

"Slgﬂt‘-:a ntly different from reference group; p<0.05. Source: Hu et al, 2006."
Jiang, X., Zhang, D. & Jiang, W. Coffee and caffeine intake and incidence of
type 2 diabetes mellitus: a meta-analysis of prospective studies. Eur | Nutr
53,25-38 (2014). https://doi.org/10.1007 /s00394-013-0603-x
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Cancerul

eSS eancamele CRL5985 lung cancer cells
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The effect of caffeine on cisplatin-induced apoptosis of lung cancer cells

Gan Wang, Vanitha Bhoopalan, David Wang, Le Wang, Xiaoxin Xu Exp Hematol Oncol.
2015; 4: 5. Published online 2015 Feb 11. doi: 10.1186/2162-3619-4-5

PMCID: PMC4417201 27
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CENTRAL ILLUSTRATION: Cardiovascular Aging and Longevity
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Cofeina nu creeaza depozite energetice,
inlatura doar senzatia de oboseala.

r“f""”‘//"/ AAAAAAAAA — antinewa‘gi'c! p e

i
\ MemoPlusﬂ go;ﬁ \
\ “1R
l\ “'"'“‘”"'m:m‘:tmnx e 2 ti
\
\

Combinatii cu acid

acetilsalicilic,  paracetamol
si/sau codeina fosforica.
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Utilizari terapeutice

Apnea la nou-
nascuti

Cefalee,
migrena,
cefalee post
punctie
lombara
combinate cu
aspirina

amsama=

Astmul
cardiac si
astmul
bronsic
(teofilina)

Inhibitor al
apetitului

30 =



50-300 mg si/sau non-senzitivi

vigilenta crescuta, energie si capacitate
de concentrare

Nu creste riscul de aritmii la pacientii
cu insuficienta cardiaca cronica.

Efect antifibrotic in ficat

Eficienta in cefalee tensionala si
migrena in asociere cu AINS

Efect antioxidant

Risc/beneficiu

> 400 mg pentru adulti

>200 mg pentru gravide

>100 mg pentru adolescenti (12-18
ani)

>2.5 mg pentru copii <12 ani
-sensibili la cofeina

anxietate, neliniste, insomnie si
tahicardie.

Sindromul de sevraj tranzitor

Sindromul hiperadrenergic

Efect hipercolesterolemic (depinde de
modul de preparare ).

.



CONCLUZII

Cofeina reprezinta o metilxantina care actioneaza in
celulele corpului prin diferite mecanisme de actiune
si asupra unei game largi de tinte moleculare. Aceasta
intervine ca antagonist al receptorilor adenozinici,
inhibitor al enzimelor fosfodiesterazei, si
sensibilizator al canalelor de eliberare a calciului

Metabolizarea cofeinei are loc in ficat sub actiunea
izoenzimelor citocromului microsomal hepatic P450
(CYP1A2 si CYP2(C9). Metabolismul cofeinei este
afectat de multi factori endogeni si exogeni, cum ar fi
determinantii genetici, varsta, sexul, sarcina, dieta,
stilul de viata, fumatul, factorii de mediu,
medicamentele si unele patologii.



CONCLUZII

Implicarea cofeinei in neurotransmisie este urmata de
directionarea unor cai de semnalizare intracelulara.
Datorita atat blocarii efectelor inhibitoare ale adenozinei
prin receptorii sai, cat si a enzimelor monoaminooxidazei,
acetilcolinesterazei cofeina poate determina indirect efecte
secundare pe multe clase de neurotransmitatori. La randul
sau, aceasta va influenta un numar mare de functii
fiziologice diferite

Cofeina este implicati in reglarea homeostaziei
metabolismului glucidic si lipidic; (activeaza lipoliza in
tesutul adipos; glicogenoliza in tesutul muscular si activeaza
expresia genica a GLUT4. Administrarea cronica a cofeinei
reduce nivelurile de citokine proinflamatorii, inhiba SRO si
activeaza enzimele sistemului antioxidant



CONCLUZII

Studiile epidemiologice au relevat ca cofeina poate incetini
declinul cognitiv legat de varsta, reduce riscul unor tulburari
neurologice, metabolice, cardiovasculare si poate promova
longevitatea. Cu toate acestea, vor fi necesare studii
suplimentare, cu accent pe neurobiologie, pentru a elucida
potentialul efect abuziv asupra consumului de cofeina, riscurile
si beneficiile acesteia.

Inclus in categoria stimulentelor corticale (psihostimulente)
cofeina exercita un efect stimulator pe scoarta cerebrala
,Stimuleaza centrul respirator, centrul vasomotor, centrul vagal ;
potenteaza efectele analgezice ale unor medicamente. O gama
de efecte atribuite cofeinei printre care enumeram efectele
antiinflamatoare, anti-apoptotice, antioxidante sunt
indispensabile in descoperirea de noi remedii farmaceutice si
prevenirii bolilor cum sunt diabetul zaharat tip 2, cancerul,
boala Parkinson si Alzheimer, incurabile la moment

»
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FHYSIOLOGICAT. AND FATHOLOGICAL METABOLIC
IVMPLICATIONS OF CAFFEINE

Inpreducton. Cafferne 15 ome of e mos widely conmmed aubsiancer m ghe world av of e
cormamed oy beverages such av sea, coffee, emergy drmks and some drugs. iy consumpraon feay
Been relmted fo several bemeficial effecis om fbman body healh meludmg ennocidons, anrr-
mflammatory, celfsiar redoy i addtion o dose well-mown - aronsal, alerimess, mproved mood
the releene of catecholomines, eic. The mechausmes by whach coaferne aots n sysieme mefobolioe
are deffcrersly recogrized, although i i suppored fo be the abality of caffeme to irber adenosine
recepiors o the cenfrel nervous setenr. Wigh consumptaon of coffeme o related fo fow mcsdence
of mmerous pedodomes Iike Parkanson and A bhemer diseaes, npe 2 diaberes melitus, obesty,
oardovaseular divedases, Immnne SeRem diseases and caner.

Eepwords: cafferne, methyinawme, mesmhodic effects af caffeme.

The purpose of the study was 1o wdentify caffeine’s mechamizme of acion and
it physiological and pathological metsholic effects in order to identify the factors
which influence the ik hensfit ragoe in caffeins consumption.

Materials and methods. We conducted a Literaiure review of data oo potental
effects of caffeine published from 201% to Tamuary 2021, The latest findines amd
rezaarch on the mechanisms of acton and affects of caffeine have bean analyzed
and synthesized, using the desoriptors “caffeine”, “metabolic effects of caffeine™
and “methybanthina”.

Results. Caffsine is a widely consumed meshylxanthine thronghous the world
According to literanmre data, the caffeine increases the epsrgetic metbolism
throughomt the brain decreases cerebral blecd flow, activates norepinephrine
neurons, the amtagomizm on adenosine receptors, a5 well as inhibidon of
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cycloonygenase activity af soms sifes, detenmines anfinociceptive effects In
addition, caffeine has been shown toe release calcium from miracellular storage
pools, however in high concenTations. There is some evidence that caffeins may
also be 2 histamine receptor antazonist.

W find out that caffeins intake sbsorption, metabolizm and physiclogic and
fimctional effects are inflnenced by a large varery of exogenous and endogenons
factors, such as age, sex, hommonal stafus, diet, smoking, exposure fo dmzs and
generic backzround Some smidies mzgested that the regular coffee consmmpion of
3-5 cups/'day, which iz a moderate consumption, can reduce msk of fype 2 disbetes
mellims, Alrheimer’s, Parkinson’s and cardiovasoular diseases.

Condusions. The diversity of research published in this topic highlights the
variety of the affecs of caffeine on uman fincooning, while Srther smidies are
needed to mderstand the complex mechanizms of each effect of caffeine on body
dssues, including the factors that may infinence them.
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