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Refleksni odbrar
brani od udahnu
virusa, muk

1. Varagi¢ V.M., Stevanovi¢ M. (urednici) (1998): farmakoterapija u pulmologiji, Il izd. Elit-Medica, Beograd, str. 1-548.



Kuzman i sar., Medicus, 2005 ;

Turner RB. Principles and practice of infectious diseases, 2010.




Refleks kaslja generis

10m sistemu

Kasalj moze biti zapocet voljno ili refleksnim putem..' :
Refleks kaslja se sastoji iz pet komponenti:1. receptori Location of cough Nerve Nerve
kasalj (nalaze se u tzv. tusigenim zonama — u farings receptors®

laringsu, traheji, racvi traheje, bronhijalnim bifurkaci

terminalnim bronhiolama, alveolama, pleuri, srcu); Spinal motor E:piratu_rv muscies,
2.aferentna (senzorna) nervna vlakna (koja idu duz dva o Larynx and mclum_nq pelvic
nerva — gornji laringsni i vagusni) i receptori nemijelinski supralaryngeal area sphincters

nervnih vlakana, na cijim se krajevima oslobadaju
neuropeptidi (supstanca P, tahikinini — neurokinin A). Njihov

o Trachea and bronchi

znacaj je posebno veliki u bronhijalnoj astmi, gde postoji tzv. s Ear canals and Cough center
“neurogena inflamacija”; 3. centar za kasalj (nalazi se u eardrums (medulla, nucleus
produZenoj mozdini); 4. eferentna nervna vlakna (koja idu tractus solitarius)
du? vagusnog i dijafragmalnog nerva ) i 5. efektorni misici » Pleura, pericardium

(nalaze se u velikom broju organa — larings, traheja, bronhije, and diaphragm

dijafragma, abdominalni zid, karlicho dno).

Kada je refleksni mehanizam pokrenut, prvo dolazi do
dubokog inspirijuma (udaha), zatvaranja glotisa (spajanje
glasnih Zica), kontrakcije ekspirijumskih misica (dijafragma) i
naglog razmicanja glasnica, Sto je praceno veoma brzim
mlazom vazduha, i do 150km/h.

+ Esophagus and
stomach

Dostupno na
Dostupno na Preuzeto 15.03.2021.


https://www.slideshare.net/ushashreemusini/cough-69185791%20Preuzeto%2009.03.2021
https://medicalcg.me/kasalj-koristan-refleks/

Prema karakteru:
v  Suv
v’ Produktivan

v’ Sluzav / sluzavognojav / gnojav

1. Varagi¢ V.M., Stevanovi¢ M. (urednici) (1998): farmakoterapija u pulmologiji, Il izd. Elit-Medica, Beograd, str. 1-548.
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b) subakutnl_
c) hronicni kas:

Kod virusnih i
kasalj je udruzen s:
astma, tumori, '*

Ako kaSalj potraje > 2 nedelje, mozda e b
tumora pluéa, tuberkuloze i astme

3 perzistentan
i, alergije,

a izmedu akutnog bronhitisa i
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Etiolo

Bolesti gornjih disajnih puteva:

Akutne, hronicne ili alergijske
manifestacije:

*Rinitisi,

*Sinusitisi,

*Faringitis,

eLaringitis...

Drugi uzroci:

=
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L
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Bolesti donjih disajnih puteva:

. Akutne i hroni¢ne, virusne ili
bakterijske infekcije, traheitis,
bronhitis.

HOBP, astma, emfizem,
bronhiektazje, karcinom
bronha, cisti¢na fibroza -
mukoviscidoza, bolesti
pluénog intersticijuma, TBC,
pnheumonije...

Pusenje, pasivno pusenje
GERB,

ACE inhibitori,

Aspiracija stranog tela...




. Laboratorijs

. Gasne analize

. Spirometrija




evropskog respirat
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2. sindrom k

3. refluksni ka:t

4. jatrogeni kagz

Causes of

|| Chronic



Sveobuh\)
* Kilinicki ORL

u nosu i zdrelt
zida Zdrela i dru

+ Mikrobioloska anz
« Alergoloski test :
. Radioloska dijagnostika

* Pregled pulmologa (nek ig




ispljuvak, neoéekiv
Stariji pacijenti, trudni
Komorbiditeti: astma,
insuficijencija, GERB £
Sumnja na veliki ka3alj-napa
Ponavljajuci noéni kasalj
Sumnja na neZeljenu reakciju na |
Sumnja na udahnuto strano telo


http://www.pharmacy.bg.ac.rs/files/Razno/2017/Smernice%20za%20farmaceute/18%20Kasalj.pdf
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a da osoba sa
kasljem izbegava socijaln /
socijalne izolacije

kasljanjem i proCiS¢avanjem grla i |z ;
da rade sa njima
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Za trajanje
prehlade i iskasljz
preparate koji ome



Eur Respir J 2019; (htt;ﬁ. -
2019).
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: = . Acetilcistein, karbocistein,
Jska svojstva smanjujuci gustinu bromheksin, ambroksol

oznost mukusa

Ipekakuana, jodidi,
| sekreciju teCnosti i na taj saponinske droge
$avaju i otapaju sluz. (npr. koren jagorcevine)

L

Simpatikomimetici,
eteri€na ulje eukaliptusa,
mentola

. . A \
)0 N # T 000 0l

) o ¥ O

. 8 0y 08 a0,

1. Varagi¢ V, MiloSevi¢ M. Farmakologija, XXIIl izdanje. Beograd: Elit Medica, 2012. str.438-442. y Eh 00 J -;',‘0 ~

2. Baser KHC, Buchbauer G. Handbook of essential oils : science, technology, and applications. Boca Raton: CRS Press, 2010. Dostupno na: oi 0‘ &r@%r}q}tﬂzm&


https://ttngmai.files.wordpress.com/2012/09/handbookofessentionaloil.pdf
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> Koristi se za terapiju akt
stvaranjem viskozne sluzi i c

Mehanizam djelovanja:

sluzi, $to olak3ava iskadljavanje

» Detoksikacija slobodnih radikala
acetilcisteina -

> Povecava sintezu glutationa, koji ima znacaji
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Sekretoliticki i
sekretomotorno

Kida disulfidne veze koje
povezuju lance
mukopolisaharida, a u
purulentnom mukusu i vrSi
depolimerizaciju lanaca
DNK.

Usled ovih mehanizama
dolazi do smanjenja
viskoziteta mukusa i

olak$anog iskasljavanja.

Antioksidativno

Reaktivha SH-grupa
acetilcisteina ima
sposobnost da za

sebe vezuje razlic¢ite

hemijske radikale i

na taj na€in smanjuje
njihovu toksi¢nost.

Detoksikacija*

UcCestvuje u sintezi
glutationa koji ima vaznu
ulogu u procesima
detoksikacije organizma od
Stetnih agenasa. Ovim
mehanizmom se
objasnjava njegovo
delovanja kao antidota u
trovanju paracetamolom.

* kod pareneteralne primene . :
ACC akut 600 SPC (ALIMS, broj resenja 515-01-04742-19-001 od 6.10.2020.) ) Yo
ACC 200 SPC (ALIMS, broj reSenja 515-01-02589-16-001 od 25.1.2017) :



N-acetilcistein

MEHANIZAM DEJSTVA

N-Acetylcysteine

Breaks disulphide bonds Direct antioxidant effect Indirect antioxidant effect
in mucoprotein complexes (free —SH thiol groups) (GSH precursor)

Reduces viscosity of Reduces oxidative
mucus secretion stress/inflammation

Improves mucociliary Reduces mucus
clearance secretion

Improved lung function
Symptom control
Reduction of exacerbation rate

l
R



> Slobodni NAC u plazmi deluje
radikale E

> Slobodni NAC osigurava molek-"':_l
metaboliSe do glutationa tokom oksi

» Ukupne koncentracija glutationa u'_
izmerene su 400 puta viSe nego u plazmi

» Nedostatak glutationa u disajnim puteV|m

hroni¢nom upalom i poslediénim o$teéenjem epit ela Inflamed Lung
puteva | and Airway and Arway
04 Y, 008
! 0.0 _D?‘\'G
L :Q‘;’\%"‘
00- 0 6
. e o 2O S '
References: Frye RE et al. Adis. 2019 > O 'O.O‘ 1:‘0\, ¢



American Review of Respirator Disease

LABORATORY AND CLINICAL EVALUATION OF THE
MUCOLYTIC PROPERTIES OF ACETYLCYSTEINE!® =2

GEORGE A, HURST,” PATUL B. SHAW, arvp CHARIIES A. LeEMAISTRE
{ Received for publication January 9, 1967 )

_ Antioksidant

*Kod respiratornih bolesti
(akutni i hroni¢ni bronhitis, cisti¢na
fibroza)

Hurst GA, Shaw PB, LeMaistre CA. Laboratory and clinical evaluation of the mucolytic properties of acetylcysteine. Am Rev RespirDis. 1967;96:962-970.

1
2 A.M. Sadowska, N-acetylcysteine mucolysis in the management of chronic obstructive pulmonary disease, Ther. Adv. Respir. Dis. 6 (2012) 127-135. \
3. D.M. Radomska-Lesniewska,, et al, N-acetylcysteine as an antioxidant and anti-inflammatory drug and its some clinical applications, Cent. Eur. J. Immun. 37 (2(2‘12) 57— 66 'S
4 M. Berk, et al, The promise of N-acetylcysteine in neuropsychiatry, Trends Pharmacol. Sci. (2013), \ O\ S £Yo
:_ . . QA
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highly cross- linked
and elastic mucus gels

S-NAC
as disulfide breaking agent &,_}H
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5-MAC

Reduced viscosity
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.
Oxidative
stress

disulfide
breaking actiety

mucus gels are easily
transported by the mucociliary
escalator

Mucus
accumulation

- airflow
obstruction
- atelectasis
- lung infection




Indirect
antioxidant effect

GSH -

v
direct antioxidant
substrate of antioxidant enzymes

HN.  _GHy di
I rect
d\aﬁax B NAC® ) antioxidant effect
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.« NO, |
Disulfide breaking activity |

¥
Prot-5-5-Cys
? i
+  NAC-Cys +Prot-SH
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NAC - antiol

v’ N-acetilcistein je direktni antioksidans jer neutralise
slobodne radikale pre nego oni ostete Celije.

v’ N-acetilcistein je ,,pro-drug cisteina” i prekursor
glutationa sSto je njegovo indirektno antioksidativno
dejstvo.!

v N-acetilcistein ima dokazano antinflamatorno dejstvo.



C|toplazm|
= Kod ljudi, G
» RegeneriSe d

vitamina E, uce
sulfhidrilnih delc

GSH je ukljucen u:
* Diferencijaciju éelija, starenje i smrt éelija
* Detoksikacija ksenobiotika

« Regulacija enzimske aktivnosti 5 b%oo“ o, .
* Sinteza proteina i nukleotida .OO :‘:@@ gwoog ’
& o TP 0as
o Q 0\.,’0q'6: :
3 QT &


Presenter
Presentation Notes
diferencijacija ćelija, starenje (starenje ćelija) i smrt detoksikacija ksenobiotika regulacija enzimske aktivnosti sinteza proteina i nukleotida


« Ukupne koncentrac\:"ij""
povrsini disajnih puteva
puta vise nego u plazmi

GSH je presudan za ravn
zapaljenskog odgovora u |
puteva.

Nedostatak GSH u tec¢nosti na |
disajnih puteva rezultira povredor
disajnih puteva, a hroni¢na upala ug
integritet disajnih puteva, uzrokujuéi
bronhiektazije, cisticne promene u
alveolarnom prostoru i eventualnu

\
A

~.... =
‘?ﬁn ath . Mucous

MNormal Lung 1 Inﬁam'er.i Lung
and Airway and Airway

https://en.wiki ,s__-"s .0

e
respiratornu insuficijenciju i ranu smirt. ) o
1. Frye RE et al. Adis. 2019 \t_?:ojqéo-‘ ‘\_”:(\‘O



GSH homeostaza se regulise njegovom sintezom de novo

Korak ogranicenja brzine u de novo sintezi GSH katalizuje gama-glutamil-
cistein sintetaza

Nedostatak glutationa povezan je sa:
Hroni¢nim bronhitisom
HOPB
Cisticnom fibrozom
Idiopatskom plu¢nom fibrozom
Bakterijskim i virusnim infekcijama
toksi¢nost razlicitih stranih jedinjenja (smog, zagadivaci, lekovi)

Ipak klinicke studije koje su koristie GSH kao terapijsku opciju pokazale su razliCite
rezultate.

1. Frye RE et al. Adis. 2019



Lipoate
redox “Ubiquinol

dro-



https://www.robertbarrington.net/the-antioxidant-merry-go-round/

NAC ima po
mikroorgani:

Septic
embolization

Fig. 1. Stages of biofilm development. Each stage in the diagram has been paired with a photomicrograph of a developing Pseudomonas asmyginosa biofilm. Adapted from Davies [3]

ights Managed by Nature Publishing Group.




vezanih za bi
NAC, u kombl'-
omogucu je Pro
delova biofi L




F. Blasi et al. § Respiratory Medidne 177 (2006) 190197

KILLING PERSISTERS
PREVENTION FAVORING DISPERSAL ":i:;x“"'uhfﬂl
Mechanical disruption (eg. TT) || 2ntibiotic agents (eg.
ERADICATION Degradation of EPS metabolite-enabled anti-

as signals persisters activity of
amincglycosides)

MULTIPLE e | Specific anti-persisters
MECHANISMS ) ) drugs [e.g. ADEP4)
N-acetylcysteine

REVERSIELE ADHESION  IRREVERSIBLE ADHESION MICROCOLONY MATURE BIOFILM

Antimicrobial devices
(e.g. silver coated ETT)

Neutralizing surface molecules (e.g.

vaccines; antl-Pseudomonas IgY) JAMMING
Interference with intracellular COMMUNICATION
signaling (e.g. c-dIGMP inhibitors) @s inhibitors G
\ - QO 4
Fig. 2. Anti-hiofilm strategies. EI — extracellular polymeric substances; ETT — endotracheal tubes; (S — quorum sensing. Adapied from Lebeaux et al. [2]. Copyright © 20014, : ) o [ W @ Jvq
American Society for Microbiology. All Rights Reserved. o A o o%




N-acetilcis

Rt

) " 1986 S. K. AG. Basel
Respiration 50: suppl. 1, pp. 26-30 (1986) A N i eh 7

Acetylcysteine: A Drug with an Interesting Past and a
Fascinating Future

Irwin Ziment
Department of Medicine, UCLA School of Medicine, Olive View Medical Center, Van Nuys, Calif., USA

Key Words. N-acetylcysteine - Mucokinetic effect - Mucolytic effect -
Expectorant - Bronchorrheic effect - Mucoregulator - Antioxidant - Scavenger -
Rheumatologic disease - Life extension - Therapeutic uses




Table 1
Pharmacodynamics activity of the main mucoactive drugs.

Mucolytic activity
Mucoregulatory
activity
Anti-oxidant activity
Bronchial anti-
inflammatory
activity
Bacterial anti-
adhesion
activity
Activity on
surfactant
Activity on
mucociliary
transport

Erdosteine

YES
YES

YES
YES

M-Acetyloysteine

5
5

Carbocysteine

WEAK

Ambroxol

MO
YES

WEAK
MO




Actions Details Query
Search: n-acetylcysteine Sort by: Most Recent
ambroxol Sort by: Most Recent
h: erdosteine Sort by: Most Recent
Search: carbocisteine Sort by: Most Recent

Search: hedera helix Sort by: Most Recent

Number ob NAC publications per year

1200
1000

800

600

400 o’

200 POCRN §

1984 1987 1995 2000 2005 2013 2014 2015 2016 2017 2018 2019 2020

s NUmber of publications




Meta analiza 13 s
Terapija NAC signifikatnc
p<0.01 a "

Study [ref], year Estimate (95% Cl)

Zuenc et al. [1], 2014 0.78
Tseetal. [20], 2013 0.54
ScHerMER ef al [26], 2009 1.08
Bachn et al. [27], 2007 0.67
Decramer et al. [3], 2005 0.95
GerriTs et al [29], 2003 0.73
PeLs et al [24], 1999 0.57
Hansen et al [19], 1994 0.76
Rasmussen and Grennow [25], 1988 0.91
McGavin et al [22], 1985 0.95
Boman et al. [23], 1983 0.71
Basoumi et al. [21], 1980 0.41
Grassi and Moranomi [28], 1976 0.72

Overall (12=80%, p<0.01) 0.75

Cazzola M, et al.Eur Respir Rev 2015; 24: 451-461

(0.70-0.86)
(0.42-0.75)
(0.83-1.40])
(0.53-0.86)
(0.87-1.04)
(0.58-0.93]
(0.48-0.68)
(0.48-1.19)
(0.64-1.29)
(0.75-1.21)
(0.63-0.81)
(0.28-0.62)
(0.42-1.22)

(0.66-0.84)

Favours NAC

0.50 0.75 1.25 1.50
Relative risk log scale

(S C



Glutathione is an en
oxidative stress or sys
pulmonary disease anc
N-acetylcysteine is rapic
leading to significant incre

Furthermore, N-acetylcysteil
effects. Administration in vitrc
IL-6 and TNF alpha concentratio
diseases, including viral pneumon

Sadowska AM, et al. Antioxidant and anti-infl ammatory efficacy of NAC in the treatment of COPD: P L0
discordant in vitro and in vivo dose-effects: a review. Pulm Pharmacol Ther 2007; 20(1):9-22 (o



HIPOTEZA COVID-19 & N-acetiicistein

Povecava se koncentracija Disfunkcija T b
' i i i romboza
COVID-19 == Blokira ACE2 mmp angiotenzina Il, koji - I " .
povecava koncentraciju entotelnih celija inflamacija (upala) i
superoksida O, hipoksija pluca

[ |

N-Acetilcistein
SH

Indirektno antioksidativno djelovanje tako
Sto povecava sintezu glutatuona, koji smanjuje
OH koncentraciju superoksida O-,

Direktno antioksidativno djelovanje )]\ H,
detoksifikacija superoksida O, HsC”~ N

ACE2 (enzim za pretvaranje angiotenzina 2) je aminopeptidaza vezana za membranu i igra vaznu ulogu u cijepanju angiotenzina Il u krvnim
zilama i tkivima. Lokalni porast angiotenzina 2 uzrokuje porast superoksida O-2 u alveolarnim epitelnim stanicama, $to uzrokuje trombozu,
apoptozu, povecanu upalu i, kao rezultat, poremeéenu izmjenu gasova.

Cinjenica da je ACE2 funkcionalni receptor za koronavirus vrlo se dobro uklapa u klini¢ku sliku SARS-CoV-19.

Smatra se da N-acetilcistein (NAC) obnavlja ovu redoks homeostazu i suzbija negativan razvoj u bolesnika s Covid-19

References: https://www.youtube.com/watch?v=Dr_6w-WProw

DOI: https://doi.org/10.4414/cvm.2020.02116



https://www.youtube.com/watch?v=Dr_6w-WPr0w
https://doi.org/10.4414/cvm.2020.02116

Pomazudéi u nadoknadiva
regulaciji glutamata N-a
neurodegenerativnih bo
Alchajmerova bolest o —=rmee | -

Published online 2018 Dec 13. doi: 10.3390molecules23123305 PMID: 30551803

Life Sciences » Overview on the Effects of N-Acetylcysteine in Neurodegenerative
Volume 64, |ssue 15, 5 March 1599, Pages 1253-1257 D i zeases

ELSEVIER

Giuseppe Tardiclo, Placido Bramanti, and Emanuels

. . L - _ ] Clinical Pharmacology
Hypothesis: Can N-acetylcysteine be beneficial in * Awthor information » Asficle notes » Copyright an & Therapeutics

. " g 3
Parkinson's disease? hie arfcle s been ced br other arides in PMG Artice | @ FullAcess
N-Acetyl Cysteine Is Associated With Dopaminergic Improvement
in Parkinson's Disease

l O F I H E Daniel A. Monti, George Zabrecky, Daniel Kremens, Tsao-Wei Liang. Nancy A. Wintering, Anthony J.
sine (NAC), which is an acetylateﬂ q Bazzan, LiZhong. Brendan K. Bowens, Inna Chervoneva, Charles Intenzo, Andrew B. Newberg &

TE NTIAL to its important medical applications First p 17 June 2019 | £/10.1002/cpt.1548 | Cieations: 18
https:/fdoiorg/10.1016/50024-3205(3E)00472-3 Gt rights and content a glutathi sor . e e

:I NE FOR tted in the literature, NAC may be co

Abstract ATME NT brative and mentzl health dizeases. F ’ Feor N Toous < s
e five potential in the prevention of cog
Based on the finding of decreased mitochondrial complex 1 activity in the ING AND & no relevant side effects were obser Abstract

substantia nigra of patients with Parkinson’s disease, we propose that the niiew on the effects and app]icati.ons This study assessed the biological and clinical effects in patients with Parkinson’s disease
consequent reduction of ATP synthesis and increased generation of reactive oxygen EM E NT I A . i 1 (PD) of N-acetyl-cysteine (NAC), the prodrug to L-cysteine, a precursor to the natural

species maybe a _possﬂ)le cause Dfnigl‘osl:riaiz] cell death. Sinece su]ﬂlyd.tyl groups biological antioxidant glutathione. Forty-two patients with PD were randomized to either

c s Ca e 1 . ioli I .. weekly intravencus infusicns of NAC (30 mg/kg) plus oral doses (300 mg twice per day)
are essential in oxidative P Phoq]atmn' thi antioxid may contribute to for 3 months or standard of care only, Participants received prebrain and postbrain

the preservation of these proteins against oxidative damage. In the present paper, imaging with ioflupane [DaTscan) to measure dopamine transporter (DAT) binding. In the
e hyPothesine that treatment with a su]ﬁl:—l:onfaining antomdant such as NAC group, significantly increased DAT binding was found in the caudste and putamen
N-acetyloysteine may provide a new neurcprotective therapeutic strategy for {mean increase from 3.4% ta 8.3%) compared with controls (P-< 0.05), along with

. Vg uite 504, Hew Yark, NY 10019, LS, significantly improved PD symptoms (P < 0.0001). The results suggest NAC may positively
Parkinson's disease. affect the dopaminergic system in patients with PD, with carresponding pesitive clinical
effects. Larger scale studies are warranted.

%, Natividad Martinez ¥, Ana Isabel Herndndez ¥, Marfz Luisa Ferréndiz ®

58 Cite

Puilished anline Junes 13, 2017, hitp:/ i dx.coi.crg/ 10.14283/ jpad. 2017.22
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Direktnim smanj' pohlorne
kiseline, glutation ¢ ra kao sto
su faktor nekroze tu s

Smanjivanjem inflamac
i poboljsati regulaciju Se

N-acetilcistein smanjuje Stet
prevenciji srcanih oboljenja.

nanjenjem

N-acetilcistein moZe pomodi u pok
kode moze pomoci

oksidativnog stresa koji ostecuje ili ibije :
plodnosti kod Zena sa sindromom poI|C|st-- -
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Delovanje acetilcisteina u
akutnoj respiratornoj infekciji

anjuje intenzitet upale

Smanjuje trajanje
kaslja

o

Normalizuje
mukocilijarni
transport
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© 070 o = Mukolitik koji smai nje, pre
K svega u akutnim st 3
opstruktivne pluéne
» PreporuCena dnevna do
= N-acetilcistein je dostupan u p
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*ACC akut 600 SPC (ALIMS, broj redenja 515-01-04742-19-001 od 6.10.2020.) 4@ 2L 59 ol 0 D) L0y
ACC 200 SPC (ALIMS, broj re$enja 515-01-02589-16-001 od 25.1.2017) s Cy o0 %, @ o @ ’
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Duzina tera
Ako kod akutr
nema poboljsar

Radi spre¢avanja i j€ T
bronhitisa i mukoviscidoze (cistiéne fibroze) treba 220,200,
sprovoditi u duzem vremenskom perlodu. O

0 O * ¢ s YOO
*ACC akut 600 SPC (ALIMS, broj re$enja 515-01-04742-19-001 od 6.10.2020.) 690 T O Oy
ACC 200 SPC (ALIMS, broj redenja 515-01-02589-16-001 od 25.1.2017) "o O \@lo+iDO\F O s&? -4
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