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Abstract

Alkaloids are natural compounds found in various plants and are important constituents of anti-inflammatory,
analgesic, antitussive, antihypertensive, antioxidant, and anticancer properties such as lung, breast, and
prostate cancer. Currently, cancer cells have developed survival mechanisms to escape chemotherapy,
such as increased cell proliferation, activation of DNA repair, and prevention of programmed cell death,
which leads to chemotherapy failure. Therefore, researchers have been studying and investigating mechanisms
to inhibit cancer development or kill cancer cells, while also reducing the side effects of chemotherapy.
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This short review discusses the anticancer potential of
alkaloid extracts, which can inhibit cancer development
or kill cancer through molecular mechanisms involving
endoplasmic reticulum stress. This is triggered by the
activation of three signaling pathways are the PERK
pathway, the IRE-1ax pathway, and the ATF-6 pathway,
which lead to apoptosis cell death. Based on these
molecular mechanisms of alkaloid extracts, it is evident
that they have the potential to prevent and kill cancer
cells through activation of the PERK IRE-1cx, and ATF-6
signaling pathways, which could be beneficial for
research. However, the development of alkaloid extracts
into drugs for cancer treatment would require further
clinical studies.

Keywords: alkaloids, endoplasmic reticulum stress,
anticancer, apoptosis
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A1591A5ITUIFNALAFH fignslumssudenazannng
WNFIINAIsRauzSIld 1 §15ngu Tocotrienols,
Flavonoids, Polyphenol iaz Alkaloids!? Tagianie
asngu Alkaloids Feiduasfifansidusie fsany
fiavmauynalulnsianluluana wastduansfisininn
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AN 9 WU U DA KA WEA 910 LaztUdnn® wasdl
arsMundingmansseuy i issiunisthn ananud
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49 unfolded protein fislurananaAans (In vitro) waz
Tudaineans (In vivo)
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protein kinase/Extracellular signal-regulated kinase
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A17% Endoplasmic reticulum stress (ER stress)
Duazidenaliifinnsnssduitdyaaveslysi
FudeyeyIed (sensor protein) 3 ﬁﬁ@‘*?iu%nmﬁaﬁm%aé
ypuaulawaadin Lsiaau [fuA Protein kinase R like ER
kinase (PERK), inositol-requiring enzyme 1a (IRE-1c)
e activating transcription factor 6 (ATF-6)" (gﬂJ“?'i 1
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Immunoglobulin heavy-chain binding protein (Bip)
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Tngjlugufiliivhau (inactive) Bip saiulusinTungunas heat shock protein vihmihfinss ety siudifinsshuiy
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T‘]Ji(?iu‘ﬁﬁmgﬁ (Unfolded protein) maluiaulawanadin sfinay avsenalilusiy Bip Faduazasuiu Tskiu PERK. IRE-la
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11a1snsRuInsaasiuas PERK (PERK signaling)
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autophosphorylation (AszuiumsiiunyWasmasmlugdd) dulussiy PERK faefisurilawninsnosilugsunas
n3lafiu (Serine/Threonine kinase)® wazans1wauAIsAAwIwUIialusin PERK gnaszdy ezfiunuimlunis
fedanasslidulsiudaunsluwad TagazlUnszdulusfiufifadn Eukaryotic translation initiation factor 2a
(elF-201) Ltazfﬂﬂiwﬁuiﬂiﬁuﬁﬁadw Nuclear factor erythroid 2-related factors 2 (Nrf-2) drgnsiiuvidwasine
Fasonsydu elF-2a Biaglugufiwsanazvhausi elF-2a axlnsdulisinditadn Activating transcription factor 4
(ATF-4) FafulUsaudvihmhfidu transcription factor Tawanansaadoufidn U luinedus wasinsuneesnmizianzas
iU DNA aznseduldfinnszuiunis transcription FeazaanaliiAnnsmiiuis mMsuanwonupdllssiu CAAT/enhancer-
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T@sﬁwmwiuﬂﬁmuammﬂﬁmmiLLamaaﬂum pro-apoptotic protein (Bax) LarannsLLaANnnALaY anti-apoptotic
protein (Bcl-2) e‘z’fﬁL‘fJuTﬂsﬁuﬁﬁwfﬂEﬁﬁé’ﬂgﬂ;wmﬂmmsmwmL%aéLLwazwawTﬂ%aW? (g‘ﬂ‘?i 1) Zuumzﬁmsﬂisé’uiﬂsﬁu
Nrf-2 Fafln Transcription factor Huazadsnalifinmswmiizatnisuaneenuasidsiufiiadn Heme-oxygenase 1
(HO-1) é’fﬁﬁuﬂmwéwﬁmﬂumsﬂﬂﬁmLﬁﬁaé (Cytoprotective protein) LLaxﬁ'lf‘UgﬂWSLﬁMﬂwsdﬂﬁﬁyigﬂmﬁwuiﬁﬁL?{mﬁm
Aun1spYTAAURAUYA] (Survival mechanism)! (gﬂﬁ 1)

1.2 msnseauIfdya1awa9 IRE-1a (IRE-1o signaling)
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kinase (JNK) #111Usfin adaptor fifadn TNF receptor associated factor 2 (TRAF2) wag Activation of apoptosis
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gﬂﬁ 1 uanslapznsuitaaaenslUsHl sensors U949 PERK, IRE-lax tkaz ATF-6 (fiauilasain Sano and Reed, 2013)
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1.3 nnsnseANInTy a9 ATF-6 (ATF-6 signaling)

Tusfu ATF-6 auflutranscription factor Wiplusfiu Bip nanapnan ATF-6 azdsnalilustiu ATF-6 fiagflugulies
WaNTAlUTInaaFuaWIISIdE (Golgi apparatus) wazgndndeaulyyd proteases Yl ATF-6 agﬂugﬁﬁwﬁ”ﬁmﬁwm
Feupdenfiinluluiadys ez iiiamsmilsnhnsuanseenuaslysiu CHOP wazAILANASLAAIDDAYDITSHY
fiAfipefuiffuansuniuazanenumMsinsiselugaduzifmany q vila wudwmsasx@juﬁy'ﬁ 3 Jddeuanaiian
NAN5ATEAUYDIAIE ER stress azdanarin i lUgansasupasaduuunzwanindald deonaazidunalnniefia
sasuziSald wazuanaAdluMSANBIENSSSUINAlAIRNIzENsSamanyRraty 9 Bia Anuidnalnluasmisi
A% ER stress l@dewudu deanssamasudiduasiunuslavinfsgfl Adnwnlufisnaranaissiie daulnajinian
warnndnguazlilunsshwlsn ﬁswmmmsﬁﬂmmﬂmw?'if(ﬁﬂgaﬁﬁmszﬁ‘ﬂ%mwuENmi'a"amaamﬁumﬂ{’lumsﬁm
uzieirdinalnaisenngns luszdulutanaldnaiunaln? eluunanuiazuaundndasniusamasudiiaiungs
sgaduzisale Taguuidauanaiwns ER stress

2. asngudannasudfifiinasansmiizainnisiiia ER stress

2.1 Piperine (Piperidine alkaloids)

si'fqLﬁ"]uﬁamaasﬁﬁwufﬁiuﬁﬁngaw%ﬂfﬂy fidonneeansin Piper nigrum L. Wuazpg9d Piperaceae? fgms
Tulana An CI7THIONO3 (MW: 285.34) (571 2) Taseasrefidnuauzifnieuniu Piperidine 1Hausafulaseasns
Aromatic ring (3asuudn) dnsuayuinsinyans Piperine snansawulufvnanzsfia wu winlned, winlnuwna, AUE,
sz, vewath Wudu? waslushsuninglusesinhwdalianainsviaeda wiugnon fuauluald fumee 1159519)
fisrpumsAnmAsuntinudinansadea Piperine aunsaiunsmuuaagadunss annsulagad wipthl¥ioesd
AaauLASyappATLaty (Oxidative stress) TuwaduziSanatuuie Wi uziSedld (HCT-116) uziSeian (A549) uziSs
wWiud (MCF-7) uazludmineans i unSesdmulunyfudnsweidiy Wug BALB/C Dusdn2 ﬁéwﬁmﬁﬁﬁmwms
Anmfinuiansusans Piperine finalntumsenvseanenuidostumsifAnusisafiAuatioety ER stress Tagmiipnhmsiin
ER stress KuASLRNAISHAAIDDAUDY Bip, IRE-1ar waz CHOP Tuszdullshiu wazasnaliisadmunuunznanindaly
waduzisea (dlne) (HT-29) wazlulsad NRK-52E (Rat renal proximal tubular cell line) 8ngag?

o]

S o

519 2 Taseasemaaiives Piperine

2.2 Berberine (Isoquinoline alkaloid)

Lﬂuﬁamaayéﬁa%ﬁiumsga Berberidaceae 34 Berberis fignsluana C, H, NO,* (fiUszquan Wasendunge
UDNLUDILUDFU) (MW: ~336.36) (;s‘ﬂ‘ﬁ 3) gauanlda1n Rhizoma coptidis wautaidudintiduuasddiu wasntazn
wndudmddnluesuiusa Snpnunsinmdouniinuiims berberine Sanddunssniay aaludfu winau
grudauuafisy 1ea o uonandTelidaseuazdnuziSeld® Tagwuinfinalndusdemsiusiniuoeasad
1z159 (cells proliferation), naa193siinuaeas (szue G, G2) wazmiph IR wadmuuuUpznanInga? uananfiss
WU berberine sansawwfisnividdaaawns ER stress #1ulUsfiu sensor PERK Fesenalwfinnsaedeyanosialy

WiFUlsAY elF-2a wazlysfiu CHOP winTulusydulusiu vinldwadmunuunzwanlnds waduzdelusuns (Human
glioblastoma T98G cells)®®
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2.3 N-trans-p-coumaroyltyramine (Alkaloids)

msu%qw% N-trans-p-coumaroyltyramine (TCT) fuifusamanudfinuuinasdulasiarpaazdy 5o
Aneneansi Piper wallichii (Mig,) Hand -Mazz sellusszgaifisafunsalng (family Piperaceae) fignsiuana C H_NO,
(MW: 283.3) Tﬂ‘iﬁﬁ%’mﬂs:ﬂauﬁ'gsﬂi@wwsw@mﬁﬂ flaseaseuasiifiawAafiudoufusuiusss e (gﬁﬁ 4) §195y
Uszinalnaianazdmsinidunislusyninsiog udsuswegega fdnvanduniuivisiinia indunsuemzuay
fisavfingan Wanldlumsshulsamadiueins anmssnay aathe® 2 {05 Sldwudians TCT fqndehioaduzsela
Lﬁ@ﬁﬂﬁ?ﬁi’qyﬁﬂﬂ&jmm Non-steroidal anti-inflammatory drugs (NSAIDs) (fuf Buladumduazlalaailiiue
HAMSENBINUIE1S TCT denaiiuanudufisanizanduianumduriiiy Taomipnhl®ifa ER stress daznaln
Sugkq p-Nrf-2/HO-1 11s6iu ﬁﬂLﬂuiﬂiﬁu‘?iLf“imﬁmﬁumsagia@ummaé 3B FeyaauaelUshiu PERK/elF-2ar JATF-4/
CHOP uazdsnalifinsasdayanasalidulusiiu elF2a, ATF4 uaz CHOP wusnafulfiwadansunupznonlnda

Tupaduzisueuy MCF-7/cells®

OH/

51U 4 laseasrenaaiivae N-trans-p-coumaroyltyramine

2.4 Evodiamine (Quinolone alkaloid)

a5 Evodiamine figmsluiana fis C,H, NO (MW: 303.36) fdnwaiiunvundufousuiefifiulngian fng
Aiauaznywnandfindulaseasns (U7 5) 1ua1senngns nqusamansdfimnanfisayuinsuaulosamaysin
W @NSaRAURNNY £ rutaecarpa (19& Rutaceae), 510998 Zanthoxylum budrunga LLazmmﬂayufwsSu (Evodia
rutaecarpa) ﬁawga@mm%@mﬁ\na FIUANTHALEL FIUNITHA  LazAIUNLLSe® 91nAsAN®INUINE1s Evodiamine
annsawdieasi ER stress imnsnszduitdeyanawas TsAu sensor IRE-1a, TRAF-2, ASK1 uay JNK danal#iinng
dedayanauludulilusin Bax iRuTuiazlusiin Bel-2 anas shlgmsesupasaduvunzwanindalusaduzSalan
yinfilildiwadidn (Non-small cell lung carcinoma (NSCLC))2
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gﬁJﬁ 5 Taseaseannaeiiuae Evodiamine

2.5 Isomahanine (Carbazole alkaloid)

duasdaaasyd Igmsluana Aa C,HNO, (MW: 347.4) filaseasraiduas Tricyclic flulnsiauniezaoy (gﬂﬁ 6)
fnuludumauunn Taudfingemansin Murraya koenigii \ufistuana Murraya wazagluaed Rutaceae anns@nw)
WUIENT Isomahanine anunsainfisnil ER stress TazsumsnsyauiIfdaaewaldsfin Sensor PERK wag CHOP
FenalAgasauuuupznawnds usaduziSapelinsfiaawaids (Human OSCC CLS-354/DX cells; oral squamous
carcinoma cell line) fifin1suansepnuaslusfiunuagIpanuanLgad MRP1%6

HO H

519 6 laseasnemaaiiuag Isomahanine

2.6 Monocrotaline (Pyrrolizidine alkaloid)

\usamanudfduiuiiioinmenansin Crotalaria novae-hollandiae sgluradiFunfufisasznam (Fabaceae)
(gﬂﬁ 7) W S8 91A519INANSFNIUBYENS Monocrotaline wudwﬁawé”ﬁumiﬂ'nﬁaémﬁﬁ ToavihlFwadinnis
muuLuUszwanIndannmsnilsnihBiiAnnaz ER stress Humsnsed it deanaunlysfin Sensor ¥4 3 yile Ap
PERK, IRE-la 1oz ATF-6 \Anmsaadayanaulifiulusiis CHOP adulusfnfimuaudndiuaslysiu Bax way Bcl-2
Zumaéﬁuﬁwﬂfﬁmﬂﬁg rat (Primary rat hepatocytes)®

OH OH

5UN 7 laseasrenaaiivas Monocrotaline
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