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Abstract — Hop cones (Humuli Strobili) are the female inflorescences of hop plants (Humulus lupulus L.) belonging to the fam-
ily Cannabaceae. They have been used as herbal remedies to treat mood and sleep disturbances, and mainly to add as a bittering
ingredient in brewing process. Considerable interests on pharmacological and biological activities of hop cones have been
focused on their major constituents, namely, phloroglucinols (humulone, lupulone), terpenes (myrcene, humulene), and pre-
nylated flavonoids (xanthohumol, isoxanthohumol, 6-prenylnaringenin, and 8-prenylnaringenin). The present review describes
and discusses biological activity profiles of these major compounds in the hop cones.
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Fig. 1. Structures of bioactive compounds in hop cones.
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4], xanthohumol, isoxanthohumol, 8-preylnaringenin@} 6-
prenylnaringein®] ¥ S 2 cytochrome P450 42
A3k Xanthohumolell €13t kelch-like ECH-associated
protein(Keap)1¢] €Zsl= A EZZA X nuclear factor
erythroid 2-related factor(Nrf)22] A3 £2]5}¢] antioxidant
response element(ARE)?] &4 F3l1 d|=5S 2-s=
NAD(P)H:quinone reductase &40] W8S Z7pA71cE )

G AL 7]E g3 o 2 HE] A2 o] AL =
FH o7 Fko] Azt A 523k ThAo]tl. Xantho-
humok calcium/calmodulin dependent protein kinase kinase
(CaMKK) Bell ©]&ll uj7l ¥ 5" adenosine monophosphate-
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activated protein kinase(AMPK) ¢14Fs} €48 S7HAZ
th' Xanthohumol®] ¢ AMPK &4 3} endothelial
nitric oxide synthase(eNOS) {14tsHE THAAIA WF A2
of Al 4ks} A Ax(nitric oxide, NO)9| o] 7HAw T HFdh
xanthohumok2 WA Z2] nuclear factor(NF)-kB2} Akt A1
Y ARE Asfsi=t, olddh wAMIESE 7132 Ki-
67 =3, CD31-FA PAE R dx, da ol
(vascular endothelial growth factor, VEGF)®} S1E1231(IL)-
89] S Asfsln Axtd oz @alge] oAlEn. >
3} WF xanthohumolell o]t HAAA-L P H ol =
IS TA orE =t Al T2 gle A
o=z o =9t} soxanthohumol® xanthohumol®} A+t
Al NF-«B, Akt, Erke] X549 H2E Aslistar, SFAL
S1A}(tumor necrosis factor, TNF)-02} 72+ H= 72 9]
24243 AAAYS 2-E3k= VEGF 84, angiopoietint
Tie2Z A &+ch'® Lupulone 217+ A thg = o)A
(human umbilical vein endothelial cells, HUVEC)2| 5]}
A3z o]l Fedsk= 3}8F F4d (chemotaxis), Matrigelol| 4]
A FAFAZE AAlsta, AF A BT ofefol] oA =
Matrigel Z&] 1ol M A28 FAFAHE ZaA Y
Isoxanthohumol> 1%+ MDA-MB-2312] Matrigeloll 4] <]
AP L A et HumuloneS Wola] Hiof §x2t
(chorioallantoic membrane, CAM)°llA A3 W 321413}
in vitrod|A D3 W] AlxEe] @ JA3e AAstaL Wy Al
F9] 437 VEGFe] 4L A%t

YL ko] ool " gk 2o, Pdrlgo] o
A=H Qo] HolE o E & ok, ool Holof AHE
xanthohumol®] 442 Z+= A7F FH A2EF(MCF-7 ¥
T47-DyelA 9] 3% &t BudAnk™ o)9h 22 &3}
= E-cadherin/catenin 23] 2] 7]%50] A3l o] YA
9] Aol JAE Aot} B3k xanthohumolol] &8k Z& X
ElZ @ d(prostaglandin, PG) E,2} Cysteine X Cysteine
(CXC) ARTF 483 4 A2F JA| 2} M3 o]F A2
AT B AT [soxanthohumol S48l th&h
paclitaxel©] &% A 7=, FFA ol A= FI0
subcloned| X = &%o] 9rt>
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93] =% apoptosis= 22X (endoplasmic reticulum) 2=
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adenylate cyclase A2 E A3sl|sle] VCP YA E F=31HA
¥]3L apoptosisS 452 08 230 DNAS] EA] 744
of 4] DNA polymerase®] 2F&-°] 2|5} DNA7} A=
S Zo]F= topoisomerase?] A= LA 9] 2717
©]7]% gk, xanthohumol topoisomerase 12] 4 7+
ESAEdL =
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proapoptotic E3}e} Ado] ek’ 2 Wl x xanthohumol
< 3Z g3t isoxanthohumol, 6-prenylnaringenin} 8-preny-
Inaringenin 17+ PC-3 HHA 43} U031 2171t A2
A7 3L, humulene2 Caco-2 S Al E 2] F2
/\] ;1’_1]_;]'.37_39)
HumuloneS I W& Alxo] B3l feslal A3
& (promyelocytic leukemia) M35 HL-602] apoptosis
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BT proapoptotic Bax®] W3l-S Z7pA)7tt B

t}oFAl A (multidrug  resistance, MDR)2] -7 =}l
ABCBI(MDR1), ABCCI(MRP1), ABCC2(MRP2), ABCC3
(MRP3), breast cancer resistance protein(BCRP/ABCG2)
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OlEIH| 2ol 2l8] EAJ3)=E signal transducer and activator
of transcription(STAT)-13} interferon regulatory transcription
factor(IRF)] WS AA|star 3 Qhell A AR 1AL
DNA ZgH9lol hat 2948 #a0g? =3
xanthohumolZ A ATHFE QIX|eh=t] Hofsh= & A}
S84 (Toll like receptor, TLR)49} MD22] &S A3}
3 AsH o= 3 Qhof|A] NF-«kB2] DNA 23S 7HAaAZl
t}. ©]2]et xanthohumol®] thAA|xE S35} 4& AL
o] ARl A= MRS Sl o FoAE HS v
NEHAEF} Al ETIRIS ER]E JAlete &3E YEf
o}, AR 2 (nitric oxide)= SOy ] WS X3
theks e 348 2dsH iINOSd <ls] BAE
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AME NF-AT 2 AP-19] FAdIAEe] 481s EaliA]
T Al ZoA IL-2 mRNAS] B} el g S7HA)7]
3, 7 1] T AEAAE [kBaol 91248} NF«B &
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A3lE JASIL o= IL-2 ¥t ol AE#E-y, TNF-
a®] ZREAQl AL 71471t} 'St xanthohumol&
STAT4¢] Q14ksls F3allA Thl 3 A= 4 doH
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] Thl ¥ W8-S fdl= 24e AX m7] 4354 3
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FARA ZHAY F A E 02 FERY UiE
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7F ek WA, A Fiakel #EE xanthohumol®] &2
A H W xanthohumol 7oA Y Fy v ERZ &
g4 e AUE K@l (Jow-density lipoprotein, LDL)-
Fe 2888 a0k LDL-ZE2H &2 el &
AEolM EetaE Aot HS =elAl A 39
9442 "ot} Proprotein convertase subtilisin-kexin
9(PCSK9)y= LDL-ZH ZHE FgAo Afsted, 7he] &
He] LDL-FHZHES Ak 58S DoAA vhEth
Z, PCSK9= Aol d S A sh=tdl #of s,
PCSK9E AJHgho 2] LDL-ZHZHE 58 W& 4
t}. Xanthohumol> PCSK99] & TAAI7|H, ol&
xanthohumol®l] €13+ LDL-Z¥|2H|E9] THAaoks A=
QJt}. T3k xanthohumolS IL-6, 19, FElo] A 7F
AIZIE}. o], Blvto] fie® AYF| ol xanthohumols: 7
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proliferator-activated receptor(PPAR) y, CCAAT/enhancer
binding protein(CEBP) oo & A% A X2t A3 vz
(adipocyte fatty acid-binding protein)3} 7+ 2| &4 9l
A9 2d& Fall 3T3L1 Ao} Al W) A w2 (fat
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AF A F4 s0Ast St 34, AZHzEE 5
2 7k A= A EHE JelE], o= xanthohumol©l]
ol &4 Z¥2ElE % monocyte chemoattractant protein
1(MCP-1)2] 557} Wolx 22 AMP-843} thla 7)o}
A (AMP-activated protein kinase, AMPK)¢] &A431E 53
ZF A At {23k Gatol 71213 Xanthohumol©]
apoE T3& fEsle FHlZEHE d2HE A9 o
(cholesteryl ester transfer protein, CETP)S A stal 31
%= A2 A (high density lipoprotein, HDL)-Z & 2~H| &
tiatel] oalf s s} Helolx FHEHE S48 WA}
3 EAANEE AN g sleR g

HIWRS A8 Ao} IS BIES ofe] v 2gh
o] 98-S 57114 Xanthohumoke WA} S (metabolic
syndrome, MetS) 5% Edox A2 tolojER fabg
Hk vh9-20) Qe d A 914 248 9siAIg”
Xanthohumol3} isoxanthohumol2 A%k} Zal| 28| & §F
ol Aol ohst FRE 2dshe HAE IRIRI sterol
regulatory element-binding protein(SREBP) & 315 4|
sto] tholojER 13k wgka} Azke: ) A gk} 00

A&Ho] FF3AY 1&EHe] 7]50] "olAH 2=
o] &AMO R o= Iiro] Hrf. G oz Rl
A 2] A3z o]ie] AA e ARl AFPoRE
sk dled o SR AI1Y T lede
ojztof| A A o7 EH|E = 2] Qled 78
of o]ido] AA A&HE FFaHA XFo=EM 7= <
=Y 9oEY TRy ARY T)7F Atk HvES B
g frete tiE4)] 874 a<lolth. Xanthohumol
streptozotocin®ll 2J3ll F-=% F <] A 13 =y ZdofA
Zve] T A 3 EAITY A28 G AF 2l
oA xanthohumol3} 8-prenylnaringenine A5 F7+& <
Asta, 99, EgFeAdgtel =, Z8 &H E54 alkaline
phosphatase® 7HAA17177, Q1€ @ RIPAS AT
t]5-©] xanthohumol> A4t 43 ¢} ¥ ¥ VEGFR-1/
VEGFB 2% 7441713, GLUT4 2 A& (translocation)
o #HHE AS160 HAS 7T olet e A=
xanthohumol®] AMPK 1% A AZE &d3s}ste] A%
AAE A gtk AL AA TS 22X, xanthohumol©] |
T S7F 9L 94 Ad Z238 PTIAL Qs A
34 (insulin resistance)?} W5 (glucose tolerance)S
SroEm, Tl A AL ol E S F U Al
AlgH}. Aldo-keto reductase(AKR) & AKRIBI1->t= 31
9] A sl FEISE oF)gkA] F41H], xanthohumol,
isoxanthohumol % 8-prenylnaringenin= AKRIB12] A
5 yepdn”

g 7HA Shol] Aated 7+ A A 3 (hepatic stellate cell,
HSC)9} C¥ 7Fdute]2f2=of gt xanthohumol®] &0

>

Q3te] 713

CREED

T
X
N i
52
)
o

A ] g3k v
2 3}+=d|, xanthohumol= N

dL AASIAL apoptosisE F=5HH, o] G5
kB B4 9] JA|9} Aade] 2t Xanthohumole- 7F <=
st5 JAsk=H], o= 7+ A

s
o
5

e o2

A el 7 A 3
o] B4 oAl ol Aok & the vy 7 gk

e
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o] S =3 o]2)3t E3= xanthohumol
o] IR P&} &S I T U= 7S AN
t}. Methylglyoxal MGy AlXEZ W ¥E8A 7121 S5t
o] 8 FFUeR s} AHE Agke] g wt H
ZI3AHE(AGEs)e] =5 5771t XanthohumolS
MGel &8l e A5/ Al ETR], RESA Atar L m)
EZ=o} ol SAtol = S oJAISHAL glyoxalase 24,
glutathione, heme oxygenase(HO)-1 & Nrf2 52 Z71A]
719, mEZ=go} 7% o9}t autophagyE 77T
21 Q]9 % xanthohumol& =3 Zholl A A=, Al E 24+
9 Akl 2EHAE Al 7 75 WSl BE a9
LR 2 He) dFs HE AP S sl sl Q1%
&gl i3t BE a3E VERit”) Hoe] 95 i
o] A7E A7 o] E4E et A Eee] wd Al
o g ojojd 4= l=H|, xanthohumok 2] microglial
A|ZA Nrf2-ARE A5 ADa4-8 &g HO-15 571
7 95A e ehdth™ £33, xanthohumole &=
slojwrg o] WejgloA F238 §4:2] acetylcholinesterase
(AChE)®} butyrylcholinesterase(BChE)el| that 728l oA
37t 9k

wheg]o} AE2he getAll gk o] AX Az 9
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7 Wi f1elo g 914 ¥ 7 itk Humulone, lupulonest
xanthohumol & XA HEu §442 o)™
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fragilis, Clostridium perfringens, Clostridium difficile®] T
& PuAE Gyt Ak B8], Clostridium difficiles 3
A 8ol ok 91 i IR 2 f1do] St
st =], o]oF #HH xanthohumol?] 3H|AE 59|
71 € o}, Lupulone> So &3 w7l Clostridium
perfringensol| TIgt A3l &3] J=H, ol FAA 2o
A A A 1A A

nlo|H 29 AHH 5O 2+ isoxanthohumolS 3| 25|
2> vlo]# 2 (herpes viruses, HSV)13} 201 th3h ahafo]z| 2
Aol Aok? 557 AE §3 vho] ¥ (respiratory
syncytial virus, RSV)= o} & o] Aolol|A] A7hek &
57 45 o7 F2 7Y 2 Ao]t}. HumuloneS
RSV 733¥ human nasal epithelial cells(HNEC)?I4] RSV/
G- o] w3, vpolej 2 depwlES] P4 L8
RANTES?] W&< At ™ o]e)st Z¥= humulone©]
RSV EA|, HNECY| Hio|#| = ojl &g 9 95 vhgol
s 23 35 7FAH RSV 24 oW 2 X859 7}
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A7Z71olE d2ER Agor b gx
A Aol g2 mZze} e d#eF S/ (vasomotor
symptoms, VMS)S UERHATE AEA felist o] ~E=Z7
2% 28-S Este sgES A EANEERZ
(phytoestrogen)©] 2} &}=Hl, 8-prenylnaringenin, 6-preny-
Inaringenin ¥ isoxanthohumol o|=EZA 4~84 (estrogen
receptor, ER)F 254#Q1 45285 FalA et walS
A F A olst G52 A7 P 5ol FIF
S wA F JrpP o] Zol A% 8-prenylnaringenin® 2]
£ AEERZNS F4o] 7P =& Z0E HIHUL, o]
oF AdE 242 FuAL o, AEdA 28] 82 A
o= 7|ee®?

8-prenylnaringenin & tAtel] EERA FAF S-S
gozM, w BE Ao Fo3 JTde I g
prenylnaringenin I A3Ze] AMH-S f-%=313L, TRAP ¥
cathepsin K(CTSK)E 23t 2 &d 9 a4 248
AAsle] mh AEo & F5 2L AAE 3 8-
prenylnaringenin® = A3 MC3T3-El1°|A] ERoell ]3]
W LS 2238 8-prenylnaringenine U-118 MG,
PC-3, UO313%} e TR Q| 2ol Al =4S Hol7u
215 AL, c-Src kinase 8433} 2 ERa%te] A3HS
3 MAP 7IuebAl A=E E4J3tA]7]=H °]= MCF-7
o} A zo] 434S AAlslAL apoptosiss F=gkct.
AEze] F2)3 APE = ¥k oly2} 8-prenylnaringenin
8 A0 MCF-10A90A4] =B =70l o5k ok
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