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Effect of Hot Water Extract from Curcuma longa L. on Inflammatory Mediators
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ABSTRACT

Prostatic inflammation plays a crucial role on benign prostate hyperplasia (BPH) pathogenesis and progression. In this study,
BPH was induced by testosterone propinate in castrated rats for 8 weeks. Hot water extract from Curcuma longa L. (CL)
was administered orally for 4 weeks along with positive controls, saw Palmetto and finasteride. CL supplementation induced
histological changes, reduced expression of TNF-q, IL-6, IL-18, COX-2, and phospo-p65 in prostate tissue compared with the
BPH group. These findings suggest that suppression of pro-inflammatory cytokines could be attributed, at least partly, to the
anti-inflammatory action of C. longa, and this action may be helpful to understand the inhibitory effect of Curcuma longa
L. in BPH.
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w2 Akl ~Eg o] AvtE AY7hE E=u|(Sikka SC 2003),
AT B COX-29] e o8l A5 Al ETIRIo] A
AEa, d5H-s-o 2 UePdtiElberry AA et al 2014). 2A]

k4 A A Bl (benign prostate hyperplasia, BPH)E 50TH
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ths2lste] 2717F ARl et 8 =5 HFetal(Timms BG
& Hofkamp LE 2011), 944 42 Wg =7 A4 sl
87 T4 & Ushte 534 v A A go|thRoe-
hrborn CG 2008). &+ 4] 935 (prostatic inflammation)
o] BPH oA Fa3 A3 dvtn Buya glen
(Gandaglia G er al 2013). H3, 4732 olup 22844 2z
A d5ol ek, o]l BPHE] A3 #ejdlA ueld 5
Q3% 942 A7 w3 tk(Bostanci Y et al 2013).

ARG vtellA] A5 22)Ede] URlo] Ha, A

JY 2008)°14 AAE A A AA & Hauwa glom A
PXAZT 1771521 F 2409 saw palmetto E vl (Minutoli L
et al 2013)e14 &< &7} R 3 9o} Saw palmetto E
] 3250 FAF A AHA vdiof AdE o o=
%3 (Lower urinary tract symptoms) 52| F-2}-8-2] 7hao] &
I} Aok BaE < em(Latil A ef af 2015), AFA B &
Erdoa 22 RA 0] A4S Bvn K15 tkBerni-

2RE]Y] Ale| EFIRIE I 74 A7l 2K growth factor) 484
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chtein S et al 2015).
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Table 1. Experimental design of rats
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32 XA FEFe1e] dAHE olEA stk ol AAME
2 E(castrated rat)°l] testosterone propionate(TP)E <3}
ARS skl AL Al e B F5AlE 250~300
g Melel e, evlelE @ wor sl F TaFoR,
AEA v f= o] A7 AT Fold BIEE F& U
FATHTable 1). AP F=2 A2 & 20ke] o]at® &
Helom, thE w7le]l & ARSAEAL A BE vl sk
w25} t}. VehicleS! control group.Z AF&-E 612 & A
oJetar, Urx] AdsES dHA vg F=E flst] TPE
3 mg/kg BW/dayZ 3] 3}5AlK(subcutaneous injection)S ] 3}
st om, AFFEAE7IA] F57A Wst wel Fofsiqith
3 AlR e AHTAFES SteH, TP 7o 45 F A 7H4]
Lo &w EFFEE(CL) 32 23| E 2 (JinYong, Su-
won, Korea) -2 finasterideE 45 &<t TP Fo<} A 7
T FoA(per oral)E A3 THFig. 1). & A& 2FHE
243} finasteride= positive controlZ AF8-3l T} & &
AP Fddgty FEAFEEAYs) Y 1= 5ot

A,

ox,

3. Western Blot

Ag A 8571 At &, AEFES sk sAYAIRL
%, APde A&k A& A4S PBSAl 13] Al g
% 2715 7PA AAs] 10919] pH 7.4 PBS(wv)E 7}
sto] g steta A At YA FA S 3,000
rpmellA] 5383 YA EElste] A5NS4 3kaL, BradfordH
o2 thdS HFeAct 72+ #7F 50 pg proteing 7S

Groups
Control' Com oil Normal rat supplied with tap water
BPH? TP (3 mg/kg of BW/day) Castrated rat supplied with tap water
BPH-CL25’ TP (3 mg/kg of BW/day) Castrated rat supplied with CL 25 mg/kg of BW/day
BPH-CL50* TP (3 mg/kg of BW/day) Castrated rat supplied with CL 50 mg/kg of BW/day
BPH-CL100° TP (3 mg/kg of BW/day) Castrated rat supplied with CL 100 mg/kg of BW/day
BPH-SP® TP (3 mg/kg of BW/day) Castrated rat supplied with saw palmetto 100 mg/kg of BW/day
BPH-FN’ TP (3 mg/kg of BW/day) Castrated rat supplied with finasteride 10 mg/kg of BW/day

! Control: corn oil injection (s.c.)

> BPH: TP (s.c.)

3 BPH-CL25: TP (s.c.) + CL (25 mg/kg of bw/day, p.o.)

* BPH-CL50: TP (s.c.) + CL (50 mg/kg of bw/day, p.o.)

> BPH-CL100: TP (s.c.) + CL (100 mg/kg of bw/day, p.o.)

® BPH-SP, TP (s.c.) + saw palmetto (100 mg/kg of bw/day, p.o.)
7 BPH-FN: TP (s.c.) + finasteride (10 mg/kg of bw/day, p.o.)



808 ol & - LA -

Castration
7 day

Start
7 day

28 day

¢mmmmmn B PH Induction by Testosterone Propionate(TP) b

HORA o} R IR

Termination
28 day

I— Sample Oral Injection s—

Control (corn oil only)

BPH (TP only)
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BPH-SP- (TP only) (TP + Saw Palmetto)--=--=-=--===m==
BPH-FN- (TP only) (TP + Finasteride)-------=--=-m=-n-en

Fig. 1. Experimental design of the study.

Oral Injection

After a week of adatation period, SD rats were castrated and had a week of recovery period. For BPH induction, subcutaneous injection
was done to rats with testosterone propionate (3 mg/kg of BW/day) daily for 8 weeks. Curcuma longa L. hot water extract (25, 50 and
100 mg/kg of bw/day, p.o.) was orally administrated for 4 weeks in BPH-CL25, 50 and 100 groups.

2 8, 10, 15% SDS gelol] A7]%%53}3L, Western blot- A] &Y
3} T} Nitrocellulose membrane©] transferdt 5 5% skim milk
Z 4ol A 16A1F 53t blockingS Al&atl o, T pri-
mary % secondary antibodyE *2]3F * X-ray filmel| 13}
STt 2 Adol] A antibody®] K= thedh Tl
Goat polyclonal IgG tumor necrosis factor-alpha(TNF-a, dilu-
ted 1:1,000; Santa Cruz Biotechnology, Santa Cruz, CA, USA),
rabbit polyclonal IgG interleukin 1 beta(IL-18, diluted 1:1,000;
Santa Cruz Biotechnology), rabbit polyclonal IgG interleukin
6(IL-6, diluted 1:1,000; Santa Cruz Biotechnology), rabbit poly-
clonal IgG Cyclooxygenese-2(COX-2, diluted 1:1,000; Santa
Cruz Biotechnology), rabbit polyclonal IgG NF-kB(diluted 1:
1,000; Santa Cruz Biotechnology), rabbit polyclonal IgG Phos-
pho-p65(diluted 1:1,000; Cell Signaling Technology, Beverly,
MA, USA), actin-mouse MAb(diluted 1:1,000; Sigma-Aldrich),
rabbit polyclonal IgG NF-xB(diluted 1:1,000; Santa Cruz Bio-
technology), rabbit polyclonal IgG Phospho-p65(diluted 1:
1,000; Cell Signaling Technology, Beverly, MA), rabbit poly-
clonal IgG IxB(diluted 1:1,000; Cell Signaling Technology,
Beverly, MA), rabbit polyclonal 1gG phospho-IkB(diluted 1:
1,000; Cell Signaling Technology, Beverly, MA)7} AF&-%| 1T}
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formaldehyde(Sigma-Aldrich, St. Louis, MO, USA)Z *] 2|3}
of g EES e, &elo] 4319 hematoxylin-eosin 3
A AA)E AL, #Av]7Z(BX-51, Olympus, Tokyo, Japan)o-=
wEsta #HJsHinh

bloto & #213k 54 Alo] E71191 TNF-q, IL-6, IL-139]
W3k Fig 29} 2t} BPH o4 TNF-a9] o] 718k
om IL-6 ¥ IL-187F 5713 A& & 4= QIQlth iz e
2, 9kt 2] BPH-SP, BPH-FN 7-¢] 232 7}A4s19] o
o, &3 Fo7¢] BPH-CL 9] Z $Eol|A Fro|&F
2 @A vk Ak

iy
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2. COX-2 % NF-xboi| CHSE CL F042| &1}

TPZ =% AHA vthZZ]o coX-22] L& L Fig.
3} 2o} A vidie} cox-29] F7Ikte] f2 <l #A
obz] A skovt, MY Bt STt &
2 ASA AlelE7IRIo] AdHA oA COX-25 F=af
AP M3EzQ] proliferations Atk A= 1 Q)
(Bostanci Y et al 2013; Kramer G & Marberger M 2006). -
AFellAl, Control of] H]&k] BPH wilA 9} As=w"2] BPH-
CL-25914 COX-2¢] 7F& & & e, CLY| s&7t 5
7}&<= positive control I} 20| COX-29] A4S #2E
T ATk

Fig. 494 p652] <14ks} W85 B BPH +# BPH-CL
25 2 CL50 ol A Z7Fskat, BPH-CL100 -2 Control 2}
Be o] AAAEEE Kol W, kB QIS ke
& % BPH-CL100 ollA] 7HashA] e 23S Hol
3 gtk Qliksle] F7te Al & (cytoplasm)ol] E]8HE Nk
kb7} o= o]Fsle] BdstE L, ol gk HA ol A 1kBe]

SN A T o [
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Fig. 2. Effects of hot water extract from Curcuma long L. on TNF-q, IL-18 and IL-6 in prostate tissue of BPH-induced rats.
Control: corn oil injection; BPH: Testosterone-Propionate (TP), BPH-CL25: TP + CL (25 mg/kg of BW/day), BPH-CL50: TP+ CL(50
mg/kg of BW/day), BPH-CL100: TP + CL (100 mg/kg of BW/day, BPH-SP: TP + saw palmetto (100 mg/kg of BW/day), BPH-FN:
TP + finasteride (10 mg/kg of BW/day). Comn oil and TP were injected by subcutaneous injection. CL, saw palmetto, and finasteride
were supplied orally.

BPH- BPH- BPH- BPH. BPH
Control BPH CL25 CL50 CL100 SP FN

B-actin

COX-2

Fig. 3. Effects of hot water extract from Curcuma longa L. on COX-2 in prostate tissue of BPH-induced rats.
Control: corn oil injection; BPH: Testosterone-Propionate (TP), BPH-CL25: TP + CL (25 mg/kg of BW/day), BPH-CL50: TP+ CL(50
mg/kg of BW/day), BPH-CL100: TP + CL (100 mg/kg of BW/day, BPH-SP: TP + saw palmetto (100 mg/kg of BW/day), BPH-FN:
TP + finasteride (10 mg/kg of BW/day). Com oil and TP were injected by subcutaneous injection. CL, saw palmetto, and finasteride
were supplied orally.

BPH- BPH- BPH- BPH- BPH-

Control  BPH (135 (LS50 CL100 SP FN

p-actin
p-65
Phospho-p65

IxB

Phospho-IxkB

Fig. 4. Effects of hot water extract from Curcuma longa L. on NF-kB p65, phospho-NF-xB p65, IxkB and phospho-IxB
in prostate of BPH-induced rats.
Control: corn oil injection; BPH: Testosterone-Propionate (TP), BPH-CL25: TP + CL (25 mg/kg of BW/day), BPH-CL50: TP+ CL(50
mg/kg of BW/day), BPH-CL100: TP + CL (100 mg/kg of BW/day, BPH-SP: TP + saw palmetto (100 mg/kg of BW/day), BPH-FN:
TP + finasteride (10 mg/kg of BW/day). Corn oil and TP were injected by subcutaneous injection. CL, saw palmetto, and finasteride
were supplied orally.
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2006), BPH $kx}e] A9 Folo} A5 ¥4 vk Bu
7} ATHAhmad M er al 2012). AEA vt 7} w=3}o) e} =
7tk AR S A A flom, st mE ST
o Z7PF HdEA vl Ed ) g Hodttn A2
U tHAtawia RT et al 2014). AHA ¥|t] 22| = TNF-a
o] Wdo] A A Hlsto] frolAow Fsdte Ao
H = tHMinutoli L e af 2013). IL-6= B4 AHA A
Aol A ErlEH, Jgolatz 2H8-5lal(Elberry AA et al
2011), IL-1B%E angiogenic factor2A] & Ho]e} E3 Ao
%93k J8(Elberry AA et al 2011)2 3ot LA ok
TNF-a¢} IL-13€ ‘43 Alo]E7}0l(alarm cytokine)’ &2 7%
e, a2 9x] o) 93] EH])% 1, inflammation cas- cade
£ AAshs Zlo® delA] JUth o5 COX-2, IL-6 59
A3/ Aol EFIRIS] S f=3kal, THA] TNF-a9t IL-18
o] S A=sH] 50| FZHTK Vendramini-Costa DB
& Carvalho JE 2012). ©]5 9373 Ao EFRIES APl
el Wslel duyo] Srle = Ao R AzE =, A
Hd Hd A 27} = dFok N Phoenix dactyli- fera)
FZ5-0] AT (Elberry AA et al 2011) TNF-a$} IL- 62
mRNAS] Tdo] AP v Bde] A§ feldo=z F7}
st oH, Tkl FEE] T SVt et dadhe 4
o Bt 3 52 49 FEES ¢ AN E F

810 ol AEA - A7 - ol f

HORA o} R IR

=29 skl wet A vl 2ol A o] TNF-a¢t IL-6,
IL-8 59| 23o] 7+43FtHElberry AA et al 2014).

NF-kB(p502} p60)= HIHH-8-2} cell proliferation©l] 3oq
3= AARIZLE finasteride enzyme?l COX-2 59 ¥ S
2483, AR AA Ee} 7128 A E(stromal cell)ol| A A
ARIALZ 2}-8-3)+= finasteride-inflammatory AFo] E7FQ1Q1 IL-
69k 1L-89] el S - et Atawia et al 2014). NF-kBE &
dslol] M} A zdoA oz o] F3lA =, AyPA vl
SRl A p50F po0-> BT STk A oE Halwo] itk
(Vendramini-Costa DB& Carvalho JE 2012). ¥ AAolx &
AEzAF oz e eda, Ay 24 A Ao A NFx
Be] @315 &R15t7] $l8ke] phospho-p65e] TiHE HE
3IATE Atawia RT 5(2014)9] A7+ HAHA vid) f= &)
E mddlA dejukd Fofd uteh NFkBe| g Hol,
2 AT fake 23S Eith
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O S 2 S5 FowolA dsHstE AES
%, AYA vde] &3t g39= #lslr] 918ke] hematoxy-
lineosin stainingS AA3}a1, 1 2282 W3slE #2519
Fig. 5¢l41¢} 2] Control 2] ZZ|(A)°l| H]St>] BPH w*(B)
o] AR 2219 A EE ¥FE L, o] FobA U
S AR 4 9t Fdti 272 BPH-SP 7*(F)¥ BPH-FN
THG), & AT E FolF 2 finasteride T4 BPH
3 vl wste] A A A 8|27} 7HAska, WAHE Control
(AT frAkeH 3188 AE IR = At &5 EF

ZEFNME FEEE A% X2 BPH-CL25 ZHCO)FE 1%

Fig. 5. Histopathological examination in the prostate tissue of BPH-induced rats.
(A) Control group: corn oil injection; (B) BPH: Testosterone-propionate (TP), (C) BPH-CL25: TP + CL (25 mg/kg of BW/day), (D)
BPH-CL50: TP + CL ( 50 mg/kg of BW/day), (E) BPH-CL100: TP + CL (100 mg/kg of BW/day), (F) BPH-SP, TP + saw palmetto
(100 mg/kg of BW/day), (G) BPH-FN: TP + finasteride (10 mg/kg of BW/day) (at x 100). Corn oil and TP were injected by subcutaneous

injection. CL, saw palmetto, and finasteride were supplied orally.



25(5): 806~812 (2015) AR v =

%91 BPH-CL100 (E)7HA] A 2] H|E 57} 7h4y]
I JSE E 5 9la, WAl Control (A9} FARE 2k
o2 fAE o ZH BPH ol sl Ay x2e] wsp} 3t
A5 E 2SR 4 Tk Shin IS 5(2012)2] A4
T AP vdirh ot 2] A 2Tt Bl e s WsE

B9l o, finasteride 5 e W/l & A+9 &
AFSHAl UEbSETE. o] 2 gk Mgk ShA] Aol A Ejleh 9
A v BdoA SEH G325 &5 FoTelA] A
73S Kol Al Zgko] AT

o
=

ko

B AT E arsbEon A94 Ve fEd
EHEoﬂ EF(Curcuma longa L) @FFZES q,oo};@_
£ Foldte] dof B2 dFAAe] Wgke A

g FAAA 28 FFEECL) wold

Ht7L este = e AES = ddeH, 94574 *}Oliﬂ
9191 TNF-q, IL-6 2 IL-18°] AHA v SE=FolA] 1 =
do] dA3] STkl o, 7 w=0 CL welAe sEoE
Aoz 7+astlth T3k CL Fofol we} finasteride enzyme
Q1 COX-29t A5 HARRJIAR] NF-kbe] %W 5}94 Aas
et ©
o] JdZF EJJ&W g
4 e Ae ‘”‘ﬂoiﬂrﬂ} v 6‘;}4

27F € v AtadEnh

© o
-

#Ate 2

B ATE U4 ER

007)°l <]3j

7] A SR A (201 14-
olof] FrAL=HUTh.

REFERENCES

Ahmad M, Suhail N, Mansoor T, Banu N, Ahmad S (2012)
Evaluation of oxidative stress and DNA damage in benign
prostatic hyperplasia patients and comparison with controls.
Indian J Clin Biochem 27: 385-388.

Aryal M, Pandeya A, Bas BK, Lamsal M, Majhi S, Pandit R,
Agrawal CS, Gautam N, Baral N (2007) Oxidative stress
in patients with benign prostate hyperplasia. J Nepal Med
Assoc 46: 103-106.

Atawia RT, Mosli HH, Tadros MG, Khalifa AE, Mosli HA,
Abdel-Naim AB (2014) Modulatory effect of silymarin on

inflammatory mediators in experimentally induced benign

HES] AP 24

]

AM 2w Foldl u

AS5AAe] 811

3}

il

prostatic hyperplasia: Emphasis on PTEN, HIF-1a, and NF-
kB. Naunyn Schmiedebergs Arch Pharmacol 387: 1131-
1140.

Bemnichtein S, Pigat N, Camparo P, Latil A, Viltard M, Fried-
lander G, Goffin V (2015) Anti-inflammatory properties of
lipidosterolic extract of Serenoa repens (Permixon®) in a
mouse model of prostate hyperplasia. Prostate 75: 706-22.

Berry SJ, Coffey DS, Walsh PC, Ewing LL (1984) The de-
velopment of human benign prostatic hyperplasia with age.
J Urol 132: 474-479.

Bostanci Y, Kazzazi A, Momtahen S, Laze J, Djavan B (2013)
Correlation between benign prostatic hyperplasia and infla-
mmation. Curr Opin Urol 23: 5-10.

Elberry AA, Mufti ST, Al-Maghrabi JA, Abdel-Sattar EA, As-
hour OM, Ghareib SA, Mosli HA (2011) Anti-inflammatory
and antiproliferative activities of date palm pollen (Phoenix
dactylifera) on experimentally-induced atypical prostatic
hyperplasia in rats. J Inflamm (Lond) 8: 40-53.

Elberry AA, Mufti S, Al-Maghrabi J, Abdel Sattar E, Ghareib
SA, Mosli HA, Ghareib SA (2014) Immunomodulatory
effect of red onion (Allium cepa Linn) scale extract on ex-
perimentally induced atypical prostatic hyperplasia in Wistar
rats. Mediators Inflamm 640746.

Gandaglia G, Briganti A, Gontero P, Mondaini N, Novara G,
Salonia A, Sciarra A, Montorsi F (2013) The role of chronic
prostatic inflammation in the pathogenesis and progression
of benign prostatic hyperplasia (BPH). BJU Int 112: 432-
441.

Ho JN, Jang JY, Yoon HG, Kim Y, Kim S, Jun W, Lee J
(2012) Anti-obesity effect of a standardised ethanol extract
from Curcuma longa L. fermented with Aspergillus oryzae
in ob/ob mice and primary mouse adipocytes. J Sci Food
Agric 92: 1833-1840.

[luri R, Bethapudi B, Anandakumar S, Murugan S, Joseph JA,
Mundkinajeddu D, Agarwal A, Chandrasekaran CV (2015)
Anti-Inflammatory activity of polysaccharide fraction of Cur-
cuma longa extract (NR-INF-02). Antiinflamm Antiallergy
Agents Med Chem 14: 53-62.

Kim J, Jeong SW, Quan H, Jeong CW, Choi JI, Bac HB
(2015) Effect of curcumin (Curcuma longa extract) on LPS-
induced acute lung injury is mediated by the activation of
AMPK. J Anesth Sep 3. [Epub ahead of print].

Kramer G, Marberger M (2006) Could inflammation be a key
component in the progression of benign prostatic hyperpla-



812 ol A& LA -

sia? Curr Opin Urol 16: 25-29.

Latil A, Pétrissans MT, Rouquet J, Robert G, de la Taille A
(2015) Effects of hexanic extract of serenoa repens (permi-
xon® 160 mg) on inflammation biomarkers in the treatment
of lower urinary tract symptoms related to benign prostatic
hyperplasia. Prostate 75:1857-1867.

McCann MJ, Johnston S, Reilly K, Men X, Burgess EJ, Perry
NB, Roy NC (2014) The effect of turmeric (Curcuma longa)
extract on the functionality of the solute carrier protein 22
A4 (SLC22A4) and interleukin-10 (IL-10) variants associated
with inflammatory bowel disease. Nutrients 6: 4178-4190.

Minutoli L, Bitto A, Squadrito F, Marini H, Irrera N, Morgia
G, Passantino A, Altavilla D (2013) Serenoa repens, lyco-
pene and selenium: A triple therapeutic approach to manage
benign prostatic hyperplasia. Curr Med Chem 20: 1306-1312.

Nufiez C, Cansino JR, Bethencourt F, Pérez-Utrilla M, Fraile
B, Martinez-Onsurbe P, Olmedilla G, Paniagua R, Royuela
M (2008) TNF/IL-1/NIK/NF-kB transduction pathway: A
comparative study in normal and pathological human pro-
state (benign hyperplasia and carcinoma). Histopathology
53: 166-176.

Park DS, Shim JY (2008) Histologic influence of doxazosin

HORA o} R IR

and finasteride in benign prostatic hyperplasia accompa-
nying chronic inflammation. Urol Int 81: 441-446.

Roehrborn CG (2008) Pathology of benign prostatic hyper-
plasia. Int J Impotence Res 20: S11-S18.

Shin IS, Lee MY, Jung DY, Seo CS, Ha HK, Shin HK (2012)
Ursolic acid reduces prostate size and dihydrotestosterone
level in a rat model of benign prostatic hyperplasia. Food
Chem Toxicol 50: 884-888.

Sikka SC (2003) Role of oxidative stress response elements
and antioxidants in prostate cancer pathobiology and che-
moprevention-A mechanistic approach. Curr Med Chem 10:
2679-2692.

Timms BG, Hofkamp LE (2011) Prostate development and
growth in benign prostatic hyperplasia. Differentiation 82:
173-183.

Vendramini-Costa DB, Carvalho JE (2012) Molecular link me-
chanisms between inflammation and cancer. Curr Pharm
Des 18: 3831-3852.

Date Received  Sep. 24, 2015
Date Revised Oct. 15, 2015
Date Accepted Oct. 16, 2015



