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Immunomodulatory Effects of Curcuma longa L. Extract in LP-BM5 Murine
Leukemia Viruses-induced Murine Acquired Immune Deficiency Syndrome
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Woojin Jun®, Kwontack Hwan®, and Jeongmin Lee'”

Department of Medical Nutrition and °Clinical Nutrition Institute, Kyung Hee University
“Korea INSPharm Research Institute
'?Department of Food and Nutrition, Chonnam National University
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ABSTRACT The immune system protects the body against harmful substances and infectious agents. Normally, the
body can maintain a state of immune homeostasis. However, failure of immune homeostasis results in severe diseases
when the immune system is defective. We investigated the immunomodulatory effect of Curcuma longa L. extract
in LP-BMS5 MuLV (murine leukemia viruses)-induced murine AIDS (acquired immune deficiency syndrome). Mice
were divided into six groups: normal control, infected control (LP-BM5 MuLV infection), positive control (LP-BM5
MuLV infection+dietary supplement of red ginseng 200 mg/kg), CL50 (LP-BM5 MuLV infection+dietary supplement
of Curcuma longa L. 20% alcohol extract 50 mg/kg), CL200 (LP-BM5 MuLV infectiont+dietary supplement of Curcuma
longa L. 20% alcohol extract 200 mg/kg), and CL500 (LP-BM5 MuLV infectiont+dietary supplement of Curcuma
longa L. 20% alcohol extract 500 mg/kg). We found that dietary supplementation with Curcuma longa L. 20% alcohol
extract inhibited elevation of spleen, lymph node, and liver weights as well as reduction of T- and B-cell proliferation
and natural killer cell activity induced by LP-BM5 MuLV infection. Moreover, Curcuma longa L. 20% alcohol extract
inhibited Thl (IL-2, [FN-y)/Th2 (IL-4, IL-10) cytokine imbalance and pro-inflammatory cytokine production. In con-
clusion, these data suggest that Curcuma longa L. has immunomodulatory effects in LP-BM5 MuLV-induced murine

AIDS.

Key words: immunomodulatory effect, Curcuma longa L., LP-BM5 murine leukemia viruses, cytokines, murine acquired

immune deficiency syndrome
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SR olgha wat SHATE 46.9%% 299l sk |
9 Ag AP Eo| TUIskE T AvAEY WYE T3
T 17752 Fol #Alo]l Tkt om ofof mE A
A A ATE SR8k AEH3)

WA Ao EAE doy|= AR A3 & 7 A4
A %k-& HIV(human immunodeficiency virus, 217F W2

3 wlol#)x) 7+ 93 AIDS(acquired immune defi-
ciency syndrome, 34 W94y F5)elth HIV 74

& vielels 2ol i WS SOl ol
2 AASA Lok T2 2719l 717 AR AIDS
= wasiel e S R AR old 44 A80] v

tH(4). MAIDS(murine acquired immune deficiency syn-
2 534 WAY FF)E LP-BM5 MuLV
(murine leukemia viruses) 7+l 93t T& Ao 2 A,
AZE AIDSSF frARE HAAA o5 B.ol7] mizol MAIDS

drome, 7}$-
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mee dqdy] Aol ARgEt7] A dstH5). LP-BM5
MuLV #Z92 ¥gudis, 13v22E5EdE F(hyper-
gammaglobulinemia), X4 #o] 5& o7+ EAHS
7A@k B3 CD4™ T helper(Th) A2 7HAas} 7]
oS Lo 71th(6,7). o] 2 15t Thl type cytokines?
AALE 7y 4x7]3L Th2 type cytokines®] AARE Z71A17]
© 2 M Thl/Th2 type cytokines®] Ei& o] doji}ar, o]
E BAES @45 AFAA HYgs25d AAS 714
71}, ¥t o}y 2} pro-inflammatory cytokines®] F7}=
vlole{ 2~ BEAE Y F7FAI71A Foh8). v IL-129}F
IL-15% #A= 9] NK(natural killer) A2 &A4S a4
AlA ol 2 7+ M3ES] AME S-S AT A FTHO).

HIV/AIDS®] 2 &S A AAIH o= Frtetal glov
A5 gt A5HS ofA /MLEA e, HYH {X
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AxHo A A5S Hole HAAES e
Gom we
St = (Curcuma

longa L. tumeric)9] W x4d g5 9 Gt EF2
A7 ate] Lot AE2A Falu=E 9 AFEEHI o
T, AE, & 5 TE ofx o FUkeA dE] A=
UTHID). &7 BeelA FE% AF 9 (curcumin) 7+
A oA JRoR gdikst a3(12), 39(13), x4
(14) 59 kst A4S Adokar Bag vp gloh
LP-BM5 MuVL 7 Zlol A o] Wz #d A=
218 vl vk, mEbA 2 Aol 4= LP-BM5 MuVL %
TERY °ﬂ A o] HZFAE 9] cytokines AAY, E7F W
%, T AIE BB AR S2%5, NK Al3Ee] 24

5t %o}oq 7 74 FaEel Wl Fo) v

AbEE &E2 éi}j??li#(—zr)(Hwasun Ko-
rea)ol| Al A Fdo} A} 3 = A&l 20% o
BH2-S H71EFar 95°Coll A 443 Eet reflux o] &3}
Gt FEEL oIx(Whatman filter paper No. 6,
Whatman, Newton, MA, USA)Z o33+ 3 3| 3355
1R A} wFS FEAR 3 v -20°CH B#shH
Aol A}-g-3FA T

op
)
;3.\4.,
Aui

MBSE, AREU Y A0IEY
B Aol A8% ARERE A SR a

e gae.o
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AL (KHUASP(SE)-14-006)9] 591S ol 2 8g3s}s]
o} 45 ® C57BL/6 +7 v}-$-2~& A (Osan, Korea)
A¥E } FoRHE FYste] s& AFSACdA dA
<t 74( 1 23%2°C, U&= 50+5%, Mo 12417
light/dark cycle)oi 15U A-5A171 & A5} A
713t T AZsivta B E FEC diste] Ei Al
7V ANAE Bt F29HE o] &ate] 7+ i 8u)
go] n-~E o]&3te] v+ EHE ST AU T
(normal control), A% tlZ (infection control), Y73l
Z++(positive control, &4+ 200 mg/kg b.w 2] o] Fo]1),

7 20% +4 FEE 50 mg/kg b.w 2] 0] F o (CL50),

= 20% F4 FEE 200 mg/kg b.w 2] o] 5]+ (CL200),
& 20% T4 FEE 500 mg/kg b.w Ao] FoF(CL
SOO)Oi wElete] Ao Ras AQE BE o vhg-~

& LP-BM5 MuLV 4 2A8gith ZE Aol AIN
93GE 714l 2 AlFallon, o)Fe] FAld] LP-BMS5
MuLV 24 ks Algetal o A8 $R97HA] ol w

o2 ANtk 49717 Bt Holeh &8 AHE
A3 17<el @ 0 QA Agke] AZ3}

LP-BM5 Hto|2{A Z+H

LP-BM5 MuLV(NIAID, NIH, Bethesda, MD, USA)E
4.5 logio PFU(plaque forming unit)/mL%E % A 3}o] w}-$-
EaX s 1H°ﬂ 0.1 mL"\‘ —Zr/\}ﬁ}oﬂ 12F 7“’”\]73\3}(15)

HIZMZE Y 2 T ME 2 B MZE SAs2 &3

EE AdFEoA e |32 PBSE Al ¥ 045
um cell strainers AFg3lo] A E B{AS THEA T
G M FE BEHFHNS 10% fetal bovine serum(Hyclone
Laboratories, Logan, UT, USA), 2 mmol/L glutamine
(Hyclone Laboratories), 100 mg/L penicillin—strepto-
mycin(Hyclone Laboratories)& 7 7}$ RPMI-1640(Hy -
clone Laboratories)2. & A& 3 red blood cell lysing
buffer(Sigma—-Aldrich Co., St. Louis, MO, USA)=Z 438
TE& £YAA HZHE FHde vHE0] 96 well plateol
7t welld 1x10° cells/well® 3813t T AE S$4%
=4S $3F9] concanavalin A(ConA)(Sigma-Aldrich
Co.) 5 ng/mLE AL, B AIX 525 545 915t
lipopolysaccharide(LPS)(Sigma-Aldrich Co.) 5 ug/mL
A2 g F 48AI7F FeF 37°Cell A wiFakgitt. 484131
EZ-CyTox(Deilab INC, Suwon, Korea)Z 10 pL® &£
3L 4A)7F E9F 37°Col| A vlA 7] F 450 nmoll A &
Ed=2
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T FERY WGzl 53 1319
Cytokines =X SAHX2|

HI AN EZE 96 well platedl] ZF welld 1x10° cells/well B e A= SPSS(Statistical Package for Social
2 FF 5 ConA 5 pg/mLE A2 she] IL-2, IL-4, IL-10, Science, version 20.0, SPSS Inc., Chicago, IL, USA) &
IFN-y9 Ad& AFAZ I, LPS 5 ng/mLE A st AZZ RS o] &3] 7k AT H £33 FH A Hmean
TNF-qa, IL-6, IL-12, IL-159] A4S A=5AZ T} 1L-2, +SD)E ®AIEA AL, o e BAA #94 S Duncan's

IL-4, IL-10, TNF-a, IL-6% 24A]3F wjF Fof, IL-129} multiple range test2 A A5l {248 /X0.05 79
IL-15% 48A17F vl F F-oll, IFN-y+= 72417 m g Sofl 4 Al A7 3T

IS =AY AE A cytokines?] %S DuoSet

Sandwich ELISA Mouse kit(R&D System, McKinley Place Z o}
NE, Minneapolis, MN, USA)E o] &3}o] A5} o).

ng
|
]

22/ ¥ =X 2 Ha By

g5 HYZZ2ED =X LP-BM5 MuLVel 4oz 23 MAIDS H&& 27+
RE ATSES JAANA €& A& 16,000 rpmell A AIDS®} FrARSHAl v 53 2 ol 5] W2 Eh4]
20 Bt dAlEE st @48 92 F mouse immun- WotE yYepdnta deiA] doh v WAl EyE
oglobulin G(IgG) ELISA kit(Immunology Consultants o] 9lo] HAAAAA 7MY FLod Pzr|Hoa 3o
Laboratory Inc., Newberg, OR, USA)Z o] &3} [gG= A A =AY AARESo] F&3HA] XY= o] §h-3-3lo]
SA3 At A717% F7kste] v H diFo] fdEnh, 2§ o uk-g-o]
AlZre] Fast @S oty HEAE 7Y, ArtH G E S
YAC—10ll LBt natural killer(NK) MIEZ &M =X ok dejnkg-o® 7|7k S7kskAl |rk8,16). E7F LP-
N A EE 96 well plateoll ZF welld 1x107 cells/well BM5 MuLVe] #44 Al &4akael| o3k ksl ~Ee 27}
A ;EFoto] effector AlEE 0] 83} Tt Target Al X & F48% F7tete Ao duEA o o2 st AR
AF83F YAC-1 Al 3¥EE 10% fetal bovine serum, 2 mmol/L o] dFo] fty L AUt 5o 7HA3lo] doju= Ao w
glutamine, 100 mg/L penicillin-streptomycins 3 7}3F & A rh(17). WA oled A 9o FA Z71+= LP-
RPMI 1640& o]-&3lo] mi&stqiar, w55 H7gA| 2 ef- BM5 MuLV #t¢le] Ao = #dsa 9l&S vehile
fector MI3E$} target AEZ 9] HI&& 10:118 45t &5 AX7F H7 e gk & Aol A e rhe-2o 55 #Eke)
3F3iTh. 37°C, 5% COzell 4A17F &<t vkt = FrE € lac- z2 A WMstE A5t olelg Wy WalE st
tate dehydrogenase(LDH)& CytoTox 96 Non-Radio— Aot A HEE SR 7)TAS Ad Aow de &
active Cytotoxicity Assay kit(Promega Corporation, AR A4S FAYWZALOE ARSI &5 FAH FEET
Madison, WI, USA)E AH&-3te] 7313l th. ELISA read- o] g% Hlastglrt.
erg o]&3ate] F4% 490 nmell A A3t Al YAC- AEsEY] EFAS 7] A W8t B A3+ Table
1 Az AbE AEE NK cell activity(%) 2 HJERHRA 13 2o v 49 AR TS 0.07+0.01 go2 1
Epek wb AR 0.8410.22 g0 2 19 F 2l o] =
B THAK0.05). FAd 3 CL50, CL200 #Zddx

Table 1. Effects of Curcuma longa L. 20% ethanol extracts on FER and organ weights of C57BL/6 mice with or without LP-BM5
murine leukemia viruses infection

LP-BM5 MuLV infection

Groups Normal control - —
Infection control  Positive control CL50 CL200 CL500
Weight gain (g)”  6.33+0.65° 9.96+2.27" 10.34+1.79 10.61+2.46" 12.18+2.85" 11.50+2.89°
FER” 0.027+0.002° 0.051+0.010° 0.048+0.008" 0.052+0.057°  0.057+0.013"  0.049+0.012°
Spleen (g) 0.07+0.01°¢ 0.84+0.22° 0.66+0.13% 0.76+0.20" 0.69:0.04" 0.5740.21°
Lymph node (g) 0.06+0.01° 4.71+0.87" 2.09+0.78° 4.11£1.16" 2.2240.57° 2.08+1.47°
Liver (g) 0.82+0.06° 1.44+0.21° 1.220.03" 1.36+0.21° 1.28+0.06" 1.2540.28"

)Welght gain (g/12 week)=final body welght (g)—initial body weight (g).

JFER (food efficiency ratio)=weight gain (g)/ food intake calories (g).

Normal control, no treatment group; infection control, LP-BM5 MuLV infection group; positive control, LP-BMS5 MuLV infection
with dietary supplement of red ginseng 200 mg/kg; CL50, LP-BM5 MuLV infection with dietary supplement of Curcuma longa
L. 20% ethanol extracts 50 mg/kg; CL200, LP-BM5 MuLV infection with dietary supplement of Curcuma longa L. 20% ethanol
extracts 200 mg/kg; CL500, LP-BM5 MuLV infection with dietary supplement of Curcuma longa L. 20% ethanol extracts 500 mg/kg.
All data are presented as meantstandard deviation (n=8). Differences in the same row were considered statistically significant at
P<0.05.
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Fig. 1. Effects of Curcuma longa L. 20% ethanol extracts on
T and B cell proliferation from primary splenocytes prepared
from C57BL/6 mice with or without LP-BM5 MuLV infection.
Groups are the same as Table 1. Differences among group were
considered statistically significant at P<0.05.

of - gThe . 184 -

2o (T Al
A FrelFel #as BAT(X0.05). &5

©39.39£11.97%, B A|l3E: 40.82+6.33%)°ll
20% ¥4 &
2o o] Fol & FE JEHOE T ARG} B AL BT

=
%ol aguizs) vasel feoH0m b
3}

f
)
o
x2
%
R
&)
&)
g
-
el
-
£
®
«
o
X
L
2
£
o
g
—{o
W
Lo
=

1HTwzg2Mb°@w4@w 2o &

Th1/Th2 cytokines MM =X

CD4" Th AMXd= Thl type cytokinesS A st=
Thl A9} Th2 type cytokinesS A3l Th2 A7
AT} Thl type cytokinese & thAA¥x o] A48 Z7}
Al A B2 228 2=5, Th2 type cytokines= B A3
o GAdE& AFAA FA BAHe F7HA1ZIT o)2f g Thl/
Th2 type cytokines® A& H 2l ZHof ¢]3le] HH
TS FAATH24). 3HARF LP-BM5 MuLVe] 792
Thl type cytokines= #2~A]7]3L Th2 type cytokines<
S7HAA EAEE d4o7|a Wexd sYS Wojxma
HH25).

Thl type cytokine % IFN-y&= CD4" Th A3z <] &3}e}
A A 75s AFAIIE 9TS grh26). o2
IFN-y9] AL v =+(169.91+£26.06 pg/mL)el A
4t 2(800.75£40.46 pg/mL)¥} HlaLste] o] A o
2 AHJTIKO0.05). FHH &5 20% 4 FE2 2 9]
Folaro s frodo %7}0}919}1, CL500* 581.24
+33.38 pg/mLE YA HZ7(600.36£57.06 pg/mL)3} =
oAl atol7t & FAER T/ ATHIXK0.05). T &
Thl type cytokine§l IL-2% CD4" Th A|x¢] ZA 37 &
slo] H a3 cytokineolth(27). ¥ AFtelA LP-BM5
MuLVe| 713(77.90+19.82 pg/mL) 83t 2(679.84
+49.29 pg/mL)} Bl dte] fFolHow DAHASSES <
3F$TH(X0.05). kA 7k CL200+(161.07+18.35 pg/mL)
I} CL500++(183.67+16.04 pg/mL)olA = A x+-3
Hluste] fojAom F/AEASE AT F AJTHX
0.05)(Fig. 2).

Th2 type cytokines$! IL-4¢} [L-10 B5F Zdd =+
(IL-4: 130.76%x5.21 pg/mL, IL-10: 624.86%+39.76 pg/
mL)ol A At Za+(IL-4: 8.38+2.16 pg/mL, IL-10:
37.98+11.14 pg/mL)¥} W] dte] o5 o A ZFr}st
S FASATHIXK0.05). B &5 74 20% FE=E9
Ao] ol [L-49] Aol w5 &40 & THAAH
© M (CL50: 98.06+13.73 pg/mL, CL200: 71.23%£5.75
pg/mL, CL500: 15.60+4.77 pg/mL), IL-102] AAFeFol A
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Fig. 2. Effects of Curcuma longa L. 20% ethanol extracts on
Th1 type cytokines (IL-2, IFN-y) production from ConA-stimu-
lated primary splenocytes prepared from C57BL/6 mice with
or without LP-BMS5 MuLV infection. Groups are the same as
Table 1. Differences among group were considered statistically
significant at P<0.05.
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Fig. 3. Effects of Curcuma longa L. 20% ethanol extracts on
Thl type cytokines (IL-4, IL-10) production from ConA-stimu-
lated primary splenocytes prepared from C57BL/6 mice with
or without LP-BM5 MuLV infection. Groups are the same as
Table 1. Differences among group were considered statistically
significant at P<0.05.

T BT fFoYHom rAaAIF o CL2007(469.35+42.73
pg/mL)3} CL5007-(417.96+32.91 pg/ml)e] o] A el 3}
ol & HolA| &UTHIKO0.05)(Fig. 3). ol#1gt &+ 20% +
A F==9 Th2 type cytokines 74 A3+ Thl type
HaE SAAZ =M Thl/Th2e] B @S 3t

= D=y
FA EgS F AR A

cytokines
M IEE R

i
>
ke
=X
o
w
3
o
(@]
o
o
oz
it
N
)
95
3
(o3
o
x
>
Kul

Z WA FRE o] Z718 A Avia vy
HIVZF B Al3Ee] CD21 @ilde] A AT o224 B AL
) o=

TFANE dF =331 LP-BM5 MulL.Ve)
Agdor dojus unFREAI S 7 20% 54
FEE] HA & JFTFS AT ugit

1321

80 -

60 -

20 4

Serum IgG concentration
(ng/mL)
(¢]

0 Ij

Normal
control

Infection  positive CL50 CL200 CL500
control control

LP-BM5 MuLV infection

Fig. 4. Effects of Curcuma longa L. 20% ethanol extracts on
Immunoglobulin G concentration from blood prepared from
C57BL/6 mice with or without LP-BM5 MuLV infection. Groups
are the same as Table 1. Differences were considered statisti-
cally significant at P<0.05.

rc =
o 1=

9% 1sG e AY= Fig. 49 2o A3z
T(5.44+1.84 pg/mL)3} wluste] A Z+(85.49+
3.81 pg/mL)ol A &Aooz T [gGe X7 715 ¢

= A THIXKO0.05). SHANE &5 20% F4

FEEO
2ol BolE % o]EH O T [gGo] B EE FAAIATUX
0.05). o]# % A¥= LP-BM5 MuLVY g o s Q3% B
Ao mAGAQ 75 S &F 20% 74 FEEC] JAA
A dF A9SZEAY TEE JAANHTL B 5 9

Pro—inflammatory cytokines MM =X
Pro-inflammatory cytokines®l TNF-a$} IL-6+= NF-
kBE E43AA HIVE HA4E oF7]gth TNF-a= F2
g stE gl A 93] ErEn, d5ueS st
apoptosisE FO 72T WAANE &A] - FA3F cy-
tokine©]tH28). £ <AFelA LP-BM5 MuLVel #4
(311.35+£29.96 pg/mL)S. & TNF-a2] A o] AAh=
T(47.60£7.61 pg/mL)¥} Hlw3dle] FojFH o7 =715 <
S5 AHE = dATHIXK0.05). Bk olyg} TNF-aol ¢]
slo] Z7HE = 1L-69] AAHE 44 2+(515.09+£10.93
pg/mL)ell H]38le] At %(1,013.26+15.90 pg/mL)9l
A oA o g ekl S8 sk tHIXK0.05). &5 20
% T4 FE= o] FoAE AT H AEEddA
TNF-a¢} IL-6 EF 93¢l Zpo]& Ho|A] gkory,
CL200v(TNF-a: 253.90+31.71 pg/mL, IL-6: 886.50+
15.58 pg/mL)¥} CL500(TNF-a: 180.28+15.20 pg/
mL, IL-6: 823.88+17.05 pg/mL)o| A & o] o2 A}
AFS 7 AAATIXK0.05)(Fig. 5). Yue 5(29)2 <3l
A FES OEdF7F At 22 gl A2 TNF-q,
IL-6 59 cytokines®] #H] & 24d3sle] A9xd 4%
o] itk B &ttt L3k Chan(30)2] Aol M= &9
A o] €17k tha A Eoll A LPSel 9]&te] F=%¥ TNF-a
o S FAAZ T Bustgint. o]gfg Aol o3}
ool 23 gdiF 2 AFY 59 &29] cytokines
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Fig. 5. Effects of Curcuma longa L. 20% ethanol extracts on
pro-inflammatory cytokines (TNF-o, IL-6) production from LPS-
stimulated primary splenocytes prepared from CS57BL/6 mice
with or without LP-BM5 MuLV infection. Groups are the same
as Table 1. Differences among group were considered statisti-
cally significant at P<0.05.
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Fig. 6. Effects of Curcuma longa L. 20% ethanol extracts on
the NK cell activity by splenocyte (effector cell : YAC-1=5:1)
from C57BL/6 mice with or without LP-BM5 MuLV infection.
Groups are the same as Table 1. Differences were considered
statistically significant at P<0.05.
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among group were considered statistically significant at P<0.05.

gelstdch &4% T A, B AlE 2 NK Al 2]
Th1/Th2 cytokines®] 43S &5 20%
AAADoZH HxE &
T &2 a9E Bk
IS A 71648 S AN
o

A AT ThedE 7

]

IO e =y %

g L M off o

M

(2o e N ol

12
BN

ATl = &5 20%
A E MAIDS E o4
cytokines A4t 874 H
o] F215, NK A2 =
BM5 MuLV #9 o= Qlate] 2t
2%, NK Al22e] 8458 &5 20% 4 F=5&7 20
Fol7F S7MA1H 2.1, Thi type cytokines(IL-2, IFN-y)<]
WA eSS Z7FA17]aL Th2 type cytokines(IL-4, IL-10)&

AAAF .2 Thl/Th2 type cytokine Wd S Z43s}o]

s
7

=)
_[R oL

gelstz] #1sh
M 2 B AX
o Ay Lp-
T AIE 2B AIZ

12
iy
ht
e



oo

_1

10.

11.

12.

13.

14.

15.

dAte| 2
ATE FYFAAER J1EAA 8 Aol <8 of
o)zl Ao oo FAEY
REFERENCES
. Tomasi TB Jr, Tan EM, Solomon A, Prendergast RA. 1965.

Characteristics of an immune system common to certain ex-
ternal secretions. J Exp Med 121: 101-124.

. Gonzalez-Rey E, Chorny A, Delgado M. 2007. Regulation

of immune tolerance by anti-inflammatory neuropeptides.
Nat Rev Immunol 7. 52-63.

. 2013 Health functional food market trends and consumer

survey. 2014. Korea Health Supplements Association.
Seongnam, Korea.

. Piot P, Bartos M, Ghys PD, Walker N, Schwartlander B.

2001. The global impact of HIV/AIDS. Nature 19: 968-973.

. Jolicoeur P. 1991. Murine acquired immunodeficiency syn-

drome (MAIDS): an animal model to study the AIDS
pathogenesis. FASEB J 5: 2398-2405.

. Li W, Green WR. 2006. The role of CD4 T cells in the

pathogenesis of murine AIDS. J Virol 80: 5777-5789.

. Lee JM. 2006. Dehydroepiandrosterone sulfate inhibited im-

mune dysfunction induced by LP-BMS5 leukemia retrovirus
infection through regulating Th1/Th2 type cytokine mRNA
expression and oxidative stress in murine AIDS model. J
Korean Soc Food Sci Nutr 35: 1329-1335.

. Iida R, Saito K, Yamada K, Basile AS, Sekikawa K, Take-

mura M, Fujii H, Wada H, Seishima M, Nabeshima T. 2000.
Suppression of neurocognitive damage in LP-BMS5-infected
mice with a targeted deletion of the TNF-alpha gene. FASEB
J 14: 1023-1031.

. Rodriguez AR, Hodara V, Murthy K, Morrow L, Sanchez

M, Bienvenu AE, Murthy KK. 2014. T cell interleukin-15
surface expression in chimpanzees infected with human im-
munodeficiency virus. Cell Immunol 288: 24-30.
Greenspan HC, Aruoma OI, Arouma O. 1994. Could oxida-
tive stress initiate programmed cell death in HIV infection?
A role for plant derived metabolites having synergistic anti-
oxidant activity. Chem Biol Interact 91: 187-197.

Kim MS, Chun SS, Kim SH, Choi JH. 2012. Effect of tu-
meric (Curcuma longa) on bile acid and UDP-glucuronyl-
transferase activity in rats fed a high-fat and cholesterol diet.
J Life Sci 22: 1064-1070.

Selvam R, Subramanian L, Gayathri R, Angayarkanni N.
1995. The anti-oxidant activity of tumeric (Curcuma longa).
J Ethnopharmacol 47: 59-67.

Chainani-Wu N. 2003. Safety and anti-inflammatory activ-
ity of curcumin: a component of tumeric (Curcuma longa).
J Altern Complement Med 9: 161-168.

Varalakshmi Ch, Ali AM, Pardhasaradhi BV, Srivastava
RM, Singh S, Khar A. 2008. Immunomodulatory effects of
curcumin: in-vivo. Int Immunopharmacol 8: 688-700.
Liang B, Jiang S, Zhang Z, Inserra P, Lee J, Solkoff D,
Watson RR. 2001. Anti-inflammatory effects of theophyl-
line: modulation of immune functions during murine leuke-

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

1323

mia virus infection. Immunopharmacol Immunotoxicol 23:
307-319.

Liang B, Wang JY, Watson RR. 1996. Murine AIDS, a key
to understanding retrovirus-induced immunodeficiency. Viral
Immunol 9: 225-239.

Odeleye OE, Eskelson CD, Watson RR. 1992. Changes in
hepatic lipid composition after infection by LP-BMS5 murine
leukemia virus causing murine AIDS. Life Sci 51: 129-134.
Dimitrov DS, Norwood D, Stantchev TS, Feng Y, Xiao X,
Broder CC. 1999. A mechanism of resistance to HIV-1 en-
try: inefficient interactions of CXCR4 with CD4 and gp120
in macrophages. Virology 259: 1-6.

Moir S, Malaspina A, Li Y, Chun TW, Lowe T, Adelsberger
J, Baseler M, Ehler LA, Liu S, Davey RT Jr, Mican JA,
Fauci AS. 2000. B cells of HIV-1-infected patients bind
virions through CD21-complement interactions and transmit
infectious virus to activated T cells. J Exp Med 192: 637-646.
Moir S, Buckner CM, Ho J, Wang W, Chen J, Waldner AJ,
Posada JG, Kardava L, O'Shea MA, Kottilil S, Chun TW,
Proschan MA, Fauci AS. 2010. B cells in early and chronic
HIV infection: evidence for preservation of immune func-
tion associated with early initiation of antiretroviral therapy.
Blood 116: 5571-5579.

Gougeon ML, Lecoeur H, Dulioust A, Enouf MG, Crouvoiser
M, Goujard C, Debord T, Montagnier L. 1996. Programmed
cell death in peripheral lymphocytes from HIV-infected per-
sons: increased susceptibility to apoptosis of CD4 and CDS8
T cells correlates with lymphocyte activation and with dis-
ease progression. J Immunol 156: 3509-3520.

Morris L, Binley JM, Clas BA, Bonhoeffer S, Astill TP, Kost
R, Hurley A, Cao Y, Markowitz M, Ho DD, Moore JP. 1998.
HIV-1 antigen-specific and -nonspecific B cell responses
are sensitive to combination antiretroviral therapy. J Exp
Med 188: 233-245.

Li X, Liu X. 2005. Effect of curcumin on immune function
of mice. J Huazhong Univ Sci Technolog Med Sci 25: 137-
140.

Powrie F, Coffman RL. 1993. Cytokine regulation of T-cell
function: potential for therapeutic intervention. Immunol To-
day 14: 270-274.

Meyaard L, Schuitemaker H, Miedema F. 1993. T-cell dys-
function in HIV infection: anergy due to defective anti-
gen-presenting cell function? Immunol Today 14: 161-164.
Biswas P, Poli G, Kinter AL, Justement JS, Stanley SK,
Maury WJ, Bressler P, Orenstein JM, Fauci AS. 1992. Inter-
feron gamma induces the expression of human immun-
odeficiency virus in persistently infected promonocytic cells
(U1) and redirects the production of virions to intracytop-
lasmic vacuoles in phorbol myristate acetate-differentiated
Ul cells. J Exp Med 176: 739-750.

Zimmerli SC, Harari A, Cellerai C, Vallelian F, Bart PA,
Pantaleo G. 2005. HIV-1-specific IFN-gamma/IL-2-secret-
ing CD8 T cells support CD4-independent proliferation of
HIV-1-specific CD8 T cells. Proc Natl Acad Sci USA 102:
7239-7244.

Fernandez-Ortega C, Dubed M, Ramos Y, Navea L, Alvarez
G, Lobaina L, Lépez L, Casillas D, Rodriguez L. 2004.
Non-induced leukocyte extract reduces HIV replication and
TNF secretion. Biochem Biophys Res Commun 325: 1075-
1081.

Yue GG, Chan BC, Hon PM, Kennelly EJ, Yeung SK,
Cassileth BR, Fung KP, Leung PC, Lau CB. 2010. Immu-
nostimulatory activities of polysaccharide extract isolated
from Curcuma longa. Int J Biol Macromol 47: 342-347.



1324 97 faok-drre - g4 -9 g ol g

30. Chan MM. 1995. Inhibition of tumor necrosis factor by cur- 32. Peacock CD, Price P. 1999. The role of IL-12 in the control
cumin, a phytochemical. Biochem Pharmacol 49: 1551-1556. of MCMV is fundamentally different in mice with a retro-

31. Yoshikai Y, Nishimura H. 2000. The role of interleukin 15 viral immunodeficiency syndrome (MAIDS). Immunol Cell
in mounting an immune response against microbial in- Biol 77: 131-138.

fections. Microbes Infect 2: 381-389.



