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Effects of Turmeric (Curcuma longa L.) Supplementation on Blood
Urea Nitrogen and Enzyme Activities in Dyslipidemic Rats

Da—Young Oh, Dong—Soo Kang”, Young—Geun Lee, Han—Soo Kim

Department of Food Science and Technology, Pusan National University, Miryang 50463, Korea
YDepartment of Marine Bio Food Science, Chonnam National University, Yeosu 59626, Korea

Abstract

The purpose this study was to investigate the influences of 5% turmeric (Curcumalonga L.) supplementation on enzyme activities
such as aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), lactate dehydrogenase
(LDH), amylase, lipase and catalase in serum of dyslipidemic rats. Sprague-Dawley (SD) rats (24 male) were divided into four groups,
namely the ND group (normal-nondyslipidemic diet), NT group (normal-nondyslipidemic diet+5% turmeric), DD group
(control-dyslipidemic diet), and DT groups (dyslipidemic diet+5% turmeric). Serum concentrations of blood urea nitrogen (BUN),
creatinine and uric acid were significantly decreased (p<0.05) by turmeric supplementation diet. The activities of AST, ALT, ALP,
LDH, amylase and lipase in sera of turmeric diet group were significantly decreased (p<0.05). The catalase activity in serum of
turmeric supplementation group was significantly increased than dyslipidemic diet (p<0.05). In vivo experiment with dyslipidemic
rats showed that ingestion of turmeric were effective in kidney and hepatic functional enzyme activities. Which suggests that turmeric
material could be used for further studies as a potential source for nutraceutical foods.
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Rate, GFR) 50| 47|15 o A#= ol§==t|
(Kwon et al., 2003), BUN Y creatinine & <7=
T HEF 2 o AEES(Lin et al, 2015), =
AFEmi A 9l w74 A (Schrock et al., 2012), 1EUA
A o] dhapst 71sAlo] =rlal S Akimoto et al.,
2011).

T3 @4k(uric acid) FFHAS] A ER ST}
Z7V6PH 312 AFEZ(hyperuricemia)o] WAY51o] oAk
S, TE, e, WY S sh,
A Aastol} HET Hole] S ES ol A
2 4 A QJJtiWu et al., 2016).

<+HCurcuma longa L.)-2 AJ7}aH(Zingiberaceae)
of| &k thadl sd 22AE= AV, TP E A
I} ofe] Fgto] of 9 7ol wixte A g2 &
|EH Qle, = 5 oRlotollA A E= Ao o
Z )t Araujo and Leon, 2001; Mohebbati et al.,
2017).

B1H, &+ 20| 385 calebin-A= curcuminoid &
A = ZY|2HlE(total cholesterol) L FAIX|A
(triglyceride) =5 AAA7|H, A7t WA 29}
7t 71 $A9l aspartate aminotransferase (AST),
alanine aminotransferase (ALT)9] TS =4 df&=
Aoz HWEo] QItiLai et al., 2015). Afdsieka
(CCH)= FEE Dol &5 == AT a8 U
3, A 2EA, A1 aisier 7 Aol Fofl izt
curcumin, bis-demethoxycurcumin, demethoxycurcumin
I} Z+2 curcuminoid 2] 3FAESFA mechanism .2 7F}
7% B3 9l 7lAof| Eu}Alo]n superoxide dismutase
(SOD), glutathione peroxidase (GPX), glutathione,
lipid peroxidase &d-& 7WAAIA TH, A, A 52
Ash fabo e WEshe Zolekal Hatelo] glrt
(Lee et al., 2017). Alkaline phosphatase (ALP)+= H|
Bl D 2%, A1 29 Aol Bt okl B
I} 7SN 271kl e Ryu et al., 2014).

webA], 2 A= 5% 20] Sprague-Dawley 7| ©]
AR AEZ 317|9] F3 BUN, creatinine 2 Q41| s
=9} AST, ALT, ALP, lactate dehydrogenase (LDH),
optziopA(amylase), =|utobA|(lipase) S 71Ol
(catalase) Z/Jol| m]Al= Fake 851 7167 A
249 7] ’ijEE AKX fste] Ao agstaich

»

2.1, &8 xiz

Zg Z=(Jindo, Jeonnam, Korea) 3s-Z3hHelof|
A 48t €FHCurcuma longa L) Z3-524x
(EYELA, FDU-2000, Rikakikai Co., Tokyo, Japan)
A7l %, E47/(HMF-3250S, Han-1l1 Co., Seoul,
Korea) 2 02§t th3- -80 C(DF-8514, 11-Shin BioBase
Co., Daegu, Korea)o]| A% 2 A3 of] AR&5}3ITh

22 M8 S=

Y = Hat Aso] 200£10 g9l 79
Sprague-Dawley (SD)A| <=7 &F|(Daehan Biolink
Co., LTD, Eumseong, Korea)E G-¢I5}0], 7| ZAlo0|2
152U7F ofjp|akSsto] A-3-A171 &, Ha]H(randomized
complete block design)o] 2J3f Uit} Metabolic
cage (JD-C-71, Jeongdo, Korea)ol] Z+ A&+ - 612
# 40 2 Btsto] 5 AAARSSIGInE AEARA
9] L= 20+1C, AEEE 50£10% 2 LAsH &
AN, RS 124]17107:00~19:00) =72 %
SIACKJin et al., 2018). ofH]ALS: B APAS & &
e wuidEm pERAdediguse 4
(PNU-2017-1422) 3} 7] 7H=310]) AlA]=|9ick
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A7 Ak (normal-nondyslipidemic)
< ND, Aol 5% &= JoRNT), o
AWEE 2 ARIODD A 2Y o
(control-dyslipidemic)™} 212} A& 4(dyslipidemic) <]
5% £ HFA] ABHDTH.OR LResick 4o]
24 9 A2 Table 13} Zth

o oX
X
il
juicd)
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24, d S=9| Mx|

ABARS ZFo) TARE BANZ] F, FRaniE]
(animal inhalation narcosis control, SK-INC-100A,
Daejong, Seoul, Korea)E A18-31 CO, gas 1l3}o]
AdAE e Qdsiglon, A Ffsto] 4ToA
oF 1ARE WAJRE % 7 3,000 cycle® 2027t A4
Zglo] AL 5l Aol ARSI Jin et al., 2018).

2.5, YHQAZXIA(BUN), creatinine & 24t =

ol @ A2 (Blood Urea Nitrogen, BUN)+=
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Table 1. Compositions of experimental diet and groups
(%)
Ingredient Orowr” ND NT Db bt
(g, St Lo, USA) 20 217 20 2
E:S(;rgnm:filcgri((:lsljuszf)Louis, USA) 48.0 43.3 48.0 43.3
(S(lll}cl:i);Zdang, Incheon, Korea) 150 150 150 150
(Sigms, St Lout USA) 50 50 40 40
. 2
i\l/\l/llrll’erl;liorrrnue:;ica(lz,6 (?e(l)l(l')gomia, USA) 33 33 33 33
OSSR
zﬁ;m];?orﬁ);icagié(g?izf)omia, USA) 1.0 10 10 10
(S(())zt)):il,n ((}))ifleonggido, Korea) 50 50 >0 >0
(Csﬁzﬁsatersotl ﬁiﬁ? )USA) i i 075 075
Sigmn, S Lo, USA) : : 0zs 023
Turmeric (Curcuma longa L.) - 5.0 - 5.0
Total 100.0 100.0 100.0 100.0

YND : normal-nondyslipidemic diet (control group).

NT : normal-nondyslipidemic diet+5% turmeric (CurcumalongaL.).
DD : control-dyslipidemic diet. DT : dyslipidemic diet+5% turmeric (Curcuma longa L.).
P AIN-93G-MX mineral mix. ¥AIN-93-VX vitamin mix (MP Biomedicals, Tllkirch, France).

Hol| oJ&f| ZA|%l A2 Eiken, Tokyo, Japan)< AR8-3}
OE] AJslskELA 7] (Hitachi 7150, Tokyo, Japan)i !
]- 9tt. Creatinine-2 Jaffe reaction ®Ho]| &= ZA
%l A]°KEiken, Tokyo, Japan)©oZ UJOWX]—%«IHﬂ
(Hitachi 7150, Tokyo, Japan)E ARE-3}0] EA151%T]
A uric acid) 9] RS TAo] o) ZAE A
°KEiken, Tokyo, Japan)S ARESlo] AYSIsHEA7|
(Hitachi 7150, Tokyo, Japan)= Z43}31T}.

26, BHo| 5ATN =7

Aspartate aminotransferase (AST), alanine amino
-transferase (ALT), alkaline phosphatase (ALP) ¥

lactate dehydrogenase (LDH) &4 &2 a4 9]
3l ZA)E A|2KEiken, Tokyo, Japan)-S Alg5}o] As}
SHEA7|(Hitachi 7150, Tokyo, Japan)Z A3}t
opzjolA|(amylase) 4 £ pNPG7HORZ 24|
= A]°HAmylase, Roche, Indianapolis, USA)& o]-&
3lo] =4 AX|(Hitachi Modular, Tokyo, Japan)Z &
2519t glaoA|(lipase) EHAd-S H]AHE(Colorimetry)
of] &3t 2AE gjulelA] 5748 A|9HLIPC, Roche,
Indianapolis, USA)S ©]-83}o] AYslsHLA7(Integra
800, Roche, Basel, Switzerland)& AR50 451
th 3 29| FhEToA|(catalase) BAL Aol 9
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Table 2. Effects of turmeric (Curcumalonga L.) on serum BUN, creatinine and uric acid concentration in dyslipidemic rats

(mg/dL)
Group" ND DD DT
BUN? 15.7£1.3% 12.4£1.5° 22.8+1.3¢ 19.3£1.4°
Creatinine 0.7240.01° 0.67+0.02° 0.82+0.02¢ 0.77+0.01¢
Uric acid 1.710.06" 1.60+0.08" 2.39+0.12° 2.110.11°

UND : normal-nondyslipidemic diet (control group).

NT : normal-nondyslipidemic diet+5% turmeric (CurcumalongaL.).

DD : control-dyslipidemic diet. DT : dyslipidemic diet+5% turmeric (Curcuma longa L.).

JBUN : blood urea nitrogen. YThe data are presented as meanststandard deviation of 6 independent rats.
Means with different letters are significantly different (p<0.05) by Duncan’s multiple range tests.

3] ZA|El A]2HCayman Chemical Company, Ann
Arbor, Ml, USA)S o]-83}o] ELISA reader (Model
550 Microplate Reader, BIO-RAD, USA)Z 540 nm
oll4 5785t] mL & nmol = FEA|SIGACE

2.7. A X2

A dlol89] A A= A & BatgkEsd
A-6)= enjolch ATRE 7
one-way ANOVAZ F4] 3 p<0.05 4=520]}4] Duncan's
multiple range testo] SJ3fo] 7} Alaiz 7ke] S22l
Aol 5 dopEfon, FAX Y L2152 IBM SPSS
statistic ver. 22= A}85}3ck

3. Zut

4

ik

p 1=}

3.1, YHQATAMBUN) SE

oAAES BFe] FMQAZA(Blood Urea
Nitrogen, BUN)9] 5%+ Table 2} Zth izl
ND#oA 15.7+1.3 mg/dL=E, t)Z20] 5% &+ 3]
1 NT 12.441.5 mg/dLZE LERGE O™, ND2o||
ujslo] NTZ- o218l 2lo}g ®oln] 3 BUN
=7} 3 A0 UeRdtlpe0.05). koA
= guko] DDol|A 22.8+1.3 mg/dLZE UERL} o
e} g} vlmstol ol o2 271 g ey
ek(p<0.05). OWIAI TS Sktel 5% L) Fol
193414 mgdLE oW S frazol vl &
SJ9) 745 RHEHP<0.05). BUN S5 ¢4oHA
SIS o258 4 Qliz AREA, AV I ol <lat

AATER 9 P2 sl AQ AL EEE AR

3.2. Creatinine St

&3 creatinine 2] ‘== Table 22} o], DD0J|A]
0.82+0.02 mg/dL & CTF2 Agaa} n|wsle] Gojmo
2 571 F=E e (p<0.05), & Hof=iel
DTo)lA] 0.77£0.01 mg/dLE 8-2]22] Ajol= Ho o
¥l o2 BRISIATKp<0.05). E7F ND 3! NT
oA ZH2E 0.72+0.01 2 0.67+0.02 mg/dLE 7=
o, NTolA] 521221 2jol & Holw Zae 2o
2 TAEQTKp<0.05). Creatinine2 FoHQ AFA0L
EJ&0] creatine ¥ phosphocreatine®] E3j1E w] A4l
E= Aoy dHA] 1o (Price and Finney, 2000),
BUNa} g0l 47475 Aol A= olgirka gt
(Price and Finney, 2000; Salazar, 2014). o]o]|, 2+9]
Fo= ¥4 creatinine =5 HAAA 475 7hA

o =g & Alos FHE:

3.3. @2Huric acid) &

3 0] @AF = Table 20 FABIGIL] o]AHA]
A2 GHEDD)S 2.39+0.12 mg/dLE 82221
AJolE HolH Fi= F7HE e (p<0.05), 5%
25 FoIHDTH)ONA 2.11£0.11 mg/dLE LeR} &
0]2Q] o] 7EAE Hrp<0.05). iRt U =
0| 5% &2 FotutolA] ZHE 1.71£0.06 2 1.60+0.08
mg/dL= Ut om, 5% 2+ golwolr] =0 7
FIE BYou, A8l 2jol= gl Ao gl
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Fig. 1. Effects of turmeric (Curcuma longa L.) on serum
aspartate and alanine aminotransferase (AST and

ALT) activities in dyslipidemic rats.
YND : normal-nondyslipidemic diet (control group).
NT : normal-nondyslipidemic diet+5% turmeric
(CurcumalongaL.).
DD : control-dyslipidemic diet. DT : dyslipidemic diet+5%
turmeric (CurcumalongaL.).
IThe data are presented as meanststandard deviation of 6
independent rats. Means with different letters are significantly
different (p<0.05) by Duncan’s multiple range tests.

& 2H(p<0.05). 24k(uric acid)> F-5{(gout) S HIER!
APFASE Yl ko] Helo] Em, I QA= F
7he HgaAEE et e 9
APAghL e WAV e Ao dEA Sk
(Feig et al., 2008). tFrlsiH]|A2 FHIAI] 4= 215
o] Curcuma aromatica ¢! S&50] Foj= A%
Aoll= Qlaf T7He QAL FeE 2EAA A71E H
Aol It Q= AoZ B uslgirkSaxena et al.,
2009). webA] 2 A 23, oA A S S ol 5%
S 5ol 4 EE AAAIA AL Zolel] 9]
gHAPEgte] At Qe A 0= A7

~

rir ¢

3.4, Aminotransferase (AST, ALT) &M

A AST 2 ALT A2 Fig. 13} 2o, AST2}
ALT+= FARE 3Ee 2 U], AST M2 oA
AEZUDDD)NA 98.7+4.3 U/LZ GolA0] Zjo|2
571 242 BAKP<0.05). & FoDTHE
)29l 42 YERNLI(p<0.05), T2 NDZ 9
NTollA] 74.344.0 L 69.6+3.6 U/LZ ND-¥} H]m
S T NTzol ] 240] 7 R, o)
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Fig. 2. Effects of turmeric (Curcuma longa L.) on serum
alkaline phosphatase (ALP) activities in dyslipidemic
rats.

YND : normal-nondyslipidemic diet (control group).
NT : normal-nondyslipidemic diet+5% turmeric
(CurcumalongalL.).
DD : control-dyslipidemic diet. DT : dyslipidemic diet+5%
turmeric (CurcumalongaL.).
IThe data are presented as meanststandard deviation of 6
independent rats. Means with different letters are significantly
different (p<0.05) by Duncan’s multiple range tests.

2ol e A= HERITH(p<0.05). ALT 2742 DT
oA 47.042.6 ULZ oPIREES  HEel
53.542.3 U/LHET} 7241 Aol & Houf Z/de] g4
£ YERJATHp<0.05). ND+ 2 NTol|4] 40.1+2.4
9l 37.442.7 U/LE ND2]| H]3[] NT2ol|l A 4E A
o5 UrEpgAgl, $o3l 2ol fIiTi(p<0.05). of
SAEET oA AST 2 ALTE| 571 Bd&
LRI, 5% k0] ol 7hashs Ao k]
TH(P<0.05). AST, ALTE] B/ A7t SollA 571
|, ALT} A 7+ &4 A= g AREAL ot
(Elizondo-Montemayor et al., 2014).

3.5. Alkaline phosphatase (ALP) &M

gy Fo ALP 2/J2 Fig. 29} Zth DToflA
327.0+£21.8 U/LE P, DDA 388.3£21.8
U/L9] 23S velio], DTHolA f2l4 AAE B
Ack(p<0.05). NDt I NTollA 265.1£21.8 2
263.0+20.1 U/LE Uepton], NTolA 849] 74
£ HYou 5oAQl Aole gls A= SRIE
(p<0.05). oA AEZ Ftollx] B3 ALP 249
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Fig. 3. Effects of turmeric (Curcuma longa L.) on serum  Fig. 4. Effects of turmeric (Curcuma longa L.) on serum

lactate dehydrogenase (LDH) activities in dyslipidemic amylase activities in dyslipidemic rats.
rats. YND : normal-nondyslipidemic diet (control group).
YND : normal-nondyslipidemic diet (control group). NT : normal-nondyslipidemic diet+5% turmeric
NT : normal-nondyslipidemic diet+5% turmeric (CurcumalongaL.).
(Curcuma longaL.). DD : control-dyslipidemic diet. DT : dyslipidemic diet+5%
DD : control-dyslipidemic diet. DT : dyslipidemic diet+5% turmeric (CurcumalongaL.).
turmeric (CurcumalongaL.). IThe data are presented as meanststandard deviation of 6

IThe data are presented as meanststandard deviation of 6 independent rats. Means with different letters are significantly
independent rats. Means with different letters are significantly different (p<0.05) by Duncan’s multiple range tests.
different (p<0.05) by Duncan’s multiple range tests.
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Fig. 5. Effects of turmeric (Curcuma longa L.) on serum Fig. 6. Effects of turmeric (Curcuma longa L.) on serum

lipase activities in dyslipidemic rats. catalase activities in dyslipidemic rats.
YND : normal-nondyslipidemic diet (control group). YND : normal-nondyslipidemic diet (control group).
NT : normal-nondyslipidemic diet+5% turmeric NT : normal-nondyslipidemic diet+5% turmeric
(CurcumalongaL.). (CurcumalongalL.).
DD : control-dyslipidemic diet. DT : dyslipidemic diet+5% DD : control-dyslipidemic diet. DT : dyslipidemic diet+5%
turmeric (CurcumalongaL.). turmeric (CurcumalongaL.).

JThe data are presented as meanststandard deviation of 6 “The data are presented as meanststandard deviation of 6
independent rats. Means with different letters are significantly independent rats. Means with different letters are significantly
different (p<0.05) by Duncan’s multiple range tests. different (p<0.05) by Duncan’s multiple range tests.



S3(Curcuma longa L.)o] o[x| 8% 217]0] &

Z715 Hglon, 5% 29 Folo] oJslo] ALP &4
2 oA 08 Tk A o= UETH(p<0.05). 4%
715 Aoljo] Aslska 2% 2] TA alkaline phosphatase
(ALP)9] &2 w3} 9 Aaet 5ol ot =4
A AZEA] S71EITial St Zetterberg, 2005; Lee
etal., 2015).

3.6. Lactate dehydrogenase (LDH) &M

g% 5| LDH 24 Fig. 33 ). LDH 2442
o AR AEZE <]l DDA 1872.3£119.5 U/L
2 ofe} gzl ulslo] fol2j2l Aol Holn] 27}
S= AR HERTH(p<0.05). 2= FA(DTI)ol 2
3o} f2J2I9] 748 Leh}glom(p<0.05), NDE 2
NTo|A Z82F 1170+£105.3 2 1086.2+101.5 U/LZ
ND+of| BJs} NTof|A] &/d9) a5 HANE 79
] ZJoli= gl A0 LERYThp<0.05). LDHE 4]
7 2 AV, ] E w5 Alzo] EAshs AR
(Karim et al., 2010; Lokesh and Jayanthi, 2015), £
l, 2+ 715 ol & AF o g 2ls LDH 2Hdo] 4
=7l o0& HEo] QJtiHu et al., 2015). 2 A A
o} o IAAEZS ol A LDH 2d0] =7 Wkt
om), 5% o] Fol7h fojael A ekl 7k
A AV 50 7)Ao Bt 91 Fo = Tt
3]

ol
>

of

H

i)

3.7. OfUziod| & 2|miotx| &

317/0) @7 opleb) 2 eimjold] S Fig. 4 U
Fig. 5o Yehflck % ofdeiA] &/ DTellA
141.043.8 U/LE DD] 163.8+12.5 U/Lo]| 1|5}
$O142] LS Uehioirkp<0.05). NDF 8 NTZ
oA 125.5+£10.6 & 122.3+£9.8 U/LZ A=k 2w}
oA &g DDA 9.7+0.3 U/LZE ofef Aol
H8f| 21421 2l |5 Holm F71e &/ Leh St
(p<0.05). &+ FoJ¢] DT+¢] 8.2+0.4 U/LE DD+
o] vlgte] §-22¢l ZJo] &2 43I H(p<0.05). ND
9 NTES 212} 7.140.3 9 7.0+0.4 U/LE, ND2o]| H]
3} NTol|A 2Hdo] Fam|gl o, £24<Q1 Afol= ¢l
= 702 Uethp<0.05). ofulelob] 24 3
A o] k= Ao dEA 912 (O'Donnell et al.,
1977), G5 SERjeAA = Bdo] 4 o= Lk
Q= B % QIti(Warshaw et al., 1975). #PdolA]

HQAHUANBUN) W m8gof | x| G 481
FH|E= G491 gufoidl= F4 A, Edd, S
FAT Y ARZOA Blalod| Edo] SR A S
2 A2 A QJriWeiss et al., 2015).

3.8. 7120t 2y

G4 T2 7Heo B/ Fig. 60 UERASIH:
DD<2ol|A] 5.88+0.16 mmol/mL=Z ThE AlglHo]| HI3}H
of frojalom wE S R RO (p<0.05), &+
ool oJst DTHONA] 6.2640.20 mmol/mLZ LER},
DD<o] Hlsf 2]l S7HE HtH(p<0.05). ND-
2 NTolA 242} 6.73+0.15 2 6.78+0.12 mmol/mL
& ND-} Hwslgke: wf NTRoflA 2de] S715 2
AL oAl Al gle eR uEhith
(p<0.05). oVFAEES Frtollx] 7iEeloA] E4do]
A YEReH, 5% 2w wol= foAel S7E W
Effjo] @3 7igefo | gdo] alEE= Ao s eyt
o} 7iEeloAo] 24 J4d E whd H el 9
u]z|m(Hadwan, 2016), IHXs}=x(hydrogen peroxide)
£ Ahio} B2 Helehs WIS HAR AT
(reactive oxygen species) 02 QI3 A4 AEHAS
WXZe Aoz LA It Al-Shobaili et al.,
2013). whEpA 2 ARoA, 2ol Ak AEHAE
24 ¢ QS A o= wekEw, g/d 2 vkl APl
W B} Qe o= A7)

4 22

5% &+(Curcuma longa L.) 9]7} Sprague-Dawley
(SD)A| &F|e] &34 Blood Urea Nitrogen (BUN),
creatinine % QAKuric acid)®] Bx2} aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP),
dehydrogenase (LDH), oplg}olAl|(amylase), 2jafof
Al(lipase) ¥ 71Ee}olA|(catalase) g WH-gol thgt 4
S TSI ARSI Z1Aj0lE Alolg NDZ:
AP o] 5% S HOIHNTH), oA B &
H SO DD 5% £2-& Hole e
(DT©= Leo] 557 AsAI 3t 27k 8% BUN
< HE=THND)of| BIgH 5% Eea woIAIX] NTo
Al folF8l Alels Uehe s BItk(p<0.05).
T3 S goARl BE Adto] DD Bt

lactate
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ol o= HEo] ZAE LERYRIC)(p<0.05). Creatinine
W ate] R DDl wla] £3 FoAR B
Aol 28 et oA HeE 4 217
9] AST, ALT, ALP ¥ LDH 48 DD H|5}o]
5% Eae HoARl e AdllA] EXdE AR
ok olEE 217l0) B ook Ul ejsiop]
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