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Protective Effect of Plantago asiatica L. Extract Against Ferric Nitrilotriacetate
(Fe-NTA) Induced Renal Oxidative Stress in Wistar Rats
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ABSTRACT - Plantago asiatica L. (PA), which is widely distributed in Korea, Japan and China, has traditionally
been used as a popular folk medicine for the treatment of liver diseases. A variety of activities of PA was reported, that
is hepatoprotective, anti-inflammatory, anti-glycation and anti-oxidant effect. Ferric nitrilotriacetate (Fe-NTA) is a
potent nephrotoxic agent and has been reported to induce renal proximal tubular necrosis. In the present study, pre-
treatment with PA extract (PAE) in Wistar rat followed by Fe-NTA i.p. treatment (13.5 mg Fe/kg body weight) was
performed to detect the renal protective effect of PAE. Only Fe-NTA treated group showed increases in the level of
serum blood urea nitrogen (BUN) and serum creatinine (Cr), and renal tissue malondialdehyde (MDA), product of
lipid peroxidation. Moreover, the level of biomarkers indicate the antioxidants status, reduced glutathione (GSH), glu-
tathione-S-transferase (GST) and glutathione reductase (GR) were decreased. However, PAE pre-treated group showed
decreases in the levels of serum BUN, serum Cr and renal tissue MDA in concentration dependent manner and
increases in the level of GSH, GST and GR. These results are significantly different (» < 0.05) to the other groups. Our
data suggest that PAE may be used as an chemopreventive material against Fe-NTA-mediated renal oxidative stress.
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Ferric nitrilotriacetate (Fe-NTA) £219] FEH|

Fe-NTA €92 Khan and Sultana” ¥'8-& o]& A4
3lA| FHsle] Algol ZA] AMESIATE. Ferric nitrate (0.24
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2523 FEH(, 2, 4gkg bw)E T 3 FeNTAS A
32502, F 50F0E U 7 2§ A= WA
FaAgHo 2 wgsdnt. AHx FRNEE FEEL
A E&REE O ATE FAson, 19 13 747
A7k 2pAZ FEE 1, 2, 4gkg bwS ATFA3
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KRR 32 (Thiobarbituric acid reactive substance,
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#A7NE o8-8t 4% 2Z& 0.1 M phosphate buffer (pH
74, 1.17% KClplA & vl 8 o, 2 A5l trichloroacetic
acid (TCA) buffer (0.25 N HCI, 15% trichloroacetic acid, 0.375%
thiobarbituric acid, 0.01% butyl hydroxytoluene) 0.5 ml2- 7|3}
o ZH 33§ 95°C FxoIA 30 B B F Ao E
25}k, AAE (1000 pm, 10min) ¥ F2NE EFF A
§ °]§3t9 535mmolX & 3IATE TBARsE 1,1,33-
tetracthoxypropane (TEP)9] Atell &gt 7HE3)2 Aoz
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TBARs9} 722 22124 *45q9l| 0.1 M phosphate buffer
(PB, pH 7.4y B3t F 100 mM 5,5°dithiobis(2-nitrobenzoic
acid) (DTNB)E & T3t SEF] EFFTAE ol&
gt 412mmellA EA438ch oW 45 tial GSH &
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Glutathione-S-transferase (GST) 7}

GST Algele GSH Alolel] AHE3H Belg A5 ole] 0.1M
PB (pH 65)2F 1M GSH, 1M I-chloro-24-dinitrobenzene
(CDNB)E &% & #33=AE o83t 340 nmellA 5
£ 5% A3

Glutathione reductase (GR) 7t

GR A1 @82 GSHO ARS8 2354l 0.1 M PB (pH 7.4)
o] SmM EDTA, 10mM oxidized GSH (GSSG), | mM £
NADPH, 1% BSAE €% ¥ 5% &< B33 =AE ol
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BUN3} Cré] F ulo]Q npAEL AlAolde 2849
A|EE Table 1914 K vke} 740 Fe-NTA 5:2(116.82 +
5.20 mg/dL, 2.70+0.20 mg/dL)Y Th2(18.54 + 1.29 mg/dL,
0.52 £0.04 mg/dL)?ll Bls] 6.38) 2 52u0e] F71E el
T} o] Fe-NTAZ} 43t AbstREg 2o oa) Azhst 4]
T EE dTE A AP0 R e T 9lo, Fe-

2 [e]

NTASl €3 &ez A% 7lso] AatE o] AaelA

ANE A} Eejok & BUNF Cro] o2 fEd 2
FE et e AHE FEES FAT 25
1 glkg bw. oA BUN % Cre] &4o] z+z}t 95,76 +
7.89 mg/dL#} 2.16+0.34 mg/dL, 2 gkg b.w. oM E 8934+
26.93 mg/dL3} 2.20+£0.51mg/dL, 4 g/kg bw. T 39.54 +
2193 mg/dL# 1,16+ 055 mg/dLO. B ZaEe 434S B
AT} Fe-NTAQ] Atsl 2B 2o o8] S/ A4S A
#2l BUN# Cro] AR &8 T2 fdashs 4345
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Reduced glutathion (GSH) 7}

GSH+= glutathione sulthydryl®] LwkE9] Aol Fg
Al(glycine), FFEF (glutamine), A1 228} (cystein) A 7}A]
oln| iz Ate] Agt=o] THE el Ez|HElo] =(iripeptide)
2 AHeA AHFoZ AAAETD, GSHE &89 MX
oAl g A|n F-ERE] Bl F4 EHON & ¢
A A EE SRR SHUBEES A WelA s}
NAAY A7 W& A7le 28-& dte iy Fa% &
Atsl B8 F sholth o] 282 GSHZL sk &4
A 25ef) oA LojdTyh,

Fe-NTA%H A &) 8 Z15(59.45 + 12.32 mmol GSH/g tissue)
2 )27 1E(142.82+16.51 mmol GSH/g tissue)ol B}
GSH7} 58.4% R AR o™, o|= Fe-NTAY] &k AF
FrEg 2o os] FAatslx#Ql GSH7F Bol &AE0 9}
= A#4E Ho|T rKTable 2). X AAE FHEL
A3 g e v ASEH 2R GSH FA|7F $7FshaL
Aerm 2gkg bw. ol BE Foq FEE foF A
°o|("P<0.01)E Holm GSH A8 S 3 EA7E A& Ve

Table 1. Effects of pre-treatment with Plantago asiatica extract (PAE) on Fe-NTA-mediated accretion of renal serum blood urea nitrogen

(BUN) and serum creatinine content in rat

Treatment groups BUN (mg/dL) Creatinine (mg/dL)
Saline (control) 18.54 £ 1.29™ 0.52 +0.04*”
Fe-NTA (13.5 mg Fe/kg body weight) 116.82 + 5.20° 2.70 £ 0.20°
PAE (1 g/kg body weight) + Fe-NTA (13.5 mg Fe/kg body weight) 95.76 + 7.89°" 2.16 +0.34°
PAE (2 g/kg body weight) + Fe-NTA (13.5 mg Fe/kg body weight) 89.34 +26.,93* 220051

PAE (4 g/kg body weight) + Fe-NTA (13.5 mg Fe/kg body weight)

39.54 +21.93%" 1.16 £0.55"

Values are expressed as mean + SD {(n=15), *P < 0.05, **P < 0.01 compared with rat treated with Fe-NTA alone.
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Table 2. Effects of pre-treatment with Plantago asiatica extract (PAE) on Fe-NTA-mediated depletion of renal glutathione content and
decrease in the activities of glutathione metabolizing enzymes, glutathione-S-transferase and glutathione reductase in rat

Treatment groups Reduced glutathione

Glutathione-S-transferase Glutathione reductase

(mmol GSH/g tissue) (Units/g tissue) (Units/g tissue)
Saline (control) 142.82 + 16.51°" 124.69 + }_,};.07"" 107.31 +8.70°"
Fe-NTA (13.5 mg Fe/kg body weight) 59.45+12.32° 49.88 +4.55° 56.70 £ 5.40°
PAE (1 g/kg body weight) + Fe-NTA a ad c
(13.5 mg Fe/kg body weight) 77.86 +£12.62 66.59 +£5.01 67.37 £ 8.66
i + Fe- - - o
PAE (2 g/kg body weight) + Fe-NTA 123.11 + 12.72% 83.25 + 8.38% 80.34 + 6.06%

(13.5 mg Fe/kg body weight)

PAE (4 g/kg body weight) + Fe-NTA

.
(13.5 mg Fe/kg body weight) 147.97 +26.27

124.68 + 13.67°" 98.67 + 10.11%"

Values are expressed as mean + SD (n=3), *P < 0.05, **P < 0.01 compared with rat treated with Fe-NTA alone.

WL Ut} Table 2004 He ule} 7o) pHx F2E |,
2, 4g/kg bw. FHT ZFL 77.86+12.62, 123.11 +12.72,
147.97 £ 26.27 mmol GSH/g tissueZ Fe-NTA 159l B]3|
oF 134}, 2.1u, 2.58) S7kt Ao e} GSH AL
Y53] F7HA Fe-NTAS] AlslAE A2 {aE= GSH
Ao o3t A7 S| itk BE g3t )leS g
T AN ole AHR FFEC] AA WA ditetEd
S STHAA AstAE# 20 Uit

= 2 4% 4 2tk Khan and

Sultana”= A EF8 E2-& F & FeNTAZ AH3}AET
AN GSH &3S 243 43

UehiA om 2% GSH 83
e, P45 AR HEOR # A4 BE 59} 9
53 £8¢ ¥ T 5 A

Glutathione-S-transferase (GST) B2}

GSTE A|EE, V| EZEE L, ulo]22F T A 27
o A3k 9y G4 A3 YHYE 2T
Bom Iy Ee EHEL, AFAEY s FEEF, o
T O AFoA olES KT FEHZE WE T o
e a9 3ME, o5 dE T AAsksd F
23 9L = B0tk B3] GSTE -SHE o443 GSH
AgS Fuishs 242 AWM F-83 282 i)

Khan and Sultana®2 Fe-NTA9] €3l A5l AEH 20| 9]
3 GST7 ZH4dhe ZAS B3on, o]9) isoflavoned Fo
3IHE Al A FEo] He AAE HYY. B dAFA
5 HE9] AAX Fe-NTA| 28] GSTZ| thx7-(124.69 +
13.07 Units/g tissue)ll HI3l 60% 7+4x(49.88 + 4.55 Units/g
tissue)3t AHAE Bk ey A7) A2 FE2ES |,
2, 4 g/kg bw. T ZFAAE 72} 66.59+5.01, 83.25+

2 o

8.38, 124.68 + 13.67 Units/g tissueZ Fe-NTA &3} #<94
o] (P <0.05, “P<0.0NE Ho|H Z713 g BT}
AHZE FEEL T FoA dis 283 RERH
48 54EZ S AAsH=H FoJst= phase 1T &4<
GSTE FXAIA Fe-NTAY| 93] fise ASEEHEE
AA 3t F= AHE EHUTHTable 2). = GSH FHA
o) Ao} 7o Aoz AAz 2ZEL QA GA A
A== ditsl 28 SFATIAY ks 2he-st A A
o2 dZAHe 24E SAIAA ASIEEH 2 e B
3 8392 B2t} 53] Fe-NTAR U8 AFAE# 2o
o&] A9 7o) ABHA T, AHZ FEEC] GST &
qE FAANA A 715 FEAZL &8 4gkg bwd
TS A4 AEE 35 Al

Glutathione reductase (GR) 7}

GRS AAY o8 =4d Fx313 o™, oxidized
glutathione (GSSG)& GSHZE #9A17]& &A4& Fulst=
B Ao|th. GSHE peroxides A|ASHE 28-S 3= glutathione
peroxidase®} 2202 RE 94 Fde] A AA &
£< 3= GSTY 7122 2T, o]y GRS 98 &
AN Fa3k st EFE ZE-she GSHY AJatel] e
3, 2 g ez fEEiE £ Z8Y peroxided}t wH-
gt AAsRE AR HollA T3 kst gl

Fe-NTA®l o3 Aol AsiEf iyt fdd 252
56.70 + 5.40 Units/g tissue= oFF-AE X314 &2 thx
(107.31 £ 8.70 Units/g tissue)ell B]3] GR G217} 47.2%7} 7+
431] FeNTAo) 93t A oA 9] Atshd] &ifo] #EH
ATk 22y Table 2014 B nje} Zbo] AR F&89
FEE galsle(l, 2, 4gkg bw) 3 Z7te] 284
= 67.37+8.66, 80.34+6.06, 98.67+10.11 Units/g tissue=
GR2| 50| F& o&F o7 3FHo| Fo| Fe-NTAd 2
g Akt &4o] Az FE2EL] Fod 93 oA He
AE A AT Hy 4gkg bwe] AR FE2EF F
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Ashe 7172 443} ulo] @ mlHE(GSH, GST, GR $)2
s 202 EA7 2 Yehdths AL & &+ 9l
At 9 AAE B8 A2 25 A2)Fo| Fe-NTAZ
HJ3)] AdolA Atsls 2B 2AE JAE FUeS HAF
UL, Al AHFH A4 s el BUN Cré
TR 2T FEOE 3EH A3E i) A7) 5o 3
XUtk 2SS ASsld 2z 280 A5 BE

E3E Uehitks S

IRAELZ (Thiobarbituric acid reactive substance,
TBARS) 7}
o] NEL 23 &4 Hxet BEE Aew %7 Y ROS
7h 2As 1A wle] v gREo] Qe ExskA
A FERAAE A A A A Hasllipid peroxidation)$)
ARkEo] FLH L, HFHOZ MDA 59 aldehyde
dgict. o|FA AAHE XNAFAAELS AT Tl
< ST Ade] &4 1 gl WEE fdksle ¢
v 343}, 38 59 243 AWS Yo &+ 9}
Fe-NTAT iron-induced oxidative stress® 13}
o #oEo] vty By E EA2 AF A3} Fe-NTA
AP E & A iEY T faE OFS 21570+
49.73 umol/g tissue® 2T 1HF2] 46.20+ 10.65 pmol/g
tissueHth A A4S E Zo] oA 474 BE MDAES

o

%3

300

{umole/g protein)

MDA formation

100 +

0
Fe-NTA (13.5 mg Fe/lkg b.w.) - + +
PAE (g/kg b.w.) - -

+ +
i 2 4

Fig. 1. Effects of pre-treatment with Plantago asiatica extract (PAE)
on Fe-NTA-mediated accretion of renal malondialdehyde in rat.
Values are expressed as mean + SD (n = 3), Significant difference is
P <0.01.
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453 ZAZ02M FeNTAQ ABlAEg 22 FuE=
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Artsl= AEEd, T30, 09, S84 S 99 F
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e ZAE0] 193 9t} Ferric Nitrilotriacetate (Fe-NTA)
= iron-induced oxidative stressZ 13 A=A FHojg]
o] At B E FHo|t}, ofo] & A7 Y=o it
3t g3t = A E(Plantago asiatica) FEES T3}
3L Fe-NTAE &7 FAKsle] A14oA iron-induced oxidative
stressS e &, AASAEY2E G s Fe
A g dHfA 217475 32! blood urea nitrogen (BUN)
3} creatinine (Cr)yg- S48, A AZZ o)M= 43 vlo)
21 E9] reduced glutathione (GSH), glutathione-S-trans-
ferase (GST), glutathione reductase (GR) 2 A & #2315
(lipid peroxide)?] malondialdehyde (MDAYS <431t}
75 oA F71EE BUN 2 Cr Fe-NTA® 9
& AtstaEd 20 fiek 2E A= 116.82+ 5.20 mg/dL
I 270+ 020 mg/dLE o}FFAE A2 dx] & thxre)
18.54 £ 1.29 mg/dL, 0.52+0.04 mg/dLel BI3) 2F 6.3u] 2
s2ule] S7He VeRlth vh A 2E £ 1g/ke baw.
oA BUN % Cré &40 27 9576 + 7.89 mg/dL3}
2.16+ 034 mg/dL, 2 g/kg b.w. oA 89.34 + 26.93 mg/dL
I 220+ 0.51mg/dL, 4 g/kg b.w. A= 39.54+21.93 mg/
dL# 1.16+055mg/dLe 2 B oEHoz §oA(p<
0.05) &Fol & Holm st AF|E KAk dikste] v}
oleuir & 2Hg-3h= GSH, GST ¥ GRS Fe-NTAd| 23]
ABIAEH AT FAe IFAME 47 59.45+ 1232 mmol
GSH/g tissue, 49.88 +4.55 Units/g tissue, 56.70 £ 5.40 Units/

=
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g tissueE oFFAE A ehA] e FFaFe 14282+
16.51 mmol GSH/g tissue, 124.69 % 13.07 Units/g tissue,
107.31 £8.70 Units/g tissueol] H]3} 58.4%, 60.0%, 472%=
AR asia. e Adx 228L 1, 2, dgkg
bw.O 2 T3 T2FolAe] GSHE 77.86+ 12,62, 123.11 =
12.72, 147.97 £ 26.27 mmol GSH/g tissueZ Fe-NTATF A ]
g 2ol vis) oF 1.3u, 2.4, 2.580 Z718tgo ™, GST
= 66.59£5.01, 83.25+8.38, 124.68 + 13.67 Units/g tissueZ
1380, 1.740, 2580 =7}, GRS 67.37 £ 8.66, 80.34 +6.06,
98.67 + 10.11 Units/g tissue= 1284, 1.44H, 1.78) =718}
th AStEEf AR fiEe AAINEEE A &
A 392 W Fe-NTAo) 28] AStAEd An f18 18
2 21570+ 49.73 pmol/g tissue® NZZE ZF Y 4620+
10.65 umol/g tissueETh A QIS E Ho] oA 4.7 2
< MDAE AAE AL YepliA Adx F58 1, 2,
4 gkg bw. T3 15 MDA2] AAl2Fo] 141.74+10.79,
116.11 £9.19, 86.52 +22.30 umol/g tissueZ F 34.3%, 46.2%,
59.9% A3 AE FastHet AANA iron-induced
oxidative stress®ll 2]3] S4L FLEE Fe-NTAS AT
AS Al AAES NEQ BUNF Cre Z7tsta, it
3} X¥ 2l GSHS} GST, GRS ZAadst T AL
32 MDAE F71stdnh 28y Adx FE2E8S
T & 923ty 58 § Fe-NTAR AZ}AEHAE
3 IF2 5 EFHOZ BUNH Cre 7AE i,
3t AREL FU1E SAl MDAE Zade 4
H3om Fe-NTAR X st 253 {94 2}o)& Bt}

A AFHELS F8W Fe-NTAE ASREEg 2o o)
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