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Studies on the Renoprotective Effect of Bovine Lactoferrin on Cisplatin-Induced Nephrotoxicity
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Cisplatin (cis-diamminedichloroplatinum II) is one of the most effective chemotherapeutic
agents used to treat a variety of solid tumors, but it has limited clinical application because of its side
effects. It is well known that cisplatin damages the proximal tubule in rat. The acute renal failure caused by
cisplatin is typically characterized by signs such as a severe reduction in the glomerular filtration rate
(GFR), a variable fall in the renal blood flow, and changes in urine volume and creatinine clearance. It is
essential to develop practical ways to counteract the side effects of cisplatin.

It is known that increased expression of lipid peroxidation markers, such as malondialdehyde and
4-hydroxy-2-nonenal (4-HNE), is closely associated with the severity of cisplatin-induced nephrotoxicity.
However, it remains unclear whether protein oxidation markers, such as dityrosine and advanced oxidation
protein products (AOPP), are associated with cisplatin-induced nephrotoxicity. Dityrosine recently has been
developed as a biomarker of protein oxidation. Dityrosine is formed by ROS, enzymatic reactions,
ultraviolet irradiation and lipid peroxidation. AOPP are defined as dityrosine-containing cross-linked
protein products and are considered to be reliable markers for estimating the degree of protein oxidation.

Lactoferrin (Lf), an iron-binding glycoprotein is found in milk, tears, saliva, other external
secretions, and in the secondary granules of neutrophils. Some physiological effects of Lf have been
reported, including anti-inflammatory, antinociception, antistress, anti-oxidant, cell proliferative, and
immunoregulatory properties. Abrink ef al. investigating the expression of Lf in the human kidney showed
that Lf may act as anti-oxidant defense systems protecting the kidney against nonmicrobial oxidative injury.
However, to our knowledge, there have been no published studies to date on the protective effect of Lf
against nephrotoxicity.

The purposes of these studies were to clarify one of the mechanisms of cisplatin-induced
nephrotoxicity and the renoprotective effect of bovine Lf (bLf). We have had special interest in its variety
of properties of Lf and investigated the novel functions of Lf based on its characteristic transportation
systems.

First, we examined cisplatin-induced nephrotoxicity morphologically and immunohistochemically
using novel protein oxidation markers, dityrosine and AOPP. The results of our experiments demonstrate
that cisplatin has a site-specific nephrotoxic effect on the straight portion of the proximal tubule in the rat

kidney and that immunohistochemical expression of dityrosine in the kidney tissue and plasma AOPP
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concentration correlate with development of cisplatin-induced nephrotoxicity. Serum BUN and creatinine
started increasing at the third day after cisplatin treatment, while tubular damage score and the number of
TUNEL-positive cells showed significant increase at the second day. The expression of dityrosine was also
detected from the second day and the intensity of expression was stronger as the histological changes were
aggravated. It is suggested that histological changes in kidney occur earlier period of time than blood
chemical changes are obvious and the expression of dityrosine was correlated with early changes in the
kidney. Therefore, it is suggested that dityrosine and AOPP might be useful biomarkers for estimating the
degree of oxidant-mediated protein damage in cisplatin-induced nephrotoxicity.

Secondly, we investigated the protective effect of bLf on cisplatin-induced nephrotoxicity in rats.
We analyzed the mechanisms of renoprotective effect of bLf by assessing urine output and accumulated
platinum (Pt) contents in the kidney. Cisplatin caused a significant increase of the plasma concentrations of
BUN and creatinine. These renal deteriorations were well related to the histological changes. We
demonstrated that pre-treatment with bLf to cisplatin-induced acute renal failure rats ameliorates renal
tubular injury histologically and suppresses the deterioration of renal function. The renal abnormalities
induced by cisplatin were significantly recovered by the oral administration of bLf. We showed that
intravenous administration of bLf has a potent diuretic effect in dose-dependently on the normal rats. We
assumed that bLf suppresses reduction of renal blood flow by means of improving vascular resistance
induced by cisplatin.

To clarify one of the mechanisms of the renoprotective effect of bLf, we evaluated the Pt content
in the kidney tissue at 48 hrs after cisplatin treatment. In the present study, the Pt content in the kidney of
cisplatin treated rats tended to be larger than that of bLf pretreated rats. It is suggested that the less amount
of Pt content in bLf treated acute renal failure rats was responsible for reduction of the tubular injury.

The present study clearly showed that bLf treatment provides significant amelioration against
cisplatin-induced nephrotoxicity. It was suggested that when cisplatin-induced renal injury occurs, bLf
causes the increment of urine output and prevents the accumulation of cisplatin in the renal tubule,
consequently ameliorating renal injury.

In this study, we found a new property of bLf which has a protective effect on cisplatin-induced
nephrotoxicity in rats. However, the further mechanisms, such as the carrier mediated cisplatin
transportation in the tubular cells and the site bLf actually working, are still unclear. Further studies are

needed, but our findings will inspire to develop a new approach to prevent and treat acute renal failure.
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Cisplatin-induced Nephrotoxicity
(AT SF HREREEICHTIVEES Y T o) OBEE
FRITBYT B0

i E

BEBROES :

P AT 5F o (cis-diamminedichloroplatinum IV % O ERBICH TR RESELT
IEL{BERAESNTVDH, BHERE LTBAEZERIT 2 EEND D20, WHNHEIN
Tnd, YATITF VFEREBRRER. IEMRIEENCBIT LY A7 I F ONRAE L
FHTEICERDA TN, MERICERT 22 & TlEE24ET, BT LEMBEOZEN: - i#
EEBZRZTHOTHD, Ei, YA IF U RERICEZ 2 BRREIGBRGFR)DE
T RHEREEEZ S SCERELT &AM oN TV, TNG VAT IF VHRESRE
EeFHT20Rk,. H5NUHMEAEBRET LIk GFR 2 LHE®, HDW0IEH
RIS ACE HEFHEHOHHIck > T, BANOI AT SF Uil 2R ES T IMBEBEHT S
F—ANEN, LBLEBES, XONRNREERRBBEERIL TS &C&D, Y27
FrOMAMEE SIIERT S Z LV HIFEIN5S,

Z7 72 S, RA BRI EEN SRS I THD, 2L OB O
APICEEBEDOS 7 72U RS ENTWA. 27 b7 JEBEBHREY 7 LT
MoNBH, EE, MENRERSHFIBLERRESREIN TN S,

ABHETHE, PASSF U ERUETHEEOBREELTSZ M7 JIRFH L. RS
v hERAWEEYDORRICED. 57 b7 ) Vi 2BFEEGIRE COERBFOMRES 2
RAEBDTHS.

BIETH, PA7SF UEREFEZORRLZROMICHERL. chETHREIhTY
5 ERME OREFERNZE, 7R b AORRE, M BUN BLUY L7 Fo U BERL
AT, $ilOF I EBLEEY—H—TH5IF 0L B I advanced oxidation

2,000 LI




(AR 10 &)

protein products (AOPPYDE AMEIC O W TEHMABMIT 2T > T3, TOFME, HEREICEL
BIRBHEFHEM TR AT 5 F 85 2 H B IGRMRMEERICREOEENFER
L. 3 B BICI3SEE fnok B2 M E o 2250 b3 L ORI O 558 2 58 =, TUNEL
RELCBVWTHIATIF L3 HBURICEERT R N ZORENRD 5z,
—H, MPF UL T/ 7 O0—FHHFICL S BRO AERBERARE T, A7 5F
5% 2 H B SIEMRME T S N B RMHER & N HE ORI B &R
SIVEnof, Eik, ME AOPP MEWRI A TSF 5% 3 HENGEREICLRALTS

D, BETOB{LEEX2 BEMSFHBEL, 3 EUBRICESE(LT S ZEMNREBINE, U
FORRNS, VAT ITFUFREBREE TR, B5% 2 HEUBRICEVRAFEICBWTE
BANCHBERNOY /87 BEMEREEISET U, RAE R OEHE - SRS 5T
THEMBEPICS AOPP ERARIND I ENPHLENERD, AT 5F U BFHEEE
BWRXBWTHIPFOL BET AOPP 134 >V BkEET—H— L L THERTHBZ
EAUREE I N,

Wo2RTH. AT SF UL BBEENRSZ b7 COROBEIC L > THEHIND
MEMZDWTHRE Lz, TOHER, 57 o) Y EREBTR, VAT I5F UEREYE
FICLDBUN LU V7 Fo 2O LRIEERICHIH S 1. MEARENIC S I RNE
EfoBERBERINTW, 35K, 2 72 ) COERBFEORTE LT, Y273
FUICHKT BFEHBNOHSEHBEFL LA . 57 T2 ) URERTHERO
EHPERICED LT, B&ERERSROEFELT, 57 72 CX BFIRES)
ROFEIZEHEBL, MBI TICTREAS v NOWBIRE =2 —LVEFAL, -7z
COBRRAFSIZESRBEOR{LEMAT Uiz, FOHER, o7 7 Viddmks X Oim
FECHBRERZEITIERL, 7y FMOREZEBARKEEITEMNET SR, Lizdio T,
PATSF UHREBEECNTES A7) COBEHEDRITIT, D SRR R
WRDESEMOWHNEESTEH LB EM R .

FHETHOSNEZMAR. A 7S F O BREFEECHTZ 57 72U COBREER)
REGDTHLOMK LEDDTHD, AT TF LI KD FERREFEET 2RO 2R
ERBRFERELLUTHEFRATHA ZEMNRBEINAE. ISR I7 b7 OEBHEFEICL
D EBFIRDREZNLUEBEOERETHEEL TWE I EBHLNERD., 55, B
EHRRAISHAT 2D OEBRT—5 L UTHRARAASBELN TN S LHIF I Nz 0Eo T,
FEERE—FITELT (BUES) OSMHRXELTHAMiE2ETSH0OEHEL R,




