Hans Journal of Food and Nutrition Science & 5 & 7R} 2, 2021, 10(4), 330-339 Hans )0
Published Online November 2021 in Hans. http://www.hanspub.org/journal/hjfns
https://doi.org/10.12677/hjfns.2021.104037

FI A IG$01% S 2 GG aER FiE S IR
FZmER

B, AR, R, HIE, M3

VEYITRR L, R TR ERAR, &7 ki
P A EERAR, L

SR REERBEIN, & At

SRR AME R SRR R, B &t
HFEORHEREE R, BT i

Wk Hi: 20214E9H24H; FHHM: 20214F10A27H; KATHM: 2021411 H3H

H E

% &t (nephrotoxicity) 2 f# F 1% Z5¥%H (cisplatin) & WABI/ER . it W ZH A B T3 H IR
FHLTRRBIFEA, RHRXNBERERIRY . FIREN T FRa00HeeE—, dieedslt Ry R
MAHEBR LIRS 284 (probiotics) A T ARHIHI RS HH, GREHRGERE. RAFESE.
ITEWE R R TRAEBEW - B (gut-kidney axis) ¥)5% R . RAF K284 B B AR (strain) B AR
¥, WALEMREREA SRR EE. SRATTRAS . EYRERM 5 EIARE (lactic acid
bacteria) /5, F =S B—FIERFHERIIKICR/ B 5K 2 S Bith (acute kidney injury), FUELET
10REIMBEARZARE R, HBERIREN EREAFRMR . N BEZ5HREHRY, REFEFHE
(Lactobacillus rhamnosus) GKLC1.E.75 2% X i 4H 1 Bk i 1L 15 R R & (BUN) 5 ULER BT (CRE) - & . E'%
FEA LR B, HBHARER], WRGKLCIHMZRBME D MALRRI. BARFIERRLER, DL
RZEMEAT B GKLC1 BB F AR5 3 /7 .

X 5#iR)
B4R, BEME, 0ERZE(BUN), UIESHF(CRE), ALME

A Screening of Probiotics for Renal
Protection in the Cisplatin-Induced
Acute Kidney Injury Animal Model

Youshan Tsai?, Shihwei Linl,Wenshin Wuz?, Yenlien Chen?, Chinchu Chen345*

TEAEH .

XEGIF: BEM, ARrt, ROCEK, BRI, BRI, RIS S ot B 1 sh P s U B I R 3 2 35 AR W ).
i 5 E IR BE, 2021, 10(4): 330-339. DOI: 10.12677/hjfns.2021.104037


http://www.hanspub.org/journal/hjfns
https://doi.org/10.12677/hjfns.2021.104037
https://doi.org/10.12677/hjfns.2021.104037
http://www.hanspub.org

LA %%

1Bioengineering Center, Grape King Bio Ltd., Taoyuan Taiwan

*Shanghai Grape King Enterprise Co., Ltd., Shanghai

*Institute of Food Science and Technology, NTU, Taipei Taiwan

*Department of Food Science, Nutrition, and Nutraceutical Biotechnology, Shih Chien University, Taipei Taiwan
*Bioscience Technology, Chung Yuan Christian University, Taoyuan Taiwan

Received: Sep. 24", 2021; accepted: Oct. 27", 2021; published: Nov. 3", 2021

Abstract

Nephrotoxicity is a common side effect of using the anti-cancer drug, cisplatin. In recent years,
many studies have been devoted to reduce the side effects of cisplatin chemotherapy, especially
the protection of the kidneys. Since the mechanism of cisplatin on kidney damage is complicate,
the materials with specific mechanism for renal protection had their limitations. The mechanisms
by which probiotics are beneficial to humans have many aspects, such as promoting intestinal
health and improving immunity. In recent years, there have also been studies on the relationship
of probiotics in the gut-kidney axis. Since different probiotic strains have different effects, it is ne-
cessary to screen the strains with kidney protection. In this experiment, lactic acid bacteria were
isolated from edible animal or plant materials, and then were applied to the ICR mice with acute
kidney injury induced by a single dose of cisplatin. It was compared by feeding different strains 10
days before whether protecting the kidneys after 4 days of induction or not. Among the 5 isolated
strains, Lactobacillus rhamnosus GKLC1 could slow down the increase in blood urea nitrogen and
creatinine caused by cisplatin. In the pathological analysis of kidney tissue, compared with other
groups, the less tissue necrosis was also observed in the GKLC1 group. The results in this screen-
ing test revealed that L. rhamnosus GKLC1 has the potential effects for the renal protection.
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1. 5|8

g g it- — i — S 4H(cisplatin, TR cis-DDP), &M WEMLIT 254, L3S MU 259 a] 1%
RS 5 [ N BlES:, &R DNA ZZBE(DNA crosslink), BLAS DNA & il 54 5%, 55 51 40 iR T (apoptosis)
[1]. HATWEH 2SR 2 AT 2%, TN T e, kv, Emas. Jhm, e H WG
AP ZRIER, Bl WKk, hedds, oy, &)™ s W a2 2 BRI ) B 21 2]

JBVEA PTG Fas AR SR SE R F-o (TNF-0) 55 A0 T2 5244, 1845 R #0212 R 25 1 i (caspases), {2 f#
B AR IRIE . B TR RS A 22 57 24535 A0 £ [ (mitogen-activated protein kinase, MAPK), SZMH;ZE AT
e SAMIHTI[3]. B T DAAENLGI Gl A RAE T, IEHt 2 3R T B B S8 70 5 K % ON[4] [5]. H
I PR b B2 & R AN [7) D7 R I MR 51 RS (0 B B[ 6] (7] BLE 1 PTAEULT) PURF). sbudn i
T4, SRIE BIE B A5 4581 [9] [10]. SRTITIX Lebil 7] 22 A FHMLHI B —, AT &7 22388 73 B i
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5, N2 LG E PRI 7.

H i O A B 70 R IR 0 m] TS5 B0 A 11 A9 N 2% Y 16 22 By mT 9 2 BRUIRL AN 5| S () 2t '
Biffi(acute kidney injury, AKI); MANEEH ., FrEE /Rl 70t B (R4 BRI 12] [13] [14]. 534b,
I A A A 72 25 A2 (probiotics) B AR T (postbiotics) Xt T B I AR ISR 157 2 2E W 2 FE X ARH 2
HIZmEE, — MR LR 35 A2 B N FLBR i (lactic acid bacteria), KAFT AEMgES, HAT AR =4 A E 4
BT, PR NARPT TR0 [16]0 F050 2 AR TR AT LA IR B, BORSCH A G 26 1, 4k 35 i B A 11 5
JE[17] [18]o AIFIEEFh(species) P ai A B, HXT NRBIVE AN, 171 22 5338 1T 4 7 22 B Pk (strain),  #C
75 97 e 2 A R AE B ORI AR A L [ 19] .

AWIE A E REYH S FE R LR G, R S — & B RN )5 & AKT [20]. 82
ST PR EA R 2 LR, H BRI R, & ik o L B AR B 25 AR T

2. MR EA*
2.1. Bk ESEE

EREEZRE. L2y, BE. BASAFATEHZE. mYSRENEM, ULREKTF RG-SRk
TR FE LS MRS BleRiFedt b, TUREE 37°CHEF% 48 /N o RFBTRAR AL, HOETIRBORNA—FEI 5
— B, 2 HEERT 20 ml f MRS A% 5% 37 5(BD Difco™ Lactobacilli MRS Broth, NJ, USA) 37°C#55% 16
NI, BUER R LA APT 41 % E B 4H(API® 50 CH, CMP, Taipei, Taiwan)ifiiA H @ f, (5%
AT FH T o R BRI H i, A H R IR L) 5%~10%, 7T —80°C, 1FA 5 S:se it il 4 I B -

2.2. EHERFEDH

Or B MR T EEAEE AT, LS TR MRS SRR SIS . 1) RIS Rk B RS IR
% MRS Winkigedk 37°CHFR 16 /MG, BEFT pH 2.4 ) MRS Wizhsiasdt, LUPGHE I (plate count
method) 7> HITHE 0 73%P5 60 /B0 EIRREL,  LAE 70 Ha(%) R FLER B IAAFIE 2% (R EEL — (AE WA/
PR AL, BPICHTIRAEIE . 2) MEAHERIRES: bk B AL PR MRS P79 2E 37°CHEFR 16 /)G,
FEFI T 0.3%MH E(bile salt)) MRS PIZ#5550E, LLPAR TG (plate count method) 73 Al 1HE 0 434015 60
SHENEITEEEG DL S H(%) RN IR A2 (M E — AiE B0/ g, B R SRR .

2.3. BHkIEFSHIE

LT MRS Wi R 3L RS, B8 5 ml T4 500 ml () MRS 2 2L #i, ## 8 37°CH
F2 16 /M JE, BAFEHE 13,000 rpm B5.0 10 4050, WERREVE, FHRA S%BETHr, %6 T-30CH ¥ 24 /)
I, AT TR, SREUERY . WM TSI B PR TR, IR R S 1 x 10"
CFU/g. WM BRAFET 4°C, H/ELEaYScinfiim.

2.4. LR ENRF

HEPE ICR 7B, SPF 2%, 3t 80 R B SRHETRHEYI R I 3 A IR 22 7 (BioLasco Taiwan Co., Taipei,
Taiwan). SIPEFREAFFFE LI 3R RN, /N EBRETOK, TEIR24C+£1°C, 8% 55%~65%,
BIIE A 12 h MIREEHO@ vEre) 78, RS Bkl @& RPEER 1.

2.5. BIIE T

WRIGEY ok 8 4, B4 10 X, 43HIAIES 4 (normal). 415 54 (cisplatin).  1EXTHE - 254 4bFE
“H(amifostine). PAXFLIREAEFE 7370 5 H o R, S HIMEE. {385 1 £ 14 REHEWR/D
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RALER A 500 mg/kg bow., IEHHA. EFEFH. S4PAEAN L RO KRE . T8 11 RE, BT IE
WAL, HAPFTH M DIIES T R4 T3 20 mg/kg b.w. IS, 51 & SVEEHE, T8 14 RIRHE
RE JEREE R, O S IEAREE, JRUSCILE S5 IEH 2. 259 b PRI 7T S AR H 30 4%, it
200 mg/kg b.w. K Z BT (amifostine).

2.6. MFEHH

e BRI T 4°C LA 2000 xg 500 15 4350, WIETES GRAE T —20°C Ao T A o 07 o F) L8 PR 3R
LR T DA T 5 46011 2 2H (Randox Laboratories Ltd., Antrim, UK)#&ECAE 18 2 14X (Roche Diagnostics, Cobas
Mira Plus, Germany)Jll 5€ o

2.7. ARG R REES

BT L 10%48 /K Sy MR ZE phi 8 J5 , A A IS, RTINS um JBEZ FES . BUI AR E
THE A b, PLIAKS - 4 42 iy (hematoxylin and eosin stain, H&E stain), T 2% 45 400x N M ELH L,
B HELE 20 FLPE 73 44l Shackelford 55 ANBIFFEE S, PAAHZURAHAR<1%9 1 73 B2 730(1%~25%)
FE 3 73(26%~50%) T EE 4 43(51%~75%) LA 5 53 (76%~100%), I H & BB IfH @ [21].
BEIRER R H 2R Bt (necrosis) 5 Tamm-Horsfall & [ 428 5 2 2 B R A4 (hyaline cast) PR GLH) 2 B 4HEA
e AR
2.8. it ot

i ] Microsoft Excel 2010 B ¥R, R EHE & LT3 H (mean) = bRl 2 (SD)E 7R, LA Student’s
t-test AT GIHE R Giit p<0.05 TR AR EMLER.

3. 58
3.1. PEEHZ APIEE

S BB P EHZEMRIEIL B 5 RILIRE, & APl BE 4 AW Lactobacillus rham-
nosus~ L. plantarum- L. salivarius~ VL] L. fermentum 73 3% T HEARAISWIE 1, BR T L. plantarum GKM3
A L. salivarius GKLF3 4, HARBERENELH 95%LA E.

(b) Identify as Lactobacillus plantarum (% ID: 95.6%); strain name: GKLC2
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(d) Identify as Lactobacillus fermentum (% ID: 98.3%); strain name: GKLR1

(e) Identify as Lactobacillus plantarum (% ID: 52.9%); strain name: GKM3

Figure 1. Identification of isolated lactic acid bacteria by API: (a) Lactobacillus rhamnosus; (b) L. plantarum; (c) L. saliva-
rius; (d) L. fermentum; (€) L. plantarum

I DEZIARE APl £EER: () RFEEITE; (O0) BUWATE; (o ERITE; () RKBEATE; (o &
MAFE

3.2. YEERZERFMY

PE R AW IR, RATE RSN, BReEA RN il B N4l Bl . &
SEER 5 MR EIME, BR T EMK GKLR1 MRFEEEEURAL, Hok 4 %REH 80%LA LI BMAFIE S, XL
GKLC1. GKLF3. GKM3 M (14 2(a)). M HER I, Bk GKLK2 1 GKLR1 RILFCRAAXS %, L GKLC1.
GKLF3 A (&l 2(b)).

__100% - 40% -
a S 30% -
> 60% - g 25% -
£ T 20% -
% 40% - :-3 15% -
hat ©

0% - 0% -

GKLC1 GKLK2 GKLF3 GKLR1 GKM3 GKLC1 GKLK2 GKLF3 GKLR1 GKM3
(@) (b)

Figure 2. Basic characteristics of isolated lactic acid bacteria: (a) Acid tolerance; (b) Bile salt tolerance

2. PEZIABEEAE: () WBERIEKE; (b) MEERIAE
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33. A ET WS BIES

TEH /N E AR TN, AAMEE TS /NRAm, HMREARERE R, EXE -2
VAL RN P CAUR AR B TR . X LGP FLER B A, BR T FLER B GKM3 b, LR 4 /N Ak o i
B NREMPEEE 3(2). HA LIS EK GKLC1 MR L. BFEE 7, WIS S 41 5
ERCE R, AEEMINMIE; MM SARRE GKLCL 28] DLRFRE I oK som, 4
55 TR 5 AR B I & (1] 3(b))e

36.0 - 0.9 -
—e—Normal 0.8 4 H#iH
35.0 4 —_ L dokk o RRk a0 ik
T ——Cisplatin bo 0.7 A T T
= 340 - 1
£ —o— Amifostine ﬁ 0.6 wxx Tk
[V J 0.5 A
'g 330 GKLC1 s .
% 32.0 - .ocee- GKLK2 g 03 -
8 3101 — -GKLF3 & 02 -
30.0 0.1 -
’ ~mGKIRL 0.0 e
29.0 A —a—GKM3 D> N gz > g >
FFF &S S
28.0 . O o:,Q é\go o 6 O 6 [
Initial Final s
(a) (b)

Figure 3. (a) Weight changes and (b) Renal mass in cisplatin-induced ICR male mice. ~“presented a significant difference
when probiotics groups compared with the cisplatin group (p < 0.001); “#presented a significant difference when the cispla-
tin group compared with the normal control (p < 0.001)

& 3. If$HIFEZZ ICR NR(a) HRELHS (D) BHEEE. SHEEELITEY{E(mean) + FREMRE(SD)FR R, L Student’s
ttest FEITHRITE R D . ILEEELHE SIRSAIF S4B (cisplatin-induced group)fEL BRI ERE, U p<0.001 RR; IR
$AIE SR 5 IE # 40 (normal group)iEEL B G ERE, U <0.001 FR

34. 35+ BUN 5 CRE &8

1375 PR R (BUN)AULER B (CRE) A PPAl B G REFRI 4R AR, A& — e &7 AR e, 220 B EAERS:
HUE RS2 400, E H BUN A1 CRE 27+, 14 4 /N IS BUN A1 CRE & &0 47 JEH 233G B H

160 #ith
140 B =
120
100 kEK kkk

HiH

* % *%

| I3

kR koxok

serum BUN (mg/dL)

OO0 kRpEppRk
oNBOLRND MK

(o)
o
serum Creatinine (mg/dL)

() (b)
Figure 4. Levels of (a) Blood urea nitrogen and (b) Creatinine in cisplatin-induced ICR male mice. Significant differences
when probiotics groups compared with the cisplatin group were presented as “p < 0.05, ~'p < 0.01, and p < 0.001; *pre-
sented a significant difference when the cisplatin group compared with the normal control (p < 0.001)
E 4. IisAEFZ ICR MR(a) MERFERS(D) ABRESE. SEREEUFHE(mean) + FRERESDRR, U
Student’s r-test TRt ER . FEAEE SIFAIE S4H (cisplatin-induced group)fBLL Bt ER#H, Up <0.05,
“p<0.01. p<0.001 RR; IRSAIESES EEHE normal group) LB G ERE, U <0.001 £R
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45, HuiE S BUN & & B3 e, A sl AR % GKLCl. GKLR1. GKLF3 B Hi#2Z BUN
FIETE. MiEH CRE & &EMREE, S5IEAZAEEE, ML GKLC1. GKLR1. GKLF3. DL GKM3 &%H &
BHER,

3.5. BELARESH

TEMGEA 5 5 (4 51, F05 A 2R IR0 FE 5 0 5, 1T 2590 20 5 7L 1 e 4L B8 T DA ok 2% ' 4 P A (&
5(a)). LUREEPEA KA, UETE v] LU i)™ B R 58 5 3% B I3 k44 (Hyaline cast) A H I DAIRFEFE B
HGESR UL, AV PR S LR R GKLC1 4LAH L isn s T 4 i 2 B 2 5 HIRZ AR H GKLF3.
GKLR1. LK GKM3. Hyaline cast W55 I, 7R 2ZYAEEH 5 AR R GKLC1 4UAH Lo isH 75 5 4H i
H S EMESEEE 2(b). M E GKLK2 B %A ot i #7410
4. g

AU S A BB EPRIE S B 5 MRALBRTE B (K 1) WIS AT DURILIX 5 PR AR B 4r 1 22 5 L
K HAP Rk GKLK2 Al GKLR1 7E fiif 8 14 R A 3k 1) 20 R 22 F- oA s Ak, 1T 0 8 ok T8 Ak Ol L 3l SR U
SIE I 2)0 —MRUL, BN RUR I FLER B B ARAE A4 3 PR B 05, ARG T BB (I 52 PR 22
FE I, AEA R IR 0 LR A R AR KRB 9 P T, A o T IR I i 52 e e, mlid o A4k B 1R A
AEERFREE, 1502 RS U5 0 T bk GKILE3 R GKM3 i S B0 R 1 5 T B 6 A% R [22] 23] B3
B, Wk GKLCI BARr55 HAWIRIE, AKIRFR A R B2 5 it A #h 4R 1%, R AEAS 0 H R o
A BT T B R

2 ;':? - &y :: g -,

s

Normal Cisplatin (Cis) Cis +Amifosine

R

2 ‘4 - L -
RN AR R SN PR A
Cis +GKLR1 Cis +GKM
AN ZH SR DL D5 AR - 41 4 (5 (hematoxylin and eosin stain, H&E stain), T 255 400x T M 2241 35 H 4544

(@
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@ Necrosis OHyaline cast

*
* *
*
*

Disease score
o = N w H (¥)] (<)}

(b)

Figure 5. (a) Kidneys tissue sections of cisplatin-induced ICR male mice; (b) Disease score of the kidﬂeys tissue in c}fpla—
tin-induced ICR male mice. Significant differences with cisplatin group in necrosis were presented as p < 0.01 and p <
0.001; a significant difference with cisplatin group in hyaline cast was presented as *"*"*p < 0.001

Bl 5. (a) EHIFESZ ICR NEBBALRTF; (b) IRAIFEFZ ICR NRBIALRIETFT . KRy HIKRALRRE
i, DHBATFHE 1= DiFEI%). 2= B(1%~25%). 3= FFQ26%~50%). 4= FETE(S51%~75%) UK 5=
PEE(76%~100%). ERBELIFIE(mean) + FRERZESD)FRIR, LA Student’s t-test HATHITER 7T, ST
48 4R ZUERE (necrosis) i 43 5 IR $81% S48 (cisplatin-induced group)fAEtL BT ERE, L7p <0.01. "p <0.001 FR;
SR B AiERAE R (hyaline cast), My <0.001 RRAMBEESIRAFSENEEZES

VT (amifostine) /& — AN WEFR B (thiophosphate) (A AL LR35, TRk i AL 243697 51 R B MEAE
F[24]0 MOARES LBV TAE AR5 T AKL ZZh IR CIE X 2 . W R A 5 — ) B 2 IR A 3 s —
A /N BB AR E B G S TS AT N R, B A E B A gz (] 3). 1B AR
RS S B, DU BN T IR IR 7 AT g

B EEE DR S AW HERR . KT BT RRUE MR S5 [25]. IRIR |, AKI
R AP — P2 BN —RERE, & 6 MTHNEIIKEDT 0.5 c.e/kg/hr, WA REA B EAHCH
el sy — M2 LS WURET(CRE) R HI 3L, 7€ X 48 /N CRE {H K T804 T 0.3 mg/dL MIHJE
AKI [26]. FEARVRIGH, A E— /NS CRE BB LIEW A iFL, #5911 ik
AbFEE] DAZE AN B CRE (4] 4). S5IE1E SAMEL, Hik GKLC1 B 5% 4% CRE, 1% GKLCI
ATCATRIT 25 51 2 AKT, BB ORFER RO . N B H SRR S5 R, RORE M GKLCL RA 7T
RE 98 J 2 T T Ok o 1 2 AR B (1) 5)

KT MpiE w5 B AL DI RE T 702 BB ARG [27]. 1E'B AR B, %18 B A (gut microbiota) 5
RN BEERN[28]. HliEEFRN, R ERERER, GG WS (indoxyl sulfate).
TR ER XS F ) (p-cresyl sulfate). = FF f%-N-E ALY (trimetlylamine oxide, TMAO)Z%, it B 18 R g iR, M
MikE RN, EESIE, BaiEmEHE[29]. BL TMAO A, H e wbkz FLIRR AT LA 7
TP, $filiziE S 5 =4 TMA (TMAO R SR A ST, sk iz i H 5 i 1 (1) TMAO [30].
T af AR R TER TE RS IS RO R A, R — MRS I TE3 ], AR T, VI ik
B B WELRA I B B A HEAT B GKLCL, JE2:7 AT GKLC1 58 G4 IR LI 7T, A H R T
FH B S it

5. &g

A FLE AT RSN MWERM T E S IR E AR, ISR TR, il R . 2l
WA /NP, T8 11 RAARESS 20 mg/kg bow. B — IR & /N SR B 14, JEREGEST 4 RGN
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