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Visualization Analysis of the Literatures on Drug-induced Kidney Injury
ZHAO Yuanxia, CHU Yaojuan, LU Xiaojing, SHI Xiangfen, DU Shuzhang (Dept. of Pharmacy, the First
Affiliated Hospital of Zhengzhou University, Zhengzhou 450052, China)

ABSTRACT OBIJECTIVE: To study the research status, hotspots and frontier changes of drug-induced kidney injury (DIKI) ,
and to provide reference for the research of DIKI in China. METHODS: Literatures related to DIKI published from 2001 to 2020
were retrieved from Web of Science database. CiteSpace 5.7.R2 software was used to conduct visualization analysis for DIKI related
literatures from aspects of the number of publications, authors and cited authors, institutions, countries, related disciplines,
co-cited journals, co-cited literatures and keywords. RESULTS: A total of 1 320 literatures were included, and the number of
published literatures about DIKI researches showed an upward trend during 2001-2020. The most studies and the highest co-citations
were devoted by the Yale University scholar Mark A Perazella (18 literatures, cited for 137 times). There were 76 countries
carrying out research in this field, among which the United States had the first advantage (445 literatures, accounting for 34.29%
of the total number of literatures). A total of 2 175 institutions participated in this field, of which Yale University contributed the
most publications; pharmacology, nephrology, toxicology and other related disciplines were involved in this field; Kidney
International (652 literatures, USA) published the most research in this field; the most frequently cited literature was “Drug-
induced nephrotoxicity: clinical impact and preclinical in vitro models” , published by Tiong et al in 2014. Through the keyword
cluster analysis, the research hotspots in this field mainly focused on the risk factors of DIKI, the research of DIKI in special
groups, the mechanism of DIKI related drugs, the exploration of DIKI biomarkers, and the preclinical research of DIKI.
CONCLUSIONS: DIKI’ s research has been paid more and more attention by scholars, but the cooperation between China and
other countries in this field is limited. In the future, more attention should be paid to the research hotspot in this field and
international exchanges and cooperation should be strengthened.

KEYWORDS Drug-induced kidney injury; Visualization analysis; Research hotspot; International cooperation
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L5 AT A, DIKIBESE K SCREHRAS BT 3 A2 A1 & 0 il 2 58
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Fig 1 The number of DIKI research literature pub-
lished from 2001 to 2020
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&1 DIKIFARE X EHZRET 10 IHEE
Tab 1 Top 10 authors with the number of published

literatures of DIKI research

e TAEHL L3¢ ]
Mark A Perazella EEEKE 18
Rosalinde Masereeuw [[ECT s 10
Warren E Glaab FERAH 8
Daniele Zink B TR S OREEA B 8
Hossein Khalili fria - R A 1
Ki Sung Kang R AR 7
Martijn ] Wilmer Ry Ty 7
Sean P Troth FHEBAMRLRE 7
Vishal S Vaidry EEkilye 6
Yokio Tsuyoshi HASZERY 6

®2 DIKIFARHE S SURHERE 10 (TR 511EE
Tab 2 Top 10 authors in the list of citation frequency

of literatures of DIKI research

Ffi TAEHLY Bl
Mark A Perazella FETERTE 137
Hassan [zzedine VR B A R AL B 90
Vishal § Vaidya FEBMAE 75
Frank Dieterle i\ 74
Ravindra L Mehta FEIMAS 70
Joseph V Bonventre PREl e did 08
Glen S Markowitz FEALTFRIT AT 53
Navjotsin Pabla FRIERTR b 33
Jerome Rossert ERBHIRIRT AR 47
Takaharu Ichimura EEB RS 45

2.1.3  JFJEDIKIMR R R ER  JFE DIKIFT I
FIH 76 4, HAVEFL S M4 5 R B LI 2 (B 4
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e IR AN ) € R TR R e PO B AR 5 PO
RF 0.1 BF, 3% SRR B A, iz A S Ay
MR BEBRE ST . AR R SR, K SCEHES
RIS E A SR HA P S, e
e R ICHR 445 % , i BVRSCER Y 34.29% , HEAA B — T

China Pharmacy 2021 Vol. 32 No. 15 - 1819 -



U, 2 [E) 7 DIKT A 73 85038k A7 45 e 3 o BE KT 0.1 1)
R EE JeE 22 E SRR DA X s
[ KA %M 78 A0 o B P R SR 125
s, R SR 9.47 % , JEES 2467 H O R R DA
HH [ 7E DIKT A 9 400 5 HoAth e R A VR B, R ok i 28
T FEPRAS S AR

CiteSpace, v. 5.7.R2 (64-bit)
January 9, 2021 at 11:00:31 AM CST
WoS: Ellcitespace i fr\data

020 (Slice Length=1
Top 50 per slice, LRF=3.0, LBY=5, e=1.0
Networ k: N=76, E=445 (Density=0.1661)

Largest CC: 65'(85%)

Nodes Labeled: 1.0%

Prunina: None

SOUTH KOREA

AUSTRALIA BELGIUM
SPAIN
CANADA FRANCE
gRNGLAND GERMANY
SWITZERLAND
A JAPAN
NETHERLANDS JTALY
PEOPLES R CHINA
BRAZIL INDIA

E2 FEDIKIFRHERGELSMERRE
Fig 2 Social network of countries carrying out DIKI

research

2.1.4 JFJEDIKIBFER AR AL R R,
JF JE& DIKIEFE A AL LA 2 1754, Ho DIKT A
EIW-8'& ¢ A TRE VAL IR B Sl PEXl S N SN S S R S
2y A B BRI B RS s UL BEHEA T 3 AL A 23 R
PO B 15 5] [ G A R 5 B2 E S e 55 [ i
24523 ), Ul ] 56 [ 860 i 24 M B A TRy R X 2B 2
B R S R 2 FE2 7 HIURA 1 12 USRS A BIF 5
R % . DIKIWFFE & SCE ARG EEHEZ 1 10 ALY
W3,
%£3 DIKIFAR A XEMH O EHEZHT 10 fIRIHLH

Tab 3 Top 10 institutions in the list of publication

number and centrality of DIKI research
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1 EEERT 2 ey 0.09
) FEERGGERERR 2 WGP R 008
3 REMAE 16 EH RN 0.06
4 MERZRELRE 14 FREHAHEEEAR 0.06
5 EEIEERY 13 JIEYEAE NS 0.06
6 EEEHEKE 12 FIRILH L 0.06
7 REERERESEERE 12 TR 005
8 FEMELHK 12 PRI 0.05
9 HAZHEAY 10 FHBRBH 0.04
0 MERZEYLF 10 e 0.04
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FISCHR A RS DI O BE HEA4 11T 10 032 B4 STk L35 4
5o P SCHIIHEA 5 1AL JE Tiong S5/E 2014
A % 3¢ W “Drug-induced nephrotoxicity: clinical impact
and preclinical in vitro model” — 3¢ ; 4% 5 | SCik o0 i
HEA 5 1ALAY /2 Amin 5"7E 2004 4F %% K ) “Identifica-
tion of putative gene based markers of renal toxicity” —
o AT, 2595 Bt AN R FIALA] B R b
W) DIKT I PRATHFTE AR R A 11 052 3275 T
R4 DIKIFFS LM 5 SFURHER T 10 B 3Tk
Tab 4 Top 10 DIKI literatures in the list of co-cited
frequency

Vel
R WK

I TiongHY  Drug-induced nephrotoxicity: clinical impact and preclinical in viro 2014 37

T () BU Al

models
2 JagK] Human Kidney proximal tubule-on-a-chip for drug transport and 2013 26
nephrotoxicity assessment
3 WilmerM]  Kidney-on-a-chip technology for drug-induced nephrotoxicity ~ 2016 21
screening
4 Bonventre ] V Next-generation biomarkers for detecting kidney toxicity 2010 20
5 Dieterle F Renal biomarker qualification submission: a dialog between the 2010 20
FDA-EMEA and predictive safety testing consortium
6 Muriithi AK Biopsy-proven acute interstitial nephritis, 1993-2011:a case series 2014 18
7 Sieber M Comparative analysis of novel noninvasive renal biomarkers and 2009 18
metabonomic changes in a rat model of gentamicin nephrotoxicity
8  MehaRL  Phenotype standardization for drug-induced kidney disease 2015 18
9 Dietere F - Urinary clusterin, cystatin C, beta2-microglobulin and total protein 2010 16
as markers to detect drug-induced kidney injury
10 Morizane R Nephron organoids derived from human pluripotent stem cells 2015 16
model kidney development and injury

5 DIKIFFEH 5] dls EEHER BT 10 Iy STk
Tab 5 Top 10 DIKI literatures in the list of co-cited

centrality
il i kAT FEER PLE
1 AminRP Identification of putative gene based markers of renal toxicity 2004 034

2 Niemamm CU  Biochemical mechanisms of nephrotoxicity: application for 2007 029

metabolomics

3 BoudonckK]  Discovery of metabolomics biomarkers for early detection of 2009 (.17

nephrotoxicity
4 Nolin Thomas D Mechanisms of drug-induced nephrotoxicity 2000 016

5 PerazellaM A Selective cyclooxygenase-2 inhibitors: a pattern of nephro- 2001 0.15
toxicity similar to traditional nonsteroidal anti-inflammatory

drugs

6 CookD Lessons learned from the fate of AstraZenecas drug pipeline:a 2014 0.10

five-dimensional framework

7 FerguonMA  Biomarkers of nephrotoxic acute kidney injury 2008 0.10

8 BaguisCL Herbs and the kidney 2004 010

9 JngK] Human kidney proximal tubule-on-a-chip for drug transport 2013 0.09
and nephrotoxicity assessment

10 KamsA Tenofovir-related nephrotoxicity in human immunodeficiency 2003~ 0.09

virus-infected patients: three cases of renal failure, fanconi
syndrome, and nephrogenic diabetes insipidus
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Fig 5 Co-occurrence network of keywords of DIKI re-
search
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i % ) .epidermal growth factor (3% 7 4K HF) . drug-re-
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-related nephrotoxicity
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#5 structure-activity: relatiqnshih.

El6 DIKIFRAIXEIAREE
Fig 6 Clustering diagram of keywords of DIKI re-
search

#®6 DIKIFARXEIARER EE KGR
Tab 6 Keyword clustering and its keywords of DIKI

research

5 Bk RRAR Kl

0 66 induced liver injury rats; perturbation; early pathogenesis event; oxidative stress

1 50 kidney injury utlity; early biomarker; methotrexate therapy; modulation

2 43 renal transplantation relation; medications; heart transplantation; serum

3 30 endoplasmic reticulum stress  preoperative renal dysfunction; multicenter trial; parallel-group;
vitro

4 29 inflammatory bowel disease  cancer treatment; nephrotoxicity; streptococcal infection; renal
failure

5 24 structure-activity relationship  identification; structure-activity relationships; adverse effects

6 23 Ho-l pathway gentamicin;autophagy; rosmarinic acid;lycopene; effect

7 19 epidermal growth factor mycophenolic acid; epidermal growth; endothelin-1 synthesis

8 6 drug-related nephrotoxicity  chronic cyclosporine  nephrotoxicity; low dose cyclosporine;

spontaneously hypertensive rat
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Fig 7 Timeline for keywords of DIKI research
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Keywords Year Strength Begin End 2001 - 2020
cyclosporine 2001 9.97 2001 2006
therapy 2001 4.13 2001 2007
rthabdomyolysis 2001 6.97 2002 2011
lipid peroxidation 2001 3.85 2002 2012
acute interstitial nephriti 2001 4.95 2003 2009
mycophenolate mofetil 2001 3.7 2003 2005
recipient 2001 5.22 2004 2005
calcineurin inhibitor 2001 3.74 2004 2005
liver 2001 4.57 2006 2012
acute renal failure 2001 3.81 2007 2009
infection 2001 4.13 2010 2013
marker 2001 5.68 2011 2015
patient 2001 4.97 2012 2014
protein 2001 4.8 2012 2015
serum 2001 4.29 2012 2014
expression 2001 4.93 2014 2015
kidney mjury 2001 4.92 2014 2016
proton pump inhibitor 2001 4.22 2014 2017
inflammation 2001 5.74 2016 2018
microrna 2001 5.14 2016 2018

drug induced nephrotoxicity 2001 3.73 2016 2020
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on a chip 2001 5.16 2018 2020

organic anion transporter 2001 4.24 2018 2020

El8 DIKIFFZHEZHT 25 G p SRILK A
Fig8 Top 25 burst keywords related to DIKI research

AU A BRI T
3.2 DIKIH# 5| X #k5r i

Xf DIKT 45| SCHREA T 230 B )i, 19 2 L gl 51 ik
T /5 B SCRiR 2 Tiong 2897 2014 4 & 1) “Drug-induced
nephrotoxicity: clinical impact and preclinical in vitro
models” , H.Z5 SRR B, 1 R 25 W) 0T A i A b, 4]
Ji 0 B 200 R DA 19 S A A S ) S0 245 4 '
PR A SMELTY | ] DL 2 A B 0 2 9 5 | A 1 v
S5 0 B R 5 19 SOk Amin SE 17 2004 4R K R
[ “Identification of putative gene based markers of renal
toxicity”—3C, H A AR ST I RE R 4~ M 11 5t
Y27 SR P E FE R AR N TTIF T AN [R) 25 ) B0H Bt
AOVE AL o ok S5 AT Fh O B A v ) SR AA) ¢
TR A SR AR T S
3.3 DIKIARHR KRR REESE

SEE KBRA R ARG R, IF 278 X S SR it | ST
HK , R At DIKT A5 ) 5 PR 3 B4 e DIKTAH G
FERS R WFFY DIKITERRIRR A T BT\ DIKIAH G2
Yot FIBLHIOEE DI A= Wb a5 95 DIKT I R A
WXL T
3.3.1 DIKIMER RIS 258 A 1 e (4
LGP EEAE 2 250 2 G R R AR S ) TR
R B R AR (AR 5 IFAE S BV BRI R AR )
TG YIAE B A [ FRAL CAn B /NER VB /N V) J5)

FEEE 2021 FEI0EE I

(G AR Y 22 57 2 S B DIKT A FEEH R,
3.3.2 DIKI TERFBRBER R 1 0F 58 Slater 2" 58 &
PR, 7E L T AT R, 87 % 11 B 3 foh T — Fh sl £ Fh
B2, kK T B REAIKRERE . At
B 11105 02 FEE W R I LR R, s B B
s 1] 2 RN BE T XUBS 8 im AY E E I R Piscitani 25
WFSE R P, 76 Fiyeg B3 v, R s ) 5 88 1) 24 4 (A BT A

W RV E) B G 2 W CAn gl BT ) AH G 1 ' 4
15, A BT R e R B PR L S A TR T R
3.3.3  DIKIMHCZ5YERLEIfSE 51 DIKI 254
YERAILE =24 - (1) 259 [ A A BE Pk, Iz ps 1T
2 PHPERE R B &, vl i A0 B LU 5 (2) 259
FHOGGIZERIN , AN B- I e 2 25 ) L Jo 7 2 4 il 351 L R £
AL 98 24 RN G2 00 S5 v T L s 52 A0 B R LR
G LN, 3 B 507 5 (3) AN EACTE Y, I 4R
WERA | B 5 R e v i S AR T, PT TR A A
FERE P ITRE B /NE N N RE B PR IBCHE i, 35 5 /N
B (OB BS , a1 %5 2 27
B /NG P B, RTINS D 2 R B R N, 5 |
B 451453 5 (5) ARG TRHER =, QR 1A 2 - 6 -l 1 Mo Sl
Bz, FEEGY CINEERE AR 235 k) IR 4, 35
B 20 N SR (6) A TRIGIE AL, 47 1t 5 25 55 I 8
INE NI R A AR 18 B NE G R, TR
250 B B R RO FIBLIR , & BE R 2 ) e A Tk )
JETB; DIKI A 8 2T
3.3.4 DIKIWAEDRED G AP EwaE BT
XA TS W B s s e GRE R R O BET
E) T o 40 R S G PR3 15 (H-NMR) A A 2
T SR (GC-MS ) (R 4 2 e 9T R PR, IR 2 1 2
FVE 5 R 1 (Kim-1) RTVE A B B PR A bR
SR S BR A il e RN T | s AL A
Western blot 7157 & B, Kim-1 mRNA A 7E A8 P B 451
55 B OB HE AR SR FH 2k DRI 2 (9 o ek A ik LR
N 2% 58 1 T A 8 SE Bl Ak 2 T 0F 98 R B, IR R AR R A
(CLU) 7646 0 B 35 b /N8 463 405 J T b A s, TR B 2R
12 €38 C R B.- Ok B (1 AE A I /N BR AL 495 1 L
B s Ho-1 R AR Ry US4 Wb s, % B w4
B IIEA T A e I ER
3.3.5 DIKIIGKRETHFFE  Jang ZE%H) F— R BUOR
TR B RS 7 N B /NG B2 ARG, IR % 4 e ik
17 B B 25 B2 W I 25 W0z B A TP R 5% . Morizane
EPMAZRE T A0 SR IR IR i Rl 2, s R
A LU 3D B AR, IEA T HE R A S 2 ) B 4
Fliolia
4 Z5iE

AR5 38 13 K2R WOS £l 127 Hh 1) DIKT 53 SCik,

China Pharmacy 2021 Vol. 32 No. 15 - 1823 -



P AT AIAR R A X6 i B A S B i) R 5 | SRR 2R 720

I 4B AR AL, A5 H G T DIKT Y 0 R AIF 5 44

Mo TR AHT AR, Bl 20 4 DIKT 5T H sz 3127

AL, 58 [ A [ P U DT RO, 2R

Tt [l B 1] 45 V5 520 5 W58 #3224 Hh A DIKIAH 5

FE I R WS  DIKTAERRIREE A f 5T DIKI ARG 25

Yot FIBLHIIE T DIKIL A= Py a5 i 5E . DIKT I R R

WFIEAE T AHABFFEAUN WOS B 2 Sk A7 1 /]

AL 73BT WO SCHRAN S 42 T, 7] BE 23 X BIFFE 45 8™ A

JRyBRAAESE I o AR T G 2R S SRR P, AR A B A T KK

B, A T R R A8

Sk

[1] USUIJ,YAMAGATA K,IMAI E, et al. Clinical practice
guideline for drug-induced kidney injury in Japan 2016:
digest version[J]. Clin Exp Nephrol, 2016, 20 (6) : 827-
831.

[2] MEHTAR L,AWDISHU L,DAVENPORT A, et al. Phe-
notype standardization for drug-induced kidney disease
[7]. Kidney Int,2015,88(2) :226-234.

[3] HIMMELFARB J,IKIZLER T A. Acute kidney injure:
changing lexicography, dedinitions, and epidemiology[J].
Kidney Int,2007,71(10) :971-976.

[4] PERAZELLA M A. Pharmacology behind common drug
nephrotoxicities[J]. Clin ] Am Soc Nephrol, 2018, 13(12) :
1897-1908.

[5] CHENC,HU Z,LIU S,et al. Emerging trends in regenera-
tive medicine: a scientometric analysis in CiteSpace[J].
Expert Opin Biol Ther, 2012, 12(5) :593-608.

[6] ZHENGKY,DAIGY,LANY,etal. Trends of repetitive
transcranial magnetic stimulation from 2009 to 2018: a
bibliometric analysis[J]. Front Neurosci, 2020, 14:106.

[7] CHENY, CHEN CM, LIU ZY,et al. Methodological
features of CiteSpace knowledge maps[J]. Sci Res, 2015,
33(2):242-253.

[8] ZHU G,HUANG Y. Research on image semantic retrieval
in frontier domains in visualized information[J]. Inf Sci,
2013,31(3):127-131,135.

[9] TIONG H Y,HUANG P, XIONG S, et al. Drug-induced
nephrotoxicity: clinical impact and preclinical in vitro
models[J]. Mol Pharm, 2014,11(7):1933-1948.

[10] AMIN R P, VICKERS A E, SISTARE F, et al. Identifica-
tion of putative gene based markers of renal toxicity[J].
Environ Health Perspect, 2004 ,112(4) : 465-479.

[11] WEI X P, CHEN H. Visualization analysis of ontology re-
search hotspots and evolution[J]. Libr J, 2013, 32(2) : 65-

- 1824 - China Pharmacy 2021 Vol. 32 No. 15

[12]

[13]

[14]

(1]

[16]

[17]

(18]

[19]

[20]

(21]

(22]

72.
QU S Q,CAIY J,CUI HL,et al. Visual analysis of targe-
ted drug research based on literature data[J]. Chin J Hosp
Pharm,2019,39(9) : 883-887.
SLATER M B, GRUNEIR A,ROCHON P A, et al. Identi-
fying high-risk medications associated with acute kidney
injury in critically ill patients: a pharmacoepidemiologic
evaluation[J]. Paediatr Drugs,2017,19(1):59-67.
BELLOMO R, KELLUM J A, RONCO C. Acute kidney
injury[J]. Lancet, 2012,380(9843) : 756-766.
PISCITANI L, SIROLLI V, DI LIBERATO L, et al. Ne-
phrotoxicity associated with novel anticancer agents (af-
libercept, dasatinib, nivolumab) : case series and nephro-
logical considerations[J]. Int J Mol Sci, 2020, 21 (14) :
4878.
PERAZELLA M A. Onco-nephrology: renal toxicities of
chemotherapeutic agents[J]. Clin J Am Soc Nephrol,
2012,7(10):1713-1721.
LUQUE Y, LOUIS K, JOUANNEAU C, et al.Vancomy-
cin-associated cast nephropathy[J]. J Am Soc Nephrol,
2017,28(6):1723-1728.
SIEBER M, HOFFMANN D, ADLER M, et al. Compara-
tive analysis of novel noninvasive renal biomarkers and
metabonomic changes in a rat model of gentamicin ne-
phrotoxicity[J]. Toxicol Sci,2009,109(2):336-349.
RACHED E, HOFFMANN D, BLUMBACH K, et al.
Evaluation of putative biomarkers of nephrotoxicity after
exposure to ochratoxin a in vivo and in vitro[J]. Toxicol
Sci, 2008,103(2):371-381.
DIETERLE F,PERENTES E, CORDIER A, et al. Urinary
clusterin, cystatin C, betaZ-microglobulin and total protein
as markers to detect drug-induced kidney injury[J]. Nat
Biotechnol, 2010, 28(5) : 463-469.
ADLER M, RAMM S, HAFNER M, et al. A quantitative
approach to screen for nephrotoxic compounds in vitro[J].
J Am Soc Nephrol, 2016,27(4):1015-1028.
JANG K J, MEHR A P, HAMILTON G A, et al. Human
kidney proximal tubule-on-a-chip for drug transport and
nephrotoxicity assessment[J]. Integr Biol (Camb),2013,5
(9):1119-1129.
MORIZANE R,LAM A Q,FREEDMAN B S, et al. Neph-
ron organoids derived from human pluripotent stem cells
model kidney development and injury[J]. Nat Biotechnol,
2015,33(11):1193-1200.

(S H 91:2021-03-22 & 181 H 191: 2021-06-07)

(il « S 3

FPEZG 2021 4E55 32 4555 153



