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Abstract
Introduction:OurobjectivewastoshedlighttotheinvivonephroprotectiveactivityofPanax ginseng in animal models. 
Methodology: Systematic review in which the databasesMedline (PubMed),Web of Science, Embase and Virtual
HealthLibrarywereusedtosearchforarticles.Theeligibilitycriteriawerepreclinicalinvivotrialsthatevaluatedthe
nephroprotectiveeffectofP. ginsengbydosingbiochemicalmarkersinserumorurine.
Results:Forty‑fivecontrolledpre‑clinicaltrialswereincluded.Amongthe16studiesthatemployedtheanimalmodel
ofdiabeteskidneydisease,14observedanephroprotectiveeffectofP. ginsengderivatives.All30studiesemploying
animalmodelsofkidneyinjuryinducedbydrugsornephrotoxicsubstancesorcausedbyischemia‑reperfusionfoundP. 
ginsengtohaveanephroprotectiveeffect.
Conclusion: TheP. ginseng shows remarkable nephroprotective effects in different animalmodels of nephropathy.
Therefore, itsuse ispromisingas anadjuvant in the treatmentofdiabetes kidneydiseaseandpreventionofdrug‑
‑inducednephropathy.Furtherrandomizedcontrolledclinicaltrialsinhumansarerequiredtovalidatethesefindings.

Keywords: AcuteKidney Injury;Animals;DiabeticNephropathies;Drug‑Related SideEffects andAdverseReactions;
Panax;RenalInsufficiency,Chronic

INTRODUCTION
Panax ginseng belongs to theAraliaceae family, and its
namereferstoaplantthat“treatsalldiseases”.Itiscom‑
monlyused inKorea,Chinaand Japan;however, itsuse
has alsobeenhighlightedworldwide,owing to its great
therapeuticpotentialasadaptogenic.1

Popularlyknownasginseng,thisplantcanbedividedinto
three categories based on processing technologies, i.e.,
fresh,whiteandredginseng.2Ithasawiderangeofphy‑
tochemicals,withginsenosides(saponins)beingthemain
active constituents. Polysaccharides account for about
40% of the compounds. In addition to these the plant
containsalkaloids(β‑carboline),glycosides,phenolicacid,
and others.3

TheP. ginsenghasshowngreatpotentialinprotectingkid‑
neycellsduetothehighantioxidantandfreeradicalscav‑
enging power of ginsenosides.4 Diabetes kidney disease

(DKD) isoneof themainunderlyingdiseasesof chronic
kidney disease (CKD).5 Sodium‑glucose cotransporter‑2
(SGLT2) inhibitorshypoglycemicdrugsandantihyperten‑
sives from the angiotensin‑converting enzyme inhibitor
(ACEI) and angiotensin receptor blocker (ARB) classes
canbeusedinthetreatmentofDKD,astheycanslowor
preventdiseaseprogressioninmanypatients,butdonot
havetheabilitytopreventit.6,7 
Hence,therearestillgreatchallengesinthetreatmentof
patientswithDKD,andthestudyofnewdrugsisofutmost
importance.ThepossibilityofusingP. ginsengasanadju‑
vantintreatingandpreventingDKDraisesthechancesof
greatadvancesintheearlyapproachtothepatientwith
DKD.5,8Inaddition,therearereportsofitsbeneficialeffect
onacutekidneyinjuryandrenalsenescence.4

Another possibility of kidney protection by P. ginseng 
would be reached when it is imperative to use drugs
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knowntobenephrotoxic, suchasaminoglycosides,am‑
photericin B, polymyxins and cisplatin, which even in
therapeutic doses, can compromise the functionality of
thekidneys.Hence,theP. ginsengcanmitigatesuchun‑
desirableeffects.4

Seeking to contribute to the rationaleuseofP. ginseng in 
phytotherapy, we report on a systematic review shedding
lightonthesignificantnephroprotectiveactivityofP. ginseng 
incontrolledpreclinicaltrialsperformedinanimalmodels.

METHODS
Study design
We performed a systematic review according to the
Preferred Reporting Items for Systematic reviews and 
Meta ‑Analyses (PRISMA)9statement.Thereviewwasnot
registeredandaprotocolwasnotprepared.

Search strategy
ToidentifypreclinicaltrialsinvolvingtheuseofP. ginseng 
derivativesinthetreatmentofDKD,systematicliterature
searcheswereperformedinthefollowingelectronicda‑
tabasesMedline(PubMed),WebofScience,Embaseand
the Virtual Health Library. The search termswere com‑
bined using the Boolean logical terms “AND” and “OR”.
ThecompletesearchstrategyisshowcasedintheSupple‑
mentaryMaterial.Referencelistsoftheincludedstudies
and reviews were also examined for additional eligible
studiesnotrecoveredbytheresearch.
Thesearchforarticlesinthedatabaseswasconductedun‑
tilMarch3,2022.Therewasnorestrictionastothedate
ofpublicationofthearticles,norastothelanguage.The
authorsoftheunavailablearticleswerecontactedatleast
twiceviae‑mailrequestingaccesstotheirwork.

Eligibility criteria 
Preclinical in vivo trials evaluating the nephroprotective
effectofP. ginsengweredefinedaseligibilitycriteria.Eligi‑
bilitycriteriawereestablishedaccordingtoPRISMArecom‑
mendations.9ArticlesthatevaluatedtheuseofP. ginseng in 
combinationwithothersubstanceswereexcluded.
Onlystudieswhoseexperimentaldesignallowedthefol‑
lowingpointstobedistinguished,accordingtotheacro‑
nymPICOS,wereincludedinthesystematicreview:
• Population: Animals with CKD, DKD, hypertensive

nephropathy, acute kidney injury, or drug‑induced
kidneyinjurythatreceivedP. ginseng.

• Intervention: Administration of P. ginseng in any 
dose,routeandfrequency.

• Control: Animals with CKD, DKD, hypertensive ne‑
phropathy,acutekidney injury,ordrug‑inducedkid‑
neyinjurythatdidnotreceiveP. ginseng.

• Outcome: Nephroprotectiveeffectevidencedbyone
ormoreofthefollowingmarkers:serumcreatinine,
serum urea, creatinine clearance, glomerular filtra‑
tionrate,albuminuria,andproteinuria.

• Study design: in vivocontrolledpreclinicaltrial.

Article selection
Theselectionofthearticleswasperformedintwosteps,
bothcarriedoutbytwoauthorsindependently.Disagree‑
mentswereresolvedbyathirdauthor.First,therepeated
articleswere excluded, and then, a preliminary reading
ofthetitleandabstractofthearticleswasperformedin
order to includeonly those that arepre‑clinical trials in 
vivo and that evaluate the nephroprotective effect ofP. 
ginsengevidencedbyoneormoreofthefollowingmark‑
ers: serumcreatinine, serumurea, creatinine clearance,
glomerularfiltrationrate,albuminuria,proteinuria.After‑
ward,thepre‑selectedarticleswerereadintheirentirety
toassesstheirinclusioninthestudyaccordingtotheeli‑
gibilitycriteria.

Data extraction
Data extraction was performed by two authors inde‑
pendently.Disagreementswereresolvedbyathirdauthor.
Thefollowingdatawereextractedfromtheselectedarti‑
clesfortheconstructionoftables:activecomponentsofP. 
ginseng;partoftheplantused;doseadministeredofP gin‑
seng;routeofadministration;durationoftreatment;type
ofanimalstrain;samplesizeoftheinterventiongroupand
controlgroup;typeofanimalmodelofnephropathy;meth‑
odofnephropathyinduction;biochemicalmarkersusedto
evaluatethenephroprotectiveeffect;resultobtained.

Risk of bias assessment
Themethodologicalqualityofthestudiesincludedinthe
systematic review was independently assessed by two
peopleusingtheSYRCLEtool,10whichassessestheriskof
biasforanimalstudies.Disagreementswereresolvedbya
thirdauthor.Thistoolcontainsthefollowingassessment
categories: selection bias, performance bias, detection
bias, attrition bias, reporting bias, and other sources of
bias.Tenquestionsareappliedtothearticlesincludedin
thesystematicreview,theanswerstowhichcanbe“YES”
indicatinglowriskofbias,“NO”indicatinghighriskofbias,
and“UNCERTAIN”indicatinguncertainriskofbias.Itisnot
recommendedthatthesumscoreofeachindividualstudy
becalculatedusingthistool.9

RESULTS
Fig.1depictsthearticleselectionsteps.Aftertheevalua‑
tionoftheeligibilitycriteria,45studieswereincludedin
thesystematicreview.
Table1showsthecharacteristicsofthepreclinicalstudies
includedinthesystematicreview,whichwerepublished
betweentheyears2000and2021.Thedosesemployed
forthedifferentcomponentsofP. ginsengrangedfrom1
to800mg/kg,thedurationoftreatmentrangedfromfive
toeighty‑fourdays,withcontrol and interventiongroup
sizesrangingfromfourtoseventeenanimals.
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Figure1.FlowchartoftheselectionofarticlesthatevaluatedthenephroprotectiveeffectofPanaxginsengandwere
includedinthesystematicreview.

Table1.SummaryofthefeaturesofthepreclinicalstudiesthatevaluatedthenephroprotectiveeffectofPanaxginseng 
andwereincludedinthesystematicreview

Author, year Ginseng derivative Part of the 
plant used

Dose administered/route 
of administration

Treatment 
duration Animal strain Intervention and 

control group size

Zhu et al.,202023 ginsenosideRg5 NI 30and60mg/kg/Oral 35days maleC57BL/6
mice 05/05

Huanget al., 
201824 polysaccharide NI 25,50and100mg/kg/

Oral 84days maleC57BL/6
mice 10/10

Li et al.,202151 ginsenoside20(R)Rg3 roots 10and20mg/kg/
Intragastric 56days adult male 

C57BL/6mice 10/10

Su et al.,202125 ginsenosideRh1 NI 5and10mg/kg/Oral 56days C57BL/6mice 10/10

Junget al., 
202126

crudeextractmodified
withpectin‑lyaseand
ginsenosideRd

NI 100and250mg/kg/Oral 42days maledb/dbmice 08/08

Kanget al., 
201027

crudeextractand
ginsenoside20(S)‑Rg3 NI 5,10and100mg/Kg/Oral 50days

maleOtsuka
Long‑Evans
Tokushimarats

09/09

Quan et al., 
201328 crudeextract NI 100and250mg/kg/Oral 28days SD rats 04/04

Kim et al.,201711 GS‑E3Dextract NI 25,50and100mg/kg/
Oral 42days maleSprague‑

‑Dawleyrats 10/10

Karunasagaraet 
al.,202012 crudeextract roots 250and500mg/kg/Oral 28days maleSprague‑

‑Dawleyrats 06/06

Shi et al.,202013 ginsenosideRg1 NI 50mg/kg/Intraperitoneal 56days
maleSprague‑
‑Dawleyrats
degreeSPF

08/08

Kanget al., 
200629 crudeextract NI 50and100mg/kg/Oral 15days maleWistarrats 08/08
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Author, year Ginseng derivative Part of the 
plant used

Dose administered/route 
of administration

Treatment 
duration Animal strain Intervention and 

control group size

Kim et al.,200830 Crude
extract NI 100mg/kg/Oral 20days maleWistarrats 08/08

Wanget al., 
202144 ginsenosideRe NI 25mg/kg/Intragastric 30days maleWistarrats 06/08

Kanget al., 
200831 maltol NI 10,20and50mg/kg/Oral 15days maleWistarrats 07/07

Kanget al., 
200832 maltol NI 5,10and20mg/kg/Oral 15days maleWistarrats 08/08

Shao et al., 
201554

ginsenosideRb1após
transformaçãopela
β‑glicosidase

roots 5and10mg/kg/
Intragastric 49days maleWistarrats 08/08

Qi et al.,201740 crudeextract fruits 200and400mg/kg/
Intragastric 10days maleICRmice 08/08

Li et al.,201945 arginil‑frutosil‑glicose NI 40and80mg/kg/
Intragastric 10days maleICRmice 10/10

Weiet al.,202152 polysaccharide roots 200and400mg/kg/
Intragastric 10days maleICRmice 08/08

Li et al.,201655 ginsenosideRg5 bark/leaves 11and20mg/kg/
Intragastric 10days maleICRmice 08/08

Kim et al.,201414 crudeextract roots 100,300and500mg/
kg/Oral 28days maleSprague‑

‑Dawleyrats 06/06

Baeket al., 
201715

ginsenosidesRk3and
Rh4 roots 2and6mg/kg/Oral 5days maleSprague‑

‑Dawleyrats 06/06

Yokozawaet al., 
200033 ginsenosideRd NI 1and5mg/kg/Oral 30days maleWistarrats NI

Junget al., 
201734 crudeextract NI 150mg/kg/Oral 10days maleWistarrats 04/04

Parket al.,201535 crudeextract NI 100mg/kg/Oral 10days maleC57/BL
mice 04/04

Zhanget al., 
202146 ginsenoside20(R)Rg3 NI 10and20mg/kg/NI 10days maleICRmice 08/08

Qi et al.,201947 ginsenosideRh(2) NI 20and40mg/kg/
Intragastric 10days maleICRmice 08/08

Zhai et al.,202136 ginsenosideRg3 NI 5mg/kg/Oral 10days MaleKunming
mice 10/10

Yousefet al., 
201516 crudeextract NI 100mg/kg/Oral 15days maleSprague‑

‑Dawleyrats 10/10

Kalkanet al., 
201217 crudeextract NI 100and200mg/kg/

Intraperitoneal 10days
adult male 
Sprague‑Dawley
rats

08/08

Lee et al.,201318 crudeextract roots 100mg/kg/Oral 28days maleSprague‑
‑Dawleyrats 04/04

Shin et al.,201419 crudeextract roots 100mg/kg/Oral 30days maleSprague‑
‑Dawleyrats 16/16

Qadir et al., 
201137 crudeextract NI 100mg/Kg/Oral 15days malealbinemice 06/06

Karadenizet al., 
200820 crudeextract NI 200mg/kg/Intraperitoneal 10days maleSprague‑

‑Dawleyrats 08/08

Lim et al.,201441 crudeextract NI 200and400mg/kg/
Subcutaneous 28days maleICRmice 08/08

Dohetal.,201338 crudeextract NI 200,400and800mg/
kg/Oral 28days malemice 06/06

Fan et al.,201648 ginsenosideRg1 NI 20mg/kg/Intraperitoneal 43days MiceC57BL/6
machos 10/10

Li et al.,202049 ginsenoside20(R)Rg3 NI 10and20mg/kg/
Intragastric 56days maleICRmice 08/08

Sun et al.,201350 ginsenosideRb1 NI 6mg/mL/Intraperitoneal NI adult male 
C57BL/6rats 08/08

Kim et al.,201321 crudeextract NI 25,50and100mg/kg/
Oral 20days maleSprague‑

‑Dawleyrats 07/07



Portuguese Kidney Journal • ahead of printPortuguese Kidney Journal • ahead of print REVIEW ARTICLE 

Author, year Ginseng derivative Part of the 
plant used

Dose administered/route 
of administration

Treatment 
duration Animal strain Intervention and 

control group size
Ragabet al., 
202139 crudeextract NI 100mg/kg/Oral 28days femalealbine

rats 10/10

Elblehiet al., 
201942 crudeextract NI 200mg/kg/Intragastric 30days albinemale

Wistarrats 10/10

Elet al.,201653 ginsenosideRb1 roots 100mg/kg/Intragastric 14days adultalbinemale
ratsWistarrats 10/10

Elet al.,201222 crudeextract NI 20mg/kg/Oral 28days maleSprague‑
‑Dawleyrats 10/10

Mansour,201343 crudeextract NI 100mg/kg/Intragastric 7days maleWistarrats 06/06

NI=nãoinformado.

The type of mouse and route of administration varied
widely among the studies, with the majority11 ‑22 used 
Sprague‑Dawley rats and the oral route.11,12,14‑19,21‑39 The
P. ginseng derivatives used in the preclinical trials var‑
iedamongthearticles,with themajorityusingthebulk
extract.12,14,16‑22,25,27‑30,34‑43The part of the plant used was
notreportedinthirty‑fourstudies11,13,16,17,20‑39,41‑50(75.56%);
nine studies used the root12,14,15,18,19,51,52,53,54(20.00%);one
study used the stem and leaves55(2.22%);andonestudy
usedthefruits40(2.22%).
Table2showstheanimalmodelofnephropathy,thebio‑
chemicalmarkersusedtoevaluatethenephroprotective
effect,andtheresultsoftheselectedpreclinicalstudies.
DKDwas the animalmodel of nephropathymost often
used by studies11‑13,23‑32,44,51,53,54 (n=16, 35.56%). Among
thestudiesusingtheanimalmodelofDKD,themostused
methodof inducingdiabetesmellitus (DM)was the ad‑
ministrationofstreptozocin.11‑13,23‑25,28‑32,44,51,53,54

Otheranimalmodelsofnephropathyusedwere:cisplatin‑
‑induced nephropathy (n=13, 28.89%)14‑16,33‑36,40,45‑47,52,55

; gentamicin‑induced nephropathy (n=5, 11,11%)17‑20,37;
cyclosporine‑induced nephropathy (n=2, 4.44%)38,41;
D‑galactose‑induced nephropathy (n=2, 4.44%)48,49; renal
injury caused by occlusion of the superiormesenteric ar‑
tery (n=1, 2.22%)50; adenine‑induced nephropathy (n=1,
2.22%)21;nitroarginine‑inducednephropathy(n=1,2.22%)39;
hydroxyurea‑induced nephropathy (n=1, 2.22%)42; lithium‑
‑inducednephropathy(n=1,2.22%)53;carbontetrachloride‑
‑induced nephropathy (n=1, 2.22%)22; and kidney damage
fromgammaradiationexposure(n=1,2.22%)43.
OfthesixteenstudiesthatusedtheanimalmodelofDKD, 
11‑13,23‑32,44,51,53,54 ten13,23,24,28,29,31,40,44,51,54 (62.50%) evaluated
serumcreatinine levels,andamongthese,six13,23,24,29,51,54

(60.00%) observed that creatinine levels decreased
after treatment. Eleven studies12,13,23,24,28,29,31,44,51,53,54

(68.75%) evaluated serum urea levels, among these,
nine12,13,23‑25,29,44,51,54 (81.82%) found a reduction in urea
levels after treatment. Five studies11,13,24,26,29 (31.25%)
evaluated albuminuria and all11,13,24,26,29 reported a sig‑
nificant reduction in albuminuria after treatment. Five
studies27,29,30‑32 (31.25%), evaluated proteinuria, ofwhich
four27,29,30,32(80.00%)foundareductioninproteinuriaafter

treatment. Five studies27,29‑32 (31.25%) have evaluated
creatinine clearance, among these, three27,30,32 (60.00%)
foundanincreaseinthisparameter.
Among the thirteen studies that evaluated cisplatin‑
‑induced nephropathy14‑16,33‑36,40,45‑47,52,55, all evaluated 
serum creatinine levels, of which twelve14,15,16,33,35,36,40,4

5‑47,52,55(92.31%)foundasignificantreductionincreatinine
levels after treatment. Eleven studies14,15,16,33,36,40,45‑47,52,55

(84.62%)haveevaluatedserumurealevelsandallfounda
reductioninurealevelsaftertreatment.Onlyonestudy34

(7.69%)evaluatedcreatinineclearance,which increased
aftertreatment.
The five studies that evaluated gentamicin‑induced ne‑
phropathy,17‑20,37allevaluatedserumurealevelsandfound
areduction inurea levelsat theendof treatment.Four
of these studies17,19,20,37 (80.00%) have evaluated serum
creatininelevelsandallofthemfoundareductioninthe
levelsofthismarkerattheendoftreatment.Onestudy18 
(20.00%)assessedcreatinineclearance,which increased
attheendoftreatment.
Both the studies dealing with cyclosporine‑induced ne‑
phropathy38,41evaluatedserumcreatininelevelsandonly
one41(50.00%)foundareductionincreatininelevelsafter
treatment. One study38 (50.00%) evaluated serum urea
levels, which decreased after treatment. One study38 
(50.00%)evaluatedcreatinineclearance,whichincreased
after treatment. One study41 (50.00%) evaluated albu‑
minuria and there was no significant difference after
treatment.
ThetwostudiesevaluatingD‑galactose‑inducednephrop‑
athy48,49assessedtheserumurealevelsandfoundareduc‑
tioninurealevelsaftertreatment.Onestudy48(50.00%)
alsoevaluatedserumcreatinine levels,whichdecreased
attheendoftreatment.
Thestudiesthathaveevaluatedtherenaldamagecaused
byocclusionofthesuperiormesentericartery,50 adenine‑
‑induced nephropathy,21 nitroarginine‑induced nephrop‑
athy,39 hydroxyurea‑induced nephropathy,42 carbon
tetrachloride nephropathy,22 the kidney damage caused
by exposure to gamma radiation43 and lithium‑induced
nephropathy53 have evaluated the serum levels of urea
andcreatinine.Allof thesestudies founda reduction in
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serumureaandcreatininelevelsattheendoftreatment.
The study thatevaluated lithium‑inducednephropathy53 
alsolookedatalbuminuriaandcreatinineclearance,and
foundthatalbuminuriadecreased,whilecreatinineclear‑
anceincreasedattheendoftreatment.

Fig.2showstheresultsoftheriskofbiasassessmentof
thearticlesincludedaccordingtotheSYRCLE.

Table 2. Animalmodelofnephropathy,biochemicalmarkersusedtoevaluatethenephroprotectiveeffect,andresults
ofthepreclinicalstudiesincludedinthesystematicreview.

Author, year
Animal model of 
nephropathy/ Method of 
nephropathy induction

Biochemical markers 
for assessing renal 
function

Main outcomes 

Zhu et al.,202023 DKD/Streptozocin
administration

Serum urea Lowerlevelsinthegroupreceiving60mg/kgofthe
ginsenosideRg5comparedtoCG(p<0.05)

Serumcreatinine
Lowerlevelsinthegroupsthatreceived30and60mg/kgof
theginsenosideRg5comparedtoCG(p<0.01andp<0.001,
respectively)

Huanget al.,201824 DKD/Streptozocin
administration

Serum urea

Lowerlevelsinthegroupsreceiving25mg/kg(26.48±1.54
mg/L),50mg/kg(25.65±2.48mg/L)and100mg/kg(23.57±
2.02mg/L)ofP. ginsengpolysaccharidescomparedtoCG(32.75
±1.76mg/L)(p<0.05)

Serumcreatinine

Lowerlevelsinthegroupsreceiving25mg/kg(0.50±0.09
mg/L),50mg/kg(0.45±0.08mg/L)and100mg/kg(0.39±0.07
mg/L)ofP. ginsengpolysaccharidescomparedtoCG(0.69±
0.12mg/L)(p<0.05)

Albuminuria

Lowerlevelsinthegroupsreceiving25mg/kg(7.69±1.82
mg/24h),50mg/kg(6.21±0.73mg/24h)and100mg/kg(4.16
±0.65mg/24h)ofP. ginsengpolysaccharidescomparedtoCG
(9.74±1.12mg/24h)(p<0.05)

Li et al.,202151 DKD/Streptozocin
administration

Serum urea
Lowerlevelsingroupsreceiving10and20mg/kgofthe
ginsenoside20(R)Rg3comparedtoCG(p<0.05andp<0.01,
respectively)

Serumcreatinine Lowerlevelsinthegroupreceiving20mg/kgofthe
ginsenoside20(R)Rg3comparedtoCG(p<0.05)

Su et al.,202125 DKD/Streptozocin
administration Serum urea Lowerlevelsingroupsreceiving5and10mg/kgofthe

ginsenosideRh1comparedwithCG(p<0.01)

Junget al.,202126
DKD/geneticallyengineered
mousewithDM Albuminuria

Lowerlevelsinthegroupsreceiving100and250mg/kgof
ginsengextractmodifiedwithpectinlyaseandginsenosideRd
comparedtoCG(p<0.05)

Kanget al.,201027 DKD/Mousewithobesity
andT2DM

Proteinuria
Lowerlevelsinthegroupsthatreceived10and100mg/kg
ofthethermallyprocessedginsenganditsactivecomponent
ginsenoside20(S)‑Rg3comparedtotheCG(p<0.05).

Creatinineclearance
Higherlevelsinthegroupsthatreceived5,10,and100mg/kg
ofthethermallyprocessedginsenganditsactivecomponent
ginsenoside20(S)‑Rg3comparedtotheCG(p<0.05)

Quan et al.,201328 DKD/Streptozocin
administration

Serum urea Therewasnosignificantdifferencebetweenthegroupsthat
received100and200mg/kgofP. ginseng and the CG

Serumcreatinine Therewasnosignificantdifferencebetweenthegroupsthat
received100and200mg/kgofP. ginseng and the CG

Kim et al.,201711 DKD/Streptozocin
administration Albuminuria Lowerlevelsinthegroupsthatreceived50and100mg/kgof

theGS‑E3DextractcomparedtoCG(p<0.05)

Karunasagaraet al.,202012 DKD/Streptozocin
administration Serum urea

Lowerlevelsinthegroupsthatreceived250and500mg/
kgofP. ginsengcomparedtoCG(p<0.01andp<0.001,
respectively)

Shi et al.,202013 DKD/Streptozocin
administration

Serum urea Lowerlevelsinthegroupthatreceived50mg/kgofthe
ginsenosideRg1comparedtoCG(p<0.01)

Serumcreatinine Lowerlevelsinthegroupthatreceived50mg/kgofthe
ginsenosideRg1comparedtoCG(p<0.01)

Albuminuria Lowerlevelsinthegroupthatreceived50mg/kgofP. ginseng 
comparedtoCG(p<0.01)
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Author, year
Animal model of 
nephropathy/ Method of 
nephropathy induction

Biochemical markers 
for assessing renal 
function

Main outcomes 

Kanget al.,200629 DKD/Streptozocin
administration

Serum urea
Lowerlevelsinthegroupreceiving50mg/kgofP. ginseng 
(24.5±1.0mg/dL)comparedtoCG(26.0±0.6mg/dL)(p<
0.05)

Serumcreatinine
Lowerlevelsingroupsreceiving50mg/kg(0.28±0.01mg/dL)
and100mg/kgofP. ginseng(0.28±0.01mg/dL)comparedto
CG(0.32±0.01mg/dL)(p<0.001)

Proteinuria
Lowerlevelsingroupsreceiving50mg/kg(9.9±1.0mg/dL)
and100mg/kgofP. ginseng(8.9±0.7mg/dL)comparedtoCG
(13.0±0.6mg/dL)(p<0.001)

Albuminuria Lowerlevelsinthegroupsthatreceived50and100mg/kgof
P. ginsengcomparedtoCG(p<0.01)

Creatinine clearance Therewasnosignificantdifferencebetweenthegroupsthat
received50and100mg/kgofP. ginseng and the CG

Kim et al.,200830 DKD/Streptozocin
administration

Serumcreatinine Therewasnosignificantdifferencebetweenthegroup
receiving100mg/kgP. ginseng and the CG

Proteinuria

Lowerlevelsinthegroupsthatreceived100mg/kg(9.5±0.3
mg/dayand8.8±0.8mg/day)oftheheatedandunheatedP. 
ginsengextractsrespectivelycomparedtotheCG(13.1±1.1
mg/day)(p<0.05)

Creatinine clearance
Higherlevelsinthegroupthatreceived100mg/kg(9.93±0.78
mg/day)oftheheatedextractofP. ginseng comparedtothe
CG(6.89±0.63mg/day)(p<0.05)

Wanget al.,202144 DKD/Streptozocin
administration Serum urea

Lowerlevelsinthegroupreceiving25mg/kgoftheginsenoside
Re(6.61±1.33mmol/L)comparedtotheCG(8.75±1.62
mmol/L)(p<0.05)

Kanget al.,200831 DKD/Streptozocin
administration

Serumcreatinine Therewasnosignificantdifferencebetweenthegroup
receiving10and20mg/kgofmaltolandtheCG

Serum urea Therewasnosignificantdifferencebetweenthegroup
receiving10and20mg/kgofmaltolandtheCG

Creatinine clearance Therewasnosignificantdifferencebetweenthegroup
receiving10and20mg/kgofmaltolandtheCG

Proteinuria Therewasnosignificantdifferencebetweenthegroup
receiving10and20mg/kgofmaltolandtheCG

Kanget al.,200832 DKD/Streptozocin
administration

Serumcreatinine Therewasnosignificantdifferencebetweenthegroup
receiving10and20mg/kgofmaltolandtheCG

Proteinuria Lowerlevelsinthegroupreceiving20mg/kg(19.4±2.2mg/
day)ofmaltolcomparedtoCG(28.4±1.3mg/day)(p<0.01)

Creatinine clearance

Higherlevelsinthegroupsreceiving5mg/kg(9.27±0.44mg/
dL)(p<0.05),10mg/kg(9.65±0.48mg/dL)(p<0.01)and20
mg/kg(10.00±0.51mg/dL)(p<0.01)ofmaltolcomparedto
CG(7.88±0.41mg/dL)

Shao et al.,201554 DKD/Streptozocin
administration

Serum urea

Lowerlevelsinthegroupreceiving10.5mg/kg(11.3±1.8
mmol/L)oftheginsenosideRb1aftertransformationby
β‑glucosidasecomparedtotheCG(15.4±51.2mmol/L)(p<
0.05)

Serumcreatinine

Lowerlevelsinthegroupreceiving10.5mg/kg(127.1±5.5
μmoL/L)oftheginsenosideRb1aftertransformationby
β‑glucosidasecomparedtotheCG(135.6±5.5μmoL/L)(p<
0.05)

Qi et al.,201740 Nephrotoxicdrug‑induced
AKI/Cisplatinadministration

Serum urea Lowerlevelsinthegroupsthatreceived200and400mg/kgof
P. ginsengcomparedtoCG(p<0.01)

Serumcreatinine Lowerlevelsinthegroupsthatreceived200and400mg/kgof
P. ginsengcomparedtoCG(p<0.01)

Li et al.,201945 Nephrotoxicdrug‑induced
AKI/Cisplatinadministration

Serum urea
Lowerlevelsinthegroupsreceiving40and80mg/kgofthe
arginyl‑fructosyl‑glucosecomparedtotheCG(p<0.05andp<
0.01,respectively)

Serumcreatinine
Lowerlevelsinthegroupsreceiving40and80mg/kgofthe
arginyl‑fructosyl‑glucosecomparedtotheCG(p<0.05andp<
0.01,respectively)
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for assessing renal 
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Weiet al.,202152 Nephrotoxicdrug‑induced
AKI/Cisplatinadministration

Serum urea
Lowerlevelsinthegroupsthatreceived200and400mg/kgof
the P. ginsengpolysaccharidescomparedtotheCG(p<0.001
andp<0.01,respectively)

Serumcreatinine
Lowerlevelsinthegroupsthatreceived200and400mg/kgof
the P. ginsengpolysaccharidescomparedtotheCG(p<0.01
andp<0.05,respectively)

Li et al.,201655 Nephrotoxicdrug‑induced
AKI/Cisplatinadministration

Serum urea

Lowerlevelsingroupsreceiving10mg/kg(12.80±1.36
mmol/L)and20mg/kg(11.70±1.05mmol/L)ofthe
ginsenosideRg5comparedtoCG(14.20±2.11mmol/L)(p<
0.05andp<0.01,respectively)

Serumcreatinine

Lowerlevelsingroupsreceiving10mg/kg(97.96±3.12
µmol/L)and20mg/kg(45.00±2.15µmol/L)ofthe
ginsenosideRg5comparedtoCG(201.34±6.23µmol/L)(p<
0.05andp<0.01,respectively)

Kim et al.,201414 Nephrotoxicdrug‑induced
AKI/Cisplatinadministration

Serum urea Lowerlevelsinthegroupsreceiving100,300and500mg/kg
ofP. ginsengcomparedtoCG(p<0.05)

Serumcreatinine Lowerlevelsinthegroupreceiving100mg/kgofP. ginseng 
comparedtoCG(p<0.05)

Baeket al.,201715 Nephrotoxicdrug‑induced
AKI/Cisplatinadministration

Serum urea

Lowerlevelsinthegroupsreceiving2mg/kg(38.63±4.51
mg/dL)and6mg/kgoftheginsenosidesRk3andRh4(33.60
±4.68mg/dL)comparedtotheCG(47.07±6.76mg/dL)(p<
0.05andp<0.01,respectively)

Serumcreatinine

Lowerlevelsingroupsreceiving2mg/kg(1.95±0.36mg/dL)
and6mg/kg(1.80±0.35mg/dL)oftheginsenosidesRk3and
Rh4comparedtoCG(2.67±0.55mg/dL)(p<0.05andp<
0.01,respectively)

Yokozawaet al.,200033 Nephrotoxicdrug‑induced
AKI/Cisplatinadministration

Serum urea

Lowerlevelsinthegroupsreceiving1mg/kg(68.6±3.5mg/
dL)and5mg/kg(60.8±4.7mg/dL)oftheginsenosideRd
comparedtotheCG(80.3±7.3mg/dL)(p<0.01andp<
0.001,respectively)

Serumcreatinine
Lowerlevelsinthegroupreceiving5mg/kgoftheginsenoside
Rd(2.54±0.26mg/dL)comparedtotheCG(3.22±0.26mg/
dL)(p<0.001)

Junget al.,201734 Nephrotoxicdrug‑induced
AKI/Cisplatinadministration

Serumcreatinine Therewasnosignificantdifferencebetweenthegroup
receiving150mg/kgP. ginseng and the CG

Creatinine clearance Higherlevelsinthegroupthatreceived150mg/kgofP. 
ginsengcomparedtoCG(p<0.05)

Parket al.,201535 Nephrotoxicdrug‑induced
KI/Cisplatinadministration Serumcreatinine

Lowerlevelsinthegroupinthegroupthatreceived25mg/
kgoftheheat‑processed,methanol‑extractedextractof
P. ginsengcomparedtotheCG(p<0.05).Therewasno
significantdifferenceinthegroupsreceiving100mg/kgofthe
whiteginsengextractandheat‑processedextractofP. ginseng

Zhanget al.,202146 Nephrotoxicdrug‑induced
KI/Cisplatinadministration

Serum urea
Lowerlevelsinthegroupsthatreceived10and20mg/kgof
theginsenoside20(R)Rg3comparedtotheCG(p<0.05andp
<0.01,respectively)

Serumcreatinine Lowerlevelsingroupsreceiving10and20mg/kgofthe
ginsenoside20(R)Rg3comparedwithCG(p<0.01)

Qi et al.,201947 Nephrotoxicdrug‑induced
KI/Cisplatinadministration

Serum urea
Lowerlevelsinthegroupsthatreceived20and40mg/kgof
theginsenosideRh2and40mg/kgofthedihydroginsenoside
2H‑Rh2fromP. ginsengcomparedtotheCG(p<0.01)

Serumcreatinine

Lowerlevelsinthegroupsthatreceived20and40mg/
kgoftheginsenosideRh2(p<0.01)and40mg/kgofthe
dihydroginsenoside2H‑Rh2(p<0.05)fromP. ginseng 
comparedtotheCG

Zhai et al.,202136 Nephrotoxicdrug‑induced
KI/Cisplatinadministration

Serum urea Lowerlevelsinthegroupreceiving5mg/kgoftheginsenoside
Rg3comparedtotheCG(p<0.001)

Serumcreatinine Lowerlevelsinthegroupreceiving5mg/kgoftheginsenoside
Rg3comparedtotheCG(p<0.001)
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Yousefet al.,201516 Nephrotoxicdrug‑induced
AKI/Cisplatinadministration

Serum urea
Lowerlevelsinthegroupreceiving100mg/kg(61.65±1.92
mg/dL)ofP. ginsengcomparedtotheCG(85.80±2.59mg/
dL)(p<0.05)

Serumcreatinine
Lowerlevelsinthegroupreceiving100mg/kg(1.53±0.093
mg/dL)ofP. ginsengcomparedtoCG(2.63±0.104mg/dL)(p
<0.05)

Kalkanet al.,201217
Nephrotoxicdrug‑
‑inducedAKI/Gentamicin
administration

Serum urea
Lowerlevelsinthegroupreceiving100mg/kg(72.38±5.75
mg/dL)and200mg/kg(40.80±7.50mg/dL)ofP. ginseng 
comparedtotheCG(96.25±9.50mg/dL)(p<0.05)

Serumcreatinine
Lowerlevelsinthegroupreceiving100mg/kg(0.95±0.15
mg/dL)and200mg/kg(0.45±0.20mg/dL)ofP. ginseng 
comparedtotheCG(1.55±0.25mg/dL)(p<0.05)

Lee et al.,201318
Nephrotoxicdrug‑
‑inducedAKI/Gentamicin
administration

Serum urea
Lowerlevelsinthegroupreceiving100mg/kg(9.85±6.07
mg/dL)ofP. ginsengcomparedtoCG(176±78.1mg/dL)(p<
0.05)

Creatinine clearance
Higherlevelsinthegroupreceiving100mg/kg(3.18±1.10
mL/min/kg)ofP. ginsengcomparedtoCG(0.0837±0.0451
mL/min/kg)(p<0.05)

Shin et al.,201419
Nephrotoxicdrug‑
‑inducedAKI/Gentamicin
administration

Serum urea Lowerlevelsinthegroupreceiving100mg/kgofP. ginseng 
comparedtoCG(p<0.05)after10daysoftreatment

Serumcreatinine Lowerlevelsinthegroupreceiving100mg/kgofP. ginseng 
comparedtoCG(p<0.05)after10daysoftreatment

Proteinuria Lowerlevelsinthegroupreceiving100mg/kgP. ginseng 
comparedtoCG(p<0.05)after3and10daysoftreatment

Qadir et al.,201137
Nephrotoxicdrug‑
‑inducedKI/Gentamicin
administration

Serum urea
Lowerlevelsinthegroupreceiving100mg/kg(47.73±0.69
mg/dL)ofP. ginsengcomparedtotheCG(66.40±0.54mg/
dL)(p<0.001)

Serumcreatinine
Lowerlevelsinthegroupreceiving100mg/kg(0.68±0.08
mg/dL)ofP. ginsengcomparedtotheCG(1.41±0.08mg/dL)
(p<0.001)

Karadenizet al.,200820
Nephrotoxicdrug‑
‑inducedAKI/Gentamicin
administration

Serum urea Lowerlevelsinthegroupreceiving200mg/kgofP. ginseng 
(0.70±0.06g/L)comparedtoCG(1.05±0.07g/L)(p<0.05)

Serumcreatinine Lowerlevelsinthegroupreceiving200mg/kgofP. ginseng 
(8.9±1.3g/L)comparedtoCG(14.2±2.1g/L)(p<0.05)

Lim et al.,201441
Nephrotoxicdrug‑
‑inducedCKI/Ciclosporin
administration

Serumcreatinine Lowerlevelsinthegroupsthatreceived200and400mg/kgof
P. ginsengcomparedtoCG(p<0.05)

Albuminuria Therewasnosignificantdifferencebetweenthegroupsthat
received200and400mg/kgofP. ginseng and the CG

Doh et al.,201338
Nephrotoxicdrug‑
‑inducedCKI/Ciclosporin
administration

Serum urea Lowerlevelsinthegroupreceiving400mg/kg(15.3±1.4mg/
dL)ofP. ginsengcomparedtoCG(19.7±1.6mg/dL)(p<0.05)

Serumcreatinine Therewasnosignificantdifferencebetweenthegroupsthat
received200and400mg/kgofP. ginseng and the CG

Creatinine clearance
Higherlevelsinthegroupsreceiving200mg/kg(0.24±0.06
ml/min/100g)and400mg/kg(0.20±0.05ml/min/100g)ofP. 
ginsengcomparedtoCG(0.08±0.02ml/min/100g)(p<0.05)

Fan et al.,201648
Nephrotoxicdrug‑
‑inducedKI/d‑galactose
administration

Serum urea
Lowerlevelsinthegroupreceiving20mg/kg(15.77±1.22
mmol/L)oftheginsenosideRg1comparedtotheCG(17.19±
1.09mmol/L)(p<0.05)

Serumcreatinine
Lowerlevelsinthegroupreceiving20mg/kg(22.60±3.97
µmol/L)oftheginsenosideRg1comparedtotheCG(29.40±
5.72µmol/L)(p<0.05)

Li et al.,202049
Nephrotoxicdrug‑
‑inducedKI/d‑galactose
administration

Serum urea Lowerlevelsingroupsreceiving10mg/kgand20mg/kgofthe
ginsenoside20(R)Rg3comparedwithCG(p<0.01)

Sun et al.,201350
Ischemia‑inducedAKI/
MesentericArtery
Occlusion

Serum urea Lowerlevelsinthegroupreceiving6mg/mLofthe
ginsenosideRb1comparedtoCG(p<0.05)

Serumcreatinine Lowerlevelsinthegroupreceiving6mg/mLofthe
ginsenosideRb1comparedtoCG(p<0.05)
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Kim et al.,201321 Drug‑inducedCKI/Adenine
administration

Serum urea

Lowerlevelsinthegroupsreceiving100mg/kgoftheaqueous
extract(78.0±2.71mg/dLonday10and128.9±8.59mg/dL
onday20,p<0.05),the25mg/kgoftheextractwithbutanol
(75.2±3.48mg/dLonday10and126.8±4.65mg/dLonday
20,p<0.05)and50mg/kgoftheextractwithbutanol(69.1±
5.83mg/dLonday10and118.2±9.20mg/dLonday20,p<
0.01)fromP. ginsengcomparedtoGC(91.5±6.19mg/dLon
day10)(150.2±6.73mg/dLonday20)(p<0.05)

Serumcreatinine

Lowerlevelsinthegroupsreceiving100mg/kgoftheaqueous
extract(0.98±0.07mg/dLonday10and1.81±0.10mg/dL
onday20,p<0.05)and50mg/kgofthebutanol‑containing
extract(0,93±0.07mg/dLonday10,p<0.01,and1.76±
0.12mg/dLonday20,p<0.05)ofP. ginsengcomparedtoGC
(1.14±0.06mg/dLonday10and2.14±0.13mg/dLonday
20)

Ragabet al.,202139
Nephrotoxicdrug‑
‑inducedKI/Nitroarginine
administration

Serum urea Lowerlevelsingroupsthatreceived100mg/kgP. ginseng 
comparedtoCG(p<0.01)

Serumcreatinine Lowerlevelsingroupsthatreceived100mg/kgP. ginseng 
comparedtoCG(p<0.01)

Elblehiet al.,201942
Nephrotoxicdrug‑
‑inducedKI/Hydroxyurea
administration

Serum urea
Lowerlevelsinthegroupreceiving200mg/kg(53.84±4.00
mg/dL)ofP. ginseng comparedtoCG(80.40±2.94mg/dL)(p
<0.05)

Serumcreatinine
Lowerlevelsinthegroupreceiving200mg/kg(0.63±0.01
mg/dL)ofP. ginsengcomparedtoCG(0.76±0.01mg/dL)(p<
0.05)

Elet al.,201653 Nephrotoxicdrug‑induced
KI/Litiumadministration

Serum urea
Lowerlevelsinthegroupreceiving100mg/kg(5.5±0.8mg/
dL)oftheginsenosideRb1comparedtotheCG(9.1±2.1mg/
dL)(p<0.05)

Serumcreatinine
Lowerlevelsinthegroupreceiving100mg/kg(0.91±0.09
mg/dL)oftheginsenosideRb1comparedtotheCG(4.23±
0.57mg/dL)(p<0.05)

Creatinine clearance
Higherlevelsinthegroupreceiving100mg/kg(0.37±0.01
mL/min)oftheginsenosideRb1comparedtotheCG(0.03±
0.01mL/min)(p<0.05)

Albuminuria

Lowerlevelsinthegroupreceiving100mg/kg(1.36±0.14
mg/dL)oftheRb1ginsenosidecomparedtoGC(2.65±0.25
mg/dL)(p<0.05)andtheurinaryalbumin/creatinineratiowas
lowerinthegroupreceiving100mg/kg(32±7mg/g)ofthe
Rb1ginsenosidecomparedtoGC(96±6mg/g)(p<0.05)

Elet al.,201222
Nephrotoxicsubstance‑
‑inducedKI/Administration
ofcarbontetrachloride

Serum urea
Lowerlevelsinthegroupthatreceived20mg/kg(77.57±2.66
mg/dl)ofP. ginsengcomparedtotheCG(142.04±4.32mg/
dl)(p≤0.05)

Serumcreatinine
Lowerlevelsinthegroupreceiving20mg/kg(2.85±0.12mg/
dl)ofP. ginsengcomparedtotheCG(3.37±0.43mg/dl)(p≤
0.05)

Mansour,201343
Gammaradiationinduced
KI/Gammaradiation
exposure

Serum urea Lowerlevelsinthegroupreceiving100mg/kg(54.8±2.1mg/
dL)ofP. ginsengcomparedtoCG(65.4±3.0mg/dL)(p<0.05)

Serumcreatinine
Lowerlevelsinthegroupreceiving100mg/kg(1.32±0.07
mg/dL)ofP. ginsengcomparedtoCG(3.01±0.09mg/dL)(p
<0.05)

DKD=diabeteskidneydisease;DM=DiabetesMellitus;T2DM=type2diabetesmellitus;AKI=acutekidneyinjury;CKI=chronickidneyinjury;KI=kidneyinjury;CG=
controlgroup.
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Figure2.RiskofbiasassessmentaccordingtoSYRCLE
tool10.
Othersourcesofbiasweredefinedasthepresenceofconflictofinterestamong
the authors.

DISCUSSION
Mostofthepre‑clinicalstudiesincludedinthissystematic
review demonstrated that P. ginseng has a nephropro‑
tectiveeffectindifferentanimalmodelsofnephropathy,
promoting significant improvements in biochemical
parameters for the evaluation of renal function: serum
creatinine,serumurea,creatinineclearance,proteinuria
andalbuminuria.
DKDisamajorcauseofend‑stagerenaldisease,andasig‑
nificantproportionofindividualswithtype1(T1DM)and
type2diabetesmellitus(T2DM)areaffectedworldwide.56 
Amongthe16studiesthatevaluatedthenephroprotec‑
tive effect of P. ginseng in DKD, 11 observed improve‑
mentsinallthebiochemicalparametersofrenalfunction
evaluationanalyzed,threeverifiedimprovementsinpart
ofthebiochemicalmarkersanalyzedandonlytwodidnot
verifyimprovementinanyofthemarkers.
ThenephroprotectiveeffectofP. ginseng inDKDcanbe
explained by its hypoglycemic effect, which results in
decreasedformationofadvancedglycationendproducts
(AGEs).25AGEscandamagecellsthroughchangesintheir
intracellularstructures,interactionwithextracellularma‑
trixproteins,modifyingsignalingandcausingdysfunction,
andalsobypromotingmodificationsinproteinsorblood
lipids,whichcanbindtoreceptorsandpromotethepro‑
ductionofinflammatorycytokinesandgrowthfactors,re‑
sponsibleforthedevelopmentofvascularcomplications
ofDMsuchasDKD.57

The decrease in glucose through the use of P. ginseng 
canalsobeexplainedbydecreasedintestinalabsorption
ofglucoseand/or increasedglucosedisposaland insulin
secretion,30thuspreventingcomplicationssuchasDKD.A
double‑blind randomized controlled clinical trial further
demonstratedthattheadministrationofP. ginseng in pa‑
tientswithT2DMreducedfastingbloodglucoselevelsand
insulinresistance,demonstratingthishypoglycemiceffect

ofP. ginseng,whichmaycontributetothepreventionand
mitigationofDKD.58

In addition,P. ginseng can suppress inflammatory path‑
ways, with decreased plasma levels of tumor necrosis
factoralfa(TNF‑α),28inadditiontotheexpressionofthe
thioredoxin interaction protein (TXNIP) gene, which is
activatedunderhighglucoseconcentrationsandpartici‑
patesintheoxidativestressprocessandisinvolvedinthe
inflammatoryprocessbyactivatingtheNLRP3(NOD‑,LRR‑
‑andpyrindomain‑containingprotein3)inflammasome,
whichpromotesanincreasedinflammatoryresponse23.
The overexpression of NLRP3, apoptosis‑associated
speck‑like protein containing a CARD (ASC), caspase‑1,
interleukin1 (IL‑1)and interleukin18 (IL‑18)proteins in
thekidneyswassuppressedwiththeuseofginsenosides.
In addition, a decrease in TXNIP levels was also found,
demonstratingthatginsenosidescaninhibitthesecretion
ofinflammatorycytokinesandTXNIP‑mediatedactivation
oftheNLRP3inflammasome,protectingthekidneys.23

Renalfibrosiscanbeinducedbyperitubularcellprolifer‑
ationandcollagendepositionstimulatedbytransforming
growthfactorbeta(TGF‑β).Theaccumulationofextracel‑
lularmatrix in thekidneys is themain causeoffibrosis,
whichmayleadtorenaldysfunction.12 P. ginsengiseffec‑
tiveinreducingtheexpressionofTGF‑β,AGEsandkidney
injurymolecule1(KIM1),andisanimportantallyinrenal
protection.12Theattenuationoftherenalfibrosisprocess
canalsobeexplainedbyinhibitionoftheactivationofthe
cAMP/PKA/CREB(cyclicadenosine3′,5monophosphate/
proteinkinaseA/responseelementbindingprotein)sig‑
nalingpathway.24

P. ginseng also promotes a reduction in oxidative stress
by inhibiting lipid peroxidation29 and eliminating free
radicals32. It possesses antifibrotic and pro‑autophagic
effects by reversing the epithelial‑mesenchymal transi‑
tion of podocytes and increasing autophagy mediated
bytheAKT/GSK3β/β‑catenin (proteinkinaseB/glycogen
synthase kinasebeta/beta catenin)pathway.13 Thepro‑
ductionofreactiveoxygenspecies(ROS)inDKDismainly
related to the activation of NAD(P)H oxidase (NOX4),
which results in decreased antioxidant capacity of cells.
ExcessiveamountsofROSpromoteactivationofmitogen‑
‑activatedproteinkinaseC(MAPK)andactivationoftran‑
scriptionfactorsandinflammatorycytokines,whichmay
leadtoend‑stagerenaldisease.23 P. ginsengiseffectivein
reducingNAD(P)Hoxidaseexpression,andconsequently,
indecreasingoxidativestressinthekidneys.23

Systemic arterial hypertension is another important un‑
derlyingdiseaseofCKDandamajorcauseofend‑stage
renaldisease,andthepreventionandtreatmentofkidney
disease secondary to hypertension is a challenge.59 Ni‑
troarginineiscapableofinducinghypertension,increased
levelsofoxidativestressmarkers,anddepletionofnitric
oxide(NO)activityandbiosynthesis,whichleadstovaso‑
constriction,andconsequently,renalfailure.39



Portuguese Kidney Journal • ahead of printPortuguese Kidney Journal • ahead of print REVIEW ARTICLE 

One of the studies included in this systematic review
found that P. ginseng extract reduced serum urea and
creatinine levels in animals with nitroarginine‑induced
nephropathyby raisingmalondialdehyde (MDA)andNO
levelsandreducingTNF‑α.39Therefore,theuseofP. gin‑
seng is promising inpreventingordelaying renal failure
secondarytohypertension.
It is also noteworthy that several widely marketed and
useful drugs today are potentially nephrotoxic, such as
cisplatin, gentamicin, and cyclosporine. Therefore, the
useofphytotherapeuticswithpotentialnephroprotective
effects, suchasP. ginseng ispromising inalleviating the
nephrotoxiceffect.4

A potent anticancer drugused in clinical practice is cis‑
platin,whichpresentsitsnephrotoxiceffectasalimiting
factor for itsuse. Themechanisms involving itsnephro‑
toxicityaremultifactorialandcomplex,amongthem,we
canmentionpreferentialaccumulationinproximaltubu‑
larcells,metabolicactivation,oxidativeinjury,celldeath,
inflammatory tissue injury, and renal failure.15 Among
thethirteenstudiesthatevaluatedthenephroprotective
effectofP. ginsengoncisplatin‑inducednephropathy,all
showed improvement in the biochemical parameters of
renalfunctionevaluationanalyzed,exceptforonestudy34 
whichdidnotseeareductionincreatininelevels,butdid
seeanincreaseincreatinineclearance.
Oxidative injury isconsideredanearlyeffectofcisplatin
toxicityand ischaracterizedbyglutathione(GSH)deple‑
tion and thepresenceof reactive cisplatinbinding thiol
conjugates,which triggera cellular imbalance,andcon‑
sequently,oxidativestressandkidneytissue loss.Ginse‑
nosidesshowedagreatpotential to recover theactivity
ofantioxidantenzymesinthekidney,suchassuperoxide
dismutase(SOD)andcatalase(CAT),whicharekeyinthe
metabolismofROSandrecyclingofGSH,reducingoxida‑
tive injury.15 In addition, ginsenosides were effective in
reducingtheconcentrationofMDA,anoxidizingenzyme
thatcontributestothedevelopmentofkidneydamage,14 
and decreased the expression of 4‑Hydroxynonenal (4‑
‑HNE),anothermarkerofoxidativedamage.40 
Still,theincreaseofinflammatorycytokinessuchasTNF‑α,
IL‑1, inducible nitric oxide synthase (iNOS) and cyclooxy‑
genase2(COX‑2)isobservedincisplatin‑inducednephro‑
toxicity,butsuppressionofTNF‑αandIL‑1andsignificant
decreaseofiNOSandCOX‑2expressionwasobservedwith
theuseofP. ginseng.40Tubularnecrosisisoneofthemain
characteristicsofacuterenalfailurecausedbycisplatin,the
useofP. ginsengdecreasedtheseverityofnecrosisandalso
providedimprovementssuchasmilderdesquamationand
decreased atrophy of tubular epithelial cell.14 Therefore,
theuseofP. ginsenginthepreventionofcisplatin‑induced
kidneydamageisinterestingduetoitsanti‑inflammatory,
antioxidant,andanti‑fibroticproperties,amongothers.
Hydroxyureaisanotherdrugusedinthetreatmentoftu‑
morsthatispotentiallynephrotoxic.Thisdrugiscapable

ofinducingthegenerationofROS,duetotheproduction
ofintermediatesofitsmetabolism,suchascarbamoylni‑
trones,whicharetransformedintonitroxidecompounds
thatgenerateoxidativestress.42Oneofthestudiesinclud‑
edinthissystematicreview42 reported that P. ginseng,by
presentinganantioxidanteffect, candecrease the renal
lesions induced by hydroxyurea, reducing serum creati‑
nine and urea levels.
Gentamicinisanantimicrobialwidelyusedtotreatinfec‑
tions causedby gram‑negativebacteria, however, it has
asignificantnephrotoxicpotential.Thisnephrotoxicity is
duetotheaccumulationofthedrugintubularcells,re‑
sulting in oxidative stress, inflammation, and decreased
glomerularfiltrationrate.18

All five studies included in this systematic review that
evaluated the nephroprotective effect of P. ginseng on 
gentamicin‑inducednephropathy found improvement in
renalfunctionassessmentmarkers.
P. ginsengextractwasshowntobeeffectiveinpreventing
kidneyinjurybyreducinggentamicinaccumulationinthe
renaltubule.18Itisknownthattheuseofthisdrugisoften
associated with combined therapy with metformin, an
antidiabeticdrug,eventhoughithasanephrotoxicchar‑
acter. However, pharmacokinetic studies of metformin
have shown that the extract, in addition to providing
prevention of kidney damage, also helps not to cause
gentamicin‑inducedpharmacokinetic changes in thean‑
tidiabeticdrug.18

Duetotheformationofthedrug‑ironcomplex,gentami‑
cinactsasanironchelator,consistingofapotentcatalyst
of freeradical formation.20 P. ginsenghasphenolicacids
and flavonoids that increase renal blood flow and scav‑
enge free radicals, preventing oxidative damage from
gentamicin use.37 This antioxidant effect also promotes
theprotectionofrenaltubularcellsagainstapoptosis.19 
Cyclosporineisanimmunosuppressivedrugwidelyusedin
clinicalpractice,however,chronicnephropathycausedby
thisdrugistheleadingcauseofchronicgraftdysfunction
andgraftfailureinrenaltransplantrecipients.41Cyclospo‑
rinecausesexcessiveformationofautophagosomesand
proteinaggregates.TheuseofP. ginsengextractcanpro‑
mote an attenuation of excessive autophagic induction,
besidespromotingadecreaseininterstitialinflammation,
fibrosisandapoptoticcelldeath,presentinggreatpoten‑
tial in preventing cyclosporine‑induced kidney injury.38,41 
One of the studies included in this systematic review41

demonstrated reduced serum creatinine levels, but not
albuminuria,and theother38 foundreducedserumurea
levels,butnotcreatinine,andincreasedcreatinineclear‑
ance in animalswith cyclosporine‑induced nephropathy
receivingP. ginseng.  
D‑galactoseisusedintheinductionofnephropathyinan‑
imals,becauseitpromotestheaccumulationofROSand
the formationof AGEs by stimulating the productionof
freeradicals,thussimulatingnormalaging.48Thestudies
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includedinthissystematicreviewfoundthatginsenosides
Rg148 and 20(R)Rg349 reduced biochemical markers for
assessing kidney function by reducing oxidative stress,
demonstratingitspotentialuseforpreventingage‑related
kidneydamage.48

TheantioxidantcapacityofP. ginsengwasalsoimportant
for reversing structural and functional kidney cell dam‑
age, reducing biochemical markers for assessing renal
function,innephropathycausedbylithium,53carbontet‑
rachloride,22 adenin,21exposuretogammaradiation43 and 
caused by intestinal ischemia‑reperfusion,which causes
significant oxidative damage to the renal parenchyma
andconsequentlossoforganfunction.50Rb1ginsenoside
promotedadecreaseininterstitialfibrosis,attenuatedre‑
nalapoptosisandoxidativeinjurybyactivatingtheNrf2/
ARE (NF‑E2‑related factor 2/ antioxidant response ele‑
ment) pathway,which is responsible forminimizing this
damagecausedbyintestinalischemia‑reperfusion.50

Duringthesearchforarticles,onlyoneclinicalstudywas
found that evaluated the nephroprotective effect of P. 
ginseng in humans.8ThisstudyusedtheginsenosideRb1
componentofP. ginsengextractedfromitsroot.Thedose
administeredtopatientswithstage2and3CKDwas500
mgorallyforsixmonths.Thesamplesizeofthecontroland
interventiongroupswas86and91patients,respectively.
Serum creatinine and urea levels significantly reduced
while creatinine clearance significantly increased in the
groupreceiving500mg/dayofP. ginsengafter6months
oftreatment(p<0.01)andthesebeneficialeffectsonre‑
nalfunctionassessmentmarkersremainedfor6months
(p<0.05)aftertheendoftreatment,whiletherewasno
significantdifferenceinserumcreatinineandurealevels
and creatinine clearance in the group receivingplacebo
after6monthsoftreatment.Thisresultdemonstratesthat
thenephroprotectiveeffectofP. ginsengisalsoobserved
inhumans,emphasizingitsgreattherapeuticpotentialin
DKD.
Aclinicalstudyevaluatedthesafetyandtolerabilityof500
mgand1000mgofP. ginsengextractadministeredtwice
dailyin170healthyvolunteersfor4weeksandfoundonly
mildadverseeventsoccurred, suchas insomnia,gastro‑
intestinal disorders (dyspepsia, abdominal pain, nausea,

diarrhea,andconstipation),headaches,dizziness,insom‑
nia,heatwaves,andskinchanges.TheadministrationofP. 
ginsengdidnotsignificantlyalterthelevelsofbiochemical
andhematologicalparameters.60

Someclinicaltrialsinwhichpatientswithchronicobstruc‑
tivepulmonarydiseasereceivedtreatmentwith100mg
ofP. ginseng extract twiceaday for twelvemonths still
foundittobesafeandwelltoleratedevenwithlong‑term
treatment.61,62 Furthermore, the clinical trial evaluating
thenephroprotectiveeffectofP. ginsenginpatientswith
CKDdidnotobserveanyadverseeffectsrelatedtoP. gin‑
sengsupplementation,ratifyingthesafetyandefficacyof
P. ginsengforthispurpose.7

Alimitationofthissystematicreviewisthelargevariation
among studies regarding doses administered, routes of
administration,durationoftreatment,andsizeofcontrol
and intervention groups, which may explain the diver‑
gence of results observed in a few studies andmade it
impossibletocarryoutameta‑analysis.Intheriskofbias
assessment, a high risk of bias was observed for some
questions, main regarding selection, performance and
detectionbias,whichisanotherlimitation.However,itis
importanttoemphasizethatthehighriskofbiasinsome
questionsdoesnotdevaluetheresults, sinceblinding is
notcommoninpre‑clinicaltrials.
Despite these small limitations, many studies were in‑
cluded in this systematic reviewandmost found thatP. 
ginsenghasanephroprotectiveactionindifferentanimal
modelsofnephropathy.Therefore,itisveryimportantto
carryoutmoreclinicaltrialstoprovethisbeneficialeffect
in humans so that P. ginsengcanbewidelyusedinclinical
practiceasanephroprotectiveherbalmedicine.

CONCLUSION
P. ginsengderivativesdisplaysignificantnephroprotective
effectsindifferentanimalmodelsofnephropathy.There‑
fore,itsuseispromisingasanadjuvantinthetreatment
ofDKDandinthepreventionofdrug‑inducednephropa‑
thy.It isnoteworthythatgivensuchpromisingresultsin
preclinical studies, controlled‑randomized clinical trials
wouldbestronglyrecommendedfortheconsolidationof
thisphytopharmaceuticalasanephroprotectivedrug.
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