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Table S1. Pharmacokinetic pathways for drugs involved in cases matched to herbs in clinical studies. See text for details. Reference [36] unless specified 

otherwise. S substrate, major pathway; s substrate, minor pathway; X inhibitor, strong; x inhibitor, weak; I inducer, strong; i inducer, weak; *multiple isoforms. 

  1A2 2A6 2B6 2C8/9 2C19 2D6 2E1 3A4/5 UGT* 
BCRP/SE

P 
OAT* 2-Oct PGP 

alprazolam        S.x      

buspirone      s,x  S      

clozapine S s   s s s  S      

cyclosporine    x    S, x  x x  S,x 

dolutegravir        s s S  X s 

efavirenz    s S   s      

efavirenz   S,I  i  S       

erlotinib S  S     S,x      

estradiol s, I  s s s s  S      

etoposide s      s S     S 

fluindione    S    S      

fluoxetine s  s s s, X s, X s s      

gefitinib      s  S  S    

Ibuprofen [74]    s s, X   s s  X   

imatinib s    s s  S,I     s 

lamotrigine [37]         S   X  

lansoprazole    s S   s      

lorazepam [37]         S     

norethindrone        S      

paclitaxel    S    s      

paroxetine        S      

phenelzine              
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phenytoin i  i S S   s, I I    I 

raltegravir         S     

rosuvastatin    s    s  S S   

sertraline   s s s s        

simvastatin        S   S   

tacrolimus        S     S 

theophylline S      s s      

trazodone      s  S      

valproate [37]  s s  s  s  S     

venlafaxine    s s s,x  s      

warfarin      S, X  s      

Table S2. Findings of clinical trials by herb and reference. ADE adverse drug effect; AG/I AUC glucose and insulin, B bleeding time, C clotting time, Chol 

cholesterol, Pl platelet aggregation, PS pupil size, 1B1 OATP1B1, PK pharmacokinetics, PD pharmacodynamics. 

 1A2 2C8/9 2C19 2D6 2E1 3A4 NAT XO UGT PGP 1B1 PK  PD 

Reference Actea racemosa 

Gurley [75] 0   + 0 0         

Gurley [76]          0    

 Allium sativum 

Abdul [77]              

Gurley [78]  0   0 + 0      0   

Gurley [79]  0   0 + 0        

 Astragalus spp 

Zhou [80]          0    

 Baicalin 

Fan [81]           +   

 Citrus paradisi 

Hu [82]           +   

 Corolus versicolor 

Nicandro [83]      0        

 Crataegus oxycantha 

Tankanow [84]          0     

Walker [85]             ADE 
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 Curcuma longa 

Al-Janoobi [20]    +  0        

Ikehata [86]      0      0  

 EGCG 

Kim [87]           +   

 Echinacea purpura 

Molto [88]      0        

 Eurycoma longifolia 

Salman [89]            +   

 Genistein  

Xiao [90]      +    +     

 Ginkgo biloba  

Aruna [91]             B  

Aruna [91]             Pl  

Dai [92]              Chol  

Fan [93]          -     

Guo [94]      -    -     

Gurley [78] 0   0 0 0         

Gurley [79] 0   0 0 0         

Jiang [95]  0          0   

Kim [96]   0   0       Pl, B  

Mohutsky [97]  0             

 1A2 2C8/9 2C19 2D6 2E1 3A4 NAT XO UGT PGP 1B1 PK  PD  

Zadoyan [98] 0 0 0 0  0         

 Hibiscus sabdariffa  

Souriti [54]            B   

 Humulus lupulus  

Vanbreeman [99]  0 0  0  0          

 Hydrastis canadensis  

Gurley [75]  0   + 0 +          

Gurley [100]           0     

Gurley [101]      +         

 Hypericum perforatum  
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Andrén [102]  `           -  

Bell [103]      0    0     

Bell ]104]  0             

Nieminen [105]            - -  

Fan [106]  0             

Goey [107]      -         

Gurley [78] 0   0 - -         

Gurley [79] 0   0 - -         

Hennessy [108]          -     

Jiang [109]  -    -         

Jiang [95]  -          -   

Loughren [110]             0  PS  

Markert [111]   -            

Mueller [112]      -         

Mueller [113]      -         

Murphy [114]                

Piscitelli [115]      -      -   

Portoles [116]      -         

Xie [117]      -    -     

Xu [118]            - AG/I  

 Lavendula as Silexan  

Heger [119]                 

 Multiherbal  

Chen [120]   0 0  0         

Fan [121]   -    -         

Kim [122]    0           

Nakayo [123] 0 0  0  0 0 0       

Park [124]            -   

Saruwatri [125] +   0  0 0 0       

 1A2 2C8/9 2C19 2D6 2E1 3A4/5 NAT XO UGT PGP 1B1 PK  PD  

Wang [126]            0 INR  

 Panax ginseng  

Gurley [77] 0   0 0 0         
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Gurley [75] 0   + 0 0         

Jiang [109]  0    0         

Jiang [95]  -          -   

Lee [127]             INR  

Malati [128]      -    0     

 Phyllanthus emblica  

Fatima [129]             C, B  

 Piper methysticum  

Gurley [77] 0   0 + 0         

Gurley [78]          0     

Gurley [100]      0         

 Resveretrol  

Bedada [130]     +          

 Schisandra  

Jiang [109]            +    

 Silybum marianum  

Fuhr [131]      0         

Gurley [76]          0     

Suzuki [132] 0 0  0  0         

 Undaria pinnatifida  

Tocaciu [133]            0   

 Vaccinium spp.  

Abdul [77]            0    

 Valeriana officinale  

Gurley [74] 0   0 0 0         

 Viscum alba  

Thronicke [134]             ADE  

 Zingiber officinale  

Jiang [95]  0          0   
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Table S3. Heat map for cases and interaction checkers, X “Increased INR meaning decreased efficacy”; A = Memorial Sloan Kettering Cancer Center [40] B = 

Medscape [39] C = Natural Medicines Database [41] D = Lexicomp Drug Interactions [36] E = Integrative Pro [38] F = Stockley’s Herb Drug Interaction [16]. 

*NOS specific species of ginseng not reported in case; warfarin was a proxy for less common vitamin K antagonists . 

Botanical Drug name Cases A B C D E F 

Allium sativum multiherb lansoprazole -1 0 0 -1 0 0 0 

Aloe barbadensis  sevoflurane 1 1 0 1 0 0 1 

Angelica sinensis warfarin 1 1 1 1 1 1 1 

A. graveolens multiherb venlafaxine 1   0 1 1 0 0 

Areca catechu cyclophosphamide 1    0 0 0   0 

Areca catechu doxorubicin 1   0 1 0   0 

Areca catechu paclitaxel 1   0 0 0   0 

Aronia melanocarpa trabectedin 1     1   0 0 

Artemisia absinthum warfarin 1 0   -1   0 0 

Bee pollen warfarin 1 1 0 1 1 0 0 

Berberine tacrolimus 1 1 0 1 1 0 0 

Camellia sinensis warfarin 1 0 -1 1 1 0 -1 

Camellia sinensis simvastatin 1 0 0 1 1 0 0 

Cathus edulus bupivacaine 1   0 0       

Cathus edulus sevoflurane 1   0 0   0   

Cathus edulus propofol 1   0 0   0   

Cathus edulus fentanyl 1   0 0   0   

Cathus edulus anesthesia 1   0 0       

Commiphora molol warfarin -1 -1 0 -1     0 

Curcuma longa   paclitaxel 1 1 0 1 0 0 0 

Curcuma longa   tacrolimus 1 1 0 1 0 0 0 

Curcuma longa fluindione 1 0 0 0 0   0 

Curcuma longa   warfarin proxy 1 1 0 1 1 0 0 

Cynara scolymus colchicine 1     0 1 0 0 

Diosmin trabectedin 1     1 0 0 0 

Echinacea spp etoposide 1 1 0 1 1 B  0 

Echinacea spp, multiherb lansoprazole -1 0 0 -1 0 0 0 

Eleuthrococcus senticosus digoxin. 1 1 1 1 0 1 1 

E. senticosus *NOS lamotrigine 1   0 0 0 0 0 
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Equisetum arvense efavirenz -1   0 -1 0 0 0 

Equisetum arvense emtracitabine -1     -1 0 0 0 

Equisetum arvense tenofovir -1   0 -1 0 0 0 

Equisetum arvense zidovudine -1   0 -1 0 0 0 

Fish oil  warfarin 1 1 1 1 1 0   

F fomentarius multiherb gefitinib -1             

Ginkgo biloba efavirenz -2 -1 0 -1 -1 0 0 

Ginkgo biloba trazodone 1 1 0 1 0 1 1 

Ginkgo biloba aescinate 1 0 0 0     0 

Ginkgo biloba phenytoin -1 0 0 -1 -1 0 -1 

Ginkgo biloba valproate -1 0 0 -1 0 0 -1 

Ginkgo biloba ibuprofen 1 1 1 1 1 1 1 

Ginkgo biloba w Hypericum buspirone 1 0 0 -1 0 0 1 

Ginkgo biloba w Hypericum fluoxetine  1 0 0 -1 1 B  0 

Ginseng NOS multiherb lansoprazole -1 0 0 0 0 0 0 

Glucosamine chondroitin warfarin 1 1 0 1 1  X 1 

Glycine max warfarin -1 0 0 -1 0 0 -1 

Glycyrrhiza glabra enalapril 1 0 0 -1 -1 0 -1 

Grifola frondosa warfarin 1 1 0 1 1 1   

Hibiscus spp erlotinib 1   0 0 1 0   

Hypericum multiherb lansoprazole -1 0 -1 -1 -1 0 -1 

Hypericum perforatum cyclosporin 1 -1 -1 -1 -1 -1 -1 

Hypericum perforatum sertraline 1 1 1 1 1 1 1 

Hypericum perforatum buspirone 1 0 1 1 1 0 1 

Hypericum perforatum estradiol -1 -1 -1 -1 -1 0 0 

Hypericum perforatum oral contracept -1 -1 0 -1 -1 -1 -1 

Hypericum perforatum tacrolimus -1 -1 -1 -1 -1 0 -1 

Hypericum perforatum rosuvastatin -1 -1 0 -1 0 0 -1 

Hypericum perforatum theophylline -1 0 -1 -1 0 -1 -1 

Hypericum perforatum clozapine -1 -1 -1 -1 0 0 0 

Hypericum perforatum venlafaxine 1 0 1 1 1 1 1 

Hypericum multiherb dolutegravir 0 -1 -1 -1 -1 0 0 

Hypericum w Ginkgo fluoxetine  1 1 1 1 1 0 1 
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Inonotus multiherb geftinib -1 0   0       

Liriope multiherb warfarin 1             

Lycium barbarum warfarin 1 1 0 1   0 1 

Matricaria spp multiherb warfarin 1 1 0 1 1 0 1 

Matricaria spp multiherb cyclosporin -1 0 0 0   0 0 

Momordica charantia chlorpropamide 1 1 1 1 1     

Morinda citrifolia warfarin -1 -1 0 -1   0   

Morinda citrifolia phenytoin -1 -1 0 1   0   

Mitragyna speciosa quetiapine 1 0 0 1 0     

Nattokinase aspirin 1 1 0 1 0 0 1 

Opuntia spp glipizide 1   1 1 0 0   

Opuntia spp metformin 1   1 1 0 0   

Panax ginseng multiherb warfarin 1 -1 1 1 1 -1 1 

Panax ginseng imatinib 1 1 0 1 1 1 0 

Panax ginseng raltegravir 1 1 0 1 0 0 0 

Panax ginseng warfarin -2 -1 1 -1 1 -1 -1 

Panax ginseng phenelzine 1 1 1 1 0 0 1 

Panax ginseng, germanium furosemide -1 0 0 -1 0   0 

Panax ginseng *NOS lamotrigine   0 0 0 0 0 0 

Panax NOS lamotrigine 1   0 0 0 0 0 

P. quinq. *NOS multiherb geftinib -1 0 0   0     

P. ginseng *NOS multiherb geftinib -1 0 0 -1 0     

Eleuthero*NOS multiherb geftinib -1 0 0 -1 0     

Panax quinquefolius *NOS lamotrigine 1   0 0 0   0 

P. incarnata multiherb lorazepam 1 0 0 1 0 0 0 

P. incarnata multiherb dolutegravir 0 0 0 0 0 0 0 

Peumus boldos tacrolimus -1 0 0 -1 0 0 0 

Peumus boldos warfarin 1 1 0 1 0 0 1 

Phellinus multiherb geftinib -1     0       

Piper methysticum paroxetine 1 0 0 -1 1 0    

P methysticum multiherb alprazolam 1 1 0 1 1 1   

Rhodiola rosa escitalopram 1   0 0 1 0 0 

Royal jelly warfarin 1 1 0 1   0   
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S. miltiorrhiza multiherb  warfarin 1 0 0 1   1 1 

S. mlltiorrhiza multiherb salicylate 1   1 0   0 1 

Schizandra spp multiherb warfarin 1 0 1 -1 0 0 -1 

Stevia rebaudiana simvastatin 1 0 0 0 0 0   

T. parthenium multiherb lansoprazole -1 0 0 1 0 0 0 

T pratense or Meliotus interferon 1b 1 0 0 0 0   0 

T pratens or Meliotus methotrexate 1 1 0 1 0 0 0 

T foenum-gracum warfarin 1 1 0 1 1 0 1 

Uncaria tomentosa azatanavir 1 1 0       1 

Uncaria tomentosa ritonavir 1 1 0 1 1 0 1 

Uncaria tomentosa saquinavir 1 1 0 1 1   1 

Vaccinium spp warfarin 1 1 1 1 1 1 1 

V. officinalis, multiherb paroxetine 1 0 1 1 1 0 0 

V. officinalis, multiherb lorazepam 1 1 1 1 1 0 1 

V. officinalis, multiherb dolutegravir 0 0 0 -1 0 0 0 

Zingiber officinalis   phenprocoumon 1 1   1 1   1 

Zingiber officinalis   warfarin proxy    1 1 1 1 0 1 

 

Table S4. Case reported drug interacting pairs with severity, reaction, and reliability index (RI) as a measure of report completeness. *RI = (number of items 

possible – number absent)/ total possible; see text for further detail. CK Creatine kinase, INR international normalized ratio, NMS neuroleptic malignant 

syndrome, AMI acute myocardial infarction, DRESS drug reaction with eosinophilia and systemic symptoms, ADE adverse drug event, NOS not otherwise 

specified. a Multiple cases, case series reporting. 

Document Ref. Latin name Drug Severity Reaction RI* 

Acikgoz 2013 [135] Artemisia absinthimum warfarin severe GI bleeding 0.80 

Almeida 1996 [136] Piper methysticum   alprazolam minor fever, headache, confusion 0.70 

Alscher 2003 [137] H. perforatum multiherbal cyclosporine minor decreased level 0.60 

Aslam 1979 [138] Momordica charantia chlorpropamide minor hypoglycemia 0.60 

Barbanel 2000 [139] Hypericum perforatum sertraline  severe mania 0.70 

Barone 2000 [140] Hypericum perforatum cyclosprine severe decreased level 0.50 

Becker 1996 [8] Panax ginseng, contaminant furosemide severe decreased efficacy 0.73 
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Document Ref. Latin name Drug Severity Reaction RI* 

Bilgi 2010 [141] Panax ginseng imatinib severe hepatotoxicity 0.70 

Bolley 2002 [142] Hypericum perforatum tacrolimus minor reduced level 0.90 

Bossear 2012 [143] Echinacea spp multiherb etoposide severe thrombocytopenia 0.73 

Breidenbach 2000 [144] Hypericum perforatum cyclosprine minor   decreased level 0.80 

Buckley 2005 [145] Fish oil  warfarin minor   additive 0.60 

Bamgbade 2003 1a [146] Cathus edulus general anesthesia mild additive 0.80 

Bamgbade 2003 2a [146] Cathus edulus general anesthesia mild additive 0.30 

Bamgbade 2003 3a  [146] Cathus edulus bupivacaine mild additive 0.80 

Campos 2018  [147] Cynara scolymus colchicine severe blood, liver, muscle toxicity 0.90 

Cappuzzo 2006 [148] multiherb multidrug mild dizziness, hypotension 0.70 

Carbajal 2014 [149] Peumus boldus tacrolimus minor   decreased level 0.90 

Carr 2004 [150] Morinda citrifolia warfarin severe decreased INR 0.90 

Carrasco 2009   [151] P. incarnata, V. officinalis lorazepam mild movement disorder 0.80 

Carter 2014 [152] multiple herbs busulfan severe increased level 0.80 

Catteneo 2019 [153] H. perforatum, V. officinalis dolutegravir none no interaction 0.70 

Chan 2019   [154] Stevia rebaudiana simvastatin severe myglobinuria, increased CK 0.64 

Chang 2008 [155] nattokinase aspirin severe bleeding 0.80 

Constable 2007 [156] multiherb lansoprazole severe GI bleeding 0.70 

Cordova 2017 1a [157] Equisetum arvense 

efavirenz, 

lamivudine, 

zidovudine 

minor   increased viral load 0.50 

Cordova 2017 2a ]157] Equisetum arvense 

efavirenz, 

emtracitabine, 

tenofovir 

minor  increased viral load 0.60 

Costa 2018 [9]  C. longa (contaminated) paclitaxel severe hepatotoxicity 0.90 

Damato 2017 [158] Diosmin trabectedin severe rhabdomyolysis 0.80 

Dannawi 2002 [159] Hypericum perforatum buspirone mild serotonin syndrome 0.60 

Daveluy 2014 [160] Curcuma longa fluindione minor   increased INR  0.70 

Epstein 2006  [161] Areca catechu 

cyclophosphamide, 

doxorubicin. 

paclitaxel 

severe mucositis 0.70 

Al- Faraj 2005  [63] Commiphora molol warfarin severe increased INR 0.60 



Medicines 2021 S11 of S39 

Medicines 2021 www.mdpi.com/journal/medicines 

Document Ref. Latin name Drug Severity Reaction RI* 

Galera 2008  [162] Uncaria tomentosa 
azatanavir, 

ritonavir, saquinavir 
mild increased level 0.70 

Galluzzi 2000 [163] Ginkgo biloba trazodone severe coma  0.90 

George 2011 [164] Vaccinium warfarin minor increased INR 0.50 

Gordon 2009 [165] Hypericum perforatum rosuvastatin minor   reduced efficacy 0.70 

Griffiths 2008 [166] Vaccinium   warfarin fatal bleeding, increased INR 0.90 

Hanselin 2009 [167] Grifola frondosa warfarin minor   increased INR 0.80 

Hou 2013 [168] berberine tacrolimus minor   increased level 0.91 

Hughes 2018 [169] Mitragyna speciosa quetiapine fatal increased level, NMS 0.50 

Hurren 2010 [170] bee pollen warfarin minor  increased INR 0.40 

Hwang 2008 [171] multiherb geftinib mild treatment failure 0.80 

Iida 2006 [172] Glycyrrhiza glabra enalapril severe alkalosis and hypokalemia 0.80 

Janetzky 1997 [173] Panax ginseng, ginseng  warfarin minor decreased INR 0.91 

Ji 2017 [174] Ginkgo biloba aescinate severe acute kidney injury 0.90 

Jones 1987 [175] Panax ginseng phenelzine mild mania  0.60 

Kang 2015 [176] Morinda citrifolia, noni phenytoin severe decreased level 0.82 

Karhova 2000 [177] Hypericum perforatum cyclosporinee severe decreased level 0.80 

Khalid 2016 [62] Apium graveolens, Hypericum venlafaxine severe mania, increased levels 0.80 

Kiely 2002 [178] Glycine max, soy warfarin minor  decreased INR 0.90 

Kruth 2004 [179] Zingiber officinalis phenprocoumon severe bleeding 0.50 

Kupiec 2005 [11] Ginkgo biloba multiherb 
divalproate, 

phenytoin 
fatal seizures 0.90 

Lam 2001 [180] Lycium barbarum warfarin minor increased INR 1.00 

Lambert 2001 [181] P. boldus, T. foenum-gracum warfarin minor   increased INR 0.80 

Lantz 1 1999 [182] Hypericum perforatum sertraline  minor serotonin syndrome 0.80 

Lantz 2 1999 [182] Hypericum perforatum sertraline minor serotonin syndrome 0.70 

Lantz 3 1999 [182] Hypericum perforatum sertraline severe serotonin syndrome 0.70 

Lantz 4 1999 [182] Hypericum perforatum   sertraline severe serotonin syndrome 0.80 

Lantz 5 1999 [182] Hypericum perforatum nefazodone minor serotonin syndrome 0.60 

Lee 2004 [12] Aloe barbadensis sevoflurane severe bleeding 0.80 

Lee 2006 [60] royal jelly warfarin severe bleeding 0.91 

Leung 2008 [183] Lycium barbarum   warfarin minor   increased INR 0.80 

Mai 2000 [184] Hypericum perforatum cyclosporine minor  decreased level 0.50 
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Document Ref. Latin name Drug Severity Reaction RI* 

Mateo 2012 [185] Panax ginseng raltegravir severe increased level 0.90 

McGovern 2010 [186] Rhodiola rosea escitalopram severe palpitations 0.60 

McRae 1996 [187] Eleuthrococcus senticosus digoxin minor   increased level 0.91 

Meisel 2008 [188] Ginkgo biloba ibuprofen fatal bleeding, intracerebral 0.70 

Melchardt 2014 [59] multiple herbs temozolamide severe hepatotoxicity 0.90 

Mendoza 2004 [189] unspecified mixture warfarin severe low INR AMI 0.50 

Mergenhagen 2008 [13] Vaccinium spp warfarin minor Increased INR 0.90 

Myers 2015 [190] Ginseng NOS lamotrigine severe DRESS 0.60 

Naccarato 2012 [191] Ginkgo biloba multiherb efavirenz minor  increased viral load 0.80 

Nayeri 2017 [192] Curcuma longa tacrolimus severe increased level 0.90 

Nebel 1999 [193] Hypericum perforatum theophylline minor   decreased level 0.90 

Nowak 2005 1a  [194] Matricaria recutita, multiherb cyclosporine minor   decreased cyclosporine 0.82 

Nowak 2005 2a  [194] Chamomile NOS cyclosporine minor  increased cyclosprine 0.30 

Nowak 3 2005  [194] Hibiscus spp multiherb cyclosporine minor decreased cyclosporine 0.70 

Orr 2013 [195] Trifolium pratense methotrexate mild GI symptoms 0.50 

Paeng 2007 [196] Vaccinium spp warfarin minor increased INR 0.80 

Page 1999 [197] Angelica sinensis warfarin minor   increased INR 0.90 

Porretaz 2017 [198] Hibiscus spp erlotinib severe severe cutanous ADE 0.70 

Prasad 2008 [199[ multiherbal sertraline minor therapeutic failure 0.91 

Rindone 2005 [200] Vaccinium spp warfarin severe bleeding 0.70 

Rivera 2012 [201] Lycium barbarum warfarin severe bleeding 0.80 

Rosado 2003 [202] Ginseng NOS warfarin severe thrombosis  0.50 

Rozenfeld 2004 [203] Glucosamine chondroitin warfarin minor   Increased INR 0.90 

Rubin 2006 [204] P methysticum, V. officinalis paroxetine severe serotonin syndrome 0.64 

Ruschitska 2000 [205] Hypericum perforatum cyclosporine severe decreased level, rejection 0.70 

Schwarz 2003 [206] Hypericum perforatum oral contraceptive severe reduced efficacy 0.70 

Segal 2006 [207] Matricaria chamomilla warfarin severe additive 0.50 

Sobieraj 2010 [19] Opuntia spp glipizide, metformin mild hypoglycemia 0.90 

Spinella 2002 [61] G.biloba , H. perforatum 
buspirone, 

fluoxetine 
mild serotonin syndrome 0.80 

Strippoli 2013 [208] Aronia melocarpum trabectedin severe rhabdomyolysis 0.90 

Su 2010 [7] P.ginseng, Liriope, Schisandra warfarin severe Bleeding intracerebral 0.70 

Suvarna 2003 [209] Vaccinium spp warfarin fatal GI and pericardial bleeding 0.40 
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Document Ref. Latin name Drug Severity Reaction RI* 

Tam 1985 [210] Salvia miltiorrhiza  warfarin, salicylate severe bleeding 0.70 

Tamura 2012 [211] Melilot, NOS interferon 1b severe hepatotoxicity 0.50 

Taylor 1999 [212] Camellia sinensis warfarin minor  increased INR 0.70 

Vandenbout 2008 [213] multiherbal lopinavir mild diarrhea, increased levels 0.09 

Vanstrater 2012 [214] Hypericum perforatum clozapine mild emergence of schizophrenia 0.80 

Walsh 2005 [215] Vaccinium spp warfarin minor increased INR 0.40 

Welch 2007 [216] Vaccinium spp warfarin minor increased INR 0.80 

Werba 2008 [217] Camellia sinensis simvastatin minor muscle pain   1.00 

Wiegman 2009 [218] Ginkgo biloba 

efavirenz, 

emtracitabine, 

tenofovir 

severe treatment failure 0.70 

Wong 2003 [219] multiherbal warfarin severe bleeding 0.91 

Yu 1997 [218] Salvia miltiorrhiza multiherb warfarin severe bleeding 0.60 

Table S5. Methods and herbal materials investigated in clinical studies. 

Reference Methods Herbal experimental materials 

Abdul 2008 

[77] 

An open-label, three-treatment, randomized crossover clinical trial was undertaken 

and involved 12 healthy male subjects of known CYP2C9 and VKORC1 genotype. A 

single dose of warfarin was administered alone or after 2 weeks of pretreatment with 

either garlic or cranberry. Warfarin enantiomer concentrations, INR, platelet 

aggregation and clotting factor activity were measured to assess pharmacokinetic and 

pharmacodynamic interactions between warfarin and herbal medicines. 

Botanical study materials included 

GNC cranberry juice concentrate 

labelled to contain 500 mg of 

Vaccinium spp.  (cranberry) juice 

concentrate dose equivalent to 57g of 

dried fruit/day and A. sativum as 

Garliplex™ 2000 enteric-coated garlic 

tablets, labelled as containing 2000 

mg of fresh garlic bulb equivalent to 

3.71 mg of allicin per tablet dosed 

twice daily.  
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Al-Jenoobi 

2015 [20] 

Effect of Curcuma longa rhizome powder and its ethanolic extract on CYP2D6 and 

CYP3A4 metabolic activity was investigated in vitro using human liver. In phase-I, six 

healthy human subjects received a single dose (30 mg) of DEX syrup, and in phase-II 

DEX syrup was administered with Curcuma powder. The enzyme CYP2D6 and 

CYP3A4 mediated O- and N-demethylation of dextromethorphan into dextrorphan 

(DOR) and 3-meth- oxymorphinan (3-MM), respectively. 

Locally purchased rhizome. 1.5g 

dried, powdered, and extracted with 

ethanol.  

Andrén 

2007 [102] 

 Sixteen patients with hypercholesterolemia treated with a stable dose of atorvastatin 

(10–40 mg/daily) for at least 3 months were treated with Movina™ one tablet 

(containing 300 mg of Hypericum perforatum) twice daily and control (a commercially 

available multivitamin tablet (Vitamineral™). After a run-in period of 4 weeks, patients 

were randomised to treatment with either Movina™ or control for 4 weeks in a 

crossover design. The atorvastatin dose was kept unchanged during the study period 

(12 weeks), and assessments of total cholesterol, HDL cholesterol, LDL cholesterol and 

triglyceries were performed in the morning with the patients in the fasting condition. 

The difference between control and active treatment in LDL cholesterol after 4 weeks of 

treatment was the primary endpoint. 

Commercial tablet (Movina™) 

labelled as 300mg Hypericum 

perforatum. 

Aruna 2007 

[91] 

A randomized, open-label, crossover study of 10 healthy male volunteers was 

performed to evaluate different doses of Ginkgo biloba on cilastazol and clopidogrel 

pharmacodynamics. The dosage schedules were 120 mg G. biloba, 240 mg G. biloba, 100 

mg cilostazol, 200 mg cilostazol, 75 mg clopidogrel, 150 mg clopidogrel, 120 mg G. 

biloba + 100 mg cilostazol and 120 mg G. biloba + 75 mg clopidogrel. Platelet 

aggregation, platelet count, bleeding time and clotting time were measured 0 and 6 h 

after drug administration. Platelet aggregation was performed using a dual channel 

aggregometer. 

Not specified 

Bedada 

2016 [130] 

The open-label, two period, sequential study was conducted in 12 healthy human 

volunteers to evaluate the impact of resveratrol (RSV) 500mg pretreatment on CYP2E1 

enzyme activity and pharmacokinetics of chlorzoxazone (CHZ) in healthy human 

volunteers. A single dose of RSV 500 mg was administered once daily for 10 days 

during treatment phase. A single dose of CHZ 250 mg was administered during 

control and after treatment phases under fasting conditions. The blood samples were 

collected after CHZ dosing at predetermined time intervals and analyzed by HPLC 

(high performance liquid chromatography). . 

 Zenith Nutritions (Bangalore, India) 
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bell 2007 

[103] 

This open-label fixed-schedule investigation performed in 10 healthy men consisted of 

2 days of prednisone single-dose administration and blood sampling, which were 

separated by 4 weeks of Hypericum perforatum 300mg thrice daily. Prednisone and 

predisolone pharmacokinetic parameters served as end points. 

 Hypericum perforatum standardized 

to hypericin 03%) tablets from HBC 

Protocols (SantaMonica,CA)  

bell 2007 

[104] 

Eight male subjects participated in this single-dose study to determine the 

pharmacokinetics of ibuprofen before and after 21 days of Hypericum perforaturm 300 

mg thrice daily. Plasma ibuprofen concentrations were determine using a 

stereoselective reversed phase HPLC assay.  

Source not specified 

Chen 2012 

[120] 

This trial examined the Traditional Chinese Medicine fomulation known as LIu Wei Di 

Huang Wan (LDW) on the activities of CYP2C19, CYP2D6 and CYP3A4 in 12 Chinese 

healthy subjects in a single center, controlled, non-blinded, two-way crossover clinical 

design.  The subject pool consisted of six extensive metabolizers with CYP2C19*1/*1 

and six poor metabolizers with CYP2C19*2/*2. Placebo or 4.8g LDW (12 pills, 0.2g/pill, 

twice daily) was given to each participant for 14 continuous days with a wash-out 

period of 2 weeks after an oral administration of 30mg omeprazole, 30mg 

dextromethorphan hydrobromide and 7.5mg midazolam. The activities of CYP2C19, 

CYP2D6 and CYP3A4 were ascertained by their respective plasma or urinary metabolic 

ratios on day 14 post-treatment. Liu Wei Di Huang Wan (LDW) is a Traditional 

Chinese formulation that contains Rehemannia, Alismu, Cornus, Paeonia (moutan), 

Dioscorea, and Poria (hoelen).  

The Traditional Chinese Medicine 

formulation known as Liu Wei Di 

Huang Wan produced by Jiuzhitang 

Co., Ltd (Changsha, Hunan, China) 

containing 160 g Rehmannia, 60 g 

Alisma, 80 g Ccornus, 60 g moutan, 80 

g Dioscorea and 60 g hoelen was 

crushed into a fine powder and 

mixed well, and 35 to 50 g of refined 

honey and water were added per 100 

g powder, then dried and divided 

into 0.2 g per pill. The quality control 

required that the paeonol content be 

about 2.1 mg/g (±4%,). 

Dai 2013 

[92] 

 This open-label, randomized, two-period, two-treatment, balanced, crossover study 

was performed in 14 healthy men. Subjects received simvastatin 40 mg once daily, co-

treated with placebo or Ginkgo biloba extract 120 mg twice daily. Each treatment was 

administered for 14 days, separated by a wash-out period of 1 month. Simvastatin, 

simvastatin acid and lipoprotein concentrations were assessed. 

Ginkgo biolba extract (GBE) 120mg 

tablet, Yangzijiang Pharmaceutical, 

China 
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Fan 2007 

[121] 

Eighteen healthy men, including 6 CYP2C19*1/*1, 6 CYP2C19*1/*2 or *3 and 6 

CYP2C19*2/ *2 were enrolled in a 2-phase, randomized, crossover clinical trial. In each 

phase, the volunteers received either placebo or 10 mL of the Traditional Chinese 

Medical Formulation Yin Zhi Huang (YZH) oral liquid, 3 times daily for 14 d. Then all 

the patients took a 20 mg omeprazole capsule orally. Blood samples were collected up 

to 12 h after omeprazole administration. Plasma concentration of omeprazole and its 

metabolites were quantified by HPLC with UV detection. Yin Zhi Huang contains 

Artemisia scoparia, Scutellaria baicalensis, and Lonicerae japonica.  

YZH oral liquid was purchased from 

Shuang He (Beijing, China) 

Fan 2008 

[81] 

Eighteen unrelated healthy men who were CYP2C9*1/*1 with different OATP1B1 

haplotypes (six OATP1B1*1b/*1b, six OATP1B1*1b/*15, and six OATP1B1*15/*15) were 

selected to participate in this study. Rosuvastatin (20 mg orally) pharmacokinetics after 

coadministration of placebo and 50-mg baicalin tablets (three times daily orally for 14 

days) were measured for up to 72 h by liquid chromatography–mass spectrometry in a 

two-phase randomized crossover study.  

Tableted extract by Sheng Tai Chun 

Pharmaceutical, Xiangtan, Hunan, 

China 

Fan 2009 

[93] 

Ten unrelated healthy male volunteers participated in a 3-stage sequential study to 

determine the effects of Ginkgo biloba extract (GBE) 360mg/day on plasma 

concentrations of talinolol measured by high-performance liquid chromatography after 

talinolol 100 mg was administrated alone, with a single oral dose of GBE (120 mg), and 

after 14 days of repeated GBE ingestion (360 mg/day).  

Ginkgo biloba 120 mg standardized 

extract; Rui Bang Pharmaceutical Co., 

Jiangsu, China 

Fan 2011 

[105] 

In a two-phase, randomized, crossover study with a 4-week washout period between 

phases, 15 healthy men with specific solute carrier organic anion transporter family 

member 1B1 (SLCO1B1) genotypes were given pretreatment with Hypericum perforatum 

325 mg or placebo three times daily for 14 days, and a single dose of repaglinide 1 mg 

was administered followed by 75 g glucose at 15 minutes after repaglinide 

administration to determine impact of Hypericum perforatum on CYP2C8 activity.  

Nutraceutical Corp. for Solaray, Inc., 

Park City, UT, USA 
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Fatima 

2014 [129] 

This was a randomized open label crossover study of 10 type II diabetic patients.  The 

dosage schedules were either single dose of 500 mg Phyllanthus emblica extract or 75 mg 

clopidogrel or 75 mg aspirin or 500 mg P. emblica + 75 mg clopidogrel or 500 mg P. 

emblica + 75 mg aspirin. After single dose study and washout period, patients received 

either 500 mg P. emblica extract twice daily or 75 mg clopidogrel or 75 mg aspirin once 

daily or combinations for 10 days. Platelet aggregation was measured at baseline and 

at 4 h of treatment after single and multiple dose study along with recording of 

bleeding and clotting time.  

CAPROS®  capsules were supplied 

by Natreon, Inc., New Brunswick, NJ, 

USA. CAPROS®  is an aqueous 

extract of the edible fruits of 

Phyllanthus emblica (Amla), 

containing not less than 60% of low 

molecular weight hydrolysable 

tannins comprising Emblicanin-A, 

Emblicanin-B, Punigluconin and 

Pedunculagin as the bioactives. 

Fuhr 2007 

[131] 

Sixteen healthy males were enrolled in this single-center open-label cross-over design 

with period-balanced random allocation of sequence. Immediate release nifedipine 

(10mg) was administered as a 3A4 marker alone or in combination with 280mg 

silymarin 280mg 10 hours and 1.5 hours prior to a nifedipine dose.  

Legalon, Madaus GmbH; Cologne, 

Germany. Each capsule contains 173-

186.9mg dry extract from Silybum 

marianum (milk thistle) fruits 

equivalent to 140mg silymarin 

Goey 2014 

[107]  

The pharmacokinetics of docetaxel (135 mg administered intravenously over 60 min) 

were compared in 10 cancer patients before and after 14 days of supplementation with 

Hypericum perforatum (300 mg extract [Hyperiplant] three times daily) in an open-label 

non-randomized crossover trial.  

Hypericum perforatum 300mg extract 

standardized to 0.36–0.84 mg 

hypericin and 9–19 mg hyperforin; 

VSM Geneesmiddelen BV, Alkmaar, 

The Netherlands  

Guo 2012 

[94] 

In an open-label design, sixteen volunteers received a single oral dose of 40 mg 

atorvastatin, followed by a wash-out period of at least 5 days. Then the volunteers took 

360 mg Ginkgo biloba extract (GBE) daily for 14 days, followed by a single dose of 40 mg 

atorvastatin. Serial blood samples obtained over a period of 48 h after atorvastatin 

ingestion were subjected to determination of atorvastatin plasma concentrations and 

markers of cholesterol synthesis (lathosterol) and cholesterol absorption (sitosterol) 

Dr Willmar Schwabe GmbH & Co. 

Germany  
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Gurley 

2002 [78]   

Twelve healthy volunteers (6 females) were randomly assigned to receive either 

Hypericum perforatum 300mg thrice daily, Allium sativum oil 500mg thrice daily, Panax 

ginseng, 500mg thrice daily or Ginkgo biloba 60mg four times daily for 28 days in an 

open-label design randomized for cross-over sequencing. For each subject, a 30-day 

washout period was interposed between each supplementation phase. Probe-drug 

cocktails of midazolam, caffeine, chlorzoxazone, and debrisoquin (INN,debrisoquine) 

were administered before supplementation (baseline) and at the end of 

supplementation. 

Supplements purchased from Wild 

Oats Marets Inc, Boulder CO icluded: 

Allium sativum oil 500mg, Ginkgo 

biloba standardized to 24% flavone 

glycosides and 6% terpene lactones, 

Hypericum perforatum standardezed to 

0.3% hypericine and Panax ginseng 

standardized to 5% ginsenosides.  

Gurley 

2005 [75] 

Twelve healthy volunteers (6 females) were assigned in random sequence in this open 

label trial to receive Hydrastis canadensis (goldenseal) 900mg thrice daily, Actea racemosa 

(black cohosh) 1090mg twice daily, kava kava 1000mg twice daily, or valerian 125mg 

thrice daily for 28 days. For each subject, a 30-day washout period was interposed 

between each supplementation phase. Probe drug cocktails of midazolam and caffeine, 

followed 24 hours later by chlorzoxazone and debrisoquine were administered before 

(baseline) and at the end of supplementation. Pre- and post-supplementation 

phenotypic trait measurements were determined for CYP3A4/5, CYP1A2, CYP2E1, and 

CYP2D6 using 1-hydroxymidazolam/ midazolam serum ratios (1-hour sample), 

paraxanthine/caffeine serum ratios (6-hour sample), 6-

hydroxychlorzoxazone/chlorzoxazone serum ratios (2-hour sample), and debrisoquine 

urinary recovery ratios (8-hour collection), respectively 

H. canadensis (lot # 303415) and P. 

methysticum (lot #V4694K06) with no 

standardization claims were 

purchased from the same vendor 

(Wild Oats Markets, Inc. Boulder, 

CO.). The A. racemosa supplement (lot 

#060706) was a product of Solaray 

Inc. (Park City, UT) standardized to 

0.2% triterpene glycosides, and the V. 

officinale supplement (lot #303990) 

was manufactured by Vitamer (Lake 

Forest, CA) without standardization 

claim. 

Gurley 

2005 [79] 

Twelve healthy volunteers with extensive CYP2D6 phenotype between the ages of 60 

and 76 (mean = 67 years) were assigned in random sequence to receive A. sativum oil 

500mg thrice daily, P. ginseng 500mg thrice daily, G. biloba 60mg four times daily, or H. 

perforatum 300mg thrice daily in an open-label fashion for 28 days followed by a 30-day 

washout period. Probe drug cocktails of midazolam, caffeine, chlorzoxazone, and 

debrisoquine were administered before and at the end of supplementation. Pre- and 

post-supplementation phenotypic ratios were determined for CYP3A4, CYP1A2, 

CYP2E1, and CYP2D6 using 1-hydroxymidazolam/midazolam serum ratios (1-hr), 

paraxanthine/caffeine serum ratios (6-hr), 6-hydroxychlorzoxazone/ chlorzoxazone 

serum ratios (2-hr), and debrisoquine urinary recovery ratios (8-hr), respectively. The 

content of purported “active” phytochemicals was determined for each supplement. 

Botanical experimental materials 

were purchased from Vitamer, Lake 

Forest CA including A. sativum oil 

500mg capsules, G. biloba 

standardized to 24% flavone 

glycosides and 6% terpene lactones, 

H perforatum standardized to 0.3% 

hypericin, and P. ginseng standardized 

to 5% ginsenosides. 
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Gurley 

2007 [100] 

Twenty healthy volunteers were assigned in random sequence to receive a 

standardized H. canadensis (3210 mg daily) or P. methysticum (1227 mg daily) 

supplement in an open-label fashion for 14 days, followed by a 30-day washout period. 

Subjects were also randomized to receive rifampin (600 mg daily, 7 days) and 

clarithromycin (1000 mg daily, 7 days) as positive controls for P-gp induction and 

inhibition, respectively. Digoxin (Lanoxin® , 0.5 mg) was administered orally before 

and at the end of each supplementation and control period. Serial digoxin plasma 

concentrations were obtained over 24 hours and analyzed by chemiluminescent 

immunoassay. Comparisons of AUC (0–3), AUC (0–24), Cmax,, CL/F, and elimination 

half-life were used to assess the effects of  goldenseal, kava kava, rifampin, and 

clarithromycin on digoxin pharmacokinetics. 

Botanical experimental materials 

included Hydrastis canadensis 

purchased from Nature's Resource 

Products, Mission Hills, CA. 

standardized to contain 24.1 mg 

isoquinoline alkaloids and Piper 

methysticum purchased from Gaia 

Herbs, Brevard, NC. standardized to 

contain 75 mg kavalactones. 

Gurley 

2006 [76]   

Serial plasma concentration-time profiles of the P-gp substrate, digoxin, were used to 

determine whether supplementation with Silybum marianum (milk thistle) or Actea 

racemosa (black cohosh) modified P-gp activity in vivo. Sixteen healthy volunteers were 

assigned in random sequence to receive a standardized milk thistle (900 mg daily) or 

black cohosh (40 mg daily) supplement in an open-label fashion for 14 days, followed 

by a 30-day washout period. Subjects were also randomized to receive rifampin (600 

mg daily, 7 days) and clarithromycin (1000 mg daily, 7 days) as positive controls for P-

gp induction and inhibition, respectively. Digoxin (Lanoxicaps® , 0.4 mg) was 

administered orally before and at the end of each supplementation and control period. 

Botanical experimental materials 

were purchased from Enzymatic 

Therapy, Inc.  Green Bay, WI. 

Including A. racemosa standardized to 

2.5% triterpene glycosides and S. 

marianum standardized to 80% 

silymarin 

Gurley 

2008 [101] 

Sixteen healthy volunteers were assigned in random sequence to receive either 

Hydrastis canadensis root extract 1323mg thrice daily or Piper methysticum rhizome 

extract 1227mg thrice daily in an open-label fashion for 14 days. Each supplementation 

phase was followed by a 30-day washout period. Midazolam (8 mg, per os) was 

administered before and after each phase, and pharmacokinetic parameters were 

determined using standard non-compartmental methods 

Hydrastis canadensis was purchased 

from Nature's Resource Products, 

Mission Hills, CA. standardized to 

contain 24.1 mg isoquinoline 

alkaloids and Piper methysticum 

standardized to 75mg kavalactones 

from Gaia Herbs, Brevard, NC. 
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Heger 2014 

[119]  

A double-blind, randomised, 2-period crossover study was performed to investigate 

the effects of Lavendula angustivolia oil (Silexan) on the pharmacokinetics and 

pharmacodynamics of a combination oral contraceptive containing ethinyl estradiol 

0.03 mg (EE) and levonorgestrel 0.15 mg (LNG) in healthy, fertile, adult females. 

During 2 consecutive cycles of 28 days, oral contraception was given for 21 days 

combined with 1 9 160 mg/day Silexan or placebo. Plasma concentration–time profiles 

of EE and LNG were obtained on day 18 ± 1 up to 24 h after dosing. The primary 

outcome measure was the area under the concentration–time curve over a dosing 

interval of s = 24 h (AUCs) 

160mg Lavender oil encapsulated as 

silexan, the active substance of Lasea 

produced by Dr. WIllmar Schwabe 

GmbH & Co. Karlsruhe, Germany 

Hennessy 

2002 [108] 

Twenty-two healthy volunteers were randomized in this single-blind study to receive 

either a standardized extract of Hypericum perforatum containing 600mg three times 

daily (n=15) or placebo (N=7) for 16 days. P-glycoprotein expression and rhodamine 

efflux were used to measure p-glycoprotein activity.  

Not specified 

Hu 2013 

[82] 

Twelve healthy male volunteers were sequentially randomized in this open-label cross-

over trial to take a single dose pitavastatin 2 mg orally with water or with 200ml 

double strength Citrus paradisi (grapefruit) juice on separate occasions and plasma 

concentration of pitavastatin acid and lactone were measured over 48 h.  

Not specified 

Ikehata 

2008 [86] 

An open-label and randomized crossover study was performed at 2-week intervals. In 

the control experiment, after a 10 h overnight fast, 10 mg of nifedipine (Adalat®  

capsule) was administered orally and blood was collected at 0, 0.5, 1, 2, 3, 4, 5, 6, and 8 

h. In the combination experiment, the volunteers were orally administered 10 mg of 

nifedipine together with six tablets containing concentrated turmeric extract (480 mg of 

curcuminoid per six tablets), which is the general daily dose followed by blood 

sampling. 

Junsei-Nosyuku-Ukon-Tsubu tablets 

by Yamada Health Partners, Inc.  

(Tokyo,Japan). Each tablet contains 

curcuminoids (80 mg), reduced 

maltose, crystallized cellulose, 

dietary fiber, black pepper extract, 

selenium yeast, colzaoil, and shellac. 

Jiang 2004 

[109] 

An open-label, three-way crossover randomized study performed in 12 healthy male 

subjects, who received a single 25-mg dose of warfarin alone or after 14 days’ 

pretreatment with Hypericum perforatum (St. John's wort), or 7 days’ pretreatment with 

Panax ginseng. Dosing with St John’s wort or ginseng was continued for 7 days after 

administration of the warfarin dose. Platelet aggregation, international normalized 

ratio (INR) of prothrombin time,warfarin enantiomer protein binding, warfarin 

enantiomer concentrations in plasma and S-7-hydroxywarfarin concentration in urine 

were measured.  

Study botanicals included Bioglan 

standardized dry extract equivalent 

to 1 g Hypericum perforatum flowering 

herb top, 0.825 mg hypericin and 12.5 

mg hyperforin and Golden Glow 

Korean ginseng tablets each 

equivalent to 0.5g Panax ginseng root 

and 8.93mg gensenosides as 

gensenoside Rg1.  
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Jiang 2006 

[95]  

S-warfarin concentration and response (prothrombin complex activity) data from 

healthy male subjects (n = 24) who received a single warfarin dose (25 mg) and 

Hypericum perforatum (St John’s wort). Panax ginseng (Asian ginseng), Ginkgo biloba, or 

ZIngiber officinale (ginger) in a randomized open-label fashion with at least a 14-day 

wash out between treatments.  Herbal treatment duration was not specified. Data 

analysis included use of a population pharmacokinetic-pharmacodynamic modeling 

approach. 

Product and dose not specified 

Jiang 2010 

[53]  

Patients were administered tacroimus during phase 1 and then Schisandra sphenanthera 

22.5mg thrice daily was provided in phase 2. During the first phase of treatment, 46 

patients received the same oral dose of tacrolimus. In the second phase of treatment, 21 

patients (Group A) received the same dose of tacrolimus, and 25 patients (Group B) 

received a lower dose of tacrolimus. The concentration of Tac in the blood and the 

biochemical indices of liver function, as well as symptoms of Tac-related toxicity, were 

determined, and 14 patients were selected for a pharmacokinetic study in a non-

randomized fashion.  

Each capsule contained 11.25 mg of 

deoxyschizandrin; Hezheng 

Pharmaceutical Company, Chengdu, 

China 

Suzuki 

2014 [132] 

Nine healthy patients underwent analysis of CYP1A2, CYP2C9, CYP2D6, and CYPA4/5 

activity via sampling after a drug probe cocktail before and after 14 days of a 

standardized Silybum marianum supplement containing 175 mg dried extract of milk 

thistle achenes three times daily. This study was open-label and fixed sequence.  

Legalon 140 capsules; MADAUS 

GmbH, Cologne, Germany. Each 

capsule contains 175 mg dried extract 

of milk thistle achenes, or 140 mg 

silymarin representing silybin A (21.2 

mg), silybin B (29.5 mg), isosilybin A 

(11.4 mg), isosilybin B (8.2 mg), 

silychristin (31.5 mg), silydianin (36.4 

mg), and taxifolin (5.9 mg).  
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Kim 2010 

[122] 

A two-way crossover clinical trial with a 2-week washout period was conducted in 14 

healthy volunteers. In phases I and II, subjects received 150 mg bupropion with or 

without woohwangcheongsimwon suspension four times (at -0.17, 3.5, 23.5 and 47.5 h, 

with the time of bupropion administration taken as 0 h) in a randomized balanced 

crossover order. Bupropion and 4-hydroxybupropion plasma concentrations were 

measured for up to 72 h by LC-MS/MS. Urine was collected up to 24 h to calculate the 

renal clearance. Woohwangcheongsimwon is a multibotanical product containing  

Bovine hoof, Dioscoreae rhizome, Glycyrrhizae root and rhizome, ginseng (species not 

specified) root, Typha Pollen, Massa medicata fermentata (flour, wheat bran, rice bean 

powder, and bitter apricot seed powde fermented in aqueous extract of Artemisia 

centifolia, Polygonum hydropiper L., and Xanthium sibiricum), Glycine seed, Cinnamomum 

cortex, Paeoniae root, Liriopsis tuber, Scutellaria root, Angelica root, Saposhnicoviae root, 

Atractylodis rhizome, Bupleurum root, Platycodonis root, Aermica seed, Poria mycelium, 

Cnidii rhizome,  Civet musk, Antelopis Cornu, Borneolum (borneol and isoborneol), 

Ampelopsis root, and Zingiberis rhizome.  

Kwang-Dong Pharmaceutical 

Company, Seoul, Korea  

Kim 2010 

[96] 

An open-label, randomized, 2-period, 2-treatment, 2-sequence, single-dose crossover 

study was conducted in 24 healthy Korean male volunteers. All volunteers were 

randomly assigned to a sequence group for the 2 treatments, which consisted of 

ticlopidine 250 mg alone and ticlopidine 250 mg with Ginkgo biloba extract 80 mg, 

separated by a 1-week washout period between the treatments. Bleeding time was 

determined just before dosing and at 5, 12, and 48 hours after dosing. Platelet 

aggregation was evaluated before dosing and at 4, 8, 26, and 48 hours after dosing. 

Blood samples (8 mL) from each of the volunteers were collected from an in-dwelling 

intravenous cannula inserted into a forearm vein before dosing and after dosing. 

Ticlopidine concentrations were determined by a validated method using HPLC and 

ultraviolet detection.  

Yuyu Pharma, Inc., Jecheon-si 

Chungcheongbuk-do, Korea 24% 

glycosidic flavonoids and 6% 

terpinoids 
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Kim 2014 

[220]  

A randomized, double-blind, two-way crossover study was conducted with 34 healthy 

Korean subjects. All subjects were given an oral dose of cilostazol (100 mg) plus Ginkgo 

biloba extract (GBE 80 mg) or cilostazol (100 mg) plus placebo twice daily for 7 days. 

Plasma concentrations of cilostazol and its active metabolites (3,4-dehydrocilostazol 

and 4′-trans-hydroxycilostazol) were measured using liquid chromatography–tandem 

mass spectroscopy on day 7 for pharmacokinetic assessment. The adenosine 

diphosphate-induced platelet aggregation and bleeding time were measured at 

baseline and on day 7 for pharmacodynamic assessment. 

Ginexin® ; SK Chemical Co., Seoul, 

Korea  

Kim 2017 

[87] 

An open-label, three-treatment, fixed-sequence study was conducted wherein 20 mg of 

rosuvastatin was given to 13 healthy subjects on day 1, followed by 20 mg of 

rosuvastatin plus 300 mg of epigallocatechin-3-gallate (EGCG), a major ingredient of 

Camellia sinensis (green tea) on day 4.  After a 10-day pretreatment of EGCG up to Day 

14, they received rosuvastatin (20 mg) plus EGCG (300 mg) once again (Day 15). Blood 

samples for the pharmacokinetic assessments were collected up to 8 hours after each 

dose of rosuvastatin.  

EGCG Teavigo™, caffeine-free, 94% 

pure crystalline EGCG, Healthy 

Origins, Pittsburgh, PA, USA  

Lee 2009 

[127] 

Thirty-one warfarinized patients with stable INR participated in this randomized, 

double-blind, crossover study. One group initially received warfarin with 1 g of 

Korean red ginseng (Panax ginseng) extract for 6 weeks and then after a 3-week 

washout period, received warfarin and placebo (Treatment A). Alternative group 

received treatment in the opposite order (Treatment B). Blood samples were collected 

to measure INR and plasma warfarin levels.  

Aqueous decoction of 6yr red Korean 

ginseng root 

Loughren 

2020 [110] 

Healthy volunteers received a fentanyl fixed-dose infusion and an individually tailored 

target-controlled infusion on separate days, before and after 30-day Hypericum 

perforatum (300mg thrice daily; n = 8) or placebo control (n = 8) in a randomized 

parallel-group design. Fentanyl plasma concentrations, pupil diameter, analgesic 

response to experimental pain (cold pressor) subjective side effects, and cognitive 

effects were measured. Plasma fentanylconcentrations and changes in pupil diameter 

were subjected to pharmacokinetic–pharmacodynamic modeling. 

300 mg Kira™ tablet; Lichtwer 

Pharma, Berlin, Germany 

Malati 2012 

[128]  

Twelve healthy subjects (8 males) completed this open label, single sequence 

pharmacokinetic study. Healthy volunteers received single oral doses of midazolam 8 

mg and fexofenadine 120 mg, before and after 28 days of Panax ginseng 500 mg twice 

daily. Midazolam and fexofenadine pharmacokinetic parameter values were calculated 

and compared pre-and post P. ginseng administration. Geometric mean ratios (post- 

ginseng/pre-ginseng).  

Panax ginseng 500 mg capsules 

(Vitamer Laboratories, Irvine, CA  
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Markert 

2015 [111]   

Twenty healthy volunteers (10 CYP2C19 extensive, four poor and six ultrarapid 

metabolizers) received therapeutic doses of ambrisentan (5 mg qd po) for 20 days and 

concomitantly Hypericum perforatum 300mg po thrice daily for the last 10 days. To 

quantify changes of CYP3A4 activity, midazolam (3 mg po) as a probe drug was used.  

Jarsin™ Cassella-med GmbH & Co. 

KG, Koln, Germany  

Mohutsky 

2006 [97] 

 Two open-label, crossover pharmacokinetic studies in twelve healthy subjects were 

performed using tolbutamide and diclofenac as probe CYP2C9 substrates to explore 

the impact of Ginkgo biloba. 

 Ginkgold™ standardized to 24% 

ginkgo flavone glycosides, 6% 

terpene lactones Nature’s Way, 

Springville, UT 

Molto 2012 

[88] 

Fifteen HIV-infected patients receiving antiretroviral therapy with etravirine (400 mg 

once daily) for at least 4 weeks were included in this open-label fixed-sequence study.  

Echinacea purpurea root/extract-containing capsules were added to the antiretroviral 

treatment (500 mg every 8 h) for 14 days. Etravirine concentrations in plasma were 

determined by high-performance liquid chromatography immediately before and 

periodically after a morning dose. Plasma levels of etravirine on day 0 and etravirine 

plus E. purpurea on day 14 were used to calculate etravirine pharmacokinetic 

parameters by noncompartmental analysis and compared between days 0 and 14 by 

means of the geometric mean ratio (GMR). 

Aq extract air-dried mixed with 

lactose 

Mueller 

2009 [113] 

Twenty healthy male volunteers received an SJW powder with low hyperforin content 

500mg twice daily for 2 weeks in an open-lable single sequence cross-over. Midazolam 

plasma concentration time profiles were characterized after a single oral dose of 7.5 mg 

midazolam on the day before and on the 14th day of Hypericum perforatum medication. 

Low hyperforin content induction of 3A4 considered insignificant. 

Encapsulated powder Kneipp Werke, 

Würzburg, Germany  

Mueller 

2005 [112] 

Forty-two male, healthy volunteers were randomized into six parallel SJW medication 

groups with varying composition especially with regard to hyperforin content. 

Midazolam plasma concentration profiles were characterized after a single oral dose of 

7.5 mg midazolam on the day before and on the 14th day of SJW medication. Low 

hyperforin content was associated with less induction. 

 Powdered methanolic extract with 

varying hyperforin content 
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Murphy 

2005 [114]  

Sixteen healthy women were treated with a low-dose OC (Loestrin 1/20) and a placebo 

for two consecutive 28-day cycles in a single-blind sequential trial. Treatment with 

Hypericum perforatum 300 mg three times daily was then added for two additional 28-

day cycles. Outcomes compared between control and treatment cycles included the 

pharmacokinetics of norethindrone and ethinyl estradiol, daily bleeding diaries, follicle 

growth, changes in cervical mucus and progesterone levels drawn at 7- to 10-day 

intervals 

Hypericum Buyers Club (HBC) 

standardized alcoholic extract 

Nakao 2007 

[123] 

The effect of multiherbal Shoseiryt (TJ-19) 4.5g twice daily for 7 days on the activities of 

CYP1A2, CYP2D6, CYP3A, xanthine oxidase (XO), and N-acetyltransferase 2 (NAT2) in 

37 healthy subjects was assessed. The subject pool consisted of 19 extensive 

metabolizers (EMs) with CYP2D6*Wild/ *Wild, and 18 intermediate metabolizers (IMs) 

with CYP2D6*10/ *10. Ratios of caffeine and dextromethorphan to metabolites were 

used to assess impact on enzymes. Shosieryuto contains Pinellia ternata tuber, 

Glycyrrhiza uralensis root, Cinnamomum cassia bark, Schisandra chinensis fruit, Asiasarum 

siebold root, Paeonia lactiflora root, Ephedra sinica herb, and processed Zingiber officinale. 

TJ-19; Tsumura, Tokyo, Japan 

Nicandro 

2007 [83]  

A single-treatment, one-period, three-phase, open-labeled study was performed to 

evaluate the ability of I'm-Yunity™ containing Corolus versicolor mycelium to inhibit or 

induce CYP3A4 in 12 healthy adult volunteers (8 women and 4 men) aged between 23 

and 54 years through the use of a CYP3A4-specific assay, the erythromycin breath test 

(EBT). 

 Chinese Medicine Holdings LTD 

Niemenen 

2010 [105]  

A placebo-controlled, randomized, cross-over with two phases at intervals of 4 weeks 

was conducted with 12 healthy participants to assess impact of Hypericum perforatum  

(Jarsin™) on oxycodone pharmacodynamics and pharmacokinetics. St John's wort 

300mg or placebo was administered t.i.d. for 15 days and oral oxycodone 

hydrochloride 15 mg on day 14. Oxycodone pharmacokinetics and pharmacodynamics 

were compared after St John’s wort or placebo. Behavioural and analgesic effects were 

assessed with subjective visual analogue scales and cold pressor test. Plasma drug 

concentrations were measured from 0 to 48 h, behavioural and analgesic effects from 0 

to 12 h. 

Jarsin™ 300 mg, Klosterfrau, Berlin, 

Germany; dry extract of St John’s 

wort 3–6:1, extraction solvent 

methanol 80%, hyperforin range 2–

6%  
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Park 2018 

[124]   

An open-label, fixed-sequence, two-period, two-treatment cross-over study was 

conducted in 20 healthy Korean subjects.  In period I, the individuals received 

celecoxib capsule 200 mg once daily for 4 days. In period II, only Ojeok-san (14.47 

g/pack, three times daily) was administered for 4 days, followed by co-administration 

with celecoxib for 4 daysThe blood samples for pharmacokinetic evaluation were 

collected for up to 48 hr after the administration of celecoxib in each study period. 

Ojeok-sak contains Atractylodis rhizome, Ephedra, Citri reticulatae peel, Pinellia rhizome, 

Zingiber officinale, Cinnamomum bark, Angelica gigantis root, Jujuba fruit, Glycyrrhiza root, 

Paeoniae root, Angelica dahurica root, Poria (hoelen), Aauranti fruit, Cnidii rhizome, 

Magnolia, Platycodi root, and Cyperi rhizome. 

Hanpoong Pharm & Foods Co., Ltd., 

Seoul, Republic of Korea 

Piscitelli 

2000 [115] 

An open-label fixed-sequence study in eight healthy volunteers examined the impact of 

Hypericum perforatum 300mg thrice daily for 14 days on indinavir pharamcokinetics.  

300 mg reagent grade tablets, lot 

190217, Hypericum Buyers Club, Los 

Angeles, CA, USA  

Portoles 

2006 [116]   

An open-label non-randomized fixed-sequence study in 12 healthy volunteers 

investigated the impact of Hypericum perforatum 300mt thrice daily for 14 days on the 

pharmacokinetics of a single dose of ivabradine 10mg. 

  

Salman 

2010 [89]    

In a placebo‐controlled randomized single‐blinded crossover study, the effect of a 

water‐based extract of a 200 mg Erycoma longifolia dose on the pharmacokinetics of a 

single dose of propranolol (Inderal®) in 14 healthy non‐smoker young males was 

examined. Propranolol plasma concentrations were determined using a validated high‐

performance liquid chromatography (HPLC) method. 

An extract of 50mg air-dried non-

specified plant part, non-specified 

origin of E. longifola mixed with 

lactose 

Saruwatri 

2012 [125] 

In an open-label study, thirty-one healthy females were studied to evaluate the impact 

of the multiherbal product keishi-bukuryo-gan dosed at 3.75g twice daily for 7 days on 

cytochrome P450 (CYP) 1A2, CYP2D6, CYP3A, xanthine oxidase (XO) and N-

acetyltransferase 2 (NAT2) using caffeine and dextromethrophan as markers. Keishi-

bukuryo-gan is often used for menopausal symptoms and contains Cinnamomum cassia 

bark, Paeonia lactiflora root, Prunus persica kernel, Poria cocos mycelium, and Paeonia 

suffruticosa bark.   

Tsumura & Co. (Tokyo, Japan) 
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Souriti 2016 

[54]  

A cohort of 30 vitamin B12-deficient patients with neurological symptoms received 

oral fixed dose of hydroxocobalamin 15 mg Hdrx daily for 10 days followed by 15 mg 

monthly in this observational study. Clinical benefits were evaluated on 

haematological and biochemical parameters, and neurological improvement at days 10 

and 90 compared to day 0. In the discussion, the authors state the the Hdrx compound 

was combined with Hibiscus sabdariffa 250mg.  

5 mg of Hydroxocobalamin and 250 

mg of powdered aqueous extract of 

Hibiscus sabdariffa.  

Tankanow 

2003 [84] 

A randomized, crossover trial with 8 healthy volunteers was performed evaluating 

digoxin 0.25 mg alone for 10 days and digoxin 0.25 mg with Crataegus special extract 

WS 1442 450 mg twice daily for 21 days. 

Crataegus leaves with flowers; Dr. 

Willmar Schwabe Pharmaceuticals 

Karlsruhe, Germany 

Thronicke 

2017 [134] 

A total of sixteen cancer patients undergoing treatment with checkpoint inhibitors 

(nivolumab (75%), ipilimumab (19%) or pembrolizumab (6%)), nine of whom received 

concomitant treatment with Viscum album in this pilot observational cohort study. 

Product and dose not specified 

Tocaciu 

2018 [133]   

This open label non-crossover study was performed in 20 female patients with active 

malignancy taking letrozole or tamoxifen (n = 10 for each group). Patients took oral 

fucoidan, given in the form of Maritech extract, for a 3-week period (500 mg twice 

daily). Trough plasma concentrations of letrozole, tamoxifen, 4-hydroxytamoxifen, and 

endoxifen were measured using HPLC-CAD (high-performance liquid 

chromatography charged aerosol detector), at baseline and after concomitant 

administration with fucoidan derived from Undaria pinnatifida. 

Maritech extract Marinova Pty Ltd, 

Hobart, Australia derived from 

Undaria pinnatifida  

Vanbreema

n 2020 [99] 

Sixteen peri- and postmenopausal women consumed the Humlulus lupulus (hops) 

extract twice daily for 2 weeks, and the pharmacokinetics of tolbutamide, caffeine, 

dextromethorphan, and alprazolam were evaluated before and after supplementation 

as probe substrates 

Prenylated hop phenols prepared 

from hops at the University of Illinois 

at the Chicago/National Institutes of 

Health (UIC/NIH) dosed at 59.5mg 

twice daily 

Walker 

2006 [85] 

In a randomised controlled trial, 79 diabetic patients were randomized to 1200mg/day 

Crataegus (hawthorne) extract (N=39) or placebo for 16 weeks.  At baseline and 

outcome, a wellbeing questionnaire was completed, and blood pressure and fasting 

blood samples taken. A food frequency questionnaire estimated nutrient intake. 

Product equivalent to 6 g of dried 

flowering tops Faros®  600 [LI 132, 

Lichtwer Pharma, Berlin] extract 3:1, 

standardised to 2.2% flavonoids 
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Wang 2014 

[126] 

This open‐label, multi‐dose, single‐center, sequential, inpatient study evaluated the 

effects of a two-herb combination drug (T89, Danshen plus Sanqi) on the steady‐state 

pharmacodynamics (PD) and pharmacokinetics (PK) of warfarin in 24 healthy 

volunteers. Twenty‐three subjects attained a stable international normalized ratio 

(INR) by taking warfarin alone prior to 1‐week of added‐on use of T89. T89 consists of 

Salvia miltiorrhiza root, Panax notoginseng root, and borneol as an absorption enhancer. 

T89, Tasly Pharmaceutical Co Ltd., 

Tianjin, China 

Xiao 2012 

[90]   

Eighteen healthy adult male participants were enrolled in a two-phase randomized 

crossover design. In each phase, the participants received placebo or genistein 

1000mg/day for 14 days. On the 15th day, midazolam and talinolol were administered 

and blood samples were obtained. Midazolam and talinolol pharmacokinetic 

parameter values were calculated and compared before and after genistein 

administration. 

Western EHSY (Shanghai, China) 

Xie 2005 

[117]   

In an open label fixed-sequence trial, thirty subjects received a single dose of 60 mg of 

fexofenadine, 5 mg of midazolam syrup, and 2 mg of midazolam intravenous infusion 

(6 hours after the oral dose of midazolam) on study days 1 and 11. All subjects took 300 

mg of Hypericum perforatum 3 times a day for 10 days. Plasma and urine samples were 

taken for PK analyses of fexofenadine and midazolam. 

Source not specified 

Xu 2008 

[118]    

A sequential crossover two-treatment study was performed with at least a 4-day 

washout in 21 healthy subjects. Each received gliclazide (80 mg) either alone or during 

15-day treatment with Hypericum perforatum extract 300mg thrice daily. The area under 

the plasma concentration–time curve (AUC), apparent clearance (CL/F) and 

elimination half-life (t1/2) of gliclazide and incremental changes in glucose and insulin 

AUC were compared.  

Kira™, LI 160 extract, Lichtwer 

Pharma, Berlin, Germany  

Zadoyan 

2012 [98] 

A single-center, open-label, randomized, three- fold crossover, cocktail phenotyping 

design was applied. Eighteen health subjects received in random order 8 days each of 

placebo twice daily, Ginkgo biloba extract EGb 761®  120 mg twice daily, and EGb 761®  

240 mg in the morning and placebo in the evening. In the morning of day 8, 

administration was performed together with the orally administered cocktail 

containing caffeine, tolbutamide, omeprazole,midazolam,  and dextromethorphan. 

 Ginkgo biloba extract EGb 761 
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Zhou 2013 

[80]  

A randomized, placebo-controlled, two-period crossover pharmacokinetic drug 

interaction study was conducted in 14 healthy Chinese men. Fexofenadine was used as 

a P-gp phenotyping probe to assess impact of Astragalus root extract granules 4 g twice 

daily or placebo twice daily for 7 days on fexofenadine plasma concentrations as 

determined by HPLC.  

Decoction of root Sichuan Baili 

Pharm Co., Ltd (Sichuan, China) 
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