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As a nephrologist for 30 years, …
• I choose to “distinguish myself” by developing an 

integrative Chinese medicine approach to biomedical 
research & education.

• This includes research & teaching on CHM.



Personal Statement
My talks aim to illustrate the dual potential of 
herbal medicines in: 

• Renal medicine; and 
• Global healthcare.

I do NOT recommend any products!



Two main challenges in nephrology

• Acute Kidney Injury/Disease (AKI/AKD)
• Chronic Kidney Disease (CKD)



Worldwide, ~20% hospitalised patients suffer from AKI. 
This, plus community-acquired AKI, often leads to mortality.

Lancet. 2019;394:1949-1964.

AKI epidemiology per hospital admission (%) and 
corresponding incidence by region (per 1000 person)



CKD ⎯ An even bigger threat of the 
AKI/CKD double whammy

• CKD affects ~10% of the world’s population—
more than diabetes and cancer combined.

• CKD is one of the seven major diseases, death 
rates of which are increasing worldwide.

• CKD is tipped to become a top-5 cause of 
mortality worldwide by 2040. 

Lancet. 2020;395:179
Lancet. 2015;385:117-71

Lancet 2018;392:2052-2090



AKD/CKD are interconnected syndromes

• Renal Replacement Therapies
• Lifespan loss



AKI comes with high mortality: 
England as an example

Andrew Lewington and Becky Bonfield, Global Perspectives in Acute Kidney Injury: England, 
Kidney360, Publish Ahead of Print, 2022, 10.34067/KID.0000052022

Table 1. Adjusted (males aged 65–74 years) 30 day mortality for patients with an AKI episode by clinical setting in 2017 

 

 

  



Doi K, et al. Impact of AKI on distant organ function: recent 
findings and potential therapeutic targets. Kidney Int 2016;89:555.

Ducts for air and water are connected: kidney–lung
interactions in AKI
Significant epidemiologic data link kidney–lung interaction in
critically ill patients. First, AKI frequently occurs in acute
respiratory distress syndrome (ARDS)/acute lung injury. In a
study of the National Heart, Lung, and Blood Institute ARDS
Clinical Network trial, 209 (24%) of 876 patients with ARDS
acquired AKI for the first 4 study days after enrollment.26 Of
note, AKI that might occur in other patients with ARDS
simultaneously with lung injury could not be accounted for
because of the study design of this subanalysis. In a recent
prospective observational study conducted in 18 French ICUs,
1879 of 8029 enrolled patients experienced ARDS when
evaluated by the new definition of Berlin criteria,27 and AKI
occurred more commonly in patients with ARDS (44%)
compared with patients without ARDS (27%).28 Moreover,
AKI has a significant impact on pulmonary failure manage-
ment because increases in serum creatinine levels, oliguria,
and the number of antibiotics prescribed predicted a longer
duration of weaning from mechanical ventilation.29 AKI on
the day of mechanical ventilation initiation was an indepen-
dent risk factor for prolonged mechanical ventilation, in
addition to longer mechanical ventilation duration before
readiness for weaning and a higher rapid shallow breathing
index.30

Respiratory failure frequently observed in patients with
sepsis is presumably caused by systemic arterial vasodilation,
vascular leakage, and subsequent pulmonary edema. Volume
overload caused by AKI will amplify lung injury, which could
be prevented by removing excess extracellular fluid.31

However, several clinical studies implicate inflammation in
the pathogenesis of acute lung injury complicated by AKI.
Elevated blood levels of plasminogen activator inhibitor-1,
interleukin-6 (IL-6), and soluble tumor necrosis factor re-
ceptors are found in patients with ARDS complicated by AKI
compared with patients without AKI.26 Recently, a high
incidence of AKI was reported in a cohort of 1836 hospital-
ized patients with community-acquired severe and nonsevere
pneumonia. Six hundred thirty-one patients (34%) experi-
enced AKI (329 with severe sepsis and 302 with nonsevere
sepsis), with higher blood IL-6 and tumor necrosis factor-a
(TNF-a) levels even in nonsevere sepsis.32

Experimental studies using renal ischemia reperfusion
injury (IRI) and bilateral nephrectomy (BNx) identified
several different mechanisms by which AKI causes lung
injury, including increased neutrophil infiltration, vascular
permeability, dysregulation of salt and water transporters, and
inflammatory cytokine and chemokine expression.20,33–36

Some lung inflammatory reactions, such as pulmonary
myeloperoxidase activity and neutrophil infiltration, were
observed even 7 days after operation.37 Although IL-6
knockout mice were resistant to lung injury induced by
renal IRI and BNx,38 it was unclear whether the protection
was caused by inhibition of circulating IL-6 acting at the lung
or by inhibition of pulmonary IL-6. Circulating IL-6 was
found to be a mediator of lung inflammation and injury after
AKI by studying effects of recombinant murine IL-6 admin-
istration to IL-6–deficient mice. Moreover, increased pul-
monary chemokine (C-X-C motif) ligand 1 (CXCL1)
expression induced by IL-6 was observed in AKI, and

Uremia (small~middle solute)
Electrolyte/acid-base disorder

Fluid overload

Unrecognized organ interactions

Nephrotoxin
  Ischemia
    Sepsis

Controllable by MV

Controllable by ECMO/VAD

RRT

Controllable by RRT

AKI

Hypoxia
Hypercapnia

MV VV/VA
ECMO
or VAD

Cardiac output
Tissue perfusion\

pressure

Figure 1 | Unrecognized organ interactions in AKI in the ICU. Mechanical supports including renal replacement therapy (RRT) do not
sufficiently improve the outcomes of patients with acute kidney injury (AKI) treated in intensive care units, implicating unrecognized remote
organ interactions with the kidney. MV, mechanical ventilation; VAD, ventricular assist device; VV/VA-ECMO, venovenous/venoarterial extra-
corporeal membrane oxygenation.

r ev i ew K Doi and H Rabb: Remote organ effects of acute kidney injury

556 Kidney International (2016) 89, 555–564

blockade of the CXCL1 signal with chemokine (C-X-C motif)
receptor 2 (CXCR2)-deficient mice or anti-CXCL1 antibody
treatment reduced neutrophil infiltration in the lung. These
observations suggested that circulating IL-6 is a pathogenic
mediator of lung injury in AKI.39 This team also demon-
strated that IL-10 produced by the spleen regulated blood
IL-6 levels and lung injury in AKI.40

Pulmonary neutrophil infiltration is 1 of the features of
lung injury induced by AKI; however, other types of cells
appear to be responsible for lung injury in AKI. CD3-positive

T lymphocytes were observed in the lung during renal IRI,
and pulmonary caspase-3 activation was decreased in T-cell–
deficient mice, indicating that ischemic AKI-induced pul-
monary apoptosis is, in part, T-cell dependent.41 Systemic
(CD11b-diphtheria toxin receptor transgenic administered
diphtheria toxin) or alveolar (intratracheal liposome-
encapsulated clodronate administration) macrophage deple-
tion reduced lung inflammation but increased lung capillary
leakage.42 Another study observed decreased pulmonary
vascular leakage by administration of a macrophage pacifant,
CNI-1493, which inhibits cytokine-inducible arginine uptake
and is an inhibitor of the p38 mitogen-activated protein ki-
nase signal transduction pathway in macrophages.33 Pulmo-
nary endothelial cells seem to be a target of AKI-induced lung
injury. Major changes in the transcriptome and tumor-
necrosis factor receptor-1 (TNFR1)-dependent caspase acti-
vation and apoptosis in pulmonary endothelial cells were
observed.43–45 Treatment with a competitive inhibitor of
soluble TNF-a, etanercept,45 and a caspase inhibitor, Z-VAD-
FMK,46 reduced lung injury in AKI models, suggesting that
these pathways might be good drug targets against lung injury
induced by AKI.

Toll-like receptor 4 (TLR4) plays fundamental roles in
pathogen recognition and activation of innate immunity.
TLR4 recognizes lipopolysaccharide, heparan sulfate, heat
shock proteins, and high-mobility group box protein B1
(HMGB1).47 HMGB1, a late proinflammatory cytokine
released from apoptotic cells,48 has been shown to interact
with TLR4 on target cells, leading to activation of nuclear
factor kappa B and inducing immunostimulatory responses.49

BNx-induced lung injury characterized by neutrophil infil-
tration was partly reduced in TLR4-mutant C3H/HeJ mice,
which is deficient TLR4 signaling. Elevated blood HMGB1
levels were observed after BNx, and blockade of HMGB1
attenuated lung injury only in TLR4 wild-type C3H/HeN
mice. These observations suggested that the TLR4-HMGB1
pathway contributes, in part, to lung injury induced by AKI.50

In vitro analysis reported that surface-treated polyacrylonitrile
dialysis membrane (AN69ST), which is now clinically avail-
able, showed a high capacity to adsorb HMGB1.51

Pump and filter support each other: kidney–heart
interactions in AKI
Defining and having dedicated focus on cardiorenal syn-
dromes (Figure 2)52 has led to many clinical studies evalu-
ating the impact of renal dysfunction on the outcome of
patients with heart failure.53 Cardiorenal syndrome type 1, in
which AKI occurs complicated by acute decompensated heart
failure, is also recognized as worsening renal function, which
predicts much higher rates of mortality and hospitalization in
heart failure.54,55 In addition to acute decline of cardiac
output (low cardiac output syndrome), renal congestion
caused by fluid overload has recently been suggested as a
possible mechanism for AKI in heart failure.56 Although
cardiac decompensation obviously affects AKI development
through hemodynamic changes in cardiorenal syndrome type

Table 1 | Mechanisms of distant organ effects in AKI

Organ Reference

Lung
Immune cell infiltration such as neutrophil,
T cell, and macrophage

Kramer et al.,33

Awad et al.,35

Ishii et al.,36

Lie et al.,41

Altmann et al.42

Systemic IL-6 elevation and
pulmonary CXCL1 expression

Klein et al.,38

Ahuja et al.,39

Andres-Hernando et al.40

TLR4 activation by increased plasma
HMGB1

Doi et al.50

Heart
Cellular apoptosis by cardiac TNF-a
expression

Kelly65

Mitochondrial fragmentation and
apoptosis by dynamin-related
protein 1 upregulation

Sumida et al.69

Macrophage infiltration by osteopontin Tokuyama et al.68

Hypertrophy and fibrosis with increased
cardiac angiotensin 1 converting
enzyme 2 activity

Burchill et al.67

Spleen
Supporting protective effect of TLR9
inhibitor chloroquine

Yasuda et al.81

Secretion of lethal mediator HMGB1 Leelahavanichkul et al.82

Transient reservoir of mobilized
transient endothelial progenitor cells

Patschan et al.86

Cholinergic anti-inflammatory pathway
activation by exposure of the kidney
to ultrasound waves

Gigliotti et al.88

Secretion of protective splenic IL-10
for lung injury

Andres-Hernando et al.40

Brain
Increased chemokine expression of
keratinocyte-derived chemoattractant
and granulocyte-colony stimulating
factor in cortex and hippocampus

Liu et al.93

TLR4 upregulation in hippocampus and
striatum

Salama et al.95

Liver
Leukocyte infiltration, increased oxidative
stress, and hepatocyte apoptosis

Miyazawa et al.,126

Golab et al.127

Altered cytochrome P450 3A enzyme
activity

Lane et al.132

Gut
Production of protective short-chain fatty
acid for renal injury by microbiota

Jang et al.,135

Andrade-Oliveira et al.139

Paneth cell activation (IL-17A production) Park et al.147

AKI, acute kidney injury; CXCL1, chemokine (C-X-C motif) ligand 1; HMGB1, high-
mobility group box protein B1; IL, interleukin; TLR4, Toll-like receptor 4; TLR9, Toll-
like receptor 9; TNF-a, tumor necrosis factor-a.

K Doi and H Rabb: Remote organ effects of acute kidney injury r ev i ew

Kidney International (2016) 89, 555–564 557

AKI is more than a 
kidney disease!
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Cardiovascular Consequences of Acute Kidney Injury

value, since the definition of acute kidney injury 
varies from study to study. In 2018, Go et al. 
reported a study examining the association be-
tween acute kidney injury and the risk of cardio-
vascular events in a large, contemporary, matched 
U.S. cohort of 430,159 hospitalized adults 
(39,153 of whom had acute kidney injury).13 Dur-
ing the patients’ first year after discharge, the 
risk of hospitalization for heart failure was in-
creased by 44% in the group with acute kidney 
injury as compared with the group that did not 
have kidney injury. In a Canadian population-
based study involving 156,690 patients who 
survived a hospitalization complicated by acute 
kidney injury, 1 in 5 patients was readmitted 
within 30 days, most often with heart failure.14

A 2017 meta-analysis of 25 studies involving a 
total of 254,408 patients, including 55,150 with 
acute kidney injury,15 showed that the condition 

was associated with an 86% increase in the risk 
of death from cardiovascular causes (95% confi-
dence interval [CI], 72 to 101) during a median 
follow-up of 1.4 years (interquartile range [IQR], 
1.3 to 1.9). There was a 58% increase (95% CI, 
46 to 72) in the risk of chronic heart failure dur-
ing 2.9 years of follow-up (IQR, 1.7 to 3.8), a 
40% increase (95% CI, 23 to 59) in the risk of 
acute myocardial infarction during 2.3 years of 
follow-up (IQR, 0.7 to 2.9), and a 15% increase 
(95% CI, 3 to 28) in the risk of stroke over a 
period of 2.7 years (IQR, 2.0 to 3.4).15 The in-
creased relative risk did not differ between pa-
tients with and those without chronic kidney 
disease, and neither status with respect to recov-
ery of renal function nor severity of acute kidney 
injury was associated with a change in the risk 
of myocardial infarction. Such associations sug-
gest that the long-term risk of cardiovascular 

Figure 1. Cardiac and Pulmonary Consequences of Acute Kidney Injury.

Acute kidney injury has been shown to promote cardiac injury and dysfunction, defined as type 3 cardiorenal syndrome. Heart failure, in 
turn, can impede renal recovery. Lung injury and hypoxemia after acute kidney injury can arise both from increased capillary permeability 
and from increased hydrostatic capillary pressure due to heart failure.
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The New England Journal of Medicine 
Downloaded from nejm.org at INSERM DISC DOC on June 3, 2020. For personal use only. No other uses without permission. 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 

Legrand M, Rossignol P. N Engl J Med 2020;382:2238-47.



AKI causes heart injury and increases mortality 

n engl j med 382;23 nejm.org June 4, 2020 2241

Cardiovascular Consequences of Acute Kidney Injury

arrest, and kidney injury molecule 1 (KIM-1), are 
also increased during kidney injury. With the 
use of a complex-network approach, several bio-
markers have been shown to be linked by known 
protein interactions, biochemical interactions, 
or gene regulatory pathways (including a cluster 
depicting inflammation or apoptosis and the 
renin–angiotensin–aldosterone system) involved 
in acute kidney injury (Fig. S2).34-38 Such observa-
tions further support the concept of incident 
heart failure triggered by acute kidney injury.

Induction of the renin–angiotensin–aldosterone 
system is a hallmark of the cardiovascular re-
sponse to acute kidney injury and appears to 
trigger a cardiac immune response and subse-
quent fibrosis.39-41 Angiotensin II has long been 
recognized as a factor that mediates cardiac 
hypertrophy and impaired cardiac function and 

induces macrophage infiltration, cardiac inflam-
mation, and myocardial fibrosis.

Activation of the renal sympathetic nervous 
system also contributes to cardiac injury after 
acute kidney injury, furthering the likelihood of 
endothelial dysfunction and cardiac fibrosis, as 
well as ventricular dysfunction.42 Polhemus et al.43

showed that blockage of the renal sympathetic 
nervous system prevented cardiac damage, in part 
through inhibition of angiotensin II and renal 
neprilysin activity. The protective effects of renal 
sympathetic denervation were partially repro-
duced by the use of bisoprolol, a β1 antagonist.43

The parenchymal scarring mediated by the fibro-
genic response to acute kidney injury may ulti-
mately lead to heart failure.44

The cardiac consequences of acute kidney 
injury might also be mediated by the lectin pro-

Figure 2. Pathophysiological Features of Cardiac Damage after Acute Kidney Injury.

Acute kidney injury induces structural cardiac damage, with cardiac inflammation and cellular apoptosis and necro-
sis developing within days after an event and cardiac fibrosis developing months or years later.
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The New England Journal of Medicine 
Downloaded from nejm.org at INSERM DISC DOC on June 3, 2020. For personal use only. No other uses without permission. 
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• Cardiac inflammation
• Cardiac fibrosis
• Neurohormonal activation
• Electrolyte disturbances

Legrand M, Rossignol P. NEJM 2020;382:2238-47.

AKI is associated with 

o 86% increase in death from 
cardiovascular cause in 1.4 years

o 58% increase in chronic heart failure 
in 2.9 years of follow-up; 

o 40% increase in acute myocardial 
infarction in 2.3 years of follow-up

o 15% increase in the risk of stroke 
over a period of 2.7 years

(Odutayo A, et al. AKI and long-term risk for cardiovascular 
events and mortality. J Am Soc Nephrol 2017;28:377-87)



• No drug is widely accepted for 
prevention and treatment of AKI.

• Can herbal medicines meet the 
unmet needs?



WJTCM 2015:1:47-66



Summary to preclinical findings

1. 16 formulae and a few herbal extracts were 
reported to prevent AKI in animal models, 
including those induced by cisplatin, 
ischemia/reperfusion (I/R) and sepsis;

Preventing or 
mitigating 

AKI induction

WJTCM 2015:1:47-66



Summary to preclinical findings
2.  4 formulae accelerated recovery and/or prevented CKD in AKI 

animal models induced by AA, gentamicin and I/R.

Promoting 
repair or 
regeneration

WJTCM 2015:1:47-66

Suppressing  
chronicity
(e.g. fibrosis)

3.  Top-3 most used herbs have well-
established antifibrotic activities



Summary to findings of clinical studies
4. 7 intrarectal herbal medicines were reported to 

increase extrarenal clearance of uraemic toxins.
5. 13 additional clinical trials reported herbal 

interventions in AKI of different aetiologies.

WJTCM 2015:1:47-66



TCM for In-Hospital AKI: 
A Systematic Review and Meta-Analysis 

In-hospital mortality.

• Chen T et al. eCAM 2016: 7592705
• 15 RCTs published by Jun 2015, involving 966 patients.



Time to recovery of kidney function
Chen T et al. eCAM 2016: 7592705



Uncertain risk of bias!!!

: low risk of bias; 
: unclear risk of bias.

+
?

Chen T et al. eCAM 2016: 7592705



(Razna Ahmed, Mashal Huda, Qihe Xu)

More than 200 new original publications 
since the WJTCM 2015 publication

1. Nephrotoxic AKI

2. Septic AKI

3. Ischaemia-reperfusion-induced AKI



Among all types of nephrotoxic AKI, herbal prevention of cisplatin-
induced kidney injury is the most studied, with 28 in-vivo reports.

In mouse models (n=21):
• Oh SM et al. 2017. 10 herbs in vitro and 2 in mouse models
• Meng XM et al. 2018. Wogonin
• Chen X et al. 2019: Hesperetin
• Tan RZ et al. 2019. Quercetin
• Li Y et al. 2020. Jian-Pi-Yi-Shen formula
• Rui-Zhi T et al. 2021. Isoliquiritigenin.
• Yang Q et al. 2021. Naringenin, an herbal Smad3 inhibitor
• Wang G et al. 2021. Wedelolactone
• Zhai J et al. 2021. Ginsenoside Rg3
• Lei XY et al. 2021. Artesunate
• Chen C et al. 2021. Hydroxytyrosol
• Kim DU et al. 2021. Loganin
• Qi J et al. 2021. Berberine
• Zhou L et al. 2022. polydatin
• Shi L et al. 2022. A two-herb formula
• Kim DU et al. 2022. Ojeoksan
• Li H et al. 2023. Neferine
• Jin X et al. 2023. Shenshuaifu Granule
• Shao YF et al. 2023. Kaempferide
• Liu J et al. 2023. San-Huang decoction
• Qi J et al. 2023. Yi-Shen-Xie-Zhuo formula

In rat models (n=7):
• Liu Q et al. 2017. Zhen-Wu-Tang
• Shin HK et al. 2017. Dendrobium nobile
• Wu Z. et al. 2020. Puerarin
• Ashry M  et al. 2021. Saussurea costus
• Afsar T et al. 2021. Acacia hydaspica
• Safhi FA et al. 2022. Clitoria ternatea.
• Liu Z et al. 2022. Zhibai Dihaung Granule

Illustration of preclinical findings (1)



Ischaemia-reperfusion AKI is the next hot spot (n=19).
In mouse models (n=10):
• Jiang C, et al. 2016. Tanshinone IIA
• Meng QH, et al. 2016. Polydatin
• Choi DR et al. 2018. An extract of Rhus verniciflua rich in gallic acid
• Wu L et al. 2019. Hyperoside
• Han BH et al. 2021. Geumgwe-Sinkihwan
• Luan ZL et al 2021. A naturally occurring FXR agonist, alisol B 23-acetate
• Ye Q et al. Xiaoyu Xiezhuo Drink
• Tan RZ et al. 2021. Oridonin
• Liao Y et al. et al. 2021. Nodakenin
• Zhao W. et al. 2022. total glucosides of paeony
• Shao YF et al. 2023. Kaempferide 

In rat models (n=8):
• Zhang Z, et al. 2018. Salvianolic acid A
• Ahmadvand H, et al. 2019. Gallic acid
• Li QP, et al. 2019. Shenhua Tablet
• Akinrinde AS. et al. 2020. methanol extract of Moringa oleifera leaves
• Chen F. et al. 2020. Total Glucosides of Paeony
• Tai H et al. 2021. Tanshinone IIA + Cyclosporine A (ameliorates lung injury in IRI-AKI )
• Tai H et al. 2021. Tanshinone IIA + Cyclosporine A (ameliorates heart injury in IRI-AKI )
• Han L et al. 2022. Leonurine attenuates IRI-AKI in rats (2022)

In haemorragic shock-AKI pigs Yuan W et al. 2021. Shen-fu injection

Summary of preclinical findings (2)

https://pubmed.ncbi.nlm.nih.gov/34076082/


In mouse models (n=16):
• Su Z, et al. 2018. Fangjifuling
• Zhang F, et al. 2018. Lidanpaidu prescription
• Gu L et al. 2019. Polydatin
• Islam MS et al. 2019. Extract of Illicium henryi
• Liu X et al. 2019. Dihydroartemisinin
• Tan J et al. 2019. Quercetin
• Xia S et al. 2019. Honokiol
• Shu G et al. 2020. Fucoidan
• Wang S. et al. 2020. Achyranthes bidentata
• Cui Y et al. 2021. Oleuropein
• Li J et al. 2021. Ginkgolide A
• Sun J et al. 2021. Astragalus Polysaccharide
• Zheng Y et al. 2021. Rhizoma Coptidis extracts
• Shi Q et al. 2021. Echinacea polysaccharide
• Zhang B et al. 2022. Shionone
• Zhang S et al. 2022. Tanshinone IIA

In rat models (n=2):
• Liu J et al. 2021. in two different journals. Xuebijing injection

LPS/sepsis-induced AKI is another hot spot, with 18 reports
Summary of preclinical findings (3)

https://pubmed.ncbi.nlm.nih.gov/33575163/


Herbal prevention of contrast-induced AKI was most studied

1. Hami M, et al. Iran J Kidney Dis. 2019;13:304-309.
• A small RCT (n=30/group) found no protective effect of curcumin 

(single dosing regimen) in patients with moderate-to-severe CKD.

2. Wang J et al. Zhong Nan Da Xue Xue Bao Yi Xue Ban. 2020;45:1193-1198.
• A retrospective study showed that Danhong treatment was associated 

with a lower incidence of contrast-induced AKI than a standard care 
control group (2.4% vs 5.7%, p<0.05).

3. Zhang DW, et al. J Ethnopharmacol. 2020;248:112354.
• In an RCT, Fufang Chuanxiong and Xinyue capsule adjunct therapy 

(open-label, no placebo control) after PCI for 6 months in CKD patients 
reduced relative risks of meeting primary & secondary cardiovascular 
endpoints, and improved eGFR at 12-month follow-up.

Summary of clinical findings (1)



• An AI-based retrospective analysis of 640 patients suggests 
that Xuebijing injection is effective.

Improved GFRReduced BUN Reduced ICU stay

Xia Y et al. J Healthc Eng. 2022;2022:8414135. 

Herbal prevention of septic AKI

Summary of clinical findings (2)



No new clinical studies on herbal 
intervention in AKI induced by: 
• Cisplatin; and
• Renal ischaemia-reperfusion injury.



Overall conclusion:
• Preclinical studies showed the efficacy of numerous herbals that might work 

through varying mechanisms; but
• Inadequate clinical evidence prevents making any clinical recommendations.

Promoting 
repair or 
regeneration

Clearing toxins via 
non-kidney routes

Suppressing  chronicity
(e.g. fibrosis)

Preventing or 
mitigating 

AKI induction



• As reviewed in KI and AJKD a decade ago, herbal 
use in CKD is common in China.
o Zhong Y, et al. Therapeutic use of traditional Chinese herbal 

medications for chronic kidney diseases. Kidney Int. 2013;84:1108-1118. 
o Zhong Y, et al. Recent advances in traditional Chinese medicine for 

kidney disease. Am J Kidney Dis. 2015;66:513-522. 

• A study of ~25k CKD patients in Taiwan showed 
that herbal use was associated with a better 
prognosis.
o Lin M, et al. Kidney Int. 2015;88:1365–1373. 

Herbals for CKD?



Three recent RCTs
Zheng Y，et al. Chin Med J; 2017;130(20):2402-2409.
oA double-blind placebo-controlled multicentre RCT of 300 patients concluded 

that Niaoduqing granule treatment of CKD (stage 3b-4) patients for 24 
weeks was efficacious in delaying CKD progression. 

Zhao J, et al. Diabetes Care 2022;45:e113
oA multicenter double-blind RCT of 413 

patients with T2D & DN showed that AM 
(黄葵) & Irbesartan combined therapy 
was more effective than irbesartan 
monotherapy in reducing albumin-to-
creatinine ratio (P<0.001). 

Li P et al. Phytomedicine 2020;76:153231. 
oA multicentre RCT of 1,470 IgAN patients found that Abelmoschus manihot 

(AM, 黄葵) and losartan were similarly effective in reducing proteinuria and 
did not differ in their effects on eGFR, Scr and the incidence of RRT.



Diabetes, infection
Immunopathogenesis, etc
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Pathogenesis of progressive chronic 
kidney diseases

CKD, kidney fibrosis and the lack of antifibrotics

Ruiz-Ortega M, et al. Am J Kidney Dis. 2022. PMID: 34999158
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Antifibrotics?



“Anti-fibrotic”herbal compounds, herbs and 
herbal formulae?

pancreatic 

other

hepatic 

fibrosis

pulmonary

renal 

cardiac 

Xu Q, et al. In: Niu J, ed.  Fundamentals of Fibrosis and Its TCM Prevention & Treatment. Beijing, 2008

???
In vitro Clinical

In vivo

Herbal 
compounds

Individual 
herbs

Herbal 
formulae

EuropeUSA

Japan

India

Korea

Australia

China
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In vitro model of fibrosis suitable for HTP 
quantification of anti-fibrotic activities

???



16/27 herbal formulae had in vitro 
anti-fibrotic activities



5 herbal compounds and related herbs 
showed anti-fibrotic activity

SRM

Zhou S, et al. Phytomedicine. 2022;100:154049



Wong WF, et al. In: Kuang X ed. Recent Advances in Theories and Practice of Chinese Medicine, Intech, 2012, pp337-352. 

Additional extracts of 8 herbs were anti-
fibrotic and 3 were pro-fibrotic

*Not reproducible

*



HM for CKD? 
• HM is a promising source for novel therapies 

against CKD and fibrotic diseases;
• Emerging RCT reports are encouraging, and 

further R&D is warranted.



Botanicals-induced Kidney Injury (BIKI)

??



The lessons from aristolochic acid nephropathy

Aristolochic acid nephropathy (AAN)
Gökmen MR, …, Lord GM. Ann Intern Med. 2013;158:469-

477

Aristolochic acid upper tract urothelial carcinoma (AA-UUC)
Lord GM. et al. Lancet 2001; 358: 1515–1516

Chen CH, et al. Int J Cancer. 2013 Jan 7. [Epub ahead of print]



Holden F et al. WJTCM 2019;5: 151-163.
http://www.wjtcm.net/article.asp?issn=2311-
8571;year=2019;volume=5;issue=3;spage=151;epage=163;aulast=Holden
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Limitations of expert opinions
1. Phenotypes are not standardised;

2. Confidence levels often obscure;

3. Causal relations and mechanisms often unestablished;

4. Strategies for detection & prevention inconsistent.



Phenotype standardization for drug-induced kidney
disease
Ravindra L. Mehta1,10, Linda Awdishu2,10, Andrew Davenport3, Patrick T. Murray4, Etienne Macedo5,
Jorge Cerda6, Raj Chakaravarthi7, Arthur L. Holden8 and Stuart L. Goldstein9

1University of California San Diego School of Medicine, La Jolla, California, USA; 2University of California San Diego Skaggs School of
Pharmacy, La Jolla, California, USA; 3Royal Free Hospital and University College Medical School, UCL Centre for Nephrology, London, UK;
4University College Dublin School of Medicine and Medical Science, Health Sciences Centre, Belfield, Dublin, Ireland; 5University of São
Paolo, São Paolo, Brazil; 6Albany Medical College, Albany, New York, USA; 7Care Hospitals, Hyderabad, Telangana, India; 8International
Serious Adverse Event Consortium, Chicago, Illinois, USA and 9Division of Nephrology and Hypertension at Cincinnati Children’s Hospital
Medical Center, University of Cincinnati College of Medicine, Cincinnati, Ohio, USA

Drug-induced kidney disease is a frequent cause of renal
dysfunction; however, there are no standards to identify and
characterize the spectrum of these disorders. We convened a
panel of international, adult and pediatric, nephrologists
and pharmacists to develop standardized phenotypes for
drug-induced kidney disease as part of the phenotype
standardization project initiated by the International Serious
Adverse Events Consortium. We propose four phenotypes of
drug-induced kidney disease based on clinical presentation:
acute kidney injury, glomerular, tubular, and nephrolithiasis,
along with the primary and secondary clinical criteria to
support the phenotype definition, and a time course based
on the KDIGO/AKIN definitions of acute kidney injury, acute
kidney disease, and chronic kidney disease. Establishing
causality in drug-induced kidney disease is challenging and
requires knowledge of the biological plausibility for the
specific drug, mechanism of injury, time course, and
assessment of competing risk factors. These phenotypes
provide a consistent framework for clinicians, investigators,
industry, and regulatory agencies to evaluate drug
nephrotoxicity across various settings. We believe that this is
the first step to recognizing drug-induced kidney disease and
developing strategies to prevent and manage this condition.
Kidney International (2015) 88, 226–234; doi:10.1038/ki.2015.115;
published online 8 April 2015

KEYWORDS: acute kidney injury; adverse reaction; drugs; glomerulonephritis;
hypersensitivity; nephrotoxicity

Drug-induced kidney disease (DIKD) accounts for ~19–26%
of cases of acute kidney injury (AKI) in hospitalized patients.1

There are no standards to identify drug-induced nephrotoxi-
city and as a result DIKD is often unrecognized. In recent
years, the International Serious Adverse Event Consortium
has initiated a phenotype standardization project for drug-
induced adverse events.2 In conjunction with the Interna-
tional Serious Adverse Event Consortium, we have developed
consensus definitions for DIKD, taking into account its wide
spectrum and the need for balancing practicality with
reliability of the classifications across different settings.

CONSENSUS PROCESS
With the support of the International Serious Adverse Event
Consortium, we organized a series of eight teleconferences
followed by two face-to-face meetings of international, adult
and pediatric, nephrologists and pharmacists. The panel
developed the phenotypic criteria using a modified Delphi
process to allow identification of patients across four cate-
gories representing the spectrum of DIKD, for subject
recruitment into a genetic study of DIKD (DIRECT). The
panel was divided into subgroups and researched specific
phenotypes. The criteria were summarized and presented to
the larger group for consensus. They were considered in the
context of using electronic medical records to screen for
patients with DIKD in both hospitalized and ambulatory
settings. Panelists were asked to consider the known mech-
anisms of nephrotoxicity, time course of drug exposure, and
the setting as discussed in more detail below. For the AKI
phenotype, established definitions were considered as the
starting point and adapted for DIKD (e.g. Acute Kidney
Injury Network/Kidney Disease: Improving Global Outcomes
(AKIN/KDIGO) criteria for AKI).3

DESCRIPTION OF PHENOTYPE
We propose that DIKD presents in one of four phenotypes:
AKI, glomerular disorder, tubular disorder, or nephrolithia-
sis/crystalluria. The clinical presentation of each phenotype is

po l i cy fo rum http://www.kidney-international.org
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• As Part of the phenotype standardization project initiated by the 
International Serious Adverse Events Consortium, drug-induced 
kidney disease (DIKD) have been standardised into 4 phenotypes.

• Clinical criteria to support the phenotype definition have been 
described.

Mehta RL et al. Kidney Int 2015;88:226–234. 

Towards standardising BIKI phenotypes & 
developing an integrated BIKI database.



Direct cytotoxicity (A)
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or causing hypertension 
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Djulbegovic B, Guyatt GH, et al. Lancet. 2017;390:415-23.
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Progress in evidence-based medicine: a quarter century on
Benjamin Djulbegovic, Gordon H Guyatt

In response to limitations in the understanding and use of published evidence, evidence-based medicine (EBM) 
began as a movement in the early 1990s. EBM’s initial focus was on educating clinicians in the understanding and 
use of published literature to optimise clinical care, including the science of systematic reviews. EBM progressed to 
recognise limitations of evidence alone, and has increasingly stressed the need to combine critical appraisal of the 
evidence with patient’s values and preferences through shared decision making. In another progress, EBM 
incorporated and further developed the science of producing trustworthy clinical practice guidelines pioneered by 
investigators in the 1980s. EBM’s enduring contributions to clinical medicine include placing the practice of medicine 
on a solid scientific basis, the development of more sophisticated hierarchies of evidence, the recognition of the 
crucial role of patient values and preferences in clinical decision making, and the development of the methodology 
for generating trustworthy recommendations.

Historical origins of evidence-based medicine
Since the time of Hippocrates, medicine has struggled to 
balance the uncontrolled experience of healers with 
observations obtained by rigorous investigation of claims 
regarding the effects of health interventions. During the 
past 300 years, demands that the practice of medicine be 
founded on scientifically trustworthy empirical evidence 
have become increasingly vocal.

Pioneers, including Rudolph Virchow, Claude Bernard, 
and Louis Pasteur, championed science in medicine in 
Europe, and the Flexner report in the early 20th century 
cemented scientific inquiry as a bedrock of American 
medicine. Although one can identify attempts to obtain 
accurate observational data in the work of Pierre-Charles-
Alexandre Louis and John Snow in the mid-19th century, 
and the use of clinical trials in James Lind’s famous study 
of scurvy in the British navy,1 the focus of most of these 

innovators was on physiological and basic research as a 
foundation for clinical practice, rather than the empirical 
assessment of diagnostic testing, prognosis, and 
therapeutic effect.

Indeed, it was not until 1962, with the passage of the US 
Food and Drug Administration Kefauver-Harris Act in the 
USA, that rigorous empirical testing of clinical trials in 
human beings was legally required to establish claims 
regarding drug efficacy;2 other countries followed soon 
thereafter. Although these regulatory developments 
established the necessity for well done clinical trials 
demonstrating the efficacy and safety of new 
pharmaceutical innovations, unsystematic, uncontrolled 
clinical experience and physiological reasoning maintained 
their dominance as drivers of clinical practice.

In the 1970s and 1980s, David Sackett, David Eddy, 
and Archie Cochrane (among others) highlighted the 
need for strengthening the empirical practice of 
medicine and proposed initial evidentiary rules for 
guiding clinical decisions.3–7 In 1991, one of us (GHG) 
introduced the term evidence-based medicine (EBM),8 
with a focus on educating front-line clinicians in 
assessing the credibility of research evidence, 
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Key messages

Ǧ� ���������������������������������������ȜȤȤț��������������
and in turn acquire a better empirical basis for the practice 
of medicine

Ǧ� ��������������������������������������������ƽ�������������
of systematic reviews, and clinical practice guidelines

Ǧ� ����������������������������������������ǂȝțțț������
characterise the practice of EBM today

Ǧ� ���������������������������������������������������
clinicians by stressing critical thinking and the importance 
of statistical reasoning and continuous evaluation of 
medical practice

Ǧ� ��������������������������������������������������������
quality of research by transparently documenting the 
problems with existing research and subsequently 
developing better research standards

Ǧ� ��������������������������������������������������
developing methods and techniques for generating 
systematic reviews and clinical practice guidelines

Ǧ� ����������������������������������������������������
coherent theory of decision making by relating to other 
decision science disciplines

Search strategy and selection criteria

We searched PubMed for English language articles using the 
following search criteria: (“Evidence-Based Medicine/
ethics”[Majr] OR “Evidence-Based Medicine/history”[Majr] OR 
“Evidence-Based Medicine/methods”[Majr] OR 
“Evidence-Based Medicine/standards”[Majr] OR 
“Evidence-Based Medicine/statistics and numerical 
data”[Majr] OR “Evidence-Based Medicine/trends”[Majr]). 
“Evidence-Based Medicine”[Mesh] AND (critical[All Fields] 
AND appraisal[All Fields]). The last search was performed on 
April 19, 2016 (there was no restriction on the start date). 
6009 hits were identified. We supplemented the search by 
searching our personal libraries and the references of selected 
articles. The reviewers have also provided useful references. 
We selected articles of relevance for the main sections of the 
paper using our own judgment.
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a result, during the first decade of the EBM movement, 
many authors published modifications of the original 
evidence hierarchy: by 2002, 106 systems to rate the 
quality of medical research evidence were available.29 
When investigators applied some of these quality 
instruments to a set of studies, the result was extensive 
disagreement, with ratings ranging, for the same studies, 
from excellent to poor.30 One evaluation of these systems 
concluded that none was particularly useful for research 
or the practice of medicine, that their continued use will 
not reduce errors in making recommendations or 
improve communication between guideline developers 
and guideline users, and thus they will not help people 
make well informed decisions.31

Promoting the principle of totality of evidence—
the rise of systematic reviews
Initial formulations of the hierarchy of evidence were 
also limited in that they confused the method of 
collecting evidence with the underlying study design. 
The view that “science is cumulative, and scientists 
should cumulate scientifically”32 reflects the second 
EBM principle: health claims should be based on 
systematic reviews that summarise the best available 
evidence.33 In keeping with this view, earlier 
formulations of the hierarchy placed systematic reviews 
at the top, followed by RCTs. This classification is 
misguided in that systematic reviews are a way of 
summarising the evidence, whereas RCTs are a type of 
study design. The distinction is vivid when one 
considers that systematic reviews can summarise not 
only RCTs, but also cohort studies, case-control studies, 
and even case reports.

The Cochrane Collaboration34 represents the watershed 
movement responsible for the biggest advances in 
systematic review methodology. Named after Archie 
Cochrane, a visionary who demanded that the medical 
profession organise a “critical summary, by speciality or 
subspecialty, adapted periodically, of all relevant 
randomised controlled trials”,6 the Cochrane 
Collaboration has marshalled over 37 000 collaborators 
from more than 130 countries devoted to conducting 
systematic reviews.35 Although reviews of RCTs remain 
the Collaboration’s primary focus, their scope now 
includes observational studies addressing intervention 
effects, as well as diagnostic tests and prognostic models.

Iain Chalmers, the individual most responsible for the 
creation of the Cochrane Collaboration, has noted the 
“scandalous failure of science to cumulate evidence 
systematically”36 and documented instances in which 
people have suffered and died unnecessarily, and resources 
for health care and health research have been wasted, 
because existing research evidence was not reviewed 
systematically.32 When systematic reviews have been 
applied in a timely manner, they have resulted in major 
changes in the practice of medicine, including establishing 
standards of care for chemotherapy and hormonal therapy 
for early-stage breast cancer;37,38 helping to overturn decades-
old erroneous advice that infants should not sleep on their 
backs (and thus preventing sudden infant deaths);39 and 
most recently shifting management of one of the world’s 
most common disorders, community-acquired pneumonia, 
toward use of a short course of oral steroids.40

Systematic reviews, the most cited type of clinical 
research articles,41 are essential for developing clinical 
practice guidelines, for avoiding duplication of research 
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Figure 1: Hierarchy of evidence: traditional EBM versus GRADE
Comparison of traditional EBM hierarchy of evidence (1991–2004)26 with GRADE classification of the quality of evidence (confidence, certainty; 2004 to present).27 
(A) Traditional EBM hierarchy of evidence. (B) GRADE classification of the quality of evidence. EBM=evidence-based medicine. GRADE=Grading of Recommendations 
Assessment, Development, and Evaluation. RCT=randomised controlled trial. *Quality of study moves down one or two grades. †Quality of study moves up one or 
two grades.



To integrate in-silico, in-vitro, in-vivo, clinical 
and pharmacovigilance evidence

Williamson EM, et al. Evaluating the safety of herbal medicines: Integrated 
toxicological approaches. Science 2015;347(6219 Suppl), S21-3.



Taming the fire of nephrotoxic botanicals demands 
an integrative strategy

BIKI： Botanical-induced Kidney Injury
Holden F et al. WJTCM 2019;5: 151-163.



Please spread the words!!!
King’s College London  news 

21/03/19
Kidney Research UK news

16/06/19

https://www.kcl.ac.uk/news/news-article?id=3b151982-ff7d-
4bb5-a457-e2031d45fe8b

https://www.kidneyresearchuk.org/news/researchers-call-for-
international-collaboration-to-prevent-kidney-injury-caused-by-
plant-based-drugs-or-food? 

https://www.kcl.ac.uk/news/news-article?id=3b151982-ff7d-4bb5-a457-e2031d45fe8b
https://www.kcl.ac.uk/news/news-article?id=3b151982-ff7d-4bb5-a457-e2031d45fe8b
https://www.kidneyresearchuk.org/news/researchers-call-for-international-collaboration-to-prevent-kidney-injury-caused-by-plant-based-drugs-or-food
https://www.kidneyresearchuk.org/news/researchers-call-for-international-collaboration-to-prevent-kidney-injury-caused-by-plant-based-drugs-or-food
https://www.kidneyresearchuk.org/news/researchers-call-for-international-collaboration-to-prevent-kidney-injury-caused-by-plant-based-drugs-or-food


Drugs, herbal or not, 
are more or less toxic.

Finally, a piece of advice to everyone

“Don’t take them unless indicated!” -- Chinese calligraphy, 
photographed at Chengdu First Pharmaceutical Museum 06/07/2019. 



The importance of herbal 
medicine in a globalised world:

 
Chinese herbal medicine as an example

A 5-min break before the next talk…


