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ABSTRACT

Kidney diseases are common health problems worldwide. Various etiologies (e.g., diabetes, hypertension, drug-induced nephrotoxicity, infection,
cancers) can affect renal function and ultimately lead to development of chronic kidney disease (CKD) and end-stage renal disease (ESRD). The global
rise in number of CKD/ESRD patients during recent years has led to tremendous concern to look for effective strategies to prevent or slow progression
of CKD and ESRD. Natural compounds derived from herbs or medicinal plants have gained wide attention for scientific scrutiny to achieve such
goals. One of such natural compounds that has been extensively investigated is epigallocatechin-3-gallate (EGCG), a major polyphenol found in
the tea plant (Camellia sinensis). A growing body of recent evidence has shown that EGCG may be a promising therapeutic or protective agent in
various kidney diseases. This article thus highlights recent progress in medical research on beneficial effects of EGCG against a broad spectrum of
kidney diseases, including acute kidney injury, cisplatin-induced nephrotoxicity, kidney stone disease, glomerulonephritis, lupus nephritis, renal cell
carcinoma, diabetic nephropathy, CKD, and renal fibrosis. The renoprotective mechanisms are also detailed. Finally, future perspectives of medical
research on EGCG and its potential use in clinical practice for treatment and prevention of kidney diseases are discussed. Adv Nutr 2019;10:112–121.
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Introduction
Kidney diseases are common and their incidence is rapidly
growing worldwide (1, 2). Renal disorders are also common
complications of other primary diseases, of which diabetes
and hypertension are the 2 most common (3). Several kidney
diseases ultimately lead to chronic kidney disease (CKD) and
end-stage renal disease (ESRD), both of which contribute
to the global health crisis associated with catastrophic
health expenditure, particularly in developing countries (4).
Therefore, it is important to define effective strategies to
mitigate development of CKD/ESRD.

Natural compounds from herbs or medicinal plants are
widely used for therapy and prevention of various ailments.

Supported by Mahidol University research grant and the Thailand Research Fund (IRN60W0004
and IRG5980006). Both authors are also supported by “Chalermphrakiat” and “Research Staff”
grants from Faculty of Medicine Siriraj Hospital.
Author disclosures: RK and VT, no conflicts of interest.
Address correspondence to VT (e-mail: thongboonkerd@dr.com or vthongbo@yahoo.com).
Abbreviations used: AGEs, advanced glycation end products; AKI, acute kidney injury; CaOx,
calcium oxalate; CKD, chronic kidney disease; COM, calcium oxalate monohydrate; DN, diabetic
nephropathy; EGCG, epigallocatechin-3-gallate; EMT, epithelial mesenchymal transition; ESRD,
end-stage renal disease; HO, heme oxygenase; LN, lupus nephritis; MAPK, mitogen activated
protein kinase; NF-κB, nuclear factor κB; Nrf2, nuclear factor erythroid 2-related factor 2; RCC,
renal cell carcinoma; SOD, superoxide dismutase; TGF-β1, transforming growth factor-β1;
UUO, unilateral ureteral obstruction

The common beverage tea is generally produced from Camel-
lia sinensis leaves, thought to have health benefits in many
age-related diseases (5, 6). Drinking tea was recommended
as medication in ancient China (∼4,000–5,000 y ago), as
documented in several ancient Chinese books describing use
of tea for treating some diseases and maintaining health (7).
During the last 4 decades, modern and advanced sciences
and technologies have been applied to define the chemical
ingredients in tea. Among 400 chemicals identified, the
majority of tea ingredients are polyphenolic constituents,
particularly flavonoids (8).

Based on the fermentation status, teas can be cate-
gorized into green tea (unfermented), oolong (partially
fermented), and black tea (fermented). Green tea is enriched
by catechin (a subtype of flavonoids) (9). There are 4
main catechins found in green tea: epicatechin, epigallocat-
echin, epicatechin-3-gallate, and epigallocatechin-3-gallate
(EGCG), the most abundant catechin accounting for 50–80%
of all contents (10). Therefore, any health benefits of green tea
are usually referred to as effects of EGCG (8, 11). As a result,
EGCG is the most widely investigated tea polyphenol in
medical research (8, 11). Because of its distinct antioxidative
properties, protective effects of EGCG have been investigated
in a wide range of diseases related to excessive oxidative
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stress, including cancers, cardiovascular diseases, metabolic
syndromes, diabetes, cerebral ischemic stroke, lung diseases,
and neurodegenerative disorders (5, 11–14). Recently, EGCG
has been studied for potential use in management and
prevention of various kidney diseases, which are commonly
associated with oxidative stress and inflammation (15). This
review summarizes current knowledge on the beneficial
effects of EGCG in various kidney diseases (Figure 1). The
renoprotective mechanisms are also discussed (Figure 2).

Current Knowledge on EGCG in Kidney Diseases
Acute Kidney Injury (AKI)
Several etiologies can lead to AKI, which is generally defined
as an abrupt and reversible decline of renal function as
indicated by increased blood urea nitrogen and serum
creatinine, with glomerular filtration rate decreased within
hours to weeks (16). Treatment of AKI usually includes
sufficient hydration, but medication depends largely on the
etiologies of AKI (17). The medications may cause drug-
induced nephrotoxicity or other (secondary) forms of AKI
(17), therefore identifying novel and safer medications is
crucial for AKI management.

Phytochemical EGCG has been demonstrated to have
a protective role against AKI regardless of the etiology.
Bao and colleagues (18) addressed the beneficial role of
EGCG in renal damage induced by iron overload. They
demonstrated that EGCG could act as an iron chelator
(siderophore) by forming a stable complex with iron and
neutrophil gelatinase associated lipocalin (Ngal), resulting
in reduction of chemical reactivity of iron-reactive oxygen
species (ROS) and, subsequently, protection against renal
injury (18).

Two other studies have identified renoprotective effects of
EGCG in AKI induced by cardiopulmonary bypass operation
(19, 20). A decrease in pyknotic nuclei in renal cells of EGCG-
treated animals was related to decline of poly-ADP-ribose
and apoptosis-inducing factor, which are known effectors for
induction of cellular apoptosis (19). EGCG was also shown
to improve renal function and reduce hypoxic damage and
nitrosative stress (19). The antioxidative and antiapoptotic
properties of EGCG were suggested to be responsible for
reversing such adverse effects of cardiopulmonary bypass
(19). Similarly, another study demonstrated that pretreat-
ment with EGCG could ameliorate cardiopulmonary bypass-
induced AKI in diabetic rats (20). EGCG prevented renal
tubular damage and reduced amounts of kidney injury
molecule-1 (Kim-1) and Ngal, both of which are known
biomarkers for AKI, associated with a lower amount of
oxidative stress marker 8-hydroxy-2’-deoxyguanosine (20).

Kidney transplantation can result in AKI induced by
ischemic-reperfusion (I/R) injury. In a rat model, Kakuta
and colleagues (21) revealed that pre-injection of EGCG
could protect the kidney from such I/R injury by reducing
macrophage infiltration and renal fibrosis. Several molecules,
which could link renal tubular injury to innate inflammatory
response (i.e., Kim-1, major histocompatibility complex

class II, Toll-like receptor 2, Toll-like receptor 4, monocyte
chemoattractant protein-1, and IL-18) and activation of
transforming growth factor-β1 (TGF-β1) signaling pathway,
were significantly reduced by EGCG (21). These findings
suggest that such protective effects of EGCG could be
mediated via upregulation of the heme oxygenase (HO)
system, which regulates antioxidant homeostasis during
cellular injury (21).

Cisplatin-induced nephrotoxicity
Cisplatin is a common antineoplastic drug used for treatment
of various cancers, including breast, ovarian, lung, head and
neck, and urinary bladder cancers. Although it is included
in most chemotherapy regimens, nephrotoxicity is very
common and thus limits its efficacy (22). Therefore, it is vital
to identify alternative anticancer drugs with lower adverse
effects, and to develop strategies to counteract or recover
cisplatin-induced kidney injury.

In mouse and rat models of breast cancer treated
with cisplatin, EGCG has shown renoprotective effects
by reducing leukocytosis, oxidative stress, and systemic
inflammation (23). These EGCG-treated animals also had
decreased amounts of malondialdehyde (a marker for lipid
peroxidation) and inflammatory cytokine TNF-α, and their
glomerular filtration rate could be recovered (24). Another
study demonstrated that EGCG could trigger the nuclear
factor erythroid 2-related factor 2 (Nrf2)/HO-1 signaling
pathway in cisplatin-treated rats, resulting in a remarkable
increase in activities of antioxidant enzymes and glutathione,
while nuclear factorκB (NF-κB) and 4-hydroxynonenal were
decreased (25). These findings suggest that the antioxidative
and anti-inflammatory properties of EGCG accounted for
its renoprotection (23–25). By modulating mitochondria,
EGCG could preserve activities of electron transport chain
and antioxidant enzymes [superoxide dismutase (SOD)
and glutathione peroxidase] and lower mitochondrial ROS,
leading to improved renal function in cisplatin-mediated
kidney damage (26). In addition, EGCG also exhibited an an-
tiapoptotic effect in cisplatin-treated mice, as demonstrated
by decreased expression of Fas-L, p53, and proapoptotic
Bax, whereas the antiapoptotic Bcl-2 was increased (27).
Histological examination revealed that renal tubular damage
was attenuated in mice co-treated with EGCG (28).

In addition to cisplatin-induced nephrotoxicity, EGCG
has also shown renoprotection against nephrotoxicity in-
duced by other chemicals, for example, cyclosporine (29) and
FK506 (30), mainly via its antioxidative properties to reduce
overproduction of intracellular ROS, and its antiapoptotic
properties (29, 30).

Kidney stone disease
Kidney stone disease (nephrolithiasis or urolithiasis) is an
ancient human disease (found in well-preserved Egyptian
mummies) presenting with stone(s) inside the kidney or
urinary tract (31, 32). Among various types of kidney stones,
calcium oxalate (CaOx) stones are the most common, from
calcium phosphate, uric acid, struvite, cysteine, etc. (33, 34).
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FIGURE 1 Renoprotective effects of EGCG against a broad spectrum of kidney diseases. EGCG could prevent kidney diseases by various
mechanisms (mainly via its antioxidation and anti-inflammation properties). AKI, acute kidney injury; CKD, chronic kidney disease; DN,
diabetic nephropathy; EGCG, epigallocatechin-3-gallate; GN, glomerulonephritis; LN, lupus nephritis; Nrf2/HO-1, nuclear factor erythroid
2-related factor 2/heme oxygenase-1; RCC, renal cell carcinoma.

Many studies have been conducted in recent decades, but
the precise mechanisms of kidney stone formation remain
unclear. More importantly, there is no effective preventive
strategy for the disease occurrence and recurrence available
and most of the stone formers (stone patients) ultimately
develop ESRD (35–38). Therefore, there is an urgent need to
better understand the disease pathogenesis and mechanisms,
and to find an effective strategy to prevent kidney stone
formation.

The protective role of EGCG from green tea in this
context was initially unexpected because green tea also
contains oxalate, a potential source of oxalate ions for
generation of CaOx crystals (39). Therefore, it was previously
recommended that green tea be avoided by patients with
kidney stone disease. However, a study by Itoh et al. (40),
in a rat model of ethylene glycol-induced kidney stones,
yielded the surprising results that supplementation of green
tea in drinking water or diet could lower the number of
CaOx crystals deposited inside the kidney. Urinary oxalate
excretion was decreased, whereas SOD activity was increased
significantly in green tea–treated animals to protect from
ethylene glycol–induced renal damage (40). Subsequent

study by Jeong et al. (41) provided confirmatory results that
both EGCG and green tea could prevent oxalate-induced
injury in a renal tubular cell line and lower CaOx crystal
deposition in oxalate-treated rats. The protective effect of
green tea was also confirmed in glyoxylate-induced CaOx
kidney stone formation in mice (42).

Based on these striking findings, our group therefore
hypothesized that EGCG could alter proteins on apical
membranes of renal tubular epithelial cells that have affin-
ity to CaOx crystals (i.e., those serving as CaOx crystal
receptors), thereby reducing the number of CaOx crystals
retained inside renal tubules and lowering crystal deposition
(31, 32). This hypothesis was addressed by pretreating
renal tubular cells with EGCG, then performing CaOx
monohydrate (COM) crystal-binding assay (43). COM is
the most potent form of CaOx crystal involved in kidney
stone formation (44–47). The results confirmed that EGCG
markedly reduced the number of COM crystals adhered
onto the renal tubular cell surface by decreasing surface
expression of α-enolase (43), a potential COM crystal
receptor identified by a large-scale affinity-based membrane
proteomics study (48, 49). In another subsequent study, our
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FIGURE 2 Molecular mechanisms for renoprotection of EGCG. EGCG could directly inhibit ROS overproduction induced by stress or
stimuli. In addition, EGCG can disrupt the Nrf2-Keap1-Cul-3 complex, leading to nuclear translocation of free Nrf2, which then binds to
ARE within the promoter region of the cytoprotective genes and those encoding antioxidant enzymes. Moreover, ROS-mediated
inflammation induced by stress/stimuli could be inhibited by EGCG through inhibition of the NF-κB signaling pathway, particularly the
phosphorylation-induced IκB degradation step which can prevent NF-κB from DNA binding. 8-OHdG, 8-hydroxy-2’-deoxyguanosine; ARE,
antioxidant responsive element; Cul-3, cullin-3; E2, E2 ubiquitin-conjugating enzyme; EGCG, epigallocatechin-3-gallate; GPx, glutathione
peroxidase; H2O2, hydrogen peroxide; IκB, inhibitor κB; IKK, IκB kinase; Keap1, Kelch-like ECH-associated protein 1; MCP-1, monocyte
chemoattractant protein 1; MDA, malondialdehyde; MPO, myeloperoxidase; NF-κB, nuclear transcription factor κB; Nrf2, nuclear factor
erythroid 2-related factor 2; ROS, reactive oxygen species; SOD, superoxide dismutase; TGF-β1, transforming growth factor β1; Ub,
ubiquitin.

group also reported the protective role of EGCG against
microvillar injury in COM-treated renal tubular cells via
an antioxidative stress mechanism as demonstrated by the
decrease in oxidized proteins after EGCG pretreatment in
association with microvillar structure preservation (50).

Glomerulonephritis and lupus nephritis (LN)
Glomerulonephritis is a common renal disorder associated
with ESRD and high mortality rate. One of the most
aggressive forms of glomerulonephritis is antiglomerular
basement membrane nephritis, characterized by crescent for-
mation of immune complex lining the glomerular basement
membranes (51). Likewise, LN is a serious complication of
systemic lupus erythematosus (38), an autoimmune disease
characterized by immune complex deposition and chronic

renal inflammation (52). Common treatment of glomeru-
lonephritis and LN includes steroids and immunosuppressive
agents, which, although effective, commonly have severe
adverse events. Therefore, alternative regimens are required
that minimize adverse events.

The first line of evidence showing therapeutic potential
of EGCG in glomerulonephritis was reported in an animal
model of antiglomerular basement membrane glomeru-
lonephritis (53). EGCG significantly decreased glomerular
and tubulointerstitial injury and could also reduce mortality
rate when compared to vehicle-treated mice, indicating a
potential therapeutic effect of EGCG in glomerulonephritis
(53). In addition, oxidative stress markers (malondialdehyde,
myeloperoxidase, and hydrogen peroxide), NAD(P), and
antioxidant enzymes (glutathione peroxidase and catalase)
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returned to baseline in the EGCG-treated group (54). Not
only peroxisome proliferator-activated receptor γ but also
Nrf2 signaling pathways contribute to the renoprotective
effect of EGCG against experimental crescentic glomeru-
lonephritis (55).

For LN, Tsai et al. (56) showed that renal function
and histopathology were dramatically improved in EGCG-
treated lupus-prone mice, although mild glomerular pro-
liferation and interstitial inflammation were still observed
(56). In addition, EGCG markedly reduced ROS in serum,
urine, and renal tissue, and also activated the Nrf2-mediated
antioxidant pathway, suggesting significance of the antiox-
idative property of EGCG against LN (56). EGCG could
inhibit infiltrating immune cells and inflammasome activa-
tion as shown by lowered production of IL-1β, IL-18, and
caspase-1 (56). Peairs and colleagues (57) demonstrated an
anti-inflammatory effect of EGCG in mesangial cells iso-
lated from MRL/lpr mice presenting lupus-like autoimmune
syndrome. EGCG could attenuate inflammatory products,
including IL-6, inducible nitric oxide synthase, and nitrite
(stabilized product of nitric oxide) (57).

Renal Cell Carcinoma (RCC)
RCC is the most common type of kidney cancer, accounting
for 95% of kidney cancers in adults (58, 59). RCC can
be divided into several subtypes based on microscopic
examination, including clear cell, papillary, chromophobe,
and rare types of RCC (e.g., collecting duct carcinoma,
medullary carcinoma, mucinous tubular and spindle cell
carcinoma) (54, 60). Treatment modalities for RCC depend
on its type and stage at diagnosis, with options including
surgery, radiotherapy, immunotherapy, and targeted therapy.
Chemotherapy is not recommended as standard treatment
for RCC because chemoresistance is quite common (54,
60). Thus, there is a need for novel or alternative drugs
for targeted therapy to increase efficacy and minimize side
effects.

A chemopreventive effect of EGCG or green tea catechin
in RCC was initially reported by Yoshioka et al. (61).
Their results showed that green tea catechin could reduce
tumor size in Wistar rats treated with 0.2% N-ethyl-N-
hydroxyethylnitrosamine (61). Because disruption of gap
junction intercellular communication in renal epithelial
cells might contribute to renal carcinogenesis (62, 63), the
same group of investigators later provided in vitro evidence
demonstrating that pretreatment with EGCG could prevent
disruption of the gap junction intercellular communication
by dimethylnitrosamine, suggesting a chemoprotective role
of EGCG in development of RCC (63).

Interestingly, EGCG could elevate expression of connexin
32 (Cx32) (64), which is usually suppressed in RCC because
of hypermethylation of the CpG gene island (65, 66). It has
also been demonstrated that restoration of Cx32 expression
has a key role in enhancing vinblastine-induced cytotoxicity
of RCC (67). In addition, EGCG could suppress multidrug
resistance 1 protein via inactivation of Src and subsequent
activation of c-Jun N-terminal kinase signaling (64). An in

vitro study using a RCC cell line revealed that EGCG could
inhibit cell growth and induce apoptosis via overexpression
of the tumor suppressor gene TFPI-2, which is known to be
downregulated through hypermethylation at the CpG island
of the promoter gene in various cancers (68). Additional
references have also demonstrated anticancer activity of
EGCG in inhibition of cell migration and invasion in a dose-
dependent manner (69, 70).

Diabetic Nephropathy (DN)
DN is a major microvascular complication of diabetes and
is recognized as one of the leading causes of CKD and
ESRD worldwide. Patients who develop DN also suffer
from other microvascular complications caused by advanced
glycation end products (AGEs), activation of mitogen ac-
tivated protein kinases (MAPKs) and protein kinase C,
in association with overproduction of various cytokines,
chemokines, and growth factors (71, 72). Early diagnosis
and medical management are essential and may mitigate or
delay the progression of DN. To date, therapeutic strategies
usually include blood pressure control by regulation of the
renin-angiotensin system, and monitoring of sugar and lipid
profiles. However, DN remains common and its prevalence
and incidence are ever-increasing (73), but these may simply
reflect the inefficacy of any previous DN prevention attempts.

Evaluation of beneficial effects of EGCG in DN was
initially made in streptozotocin-induced diabetic rats with
subtotal nephrectomy (74). The results showed that pro-
longed treatment with EGCG for 50 d in diabetic rats
resulted in a significant decrease in renal lesions and
suppression of hyperglycemia, proteinuria, and lipid perox-
idation (74). In addition, EGCG could reduce accumulated
AGEs and anti-inflammatory molecules (74). Another study
in streptozotocin-induced diabetic mice showed consistent
findings demonstrating that EGCG had renoprotective ef-
fects against DN (75). EGCG also improved renal function, as
evidenced by reduction of serum creatinine and blood urea
nitrogen, and decreased proteinuria and renal tissue damage
(75). The renoprotective effect of EGCG was also demon-
strated in a type 2 diabetes model using Goto-Kakizaki
rats (76). Rats fed a diet containing catechins had lower
blood glucose, systolic blood pressure, urinary albumin,
and angiotensin-converting enzyme activity compared with
those fed a normal diet (76).

A cellular study demonstrated that AGEs commonly
induce upregulation of receptors for AGEs, activation of NF-
κB, production of TNF-α, and cell apoptosis (77). However,
such effects could be reversed by EGCG treatment, which has
medical implications for patients with DN (77). In addition,
a combination of EGCG and α lipoic acid could prevent high
glucose-induced kidney cell damage (78). The underlying
mechanisms were most likely based on antioxidative and
anti-inflammatory properties as SOD increased whereas
production of ROS and proinflammatory cytokines was
suppressed (78).

A molecular signaling study confirmed that EGCG could
ameliorate oxidative stress-induced renal damage in diabetic

116 Kanlaya and Thongboonkerd



animals (79). The striking results showed that EGCG
treatment could decrease blood glucose, while increasing
insulin in mice. In addition, urinary 8-iso-prostaglandin
F2α and angiotensin II were also decreased in the EGCG-
treated group (79). EGCG treatment could restore amounts
of angiotensin II type 1 receptor, TGF-β1, p22-phox, p47-
phox, phosphorylated extracellular signal-regulated kinase
1/2, phosphorylated p38 MAPK, and α-smooth muscle
actin to baseline in renal tissues of the diabetic mice
(79). Through the use of specific inhibitors to extracellular
signal-regulated kinase 1/2 and p38 MAPK, which are the
downstream molecules of angiotensin II signaling, functional
data suggested that EGCG might act similarly to these
inhibitors to mitigate oxidative stress and overproduction of
TGF-β1 and α-smooth muscle actin, which are significant
and potent inducers of renal fibrosis (79).

CKD and renal fibrosis
Renal fibrosis is a common pathological feature found
in CKD and is characterized by renal tissue scars from
overproduction and accumulation of extracellular matrix.
Although many attempts have been made to identify the
primary molecule causing renal fibrogenesis, currently, there
is no specific and effective treatment for renal fibrosis and
CKD. Thus, there is a need for new therapeutic targets and
drugs to recover renal fibrosis.

Wang and colleagues (80–82) extensively investigated
the renoprotective effects of EGCG in mice with unilateral
ureteral obstruction (UUO), which is a common animal
model of renal fibrosis. They initially demonstrated that a
Smad-dependent TGF-β1 signaling pathway was activated in
association with epithelial mesenchymal transition (EMT),
which contributed to renal fibrosis (80). Histopatholog-
ical study revealed glomerular and tubular injury with
macrophage infiltration, indicating renal inflammation in the
UUO group, together with increased chemokines (monocyte
chemoattractant proteins 1 and 3) and proinflammatory
cytokines (TNF-α and IL-1β) (80). However, these features
could be reversed by EGCG administration (80). The
results were also confirmed by in vitro experiments using
a TGF-β1-treated cell line (80). In addition, inhibition of
p38 MAPK using a specific inhibitor (SB203580) could
attenuate TGF-β1-induced cell apoptosis, similar to the effect
from EGCG treatment, implying that the preventive effect
of EGCG against TGF-β1-induced tubular cell apoptosis
in UUO mice might be mediated, at least in part, by
inhibition of p38 MAPK signaling (80). Mice treated with
EGCG had elevated antioxidant enzymes (SOD, catalase, and
glutathione peroxidase), which initially had been decreased
by UUO (81). In addition, EGCG could ameliorate UUO-
induced inflammatory response by reducing activity of
myeloperoxidase and release of proinflammatory cytokines
(i.e., TNF-α, IL-6, and IL-1β). The underlying mechanism of
such a protective effect of EGCG was mediated via inhibition
of NF-κB activity and activation of Nrf2/HO-1 signaling (81),
consistent with previous findings reported by Zhou et al. (83),
demonstrating improved renal ultrastructure and increased

Nrf2 and antioxidant enzyme γ-glutamylcysteine synthetase
in EGCG-treated UUO rats.

Interestingly, TGF-β-induced EMT phenotypes in renal
tubular cells could be prevented by pretreatment with
EGCG in a dose-dependent manner (82). Chen et al. (84)
demonstrated that EGCG could also prevent cadmium-
induced chronic renal injury and renal fibrosis in rats.
In addition, our group showed that EGCG could prevent
oxalate-induced EMT in renal tubular cells (85). Oxalate
(a known oxidative stress inducer) could induce EMT in
renal tubular cells via ROS overproduction, which could be
reversed by EGCG through activation of Nrf2 signaling (85).

Summary and Future Perspectives
Over the past decade, a large number of in vitro and in
vivo studies have investigated the health benefits of green
tea and its main chemical component, EGCG, in various
human diseases including renal disorders. The antioxidative,
anti-inflammatory, and antiapoptotic properties of EGCG
hold great promise for its use as an alternative strategy to
treat or prevent various kidney diseases (Figure 1). The
molecular mechanism underlying such beneficial effects
of EGCG is mediated mainly through Nrf2 and NF-κB
signaling pathways (Figure 2).

Although several lines of evidence have demonstrated
beneficial effects of EGCG against various kidney diseases,
there are challenges that require further investigation before
this compound can be used in clinical practice. First, the
concentrations of EGCG used in most of the aforementioned
studies were much higher than the physiologic range of
EGCG concentration in human plasma, which is usually
<1 μM after ingestion (86, 87). Such low bioavailability of
EGCG may limit its beneficial effects in prevention or treat-
ment of diseases in vivo. Vice versa, the previously positive
data must be also confirmed using lower concentrations of
EGCG.

Second, stability and bioavailability of EGCG are crucial
for its efficacy. It is known that EGCG is unstable and can
be auto-oxidized to form a radical dimer under cell culture
conditions (88–90). However, it is rather stable in the blood
circulation and the EGCG dimer has not been detected in
the plasma (91, 92). Several factors, including the amount
of EGCG in tea and foods, pH, temperature, oxygen partial
pressure, and ionic strength, can affect stability and bioavail-
ability of EGCG in human plasma (93, 94). Interestingly,
EGCG is more stable in the acidic pH of the stomach,
whereas the alkaline pH of the small intestine (in which
EGCG absorption takes place) decreases its stability (95, 96).
In addition, high temperature, oxygen partial pressure, and
ionic strength tend to degrade EGCG. However, low oxygen
partial pressure of the tissue (<20 mmHg) and the existence
of plasma antioxidants may enhance stability of EGCG in
blood (92). These findings suggest that the bioavailabilities
of EGCG under in vitro cell culture and in vivo condition
are inconsistent because of differences in stability, thereby
influencing its biological activities. As a result, it is imperative
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to understand the fate of EGCG in the human body after
consumption.

Third, recent developments in pharmaceutical formula-
tion have aimed to increase the stability and bioavailability
of EGCG (94). Stabilizers, for example, antioxidants (SOD,
ascorbic acid, and propyl gallate), protein carriers (serum
albumin,β-casein, and gelatin), and amphiphilic compounds
(glycerin, transcutol P, and polyethylene glycol 200) have
been proven to increase the stability of EGCG (92, 96–
98). Recent advances in drug delivery systems, such as
encapsulation and nanotechnology, have been applied in at-
tempts to increase stability and bioavailability of EGCG (99).
Encapsulation by chitosan can increase intestinal retention
time, stability, and absorption of EGCG, and thus increase
its plasma concentration (100–102). Besides the encapsu-
lated EGCG, various types of nanoparticles, for example
colloidal mesoporous silica (103), nanoliposomes (104, 105),
radioactive gold nanoparticles (106), and micellar nanocom-
plexes (107), have been developed to increase efficacy of
EGCG in cancer research (94, 108). However, the challenge
remains to apply the encapsulated nanotechnology for
investigation of the therapeutic potential of EGCG in kidney
diseases.

Fourth, examinations of the molecular targets of EGCG
and the underlying mechanism of its action at the cellular
level are necessary for specific treatment in each disease
entity. A cellular trafficking study with fluorescein isothio-
cyanate (FITC)-conjugated EGCG demonstrated that EGCG
binds to the cell membranes and then disseminates into
the cytoplasm and accumulates at the perinuclear region
(109). Apart from signal transduction via engagement to
its surface receptor, direct cellular incorporation of EGCG
can trigger signal transduction by direct interaction with
its intracellular targets, including proteins and nucleic acids
(110–113). Common consequences are alterations in activi-
ties of transcription factors, growth factors, protein kinases,
and microRNA (114). These alterations, in turn, activate or
suppress many signaling pathways depending on the cell
types and stages (e.g., resting normal cells versus proliferating
cancer cells). It would be of great value for specific therapies
of kidney diseases to identify primary and secondary targets
of EGCG.

Finally, almost all of the studies using EGCG or green
tea in kidney diseases have been done in animal or cell
culture models. Thus, clinical trials are needed to obtain
conclusive evidence of the renoprotective effects of EGCG
against kidney diseases. In addition, we anticipate more in-
depth in vitro and in vivo studies to provide a holistic view
of the renoprotective effects of EGCG and its mechanisms of
action. Together with progress in development of drug design
and delivery systems, all of these advancements could help to
make EGCG a potent therapeutic agent for kidney diseases.
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