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A B S T R A C T

Ginkgo biloba (GB) extracts have been shown to commonly induce biphasic dose responses in a range of cell types
and endpoints (e.g., cochlea neural stem cells, cell viability, cell proliferation). The magnitude and width of the
low dose stimulation of these biphasic dose responses are similar to those reported for hormetic dose responses.
These hormetic dose responses occur within direct stimulatory responses as well as in preconditioning experi-
mental protocols, displaying acquired resistance within an adaptive homeodynamic and temporal framework
and repeated measurement protocols. The demonstrated GB dose responses further reflect the general occur-
rence of hormetic dose responses that consistently appear to be independent of the biological model, endpoint,
inducing agent, and/or mechanism. These findings have important implications for consideration(s) of study
designs involving dose selection, dose spacing, sample size, and statistical power. This illustrates and strengthens
the need to characterize the low dose stimulatory response range and optimal dose in order to explore potential
public health and clinical applications of plant-derived agents, such as GB.

1. Introduction

Ginkgo biloba (GB) is an herbal product extracted from the leaves of
the ginkgo tree, which grows throughout China, Korea, Japan, Europe
and the United States. The ginkgo leaf contains numerous biologically
active agents, including flavonol and flavone glycosides, diterpene
lactones, ginkgolides, sesquiterpenes, iron-based superoxide dismutase,
p-hydroxybenzoic acid, ascorbic acid, and catechin. Bioactive in-
gredients are obtained using a chemical method employing an acetone-
water mixture to extract and concentrate the active substances and
remove toxic metabolites such as ginkgolic acids. The German gov-
ernment approved a standardized form of ginkgo leaf extract (i.e., Egb
761). The extract contains 22 %–27 % flavonoid glycosides, 5 %–7 %
terpene lactones and < 5 ppm ginkgolic acids. The flavonoid glycosides
are generally recognized as a major ingredient in the extract, with
commercial manufacturers often standardizing the sold product to a
flavonoid glycoside content of 24 %.

Ginkgo biloba is known for its capability and use in optimizing cog-
nitive function in humans (Rojas et al., 2016). Numerous publications
support a modest efficacy, with few side effects (Hofferberth, 1994;

Kanowski et al., 1996; Kleijnen and Knipschild, 1992a,b; LeBars et al.,
1997; Oken et al., 1998; Cicero et al., 2018). However, research-based
challenges to the cognitive efficacy effects have been published by De-
Kosky et al. (2008). Ginkgo leaf extract has also been approved by the
German Federal Health Agency for the treatment of arterial claudication
(Fetrow and Avila, 1999). In 2013 the US National Toxicology Program
Technical Report, 2013 (NTP) reported on toxicology and carcinogenesis
studies with GB extracts in the F344/N rats and B6C3F1/N mice. This
report also provided a detailed historical review of human exposures and
considerations with respect to public health risks.

The biological effects of GB have become an active area of research,
suggestive of the possibility for other therapeutic applications affecting
numerous cell types and biomedical endpoints. This paper provides
evidence that some of the effects of GB occur in a hormetic dose-response
pattern (Fig. 1). The present assessment represents the first integrative
report on the hormetic effects of GB and how these actions may affect
study design features, understanding of GBs dose-response features, and
potential consideration and use in clinical applications. Hormetic re-
sponses induced by GB were found in a variety of biological systems and
endpoints (Fig. 2), and also were shown to be contributory to
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preconditioning effects (Fig. 3). Dose- response features in these various
conditions are provided in Figs. 4A–4G. Evaluative perspectives are of-
fered for those instances for which the most substantial findings are
available (i.e., hearing loss, lipolysis/cellulitis, ethanol metabolism, ery-
thropoietic stem cell viability, and function of neuronal and glial cells).

2. Hearing loss and GBE

There is considerable interest in finding effective, reliable and ef-
ficient ways of preventing (and/or mitigating) hearing loss. Auditory

hair cells located along the basilar membrane of the cochlea can be-
come dysfunctional and/or damaged as a consequence of age-induced
metabolic changes, or environmental insult (e.g.- high decibel sound
exposure), and exposure to various chemotherapeutic/antineoplastic
agents, leading to decreased auditory sensitivity. Hearing loss may also
occur as a consequence of neuronal degeneration prior to or after hair
cell loss. One proposed strategy to restore hair-cell or neuronally-
mediated hearing loss is the replacement of damaged/dead neurons,
since inner ear stem cells can form neurospheres (in vitro) and differ-
entiate into hair cells and neurons (Wang and Wang, 2016).

While certainly a viable possibility, it is also important to consider
protection of extant hair cells and XIII cranial (auditory) nerve cells
(both prior to injury, and subsequent to therapeutic replacement with
the aforementioned stem cell-based neurospheres/neurons. Thus, a role
for substances that afford protective effects remains of interest and
importance. It has been hypothesized that GB protects cochlea neural
stem cells (NSC) from age- and environmentally-induced damage (Choi
et al., 2013). This suggestion was based on studies demonstrating the
ability of GB to affect numerous neurological processes such as memory
retention (Hofferberth, 1994; Semlitsch et al., 1995), protection against
B-amyloid neuropathology (Kampkotter et al., 2007; Wu et al., 2006),
reduction of hypoxic stress effects (Kampkotter et al., 2007) and sup-
ported by research on prophylaxis against lead-induced neurotoxicity

Fig. 1. Hormetic dose response: quantitative characteristics.

Fig. 2. The range of Ginkgo biloba induced hormetic effects.
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(Yallapragada and Velaga, 2015).
Wang and Wang (2016) and Wang and Han (2015) extended the

above findings with research that extracted cochlear NSCs from one day
old mice, and showed that perfusion with a commercial GBE product
enhanced the viability and proliferation of these cells in a hormetic-like
biphasic pattern, being stimulatory in the range of 25−50 μg/ml, and
inhibitory by 75 μg/ml (Figs. 4A1 and 2). The response at 75 μg/ml
represents a rapid transition from optimized stimulation to inhibition
within a less than 2-fold increase in dose. The optimized 50 μg/ml
concentration was then employed to enhance neurosphere formation by
about 20 %. A similar GB-induced stimulatory response in the differ-
entiation of NSCs into neurons using various neuron-specific cytoske-
letal protein markers was also reported (Wang and Han, 2015)
(Fig. 4A.1).

Other studies (Wang and Han, 2015) indicated that GB enhanced
neurite outgrowths [e.g., number of end tips, and the average length of
neurites and growth-associated protein-43 (GAP-43)] and tree-like
projections (i.e., dendrites) that enhance inter-neuronal contact and
connectivity. These GB-induced developments were then correlated to
the number of neurons generating spontaneous calcium oscillations in
differentiated neural networks. A follow-up study using the same model
showed that the 50 μg/ml concentration significantly prevented per-
oxide (H2O2)-induced neuronal cell damage (Wang and Wang, 2016).

Similar findings by Choi and co-workers (2013) indicated that Egb
761, biphasically enhanced the viability of HEI−OCI (i.e., mouse au-
ditory hair cells and cochlea cells) and also protected against cisplatin-
induced damage to auditory hair cells. Here too, the relationship of the
maximum stimulatory response and the onset of neurotoxicity re-
presents a narrow dose range relationship (i.e., approximately two-
fold). However, in auditory cells the stimulatory range was shown to be
at least 12-fold (5–300 μg/ml; Fig. 4A.3; Choi et al., 2013).

3. Bone marrow stem cells (BMSC)

The effects of GB on bone marrow stem cells (BMSC) were assessed
in three studies using young adult Sprague-Dawley males (Li et al.,

2011), one day old Wistar rats (Wu et al., 2016) and adult humans
(age/sex not indicated) (Gu et al., 2015). Three different GB formula-
tions were employed in these studies, and therefore it is not possible (or
at least imprudent) to attempt making direct comparison of results and
findings. These research teams approached their experiments with
differing perspectives and contexts. Li et al. (2011) demonstrated that
GB protected against hypoxic-induced toxicity within a preconditioning
experimental framework (Figs. 4B3 and 4). Using human subjects, Gu
et al. (2015) assessed the role of the Wnt-β-catenin signaling pathway
in osteogenic differentiation (Fig. 4B1 and 2). The study by Wu and
colleagues (2016) used Wistar rats to examine cell proliferation and
osteogenic and adipogenic differentiation of BMSCs. In each case, the
GB formulation induced a biphasic dose response, with both rat model
studies employing an overlapping concentration wherein the lowest
concentration used exceeded the highest human concentration
by > 100 fold. In rat experiments (Li et al., 2011; Wu et al., 2016), GB
induced stimulation was mediated, at least in part, by the P13 signaling
pathway, as the hormetic stimulation was blocked by the specific
pathway inhibitor, wortmannin. In human studies, GB enhanced cell
proliferation in BMSCs by activating the Wnt-β-catenic pathway (Gu
et al., 2015).

4. Preconditioning neurons, astrocytes, neuronal tumor cells

Preconditioning is a process whereby an initial low dose of a stressor
agent upregulates adaptive mechanisms that enhance resilience against
subsequent and acute stressor agents within a time-sensitive window of
∼ 10–14 days. Preconditioning is a generalized phenomenon that is
independent of thebiological model and level of biological organization
(i.e., acting at the cell, organ, and organismal levels; Calabrese, 2016a).

Preconditioning experiments that employ multiple conditioning
doses typically display hormetic dose responses (Calabrese, 2016a,b).
The history of preconditioning extends to t1920s research on the effects
of radiation on plant growth (see Calabrese, 2016a,b for a review). It
became more widespread and prominent in the mid-1980s when Murry
et al. (1986) reported that an a priori series of brief ischemic stresses

Fig. 3. Examples of Ginkgo biloba induced preconditioning effects.
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prevented damage from an acute cardiac insult a day later.
The possibility of using GB to induce preconditioning effects was

first espoused by Ji et al. (2004), who were interested in finding an

Fig. 4A. 1. Auditory Effects: Effects of Ginkgo Biloba Extract (GBE) on Cell
Viability of Mouse Cochlear Neural Stem Cells (NSCs) In Vitro. (Wang C, Wang
B. 2016. Ginkgo biloba extract attenuates oxidative stress and apoptosis in
mouse cohlear neural stem cells. Phytotherapy research 30:774-780). *desig-
nates statistical significance. 2. Auditory Effects: Effects of Ginkgo Biloba
Extract (GBE) on the Viability and Proliferation of Mouse Cochlea Neural Stem
Cells In Vitro. (Wang and Han, 2015. Ginkgo biloba extract enhances differ-
entiation and performance of neural stem cells in mouse cochlea. Cell Mol
Neurobiol 35:861-869). *designates statistical significance. 3. Auditory Effects:
Effects of Egb 761 (Ginkgo Biloba Extracts) on the Viability of HEI−OC1 Cells
(auditory hair cells). (Choi et al., 2013. Gingko biloba extracts protect auditory
hair cells from cisplatin-induced ototoxicity by inhibiting perturbation of gap
junctional intercellular communication. Neuroscience 244:49-61). *designates
statistical significance.

(caption on next page)
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alternative to hypoxia as a clinical preconditioning vehicle (given
medical/safety concerns if the dose and timing of hypoxic stress were
not optimized). The expressed hope was that GB may offer a safer
preconditioning stimulus that is practical and able to pharmacologically
mimic the preconditioning effects of hypoxia (and/or other stressors).

Using cell viability and morphological changes as endpoints, this
research initially demonstrated that ginkgolides induced a significant
protective effect against chemically-induced hypoxic injury caused by
cobalt chloride (CoCl2) (Ji et al., 2004). Of note is that an earlier study
showed that ginkgolides can protect against hypoxia-induced nerve
damage via physical rather than chemical stress (Chen et al., 2001).
Taken together, these prompted three subsequent investigations in
which ginkgolides (A,B,C, and J), the main constituents of the non-
flavone fraction of Egb 761, were employed in a preconditioning pro-
tocol and protected primary cortical neurons from 13 to 15 day old
mice against hypoxic stress from potassium cyanide (Zhu et al., 2007)
and ischemic stress from ODC in CG rat glioma cells (Wei et al., 2008;
Fig. 4C1). Similar studies were conducted using mouse cerebral cortical
astrocytes (Fang et al., 2009) which showed that ginkgolide treatment
was both directly stimulating and also protective in a preconditioning
framework. The mechanisms by which the ginkgolides mediated the
protective responses involved activation of the MAPK and P13-Akt
pathways, as well as the activation of H1F-1α, which led to the target of
EPO. Ginkgolide treatment also blocked the PAF receptor, reducing
inflammatory responses. The optimal concentration in each of these
studies was 37.5 μM, although three different biological models were
used.

The mechanism by which GB mediates hormetic-like biphasic dose
responses was further explored by Shi et al. (2009) in dose-effect ex-
periments examining Egb 761 action on H2O2-induced cell death in the
SH-SY5Y line of human neuroblastoma cells. The experiment used a
preconditioning protocol in which cells were initially treated with Egb
761 (50−500 μg/ml) for 24 h, after which time the Egb 761 was re-
moved. The preconditioned cells were then challenged with H2O2 for
24 h and subsequently assessed for viability, apoptosis, and other
parameters. It was shown that Egb 761 enhanced survival at lower
concentrations (50−100 μg/ml) while being toxic at higher con-
centrations. Follow up studies revealed that at low protective con-
centrations, Egb 761 inactivated Akt, JNK, and caspase pathways
(Fig. 4C.2). At the higher concentrations, Egb 761 activated JNK and
caspase 3, while deactivating Akt, and lowering Akt levels. Other ex-
periments suggested that Egb 761 was most likely mediating hormetic-
biphasic dose responses via the regulation of the redox state. These
findings are consistent with the general consensus that P13 kinase-Akt-
PKB pathway activation enhances cell survival. In contrast, activation

of the JNK pathway leads to cell death. Table 1 provides a summary of
evidence supporting this pattern of activity and effect(s) (Table 2).

5. Cellulitis

Cellulitis is a regressive abiotrophic pannicular disease with multi-
faceted pathologic features and diverse etiology. It is exacerbated by
venous stasis, as well as chronic venous insufficiency (for current over-
view see Cranendonk et al., 2017). The sclerotic aspect may be decreased
by treatment with agents that affect microcirculation of the skin, and
enhance lipolysis in adipose tissues. This commonly occurs with com-
pounds that display anti-inflammatory, anti-oedematous and lipolytic
effects. Since dimeric flavonoids from GB extracts display anti-in-
flammatory (Della Loggia et al., 1996), vasokinetic qualities
(Bombardelli et al., 1996), and inhibit cAMP phosphodiesterase activity
in adipose tissue, (Saponara and Bosisio, 1998). Dell’Agli and Bosinio
(2002) proposed that GB biflavones may have some viability for treating
cellutitis. In addressing this possibility, it was demonstrated that multiple
GB biflavones (i.e., ilobetin; sequoiaflavone; ginkgetin; isoginkgetin;
amentoflavone; Fig. 4D), which vary in the position and extent of me-
thylation of the hydroxyl groups, biphasically stimulated lipolysis.

Fig. 4B. 1. Bone Marrow: Effects of Ginkgo biloba Extract on the Proliferation of
Human Bone Marrow Derived Mesenchymal Stem Cells (BM-MSCs). (Gu et al.,
2015. Ginkgo biloba extract promotes osteogenic differentiation of human bone
marrow mesenchymal stem cells in a pathway involving Wnt/B-catenin sig-
naling. Pharmacological Research 97:70-78). *designates statistical sig-
nificance. 2. Bone Marrow: Effects of Ginkgo biloba Extract on ALP Activity and
Calcium Content of Human Bone Marrow Derived Mesenchymal Stem Cells
(BM-MSCs). (Gu Q, Chen C, Zhang Z, Wu Z, Fan X. 2015. Ginkgo biloba extract
promotes osteogenic differentiation of human bone marrow mesenchymal stem
cells in a pathway involving Wnt/B-catenin signaling. Pharmacological Re-
search 97:70–78. *designates statistical significance. 3. Bone Marrow: Effects of
Ginkgo Biloba Extract (Egb 761) on Sprague-Dawley Rat Bone-Marrow Me-
senchymal Stem Cell (BMSC) Survival In Vitro. (Li et al., 2011. Biphasic effect of
EGb 761 on simulated ischemia-induced rat BMSC survival in vitro and in vivo.
Life Sciences 88:853-863). *designates statistical significance. 4. Bone Marrow:
Effects of Egb 761 on Apoptosis of transplanted Bone-Marrow Mesenchymal
Stem Cell (BMSC) In Vivo (BMSC’s were transplanted into rat ischemia myo-
cardia). (Li et al., 2011. Biphasic effect of EGb 761 on simulated ischemia-
induced rat BMSC survival in vitro and in vivo. Life Sciences 88:853-863).
*designates statistical significance.

Fig. 4C. 1. Glioma Cells: Effects of Ginkgolides (Ging A-30 %; Ging B-56 %;
Ging C-3 %; Ging J-0.-1.0 %) Pretreatment (24 h) on the Viability of C6 Rat
Glioma Cells then Challenged with Ischemia (Oxygen-Glucose Deprivation) for
24 h. (Wei et al., 2008. Ginkgolides mimic the effects of hypoxic pre-
conditioning to protect C6 cells against ischemic injury by up-regulation of
hypoxia-inducible factor-1 alpha and erythropoietin. International Journal of
Biochemistry & Cell Biology 40:651-662). *designates statistical significance. 2.
Neuron-SH-SY5Y Cells: Effect of Pretreatment (24 h) EGb761 on Cell Viability
of H2O2-Treated SH-SY5Y Cells. (Shi et al., 2009. Dosage effects of EGb 761 on
hydrogen peroxide-induced cell death in SH-SY5Y cells. Chemico-Biolgoical
Interactions 180:389-397). *designates statistical significance.
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Table 1
Hormetic mechanisms mediating Ginkgo biloba effects.

P-13 Kinase – Akt – PKB Pathway

Akt/PKB Activation – Low GB Dose JNK Activation – High GB Dose
Promotes cell survival Leads to cell death
Growth factor-mediated activation of the P13-kinase/Akt pathway rescues primary neurons exposed to

either high glutamate (5) or 1-methyl-4-phenyl-1,2,3,6 tetrahydropyridine (Shi et al., 2009, page
389)

Lipid peroxidation products 4-hydroxynonenal and oxidized low density
lipoprotein activate JNK (Shi et al., 2009, page 389)

Diminished Akt phosphorylation in neurons lacking GSH peroxidase, increases risk of cell death (Shi
et al., 2009, page 389)

Inhibition of JNK prevents necrotic cell death in an in vitro model of
excitotoxic neuron death (Shi et al., 2009, page 389)

Ginkgo Biloba/Egb 761

Enhance phosphorylation of Akt in a human endothelial cell line and endothelial progenitor cells (Shi
et al., 2009, page 390)

Down-regulates JNK-activator protein-1 signaling pathway in human
peripheral blood T cells (Shi et al., 2009, page 390)

Low concentrations of ginkgolide B (5–25 uM) inhibited EtOH-induced cell death in HEPG2 via
inhibition of JNK and caspase 3-but high H2O2 concentration (50-100 uM) enhanced EtOH-induced
apoptosis via the enhancement of JNK and caspase 3 (Chan and Hsuuw, 2007, page 391)

Pre-treatment of Egb 761 inhibits EtOH-induced increase of JNK
activity in gastric mucosa (Chan and Hsuuw, 2007, page 396)

Table 2
GB induced hormetic dose response concentration range.

Agent Model Endpoint Hormetic Range (μg/
ml)

Toxicity Reference/Figure

GBE BMMSC, human Proliferation 25-75, ∼100 Gu et al., 2015/Fig. 4B1
75 optimal

GBE BMMSC, human ALP 25-100, N/A; N/A Gu et al., 2015/Fig. 4B2
75 optimal

GBE BMMSC, human calcium content 25-100, N/A; N/A Gu et al., 2015/Fig. 4B2
75 optimal

GBE BMMSC, rat Apoptosis; procapase-3 expression 10-100, 1000; 500 Li et al., 2011/Fig. 4B3
50 optimal;

GBE Porcine ovarian granulosa cell Progesterone release, leptine Release 1 (no range); 100; 500 Stochmalova et al., 2018/
Fig. 4G.41 to 10

GBE RBC Lysis, AB-25-35 5 – 200 N.A He et al., 2008
GBE Human hepatocytes Cytochrome CYP2D6, 2.19–21.9, 2.19

optimal;
219.0; Hellum et al., 2009/Fig. 4G.1

GBE Human hepatocytes Cytochrome CYP2C19 2.19–21.0, 219.0 Hellum et al., 2009/Fig. 4G.1
0.19 optimal

GBE Mouse cochler nerve stem cells Cell viability 25-50, 100 Wang and Wang, 2016/
Fig. 4A.150 optimal

GBE Mouse cochler nerve stem cells Cell viability; proliferation 25-50, 75; 75 Wang and Han, 2015/Fig. 4A.2
50 optimal;
25-50,
50 optimal

Ginkgolide B HEP G2 cells Preventing ethanol toxicity 40-200, ∼425 Chan and Hsuuw et al., 2007/
Fig. 4E100 optimal

Ginkgolides (A,B,C,J) Mouse cortical neuron Cell viability, preconditioning against
KCN toxicity

18.75-37.5, N/A Zhu et al., 2007
7.5 optimal

Ginkgolides (A,B,C,J) Newborn ICR mouse cerebrocortid
astrocytes

Cell viability 9.3–187.5, N/A Fang et al., 2009
37.5 optimal

Ginkgolides (A,B,C,J) C6 rat glioma cells Cell viability, pretreatment against OGD
ischemia

18.75-75.0, 37.5
optimal

150 Wei et al., 2008

Agent Model Endpoint Hormetic Range (μg/ml) Toxicity Reference/Figure

Egb 761 SH-SY5Y Cell viability, preventing H2O2 toxicity 50–100, 250 Shi et al., 2009/Fig. 4C.2
100 optimal

Egb 761 BMSC rat ischemia Apoptosis 25, 75 Li et al., 2011/Fig. 4B.4
25 optimal

Egb 761 HEI-OC1 auditory hair cells Cell viability 25-300, 600 Choi et al., 2013/Fig. 4A.3
300 optimal

Egb 761 MCF- AROM Cell proliferation 100-500, N/A Park et al., 2016/ Fig. 4G.3
250 optimal

Amentoflavone 3T3-L1 adipocytes Lipolysis 0.55-55, 110 Dell’Agli and Bosisio, 2002/ Fig. 4D
5.5 optimal

Sequoiaflavone 3T3-L1 adipocytes Lipolysis 0.55–555.0, N/A Dell’Agli and Bosisio, 2002/ Fig. 4D
55 optimal

Igoginkgetin 3T3-L1 adipocytes Lipolysis 0.55–550, N/A Dell’Agli and Bosisio, 2002/ Fig. 4D
55.2 optimal

Ginkgetin 3T3-L1 adipocytes Lipolysis 0.55–552, N/A Dell’Agli and Bosisio, 2002/Fig. 4D
55.2 optimal
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The capacity of GB biflavones to stimulate lipolysis was related to
their ability to inhibit cAMP phosphodiesterase activity. The agents that
displayed a stimulatory effect on lipolysis inhibited cAMP phospho-
diesterase activity and had free or partially methylated hydroxyl
groups. Dell’Agli and Bosinio (2002) reported a 50–100 ratio between
the concentration that enhanced lipolysis and those concentrations
causing a mild cytotoxic response (20 % loss of viability), and suggested
that in light of these findings, GB biflavone could be of value as a lo-
cally-applied agent to treat cellulitis and localized adiposity.

6. Ethanol

A 2007 study by Chan and Hsuuw assessed whether GB extracts
might have a curative or protective effect on alcohol toxicity in human
hepatoma G2 cells. Although the authors did not offer a directly sup-
portive scientific rationale for the study, they cited multiple reports
indicating that GB extract had both antioxidant and anti-angiogenetic
properties. In this study, the authors assessed the effects of a 5–100 μM
concentration range of ginkgolide B on apoptosis, reactive oxidative
stress (ROS), and changes in JNK and caspase 3 activation (Fig. 4E).
Treatment with GB displayed a hormetic concentration-response for
each endpoint measured, with the maximum protection for each end-
point at 25 μM, and toxicity occurring at the next higher concentration
(50 μM). 7. Cardiomyocytes and platelet activation factor (PAF)

Terpenoids, including ginkgolide B, are platelet activation factor
(PAF) antagonists (Braquest and Hoford, 1991). Since PAF signaling is
activated during inflammation and ischemic injury, Maerz et al. (2011)
hypothesized that ginkgolide B treatment diminishes inflammation
damage by blocking PAF. While ginkgolide B has been a widely studied
GB product, bilobalide has been shown to be the most active gingko-
derived compound in hippocampal neurons (Klein et al., 1997) and
endothelial cells (Janssens et al., 1995), and has been shown to mitigate
apoptotic cell death (Ahlemeyer et al., 1999). Maerz et al. (2011) ex-
tended these findings to assess the cardioprotective effects of GB-in-
duced PAF antagonism. In a series of experiments, it was initially re-
ported that bilobalide induced a biphasic enhancement of
cardiomyocyte survival, showing a similar magnitude of protection as
ginkgolide but at 100-fold lower concentration (i.e., 5 vs 500 ng/ml;
Fig. 4F.1). Follow-up experiments, using hypoxic stress- induced cel-
lular damage - measured by apoptosis - revealed that bilobalide de-
creased this damage at low concentrations (Maerz et al., 2011;
Fig. 4F.2).

PAF is also now recognized to affect a variety of neuronal activities,
acting as an endogenous neurotoxin when produced in excess, while

Fig. 4D. Lipolysis: Effects of Biflavones (purity ranged from 87.8 (bilobetin) to
99 (Amento flavone) of Ginkgo biloba L. on Lipolysis in 3T3-L1 Adipocytes.
(Dell’Agli and Bosisio, 2002. Biflavones of Ginkgo biloba stimulate lipolysis in
3T3-L1 adipocytes. Planta Med 68:76-79).

Fig. 4E. Ethanol-Liver Toxicity: Effects of Ginkgolide B (main ingredient of
GBE) on Ethanol Treated Hep G2 Cells. (Chan and Hsuuw, 2007. Dosage effects
of ginkgolide B on ethanol-induced cell death in human hepatoma G2 cells. Ann
NY Acad Sci 1095:388-398). *designates statistical significance.

Fig. 4F. 1. Cardiomyocyte: Cardiomyocytes were Exposed to Hypoxia for Six
Hours. Bilobalide Enhanced the Viability of the Cardiomyocytes for Male
Sprague-Dawley Rats. (Maerz et al., 2011. Anti-ischaemic effects of bilobalide
on neonatal rat cardiomyocytes and the involvement of the platelet-activating
factor receptor. Biosci Rep 31:439-447). *designates statistical significance. 2.
Cardiomyocyte: Cardiomyocytes were Exposed to Hypoxia for Six Hours. Bi-
lobalide Decreased Apoptosis from 5 to 500 mg/mL While Increasing it at 0.5
mg/mL for Male Sprague-Dawley Rats. (Maerz et al., 2011. Anti-ischaemic ef-
fects of bilobalide on neonatal rat cardiomyocytes and the involvement of the
platelet-activating factor receptor. Biosci Rep 31:439-447). *designates statis-
tical significance.
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affording protective effects at lower concentrations (Bazan, 1998).
During biologically stressful conditions (e.g., ischemia, induced brain
injury), PAF acts as a neuronal injury messenger via PAF-NMDA

receptor activation, to increase glutamate release, which evokes an
increase in neuronal Ca2+ (Mukherjee et al., 1999; Xu and Tao, 2004).
Zhu et al. (2007) reported that by blocking the PAF receptor, Egb 761

(caption on next page)
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and ginkgolide B could facilitate the reported hormetic properties of
PAF in neurons, thereby reducing both the release of endogenous ex-
citatory amino acids and the influx of Ca2+.

8. Discussion

This paper represents the first integrated assessment of the evidence
of the hormetic effects of Gingko biloba leaf extracts, a complex mixture
of flavone glycosides and terpene lactones and other agents, as reported
in the biomedical literature. This assessment reveals that GB-induced
hormetic effects have been commonly demonstrated (as predominantly
chemoprotective effects) for a range of biological endpoints. This is
particularly notable in various types of nerve cells, including cochlea
nerve stem cells (Wang and Wang, 2016). Of interest is that GB has also
been shown to protect against hypoxia-induced cardiomyocyte toxicity
via its capacity to block PAF activation (Maerz et al., 2011), and this
suggests the possibility and viability of similar protective mechanisms
and effects in neurons (Zhu et al., 2007). In these chemoprotective
experimental frameworks, GB typically was evaluated using pre-
conditioning protocols. When this type of experimental study included
sufficient conditioning doses, the dose-response of GB and GB-derived
compounds typically displayed hormetic dose responses, as is consistent
in a variety of other models and systems of chemical and physical
preconditioning and protection (Calabrese et al., 2007; Calabrese,
2016a, b), adding further support to the hypothesis that hormesis is a
highly generalize dose response phenomenon that appears independent
of biological model, endpoint, inducing agent, potency of the inducing
agents, level of biological organization (cell, organ, and organism) and
mechanism (Calabrese, 2008, 2013).

The studies reviewed in this paper typically employed 4–5 doses,
with 50 % of the reported dose- responses having five doses. In addi-
tion, the median maximum stimulation reported was 155 %, typical of
hormetic dose responses, with this response being independent of the
model, endpoint, inducing agent and/or mechanism (Calabrese et al.,
2019; Calabrese and Mattson, 2017; Calabrese and Blain, 2011). The
width of the hormetic stimulation range displayed a median 10-fold
dose range, with 95 % of observations being less than < 20-fold and
none > 100-fold dose range. This stimulatory range is consistent with
findings in the hormesis literature (Calabrese and Blain, 2005, 2009,
2011). While the range of endpoints for GB-induced hormetic dose re-
sponses is relatively narrow (at least at present), the consistency of the
low-modest dose/concentration stimulation range raises questions and
concerns about estimating the optimal dose range, as well as possible
exposures that may exceed the optimal range and its potential clinical
implications.

GB and several of its active components were compared for their
hormetic activity range(s) for differing endpoints in multiple biological
systems. In general, it was determined that the hormetic concentrations
in these in vitro systems were in the 10–100 μg/ml range, with the

majority between 25–75 μg/ml. In observed effects on lipolysis, the
hormetic concentrations had a broader range, approximately 1000-fold,
from 0.5–550 μg/ml. However, the optimal response was similar to the
other agents (i.e., approximately 50 μg/ml). That such a wide range of
biological models, endpoints and experimental protocols (e.g., direct
stimulation, preconditioning) displayed an overlapping hormetic con-
centration-response raises important questions concerning the possibi-
lity of employing hormetic approaches in strategies to affect other
biological systems – both experimentally (to assess and determine
mechanisms and results) and clinically (for possible therapeutic ben-
efit).

In sum, we opine that the present findings are sufficiently extensive
to suggest that the capacity of GB to induce hormetic dose responses
that could be exploitable within preconditioning protocols. This posi-
tion is supported by illustrations of similar hormetic effects induced by
other plant-derived agents such as resveratrol (Calabrese et al., 2010),
curcumin (Calabrese et al., 2019), green tea and its chief catechin
component, EGCG (Kwon et al., 2015), and other polyphenolic com-
pounds.

In this way, these findings further contribute and support a growing
body of literature demonstrating hormetic mechanisms subserving the
biologically active effects of several functional foods (Calabrese et al.,
2018; Pilipenko et al., 2019; Amara et al., 2019). The hormetic effects
have also been seen when investigating the real-life risk simulation and
the effect of long term low dose exposure to combined stimuli (Docea
et al., 2018, 2019; Tsatsakis et al., 2019a,b). The occurrence of hor-
metic dose responses indicates that dosing considerations can be cri-
tical, and that the optimal dose range is essential to define, especially
when seeking to avoid potentially undesirable responses produced at
and by higher doses. It is hoped that such findings may be of use to
researchers’ developing improved study designs, protocols (viz.- with
respect to selection of doses), sample size, and statistical power.
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