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Abstract: This review present Gingko biloba (GB) interactions, based on clinical and pre-clinical
presentations. Literature was retrieved using databases; ScienceDirect, PubMed, Google scholar, Web of
Science, Scopus etc. 14/45 interactions were found with clinical presentations. More interactions (80%)
were reported with drugs followed by herbs (11.1%), and nutraceuticals (6.7%) with major mechanisms
of interaction observed as; inhibition of Cytochrome metabolizing enzymes (44.4%) and platelet-
activating factor (PAF) i.e. 15.6%. Major clinical features were; increased bleeding (eye, parietal),
hematomas (subdural), and seizures as well as increased blood pressure, priapism, loss of
infection/antiviral failure, and coma. Drugs with major interactions belonged to anti-platelet/anti-
coagulant and NSAIDs. Synergistic effects were observed for GB vs herbs (except cannabis which
showed rhabdomyolysis), foods, and nutraceuticals (except pyridoxine where neurotoxicity was seen).
GB use should be monitored and the patient may seek proper advice from a healthcare professional.

Keywords: Ginkgo biloba; Interactions; Self-medication; Alzheimer; Astaxanthin

Resumen: Esta revision presenta las interacciones de Gingko biloba (GB), basadas en presentaciones
clinicas y preclinicas. La literatura se recuper6 utilizando bases de datos; ScienceDirect, PubMed, Google
Scholar, Web of Science, Scopus, etc. Se encontraron 14/45 interacciones con presentaciones clinicas. Se
informaron mas interacciones (80%) con farmacos seguidos de hierbas (11,1%) y nutracéuticos (6,7%)
con los principales mecanismos de interaccion observados como; inhibicion de las enzimas
metabolizadoras del citocromo (44,4%) y factor activador de plaquetas (PAF), es decir, 15,6%. Las
principales caracteristicas clinicas fueron; aumento de sangrado (ojo, parietal), hematomas (subdural) y
convulsiones, asi como aumento de la presion arterial, priapismo, pérdida de infeccién / insuficiencia
antiviral y coma. Los farmacos con interacciones importantes pertenecian a los antiplaquetarios /
anticoagulantes y los AINE. Se observaron efectos sinérgicos para GB frente a hierbas (excepto cannabis
que mostré rabdomidlisis), alimentos y nutracéuticos (excepto piridoxina donde se observo
neurotoxicidad). Se debe controlar el uso de GB y el paciente puede buscar el asesoramiento adecuado de
un profesional de la salud.
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INTRODUCTION

Ginkgo biloba (GB) belongs to the family
Ginkgoaceae, whereas Gingko is derived from a
Chinese word “yin-kuo or Sankyo” which means a
“silver fruit or hill apricot” (McKenna et al., 2001).
It’s the nuts and leaves of GB, implicated in different
traditional treatment systems of China, Indonesia,
and Japan, which imparts important medicinal and
pharmacological properties to GB, to be used as food
or dietary supplement (Kumar Singh et al., 2017).
The food chemistry shows the presence of various
components  responsible  for  the  unique
pharmacological activities of GB dietary supplement
such as ginkgolides (A, B, C, M, K, L and Q),
flavonoids (quercetin, luteolin, kaempferol, apigenin
etc.), bilobalide and proanthocyanidins (van Beek &
Montoro, 2009; Liao et al., 2011). The dietary
supplement finds therapeutic applications in the
treatment of Alzheimer's, dementia (Kandiah et al.,
2019), cardiovascular diseases (Tian et al., 2017),
stress and memory enhancement (Raju et al., 2019),
geriatric complaints i.e. vertigo, age-related macular
degeneration (Gil-Martinez et al., 2020), psychiatric
disorders (schizophrenia), and to improve blood
circulation (Benzie & Wachtel-Galor, 2011). Though
the nuts are more known for folkloric uses, the last 20
to 30 years witnessed a sudden raise for the
therapeutic applications of GB leaves extract. The
first standardized product EGB 761 (24% flavone
glycosides and 6% terpene trilactones) is one of the
examples with regular use worldwide for
neurodegenerative and cerebral diseases (Omidkhoda
et al., 2019). The increased attention for GB may be
estimated with an annual market value of $840 M in
the US and Europe (Chen et al., 2020). The global
market value for GB extract is expected to rise with a
CAGR of 4.1% by 2028, which makes a value of
2379.2M USD compared to a value of 1590.5M USD
in 2018 (USM, 2020). Keeping in view the huge
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market value, it is noteworthy to mention the frequent
practice of self-medication for GB used. Self-
medication refers to the selection and use of
medicines without any advice or prescription form a
health care professional. Self-medication poses the
risk of interactions with other drugs, foods, or herbal
products leading towards a decrease or increase in the
effectiveness of therapy, which may lead to life-
threatening conditions. GB is amongst the top self-
medicated dietary supplements, particularly in
chronic venous insufficiency patients (Rubio et al.,
2018; Damnjanovic et al., 2020). A prevalence with
52% concurrent use of GB with other prescription
drugs has been reported (Agbabiaka et al., 2017).
Alternative medicine is being widely used these days,
in the US, 25% of American people use herbal
products for preventive and therapeutic reasons,
where only 70% of these people inform their
physicians. It may lead to medical issues or fatal
toxicities sometimes (Kleijnen & Knipschild, 1992;
Borrelli et al., 2007).

Interestingly, the components in GB account
for its anti-oxidant and platelet aggregation inhibition
property hence, GB products are frequently used for
improving blood flow and cognitive function (Cupp,
1999; Benzie & Wachtel-Galor, 2011). This poses a
significant concern regarding GB safety with regard
to its potential interactions, particularly when used
concomitantly with drugs of narrow therapeutic index
such as warfarin or herbal products with alike
properties such as garlic. More chances of
pharmacokinetics and pharmacody-namics
interaction do exist and bleeding may occur which
may be severe in most cases (Cupp, 1999; Borrelli et
al., 2007). GB may have interactions with other
drugs, herbs and foods which may either diminish or
boost its effect in the body. Few such interactions
may lead to fatal results even.

Figure No. 1
Gingko biloba
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The current review aims to accurately report
the interactions of GB when used concomitantly with
other drugs, herbs or foods etc. The review focuses
individually on all such interactions based on the
evidence i.e. pre-clinical or clinical cases reported for
these interactions. Besides, a proper conclusion will
be established to report the significant adverse effects
and mechanisms observed during GB interactions.

LITERATURE REVIEW

Strategy for study selection

The titles and abstracts were thoroughly studied for
individual literature, and the articles relevant to the
research question were collected and cross-verified
by the coauthor. Independent reviewers resolved any
disagreement about a study as per the inclusion and
exclusion criteria as below.

Inclusion criteria: literature reporting interaction at
any level i.e. clinical or pre-clinical as well as in vitro
and in vivo. The articles mentioning interaction of
GB with any herb, drug, food as well as lab
tests/procedures were searched and included. The
literature search was restricted to the English
language.

Exclusion criteria: literature reporting uses, side
effects, phytochemical studies and pharmacological
activities only was excluded from the study. In
addition, the clinical cases due to overdose, adverse
effects, or associated with prolonged use of GB
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were not included.

Databases and resources utilized: databases;
EMBASE, MEDLINE, Web of Science, Google
Scholar, PubMed, Scopus, and online digital library
of Imam Abdulrahman Bin Faisal University.
Journals; Journal of food science, British Journal of
Clinical Pharmacology, Journal of Clinical Pharmacy
and Therapeutics, Trends in Food Science and
Technology, Frontiers in  Pharmacology etc.
Furthermore, books and published theses were used
as resources to collect information.

Keywords searched: “Ginkgo biloba”, “Ginkgo
biloba interactions”, “Ginkgo-drug interaction”,
“Ginkgo-herb interaction”, “Ginkgo-food
interaction”,  “Ginkgo  with  anti-coagulants”,
“Dementia”, “Alzheimer’s”, “Ginkgo biloba-
Ginseng”, “Astaxanthin”, “Sodium aescinate”,
“Ginkgo-Ephedrine”.

Time period: the literature was searched without any
time limitation. Any literature available with regard
to GB interactions and resulted in clinical cases was
gathered, irrespective of its publishing year. The data
was collected and kept updated starting October 2019
till July 2020.

Articles found: a total of 45 GB interactions,
including 14 clinical cases, were finalized based on
eligibility criteria. The interactions with evidence of
its pre-clinical or clinical reports are mentioned in
detail in Table No. 1;

Table No. 1
Interactions for GB vs drugs, herbs, nutraceuticals and food
Interacting agent L:t\aec:;f Mechanism of action Outcome Reference
GB Vs drugs interactions
Ticlopidine Preclinical e
Warfarin CYP2C9 inhibition Cupp, 1999;
PAF inhibition Abebe, 2002:
Ticlopidine 1T AUC Coxeter et al., 2003;
Aspirin 1 bleeding Bebbington et al.,
Acetaminophen and Clinical PAE inhibition 2005; Greenblatt et
ergotamine-caffeine al., 2006; Aruna &
Clopidogrel Naidu, 2007; Kim et
Cilostazol CYP2C9 inhibition al., 2010; Tarn et al.,
Flurbiprofen - No interaction 2020
Apixaban - - 1 bleeding
Trazodone Clinical CYP3A4 induction Suspected coma Coxeter et al., 2003;
Diamond & Bailey,
Nicardipine Preclinical CYP3AZ2 induction | effectiveness 2013; Meng & Liu,
2014
Sodium valproate Clinical CYP2C19 induction Seizures Granger, 2001;
Thiazide diuretic - 1 blood pressure Kupiec & Raj, 2005
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Theophylline Pre-clinical CYP1A2 induction Tclearancg and Tang et al., 2007
metabolism
Omeprazole CYP2C19 induction | renal clearance Yin et al., 2004
Talinolol P-glycoprotein inhibition 1 tallnolgl AUC and Fan et al., 2009a
max
Efavirenz Clinical CYP3A4 or P-gp Virologic failure Wiegman et al., 2009
Raltegravir inhibition 1 AUC and Cpax Blonk et al., 2012
Voriconazole CYP2C19 induction loss of infection Lei et al., 2009
control
Bupropion Pre-clinical CYP2B6 inhibition l hegs’ggtfornrenal Lau & Chang, 2009
Ritonavir - No interaction Blonk et al., 2012
Risperidone CYP enzyme inhibition Priapism Lin et al., 2007
headaches,
Nifedipine 1 plasma concentration dizziness, 1 heart Yoshioka et al., 2004
rate
. . glucuronosyltransferase | Timmunosuppressive | Mohamed & Frye,
Mycophenolic Acid inhibition effect 2010
Diltiazem CYP3A inhibition Tserum level Ohnishi et al., 2003
Diazepam CYP2C19 inhibition . Sa_me Zuo et al., 2010
bioequivalence
Alprazolam alteration in CYP3 A4 lserum level Markog/g)gé etal,
Midazolam Clinical CYP3A4 inhibition Tserum level Zadoyan et al., 2012
Haloperidol - | superoxide Coxeter et al., 2003
dismutase
Sodium aescinate l CYPZC?,_CYP3A4 1 serum creatinine Jietal., 2017
activity and BUN
. i . Cupp, 1999;
Ephedrine Seizures Spinella, 2001
Simvastatin - 1T AUC Dai et al., 2013
Tolbutamide CYP2C9 alteration 1 AUC and Cmax Uchida et al., 2006
Metformin - No interaction Kudolo et al., 2006
. i Eye pain and
Amoxetine headache Mazhar et al., 2020
GB vs herbs interactions
Ginseng - 1 Cfogn itive Kennedy et al., 2007
. Clinical - performance
Bacopa monnieri PAF inhibition 1 cognitive function Nathan et al., 2004
Cannabis - rhabdomyolysis Strain et al., 2019
Devil’s ?[;W’ green - - Mild interaction Persson et al., 2004
Silybum marianum | Pre-clinical antljoxu?lant a_nd Chemo preventive El Mesallamy et al.,
antiangiogenic role 2011
GB vs nutraceuticals interactions
Phosphatidylserine,
vitamin- Synergistic effect Araujo et al., 2008
E/pyridoxine. preclinical e 1 cognitive function
Phosphatidylserine inhibition/neuroprotective Kennedy et al., 2007
Pyridoxine - Neurotoxicity Arenz et al., 1996
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GB vs food interactions

GB bioflavones Clinical

Inhibition of PAF, COX-
2, CAMP
phosphodiesterase

| asthma associated

; . Haines et al., 2011
inflammation

Ginkgo biloba-drugs interactions

Extracts of GB has shown serious effect when
combined with some drugs. Aspirin, warfarin, and
other anti-coagulant drugs are examples of serious
GB-drug interactions (Diamond & Bailey, 2013).

Ginkgo and anti-platelet drugs interactions
Ginkgo-ticlopidine interaction

A clinical study in twenty-four healthy Korean men
confirmed that GB increases bleeding time, platelet
aggregation and an increase in ticlopidine AUC
(6.1%) if taken together (Kim et al., 2010). Similarly,
ticlopidine (50 mg/kg) when administered in a
thrombosis-induced-rats model in combination with
EGb761 (20-40 mg/kg), an agonistic effect was
observed with prolonged bleeding time and a delay in
thrombotic recovery (Coxeter et al., 2003).

Ginkgo-warfarin interaction

Warfarin is one of the most widely observed drugs
that can interact with GB, and the combination may
lead to an increase in the warfarin effect. A case
report for a 78-year-old female patient with coronary
bypass surgery, who was taking warfarin for five
years, experienced left parietal bleeding after using
GB product for two months. In addition, intracerebral
bleeding was reported for a woman using warfarin
and GB extract together. Terpenoids ginkgolide can
inhibit platelet-activating factor (PAF), and this leads
to prolonged bleeding time and spontaneous
bleeding. The in vitro study for warfarin and GB
suggests an inhibition of 7-hydroxylation of (S)-
warfarin by CYP2C9 (Cupp, 1999; Mohutsky et al.,
2006; Ge et al., 2014).

Ginkgo-clopidogrel interaction

A case reported for a 74 years-old woman manifested
bruising, haematuria and vaginal haemorrhage
following the use of GB along with clopidogrel in
menopausal symptoms. The suspension of GB
consumption for one week showed good laboratory
results and the haemorrhage ceased (Darnborough,
2014).

Ginkgo-cilostazol and clopidogrel interaction
A randomized open-labeled crossover study was

performed in ten healthy male volunteers where GB
(120 mg) with cilostazol (100 mg) (CYP3A4 and
CYP2C9 substrate) was compared to GB (120 mg)
administered with clopidogrel (75 mg), for possible
anti-platelet interaction. A measurement for platelet
aggregation, platelet count, bleeding time and clotting
time at 0 and 6 hours revealed; prolongation in
bleeding time with cilostazol combination in
comparison to individual doses (Aruna & Naidu,
2007).

Gingko-apixaban interaction

GB has been reported to increase the risk of bleeding
if used, along with apixaban oral anti-coagulant (Tarn
et al., 2020).

Ginkgo-NSAIDs interactions
Ginkgo-acetaminophen interaction

A case was reported for 33-years-old women using
acetaminophen and ergotamine-caffeine preparation
with GB. The combination of these medications
resulted in bilateral subdural hematomas and
prolonged bleeding time. Upon discontinuation of
GB the bleeding time returned to normal. The
presence of ginkgolide-B in GB is suggested to be
responsible for anti-platelet aggregation (Cupp, 1999;
Abebe, 2002).

Ginkgo-flurbiprofen interaction

A study by Greenblatt et al., in twelve healthy
volunteers showed no significant interaction of GB
and flurbiprofen; however, further studies are needed
to confirm the effect (Greenblatt et al., 2006).

Ginkgo-aspirin interaction

A 70 years-old man suffered bleeding in the eye after
one week of GB ingestion. The medical history
showed coronary artery bypass surgery, and the
patient was using aspirin. The discontinuation of
concomitant use resulted a stable condition for the
patient (Rosenblatt & Mindel, 1997). A case report of
77 years-old female patients with total hip
arthroplasty (THA), using aspirin, suffered from
bleeding and oozing. The in-depth investigation
revealed the use of GB 120 mg daily; hence, GB was
discontinued further and the patient conditions
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improved. Ginkgolide-B is suggested to be
responsible as it reduces platelet aggregation by
preventing the binding to receptors of platelet
activating factor (PAF) (Park et al., 2013). Another
study for human volunteers who took a single dose of
mixed ginkgolides resulted in platelet aggregation
inhibition and bleeding was reported with and
without NSAIDs administration (Cupp, 1999; Abebe,
2002; Bebbington et al., 2005).

Ginkgo and calcium channel blockers interactions
Ginkgo-nicardipine interaction

The combination of GB and nicardipine produced a
reduced hypotensive effect for nicardipine. The
suggested mechanism is the involvement of CYP3A2
metabolizing enzymes. (Diamond & Bailey, 2013).

Ginkgo-nifedipine interaction

Simultaneous administration of GB with nifedipine
results in an increased plasma concentration level for
nifedipine. The patients feel severer and long lasting
headaches and may experience dizziness, flushes and
accelerated heart rate. The mechanism though, is not
clear (Yoshioka et al., 2004).

Ginkgo-diltiazem interaction

The flavonoids in GB (quercetin and kaempferol)
inhibit CYP3A activities and diltiazem needs CYP3A
to be converted to its active metabolite of diltiazem
N-demethylase. An increased plasma level for
diltiazem is observed, which may produce toxicity
(Ohnishi et al., 2003).

Ginkgo-benzodiazepines interactions
Ginkgo-diazepam interaction

The effect of GB upon CYP2C19 was studied.
Diazepam is a substrate for CYP2C19, whereas GB
inhibits  this enzyme. The pharmacokinetic
parameters for diazepam and its metabolite (N-
desmethyldiazepam) upon exposure to GB were
changed; however, the results were still in the
bioequivalence interval. It suggests a safe use of
diazepam with GB without any dose adjustment (Zuo
et al., 2010).

Ginkgo-alprazolam interaction

A study in twelve healthy volunteers showed
alteration in CYP3 A4 and CYP2D6 activities with a
17% decrease in alprazolam AUC when administered
with GB (Markowitz et al., 2003).

Interactions of Ginkgo biloba

Ginkgo-midazolam interaction

The effect of GB (360 mg/day) with midazolam (8
mg) was observed in ten healthy individuals. The
results showed a significant increase (25%) for
midazolam AUC,.. and a decrease (26%) in oral
clearance. Midazolam is a substrate for CYP3A4,
which is inhibited by GB (Uchida et al., 2006).
However, another study in eighteen healthy
Caucasian volunteers using GB with a cocktail
(midazolam, caffeine, dexamethasone, tolbutamide
and omeprazole) showed no change in the CYP
enzymes activities (Zadoyan et al., 2012).

Ginkgo-antiepileptic’s interactions

A case reported seizures episodes for two epileptic
patients following concomitant use of sodium
valproate and GB, which attacks relieved upon
discontinuation of GB. In another case, a 78-years old
man, suffering from epilepsy was presented to the
hospital with tonic-clonic seizures in the past 12
hours. The patient already using sodium valproate
(1200 mg) was found to add GB in his regime. Soon
after GB discontinuation, seizure was diminished. A
similar case of an 84-years old female patient
diagnosed with dementia was admitted to the hospital
with a seizure episode. The patient was using sodium
valproate for two years until the psychiatrist gave her
GB (120 mg daily). Immediately after twelve days of
GB intake, seizures were observed, whereas
discontinuation of GB resulted in a lack of seizures
(Granger, 2001; Kupiec & Raj, 2005). The interaction
between GB and antiepileptic’s drugs was due to the
induction of CYP2C19 by GB, which results in
catabolism induction of phenytoin and valproic acid
(Kupiec & Raj, 2005).

Ginkgo-diuretics interactions

A case report for an old female patient showed an
elevated blood pressure, which was sorted due to
combined dose of thiazide and GB. The cessation of
GB corrected the blood pressure to the pre-treatment
level (Kupiec & Raj, 2005).

Ginkgo-theophylline interaction

GB affects the pharmacokinetic profile for
theophylline. A study in rat’s model revealed that GB
combined with theophylline, increases theophylline
clearance. In addition, GB induces CYP1A2 activity
whereby the metabolism for theophylline is increased
(Tang et al., 2007).
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Ginkgo-omeprazole interaction

A study in 18 years-old healthy Chinese patients,
revealed that co-administration of GB with
omeprazole led to hydroxylation of omeprazole via
CYP2C19. Moreover, renal clearance of omeprazole
was induced, and consequently, the effect of
omeprazole was reduced (Yin et al., 2004).

Ginkgo-antiretroviral drugs interactions

GB along with antiretroviral drugs (nevirapine,
rilpivirine, doravirine and elvitegravir) may effect
CYP3A4 (induction or inhibition) whereas, abacavir
and tenofovir may exert an effect on P-gp. For
raltegravir, no  significant  pharmacokinetic
interactions were found in vitro studies. Protease
inhibitors (efavirenz, dolutegravir, bictegravir and
maraviroc) may inhibit or induce CYP3A4 and P-gp
both (Yale & Glurich, 2005; Hellum & Nilsen, 2008;
Robertson et al., 2008; Wiegman et al., 2009; Blonk
et al., 2012; Naccarato et al., 2012).

Ginkgo-efavirenz interaction

A patient with human immunodeficiency virus (HIV)
disease using efavirenz developed a new medical
illness with the use of GB (300 mg/day). The clinical
tests showed a decrease in antiviral activity for
efavirenz due to GB upregulation of enzymes
responsible for efavirenz metabolism. GB accelerated
the hepatic clearance with a decrease serum level;
hence, a reduced antiviral activity for efavirenz
(Wiegman et al., 2009; Naccarato et al., 2012).

Ginkgo-raltegravir interaction

The effect of GB on raltegravir was studied in an
open-label, randomized clinical trial using eighteen
healthy volunteers. The bioavailability and maximum
plasma concentration (Cmax) for the drug were
increased, which suggests an inhibitory effect of GB
upon raltegravir metabolizing enzymes of P-GP
(Blonk et al., 2012).

Ginkgo-antipsychotics interactions
Ginkgo-risperidone interaction

A schizophrenia patient on risperidone therapy
started to take GB, developed priapism with the
prolonged and persistent erection of the penis (not
due to sexual stimulation). It was suggested due to
GB inhibition of risperidone metabolizing enzyme,
leading to an increased serum level (Lin et al., 2007).

Ginkgo-haloperidol interaction
A placebo-controlled clinical trial in schizophrenic
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patients administered GB alongwith haloperidol as a
co-treatment for schizophrenia. A significant
decrease in superoxide dismutase (SOD) levels was
found in these patients, thus reducing the
extrapyramidal symptoms of haloperidol (Coxeter et
al., 2003; Hu et al., 2005).

Ginkgo-antidepressant interactions
Ginkgo-bupropion interaction

A recent study showed that GBE with bupropion
(CYP2B6 drug substrate) leads to chronic illness or
compromised hepatic and renal function. The effect
was due to decreased bupropion hydroxylation
catalyzed by recombinant CYP2B6 (Lau & Chang,
2009).

Ginkgo-trazodone interaction

An 80 years old female patient with Alzheimer's
disease was found in a coma, was suspected of using
trazodone alongwith GB. The active metabolite of
trazodone i.e. 1-(m-chlorophenyl) piperazine (mCPP)
is increased by GB, which in turn releases Y-
aminobutyric acid (GABA) at presynaptic serotonin
5-HT2 and a2-adrenergic receptors via an agonistic
action. In addition, it increases cytochrome-P450
(CYP3A4) activity, which metabolizes trazodone to
mCPP. The GABAergic activity is further reinforced
through flavonoids via acting on the biding sites of
benzodiazepine (Coxeter et al., 2003; Diamond &
Bailey, 2013; Meng & Liu, 2014).

Ginkgo-mycophenolic acid interaction

The combination of mycophenolic acid and GB
increases the concentration of mycophenolic acid,
leading to many adverse effects. This is due to GB
flavone aglycone, which inhibits
glucuronosyltransferase-UGT-mediated metabolism
of mycophenolic acid in human intestinal and liver
microsomal  systems.  Hence, the systemic
concentration of mycophenolic acid is raised due to
inhibition of first-pass metabolism and an increased
immunosuppressive effect is observed (Mohamed &
Frye, 2010).

Ginkgo-talinolol interaction

Talinolol is a substrate for P-glycoprotein in humans,
which is likely to interact with GB. The flavonoids in
GB inhibit P-glycoprotein function and may lead to
an increased AUC for talinolol. A study in ten
healthy volunteers revealed an increased talinolol
AUC along with Cmax, following the ingestion of GB
(Fan et al., 2009b). In another similar study, a 24%
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increase in talinolol AUC was observed in twelve
healthy individuals when GB was coadminstered with
Schisandra chinensis and talinolol (Fan et al.,
2009b).

Ginkgo-voriconazole interaction

Voriconazole is extensively metabolized by
CYP2C19 and CYP3A4. A study revealed a powerful
inductive effect for GB on CYP2C19 activity, where
the stimulation of this enzyme decreased the efficacy
of the antifungal drug and loss of infection control
(Lei et al., 2009).

Ginkgo-sodium aescinate interaction

GB with sodium aescinate may produce acute kidney
injury and they are avoided to be coadminstered. A
58-year old patient was diagnosed with left
phalangeal fractures. The ant-inflammatory and anti-
edematous agent sodium aescinate and anti-coagulant
GB were administered to improve microcirculation
and promote wound healing. However, the patient
serum creatinine (SCr) and blood urea nitrogen
(BUN) levels were found significantly elevated and
the treatment was immediately discontinued. The
patient's renal function returned to normal. It is
suggested due to downregulation of CYP2C9 and
CYP3AA produced by amentoflavone in GB. In
addition, the high protein-binding capacity of both
drugs may contribute to an interaction (Demarin et
al., 2017).

Ginkgo-ephedrine interaction

GB administered with ephedrine leads to seizure in
some special cases, prone to various factors of older
adults and that undergoing drug withdrawal. This is
due to a direct effect on the central nervous system.
Thus prescription containing GB with ephedrine
needs to be avoided (Cupp, 1999; Spinella, 2001).

Ginkgo-simvastatin interaction

GB and simvastatin coadminstered in fourteen
healthy volunteers resulted a 36% decrease in AUC
for simvastatin while no significant change was
observed in the level of cholesterol (Dai et al., 2013).

Ginkgo-antidiabetic drugs interactions
Ginkgo-tolbutamide interaction

A study of GB use with tolbutamide (substrate for
CYP2C9) in ten healthy individuals showed an
alteration of CYP2C9 activity, which is evident from
a lower (16%) AUC,_ .. for tolbutamide (Uchida et al.,
2006).
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Ginkgo-metformin interaction

GB concurrently used with metformin resulted in no
significant change in pharmacokinetics and efficacy
was observed for metformin (Kudolo et al., 2006);
however, further studies are required to know the
interactive effects of higher doses of GB.

Ginkgo-atomoxetine interaction

An eight-year child taking atomoxetine and GB
complained about eye pain and headache, which later
was diagnosed with glaucoma. Though psychiatrists
of the child declared atomoxetine as a causative
agent, such concomitant administration needs to
investigate further for possible drug interaction
(Mazhar et al., 2020).

Ginkgo biloba-herbs interactions

Ginkgo-Devil’s claw-green tea interaction

GB may lead to mild interaction when used along
with green tea or devil's claw plant. In the event of
GB allergy, it is risky to consume plants that contain
the same constituents, such as fossil tree, Kew tree, or
maidenhair tree. No study has explicitly reported the
severe interactions of GB with herbs (Kennedy et al.,
2001; Persson et al., 2004).

Ginkgo-ginseng interaction

GB has a synergistic effect when combined with
ginseng. GB and ginseng improve cognitive
performance and gained wide attraction as “a
common prescription together” during the last few
years. The positive results of this combination
showed improved learning skills and memory in
healthy volunteers and these findings were supported
by many reliable studies. Few studies conducted in
Alzheimer's patients also revealed excellent
performance when these two herbs were administered
concomitantly (Hartley et al., 2004; Persson et al.,
2004).

Gingko-Bacopa monnieri interaction

GB and Bacopa monnieri produce a positive effect on
cognitive function in healthy humans. It enhances a
wide range of neuropsychological functions,
including attention, short-term and working memory,
verbal learning, memory consolidation, executive
processes, planning and problem-solving speed. The
two herbs produce platelet-activating factor (PAF)
antagonistic effects and also inhibit monoamine
metabolizing enzymes, which contribute to its free-
radical scavenging activity.  Furthermore, it
modulates the cholinergic system via a direct effect
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upon muscarinic receptors, which affects choline
uptake and acetylcholine release (Nathan et al.,
2004).

Ginkgo-Silybum marianum interactions

GB and Silybum marianum have an anti-cancer
property through inhibition of oxidative DNA
damage and enhancing DNA repair. It regulates cells
proliferation, induces apoptosis, and Kkills hepatic
cancer cells. The combination of GBE and Silybum
marianum showed protective effects against
hepatocarcinoma and minimized the damage to liver
cells. They have a positive chemo preventive effect
against hepatocellular carcinoma through anti-
oxidant, antiangiogenic and antigenotoxic activities
(El Mesallamy et al., 2011).

Ginkgo biloba-cannabis interactions

A case report of rhabdomyolysis in a twenty-six year
old female was reported as she was using GB
supplement and cannabis (Strain et al., 2019).

Ginkgo-nutraceuticals interactions

Gingko and nutraceutical supplement
(phosphatidylserine, vitamin-E, and pyridoxine)
GB, vitamin-E and pyridoxine can improve cognitive
functions and memory where a synergistic action is
suggested. The supplement has been licensed in Italy,
and it is used to treat elderly dogs and cats with
pathophysiological brain aging. The mechanism of
action is not known and further research is required
in order to elucidate this mechanism (Araujo et al.,
2008).

Ginkgo-phosphatidylserine interaction

Administration of phosphatidylserine or
phosphatidylcholine has a synergistic effect with GB
and enhances the bioavailability of GB with an
increase in its effect. Chronic administration of GB
and  phosphatidylserine  potentiates  secondary
memory performance and increases the speed of
memory task performance. The mechanism of action
for such a combination is believed due to the
antagonism of platelet-activating factor and
neuroprotection (Kennedy et al., 2007).

Ginkgo-pyridoxine interaction

GB containing ginkgotoxin (4-O-methyl pyroxine)
interacts with pyridoxine metabolites and results in
neurotoxicity, seizures and loss of consciousness
(Arenz et al., 1996). However, more studies are
required.

Interactions of Ginkgo biloba

Ginkgo-food interactions

For GB-food interactions, very limited data is
available. Only one study was found where food
containing Astaxanthin and vitamin-C were observed
to have a pronounced effect in the suppression of
respiratory inflammation when combined with GB.
Astaxanthin is usually found in seafood (salmon,
trout, lobster and shrimp), which acts as a
cytoprotective agent by eliminating toxic reactive
oxygen compounds. For asthmatic patients, PAF is
responsible for inflammation associated processes
and administration of GB with Astaxanthin interrupts
the pathogenesis of asthma by blocking PAF
receptor. In addition, bioflavones present in GBE
inhibits COX-2 and cAMP-phosphodiesterase. This
probably leads to increased cyclic nucleotide levels in
lung tissues; thus, increasing the cAMP and cGMP
which are involved in relaxing the airway and
contributes to lessening the severity of disease by
decreasing airway muscle contractility. Vitamin-C is
a water-soluble dietary anti-oxidant. It facilitates
urinary elimination of reactive oxygen metabolites as
well as increases the activity of Astaxanthin in the
suppression of oxidative damage secondary to
Helicobacter pylori infection. Vitamin-C has a
significant role, when combined with GBE and
Astaxanthin, in the suppression of asthma-associated
inflammation (Haines et al., 2011).

Statistical analysis

The descriptive statistics revealed (Table No. 2), a
frequency of 45 interaction cases for GB. A high
percentage (80%) of the interactions was observed
for GB vs drugs followed by 11.1% for GB vs herbs
and 6.7% for GB vs nutraceuticals. Only one
interaction (2.2%) was found for food vs GB. With
regard to mechanisms of interactions, almost half
(44.4%) of the interactions were observed at the level
of Cytochrome metabolizing enzymes followed by
the next major (15.6%) interaction of PAF inhibition
i.e. increased antiplatelet activity. All these cases of
interactions were observed at the clinical level, which
makes one-third of the total cases (575.6%). For
31.1% of the cases, no mechanism of interactions was
reported. Likewise, 20.0% of the cases were pre-
clinical oriented data, followed by 4.4% of the cases
where no clinical or pre-clinical level was reported. A
three-dimensional  representation for the GB
interactions, its mechanisms along with level of study
is also shown in Figure No. 2.
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Table No. 2

Interactions of Ginkgo biloba

Descriptive statistics for the GB interactions, mechanisms and level of study observed

Type of GB Interaction
Frequency Percentage
GB-drug interactions 36 80.0
GB-herb interactions 5 11.1
GB-nutraceuticals interactions 3 6.7
GB-food interactions 1 2.2
Total 45 100.0
Mechanisms of interaction
Cytochrome-P450/P-gp inhibitor/inducer 20 44.4
PAF inhibition (increased anti-platelet and anticoagulant activity) 7 15.6
Other (anti-oxidant, nueroprotective, increase/decrease AUC etc.) 4 8.9
Not determined 14 31.1
Total 45 100.0
Level of study
Clinical 34 75.6
Pre-clinical 9 20.0
Not determined 2 4.4
Total 45 100.0

DISCUSSION

Gingko biloba is an ancient herb used for years to
treat many diseases. The current literature review
focuses on interactions for GB, related to drugs,
herbs, nutraceuticals and food. Among different
interactions, more cases were reported for GB vs.
drugs. As shown in Table No. 1, GB exhibited the
most frequent and potential interactions with
anticoagulant and anti-platelet drugs warfarin,
aspirin, clopidogrel, ticlopidine and cilostazol, where
an increase in bleeding incidences was recorded. This
implicates not to use surgery preparing drugs with
GB, as it may increase bleeding time and pose
difficulty for the appropriate surgery conditions of
the patient. Pharmacokinetics interaction for GB
involved either hepatic cytochrome-P450 enzyme
system induction or inhibition. For instance, GB
increased the clearance and metabolism for
theophylline due to CYP1A2 induction, however,
decreased the renal clearance and therapeutic effect
of; omeprazole due to hydroxylation via CYP2C19
genotype (Yin et al., 2004; Tang et al., 2007),
efavirenz through upregulation of metabolizing
enzymes, increased serum diltiazem due to CYP3A
inhibition as well as increased Cmax and AUC for
Talinolol due to enzyme inhibition as reported
(Engelsen et al., 2003; Ohnishi et al., 2003;
Naccarato et al., 2012) Notwithstanding, it is safe to

use GB with several drugs such as diazepam (Zuo et
al., 2010).

Concerning clinical cases, GB has been
attributed to several rare but treacherous hemorrhagic
events (Benjamin et al., 2001; Hu et al., 2005). For
instance, concomitant use of GB and warfarin results
in severe bleeding (Matthews, 1998). It is suggested
due to flavonoids in GB, which inhibits CYP2C9
(Mohutsky et al., 2006; Numa et al., 2007),
especially amentoflavone (von Moltke et al., 2004).
For the majority of the cases, it is CYP2C9
inhibition, which is involved in potentially harmful
GB-drug interactions such as GB vs. anti-platelet
drugs, trazodone, diuretics, and NSAIDs (Sgrensen,
2002; Valli & Giardina, 2002).

Gingko biloba-herb interactions (Table No.
1) revealed a safe use for GB along with other herbs;
however, the chances of interaction still do exist. A
notable example is the use of ephedrine and GB,
where seizures were observed with concomitant
usage. In addition, some mild interactions may occur
when used with green tea or devil’s claw plant,
further details studies are required to elucidate these
interactions. Synergistic interaction with ginseng was
also found for GB where a positive effect on human
health was observed. The phenomenon of synergism
was observed for GB-nutraceuticals, also where
beneficial therapeutic outcomes were achieved. For
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example, GB and Bacopa monnieri enhanced the
cognitive function in healthy people, and GB with
Silybum marianum enhanced the recovery rate in
cancerous patients with hepatocarcinoma. Another
study showed an improvement in short term memory
performance for GB with phosphatidylserine,
vitamin-E and pyridoxine (Cupp, 1999; Spinella,
2001; Kennedy et al., 2007). A beneficial GB-food
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A three dimensional representation for GB-interactions, mechanisms and level of study

For GB-interactions, more incidences were
observed in females; however, there is no proper
evidence that a certain gender will be at more risk of
interactions. Sex-related differences may be the
cause, which is a multifactorial issue that requires
information on different study fields (Miller, 2001).
The frequency of interactions was found more in
elderly patients compared to other age groups. It may
be linked with more usage of GB in geriatric diseases
of dementia, Alzheimer’s, headache, and sexual
weakness. The more important reason is a lack of
dialogues between patients and health professionals
(Cupp, 1999; Spinella, 2001; Silva et al., 2014).

Future perspectives

The review provides useful insight regarding the GB-
interactions, mechanisms, and clinical cases.
Numerous cases have been reported for GB
interactions, but a major deficiency of lack of proper
in-depth mechanisms do exist. The reported

mechanisms need to be updated at molecular or
biochemical level. Clinical trials at early stages are
conducted; however, a gap for advanced level (P-l1ll
to V) studies with more sample size and multi-center
studies is there. Much attention is needed for GB and
food interactions as very little information is
available. The patients mostly use drugs or
supplement along with food for the sake of avoiding
gastric problems. It necessitates detailed study for GB
with different food types (fat, protein, carbohydrates,
and fiber containing foods). It is worthy of
mentioning that the quality in terms of the active
ingredient and its quantity, adulteration with
extraneous matter, and standardization of products
available in the market should be evaluated and
maintained.

Clinical cases reported (symptoms and drugs)
A total of fourteen clinical cases were reported to
hospitals or healthcare clinics where a severe
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interaction for GB with various drugs was found.
More cases were observed with patients’ medical
history of; an increased or abnormal bleeding
(parietal and eye) and platelet aggregation, bruising,
hematuria, vaginal hemorrhage and hematomas such
as subdural hematomas. In addition, seizures attacks
and priapism like conditions were also experienced
by patients with concomitant use of GB with other
drugs. The drugs with more interaction in these
clinical cases were anticoagulant and anti-platelet,
NSAIDs and acetaminophen. This conclusion of
major symptoms due to the most commonly involved
drugs in these interactions may help the healthcare
professionals regarding the use of GB and its
interaction with other drugs as well as to identify the
specific clinical presentations as mentioned for GB
and anticoagulant/NSAIDs.

Patient counselling, warnings and role of
healthcare professionals

A number of interactions have been reported for GB
however, most of the frequent cases observed are
related to warfarin and NSAIDs. Hence, these drug
classes require special precautions. Bleeding episodes
may occur when used along with NSAIDs and may
decrease the activity of antiepileptic drugs (phenytoin
and valproic acid). Avoid GB with aspirin and
ibuprofen. Do not take GB while using warfarin due
to an increased risk of bleeding. Take care to use
skullcap and GB together, as it may produce
hepatotoxicity (Dasgupta, 2013).

The authors evaluated the factors behind
these interactions where a number of interesting
findings were observed, the major among these
reason was the phenomenon of GB self-medication
(Rosenblatt & Mindel, 1997). Lack of drug
interactions knowledge and self-medication were the
main cause for these interactions and unsafe use of
GB. Previous studies have reported a link of self-
medication with serious side effects and even death
(Montastruc et al., 1997; Bebbington et al., 2005;
Ruiz, 2010; Albusalih et al., 2017; Al Rasheed et al.,
2017). This implies a huge responsibility on the part
of healthcare professionals including physicians and
pharmacists to avoid GB toxicity. The patients prefer
herbal products due to many reasons, its the sole
responsibility of the clinician is to dig deeper the
history of medication, drugs in-use by patient, any
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