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Abstract

Introduction Numerous investigations on herbal medicine that have been undertaken in the past several years demonstrate
the general acceptance of its safety. The Saudi Food and Drug Authority (SFDA) established the Herb—Drug Interaction
(HDI) project to detect and assess potential HDIs to ensure safety. The aim is to detect safety signals and assess them based
on available evidence.

Methods First, SFDA-registered herbal products (n = 30) were selected and prioritized based on commonly used herbs.
Second, reported potential HDIs were retrieved from the World Health Organization global database of individual case safety
reports (VigiBase), AdisInsight®, and the Natural Medicines database. We excluded drugs non-registered by SFDA and
labeled interactions in the product information of SFDA, the US Food and Drug Administration (FDA), and the European
Medicines Agency (EMA). Finally, a comprehensive evaluation of potential HDIs was carried out using several evidence
sources: literature, global cases, local cases, and other relevant documents. The Drug Interaction Probability Scale (DIPS)
scale was used to assess the probability of a causal relationship between the interacting herb and drug and the event.
Results The search yielded 566 potential signals, and 41 had published evidence and were referred for assessment. The
assessment results using DIPS were: 22 possible (53.6 %), 7 probable (17%), and 12 doubtful (29.2%) interactions. The rec-
ommendation was to include probable HDIs in the product information, including turmeric—tacrolimus, etoposide—Echinacea,
Ginkgo biloba—ibuprofen, green tea—warfarin, and licorice—thiazides interactions.

Conclusion The HDI project assessed the screening and identification of potential HDIs. The action plan of this project can
be used in post-marketing activities to identify potential drug interactions.

The analysis of potential HDIs is more complex than
potential drug—drug interactions, given that herbal prod-
ucts contain multiple active ingredients compared with
drugs.
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1 Introduction

Herbal medicinal products (HMPs) are a subset of com-
plementary and alternative medicine that encompasses a
wide range of procedures and items that have evolved [1].
According to recent research in Saudi Arabia involving
1300 people, around 1226 subjects (94%) of the included
cohort utilized herbal medications for therapeutic purposes
[2]. The study revealed a high level of usage of herbal
medicines in Saudi Arabia, primarily owing to traditional
beliefs and family influence [2]. In Saudi Arabia, some
people think that herbal therapy is safer, more efficient,
and more affordable than conventional medications [2].
The use of herbal remedies that have not been scientifically
evaluated is common, and their risks are not fully under-
stood [2] despite the fact that they are used extensively [3].
Although the safety profile of HMPs is encouraging [3, 4],
cumulative data indicate major drug interactions, which
can put patients at great risk [5-9].

The likelihood of herb—drug interactions (HDIs) might
be higher than that of drug—drug interactions (DDIs)
because HMPs usually contain combinations of pharma-
cologically active ingredients, as opposed to pharmaceu-
ticals, which often contain single chemical entities [5].
Drug interaction is a clinical phenomenon that can occur
when the therapeutic effect is either increased, decreased,
or transformed into a toxic effect owing to the co-admin-
istration of another substance, which can result in treat-
ment failure, a life-threatening side effect, or a minor
side effect [6]. The World Health Organization (WHO)
reported that approximately 80% of people globally use
traditional, mainly herbal, medicines for their primary
healthcare. Despite their popularity, these medicines face
issues such as the sustainability of plant resources, vari-
able quality, and difficulties in conducting clinical trials
owing to challenges in creating identical placebo controls.
Existing regulations also have loopholes that may affect
the safety and efficacy of herbal drugs. To address these
issues, updated methodologies, better regulatory guide-
lines, and integration of traditional medicine into national
healthcare systems are recommended [7].

The number of published reported cases of potential
HDIs is relatively low; this may be due to the potential
low reporting of such cases by healthcare professionals
and patients given that some patients might use herbal
supplements without seeking medical advice, and the lack
of clear plausible mechanisms for such interactions. How-
ever, researchers have looked into this with a broad focus
as one study reviewed potential HDIs using real-world evi-
dence [8]. Herbal medicine’s global popularity increases
the chance of its concurrent use with conventional drugs
that may lead to adverse events due to potential HDI [9].
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However, only a few studies have explored these interac-
tions’ real-world clinical consequences. Given that clinical
trials may take a long time to conduct, observational stud-
ies are usually considered as an alternative for investigat-
ing potential HDI [10]. Monitoring of adverse reactions
from potential HDI in pharmacovigilance activities of
regulatory bodies and marketing authorization holders is
very important to identify and assess and manage the risks
because of the lack of regulated of herbal products and the
wide use of these products worldwide. Awareness among
healthcare professionals, consumers, and suppliers is vital
through national pharmacovigilance centers that play a key
role to promote adverse event reporting [11-13].

Herbal products have been implemented into pharma-
covigilance systems in several regulatory agencies world-
wide to identify potential risks related to herbs. The United
States (US) Food and Drug Administration (FDA) released
safety alerts for the public about the use of herbal medicines
[7, 10, 11, 14-16]. Healthcare professionals are reminded to
ask patients about the use of natural health products when
prescribing and dispensing conventional medications. The
European Medicines Agency (EMA) released guidelines on
the investigation of drug interactions, including herbal sup-
plements [12]. In addition, herbal companies are obligated to
conduct pharmacovigilance for their products and notify the
regulatory authorities of any suspected adverse events [13,
17].

In 2021, the Saudi Food and Drug Authority (SFDA) ini-
tiated the HDI project. This project aims to detect potential
safety signals related to HDIs and assess the signals based
on scientific evidence to ensure the safe use of conventional
medicines and herbal products. Ultimately, the project out-
comes will ensure medication safety in Saudi Arabia by pro-
viding up-to-date information for healthcare professionals
and patients and by raising awareness about potential HDI
among healthcare providers and patients [18].

2 Methods
2.1 Research Methodology

In the initial stage of the study, we selected SFDA-registered
herbal products on the basis of quantitative data regarding
their local and global usage. For each selected herbal prod-
uct, we conducted a thorough search for reported potential
HDIs across several databases: the World Health Organi-
zation (WHO) global Individual Case Safety Report (Vig-
iBase) [19], the national pharmacovigilance center at SFDA,
AdisInsight [20], and the Natural Medicines Database [21].

Secondly, we checked the labeling of retrieved potential
HDI cases in the local product information. If the interac-
tion is not labeled, we screened the product information (PI)
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of the international regulatory agencies namely the United
States Food and Drug Administration (US-FDA), the Euro-
pean Medicines Agency (EMA), and Health Canada product
information to exclude any labeled interactions. A request
for product safety information update was performed for
interactions not labeled in the local PI but labeled in other
international stringent regulatory agencies. When we refer
to “local product information,” we are specifically referring
to the detailed information provided with the product, often
referred to as the product information (PI) or summary of
product characteristics (SPC) or drug label, that includes
information about the product’s contents, usage instructions,
potential side effects, and interactions.

Lastly, each potential signal (with more than two sources
of evidence) was then rigorously evaluated by a compre-
hensive safety reviews. This evaluation process was based
on evidence gathered from various sources including sci-
entific literature, local cases and global cases, and review
documents from stringent regulatory authorities. We defined
our search strategy with specific keywords related to each
selected herbal product and potential drug interactions. Data-
bases such as PubMed, Cochrane, and Google Scholar were
used for the literature search. Full-text articles were then
assessed, and data were extracted systematically. The Drug
Interaction Probability Scale (DIPS) was used to objectively
assess the likelihood of a causal relationship between the
potential drug interactions and the observed adverse events.
The scale assesses factors such as the quality of the evidence
for the interaction (e.g., positive de-challenge/re-challenge),
the biological plausibility of the interaction, and the pres-
ence of other risk factors that could increase the incidence
of the adverse reaction. All these details and actions taken
at every step were aimed at providing the highest level of
scientific rigor and integrity to our study.

On the basis of the available evidence included in the
comprehensive safety review, a regulatory action may be
recommended, such as updating the product safety informa-
tion (PI). The research period was performed from January
2021 to October 2022. The steps of the assessment are fur-
ther explained in Fig. 1.

Database, literature)

3 Results

A total of 30 herbal products were selected with 566 poten-
tial HDI signals. Of the 566 potential interactions, 161
potential interactions were detected from more than one
database.

Performing a search in VigiBase [19] using the keyword
“Herbal interaction” as a preferred term (PT) yielded a total
of 146 potential HDIs. Most of the reported potential HDIs
were in the age group of 18-44 years (16%) old. The top
reported interacting active ingredients were Ginkgo biloba,
quetiapine, ginseng, warfarin, and paroxetine, respectively
(Figure 2). It is important to clarify that concomitant medi-
cations refer to the drugs and supplements that participants
are taking alongside the prescribed medications and treat-
ments involved in treatment regimen. These concomitant
medications are additional and may have an impact on the
overall outcomes [8]. The most reported reactions of poten-
tial HDIs were drug interactions, dizziness, drug-induced
liver disease, serotonin syndrome, headache, and gastroin-
testinal hemorrhage, respectively (Fig. 3). A total of 86 cases
were serious (58.9%). According to seriousness criteria,
most serious cases led to medically important conditions
(52.1%), prolonged hospitalization (18.5%), the threat to life
(4.8%), and death (3.4%).

The assessment of potential HDI on the basis of com-
paring the local product information with stringent regula-
tory authority product information resulted in a local label
update for 11 products (6 herbal and 5 medicinal products)
(Table 1). Of the 161 potential interactions detected, 41 sig-
nals for ten herbal products had published evidence and a
set for further evaluation (Fig. 4). Ten comprehensive drug
safety reviews were performed to assess 41 potential interac-
tions for 10 herbal products. The herbal products were tur-
meric, Echinacea, flaxseed, Ginkgo biloba, ginseng, green
tea, hibiscus, licorice, milk thistle, and Rhodiola. According
to the DIPS tool and on the basis of the available evidence,
the results of potential HDIs assessment were 22 possibly
related (53.6 %), 7 probably related (17%), and 12 doubtful
relations (29.2%) (Table 2).

Step 3: Comprehensive

Step 1: Signal Detection Step 2:Regulatory PI' Safety Review
(VigiBase,AdisInsight, Review Performing DIPS? on
Natural Medicine (local PI! update of labeled available evidence for

HDP?) potential HDI? signals

(1) PI: Product Information, (2) HDI: Herb-Drug Interaction, (3) DIPS: Drug Interaction Probability Scale.

Fig. 1 Steps of HDI signal detection and assessment
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Fig.2 Top reported interacting
herb. Al active ingredient. Sus-
pected interacting: if an adverse
drug reaction is suspected of
being related to a drug interac-
tion between two or more drugs.
Concomitant: drugs used con-
currently but not suspected by
the reporter to have caused the
adverse event of the interaction

Acetylsalicylic Acid

Hypericum Perforatum

Fluoxetine

Sertraline

Escitalopram

Paroxetine

Warfarin

Ginseng

Quetiapine

Ginkgo Biloba

Fig.3 Top co-reported reac-
tions as a preferred term (PT).
PT: preferred term

PT: Drug-induced liver injury

PT: Serotonin syndrome

PT: Headache

PT: Gastrointestinal haemorrhage

PT: Hypotension

PT: International normalised ratio increased
PT: Seizure

PT: Haemorrhage

Our study primarily focuses on herbal medicines and their
interactions with other drugs. To align with this focus, we
have gathered local product information (PI) updates specific
to herbal ingredients. Table 1 highlights some key interac-
tions identified.

4 Discussion

Pharmacovigilance is the science and activity related to the
detection, assessment, understanding, and prevention of
adverse effects or any problems related to medicinal prod-
ucts [22]. Many patients use herbs/herbal supplements as
an alternative and/or adjunct to their prescribed medicine.
Herbal products are used by 20% of the population in the
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PT: Drug interaction

PT: Dizziness

= Concomitant = Suspected Interacting

USA [23]. There are many risks with the use of herbal prod-
ucts (Fig. 5) [23].

By exploring various elements related to the interaction
between herbal products and drugs, this study aim to shed
light on the complexities involved and provide comprehen-
sive insights.

Interactions with conventional medications: Herbal prod-
ucts have the potential to interact with commonly prescribed
medications. These interactions can affect the efficacy and
safety profiles of both the herbal products and the drugs
involved. It is important to assess these interactions thor-
oughly to prevent adverse effects or reduced therapeutic
outcomes.

Pharmacokinetic interactions: Herbal products may influ-
ence the absorption, distribution, metabolism, and excre-
tion of drugs through pharmacokinetic interactions. These
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Table 1 Regulatory product information (PI) update

Active ingredient Local PI update

Turmeric Interaction with clopidogrel
Echinacea Interaction with drugs metabo-
lized by cytochrome P450
1A2
Ginseng Interaction with warfarin
Interaction with digoxin
Senna Interaction with digoxin
Fenugreek Interaction with darfarin
Aspirin Interaction with turmeric
Clopidogrel Interaction with turmeric
Digoxin Interaction with senna
Interaction with ginseng
Fluoxetine Interaction with Ginkgo biloba
Warfarin Interaction with fenugreek

PI: product information

interactions can alter drug levels in the body, leading to
potential therapeutic failures or toxicity. Understanding the
mechanisms behind these interactions is crucial for optimiz-
ing treatment regimens and minimizing risks.
Pharmacodynamic interactions: Herbal products may
also exhibit pharmacodynamic interactions, affecting the
physiological and biochemical mechanisms of drugs. These
interactions can alter drug responses, exacerbate side effects,
or produce unpredictable outcomes. Identifying and charac-
terizing these interactions can guide clinicians and patients
in making informed decisions regarding the combined use
of herbal products and conventional medications.
Variability in product composition: Herbal products
often contain multiple active compounds, which can vary
in concentration and quality between different products
and brands. This variability poses challenges in accurately
assessing their safety and efficacy profiles. Standardization

Fig.4 Number of interacting
drugs per herb

and quality control measures are essential to ensure con-
sistent product composition and reduce the potential risks
associated with variations in herbal product formulations.
Other than the effects of the biologically active constituents
of the plant, side effects may happen owing to the potential
HDI or contaminants [23].

Van Hunsel et al. [24] performed an analysis of the
adverse events reports related to HMPs and herbal sup-
plements in the Dutch pharmacovigilance database. Lareb
received 789 submissions associated with herbal medicinal
products and herbal supplements. These submissions impli-
cated 823 distinct herbal products as potentially problem-
atic, resulting in 1727 instances of adverse drug reactions.
Among the 823 implicated products, 229 were officially reg-
istered as medicines, while the remaining 594 were marketed
as herbal supplements. Reports related to single-herb prod-
ucts accounted for 522 cases, with the remaining 256 reports
were about multi-herb combinations. Among all these, there
were 22 documented instances of potential HDIs [24].

In our research, we pinpointed 41 possible drug interac-
tions across 10 herbal products. To evaluate the connection
between these potential interactions and potential HDIs, we
employed the Drug Interaction Probability Scale (DIPS).
This process requires meticulous examination of not only
the characteristics of the drugs involved but also individual
patient factors and potential influences of other concurrent
medications. The purpose of this scale is to aid in the iden-
tification of adverse outcomes that could be attributed to
drug interactions. The DIPS guides this evaluation through
a sequence of questions specific to the suspected drug inter-
action, facilitating the estimation of a probability score. To
perform an accurate assessment using DIPS, a comprehen-
sive understanding of the pharmacological aspects of both
the drug being acted upon (the object) and the drug causing
the action (the precipitant) is necessary (Appendix 1) [25].

According to the DIPS, we found a probable associa-
tion between turmeric and tacrolimus interaction. Turmeric
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Table 2 Potential interactions assessment using Drug Interaction
Probability Scale (DIPS)

Herbal ingredient ~ Potential interaction signal ~ Probability scale*

Turmeric Warfarin Possible
Clopidogrel Possible
Aspirin Possible
Loratadine Doubtful
Tacrolimus Probable
Paclitaxel Doubtful
Echinacea Etoposide Probable
Darunavir Possible
Flaxseed Warfarin Possible
Clopidogrel Possible
Ginkgo biloba Ibuprofen Probable
Acetaminophen Doubtful
Aspirin Possible
Escitalopram Possible
Sertraline Possible
Fluoxetine Possible
Paroxetine Possible
Zolpidem Possible
Diazepam Possible
Alprazolam Possible
Risperidone Possible
Clopidogrel Possible
Green tea Warfarin Probable
Simvastatin, Possible
Atorvastatin Doubtful
Rosuvastatin Doubtful
Lisinopril Doubtful
Ramipril Doubtful
Licorice Indapamide Probable
Chlorthalidone Probable
Hydrochlorothiazide Probable
Ginseng Clopidogrel Doubtful
Aspirin Doubtful
Apixaban Doubtful
Paroxetine Possible
Lamotrigine Possible
Phenelzine Doubtful
Hibiscus Erlotinib Possible
Milk thistle Ritonavir Possible
Rhodiola Escitalopram Doubtful
Paroxetine Possible

*Assessment using Drug Interaction Probability Scale (DIPS)
(Appendix 1)

increases the level of tacrolimus owing to cytochrome
P450-3A4 (CYP3A4) inhibition [26, 27]. Several cases
reporting this interaction have been published [28-30].
People taking tacrolimus are advised to avoid large doses
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Fig.5 Potential risks with herbal products [23]

of turmeric. A potential interaction between Echinacea
and etoposide was also probable. Etoposide is a potential
substrate of the p-glycoprotein transporter system. Thus, a
potential interaction mechanism is Echinacea inhibition of
the P-glycoprotein transporter system leading to an increase
in substrate concentration, such as etoposide [31]. Echinacea
could also inhibit intestinal CYP 3A4 and induce hepatic
CYP 3A4, which mediates the metabolism of etoposide.
There has been one published case discussing the interac-
tion between Echinacea and etoposide [32]. It was found
that the patient had been self-treating with Echinacea and
experienced thrombocytopenia. The authors of the case
report suggested that the Echinacea inhibited the CYP3A-
mediated metabolism of etoposide, leading to an increase
in etoposide levels and effects. Caution has been advised
regarding the concomitant intake of Echinacea and etopo-
side; furthermore, one should discontinue Echinacea intake
before chemotherapy [33].

Flaxseed contains omega-3 fatty acids such as linolenic
acid, which is thought to have some antiplatelet effects and
might therefore prolong bleeding time. Theoretically, this
effect might be additive to that of other antiplatelet drugs
and increase the risk of bleeding with anticoagulants [34].
Other reviews also stated that the interaction mechanism
decreased platelet aggregation and increased bleeding time,
which could lead to an increased risk of bleeding or bruis-
ing [34]. Using the DIPS, we found probable interaction
with clopidogrel [35] and possible interaction with warfarin
[36]. A positive re-challenge was found between flaxseed
oil and bruising intensity while taking clopidogrel [35]. We
also found a potential interaction between Ginkgo biloba
and nonsteroidal anti-inflammatory drugs (NSAIDs). The
assessment of interaction according to DIPS was probable.
The available evidence suggests a potential pharmacody-
namics interaction between NSAIDs and Ginkgo biloba. The
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interaction between Ginkgo biloba and NSAIDs is plausi-
bly related to their conferred anticoagulant effects. Aspirin
and NSAIDs are believed to produce a systemic bleeding
tendency by impairing thromboxane-dependent platelet
aggregation and consequently prolonging the bleeding time
[37]. Ginkgo biloba has a biologically plausible mechanism
for increased risk of bleeding through interactions with
platelet-activating factor (PAF) and collagen that lead to
decreased platelet aggregation [19, 20]. The studies sug-
gested that Ginkgo biloba might potentiate the effects of
drugs with anticoagulant or antiplatelet effects. There are
several published cases addressing potential interactions
between Ginkgo biloba and NSAIDs [38—45].

We also found a probable interaction according to DIPS
between green tea and warfarin. Animal and in vitro data
suggest that green tea constituents may have antiplatelet
properties [46, 47]. Moreover, epidemiologic studies have
found evidence of an inverse association between green tea
consumption and the risk of stroke [48]. Published evidence
of the potential interaction also exists [49]. We observed a
probable relationship between licorice and thiazide diuretics
interaction as well. Licorice extract has mineralocorticoid-
like effects and can cause hypokalemia, hypertension, car-
diac arrhythmia, and myopathy.

Pharmacodynamic interactions are possible with con-
comitant use of licorice and potassium-depleting diuretics
(e.g., thiazides or loop diuretics) by increasing the risk of
developing hypokalemia [50]. A randomized trial showed
that combining even a low dose of licorice with hydrochlo-
rothiazide treatment would lead to a high risk of hypoka-
lemia in healthy people. It is crucial for patients taking
these medicines to avoid regular consumption of licorice
[51]. There are also five published cases discussing the same
interaction [52-56].

With the growing use of herbal medicines globally,
safety is therefore important. Usually, herbal remedies are
combined with other medications. Thus, it is important to
understand the results of such a combination and whether
regulatory authorities may issue ADRs, which can follow
the existing pharmacovigilance system. For this purpose, the
WHO Guidelines on Safety Monitoring of Herbal Medicines
in Pharmacovigilance Systems was established in 2004. The
guideline describes the safety monitoring of herbal medi-
cines including sources of reports, herbal products targeted
for safety monitoring, reporting of suspected ADRs, assess-
ment of case reports and data management, and risk com-
munication. Although the assessment of case reports was
described using WHO causality categories, the risk assess-
ment for potential HDI was not discussed [57].

There are challenges facing herbal pharmacovigilance,
which include harmonization of herb naming systems
(herbal drug name, pharmaceutical name, botanical or com-
mon name), which are not faced by synthetic medicines [58].

The lack of potential HDI reporting is also an issue. At the
international scale, the WHO-UMC already compiles a
small number of adverse potential HDI reports from national
pharmacovigilance centers. While individual reporting
countries retain ownership of and publishing rights to their
data, aggregating the adverse potential HDI data from all
member countries would be valuable for ongoing research.
All countries’ national reporting systems should record
potential HDI reactions, which will then be reported to the
WHO [11].

Currently, there are no published papers addressing the
regulatory practices of assessment of potential HDI. There
is a need to include potential HDI detection and assessment
practice from a regulatory perspective. Our study provides
a potential pharmacovigilance method to identify and assess
reported potential HDIs.

4.1 Limitations of the Study

Our study’s limitations do not quantify the strength of the
association of potential HDI owing to the voluntary nature
of case reporting and lack of exposure data. The study also
relied on preexisting databases, which may not cover all pos-
sible herbal products and drug interactions globally. Fur-
thermore, the Drug Interaction Probability Scale (DIPS)
used is subjective and dependent on the researcher’s inter-
pretation. There could be variations in the product composi-
tions, as herbal products are not as stringently regulated as
pharmaceuticals.

5 Conclusions

The HDI project consists in assessment by the SFDA for
identification of new safety signals related to potential HDIs.
The process of this project can be used in post-marketing
activities to identify any potential drug interactions. The
results of this project emphasize the necessity of imple-
menting “Pharmacovigilance of Herbal Products” in our
national system. The detection of potential herbal drug
interaction can be addressed by improving awareness to
report suspected HDI, performing pharmacoepidemiologic
studies, reviewing the current evidence, asking experts for
counseling, and ensuring that herbal companies implement
a pharmacovigilance system for their products. Healthcare
professionals are also advised to include potential HDIs as
part of their patient counseling routine.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40801-023-00388-w.
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