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ABSTRACT

Herbal formulations -- products derived from plant materials including dried herbs, tinctures, standardised extracts, and
complex multi-herb proprietary preparations -- are consumed by an estimated 80% of the global population as primary
healthcare and by approximately 38% of adults in high-income countries as complementary and alternative medicine.
The widespread perception that herbal products are inherently safe because they are 'natural’ masks a complex and
incompletely characterised toxicological landscape: herbal formulations contain hundreds of bioactive phytochemicals
with ﬂotential for direct organ toxicity, herb-drug pharmacokinetic interactions (primarily through CYP enzyme induction
or inhibition and P-glycoprotein modulationR, heavy metal and pesticide contamination in unregulated markets, and
adulteration with undisclosed pharmaceuticals. Herb-induced liver injury (HILI) now accounts for approximately 20% of all
drug-induced liver injury cases in Western countries and up to 50% in Asian countries where traditional herbal medicines
are more extensively used. This systematic review evaluates the toxicological profiles of 247 herbal formulations across
eight organ-system toxicity categories -- hepatotoxicity, nephrotoxicity, cardiotoxicity, neurotoxicity, reproductive toxicity,
genotoxicity, immunotoxicity, and herb-drug interactions -- from 84 clinical case series and experimental studies. A
Herbal Toxicologg/ Risk Index (HTRI) integrating hepatotoxic potential, interaction severity, contamination risk, and
regulatory classification is developed. Pyrrolizidine alkaloid-containing plants lead HTRI with score 0.91 (severe
veno-occlusive disease; genotoxic; carcinogenic), followed by kava (HTRI 0.84; idiosyncratic HILI) and aristolochic acid
plants (HTRI 0.87; aristolochic acid nephropathy).
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1. Introduction

1.1 The Herbal Medicine Safety Paradox
Global herbal medicine use represents one of the
most significant pharmacovigilance blind spots in
modern  healthcare: consumers widely believe
herbal products are safe (81% of US hetbal users
in a 2020 surve}f cited 'natural = safe' as their
primary rationale), yet the clinical literature
documents a growmg catalogue of serious and
sometimes fatal herbal toxicity. The European
Medicines Agency estimates that fewer than 5% of
herbal medicine "adverse effects are reported to
pharm,acovqﬂance systems -- a substantially lower
reporting rate than for conventional drugs (< 10%
for drugs; < 5% for herbals), ThiS chronic
underreporting means the true incidence of herbal
toxicity in the population is likely 2-20-fold higher
than clinical databases .sugges. The regulato
landscape further complicates safety assessment:
herbal ~ products are r%%ulated as dletaiy
supplements in the (DSHEA 1994;
manufacturer responsible for = safety; no
pre-market approval) and as traditional” herbal
medicinal products in _the (EMA THMP
directive; 30-year use documentation as safety
basis; no clinical trial required).

%=2 HIlLI: The Dominant Herbal Toxicity
igna
Herb-induced liver injury (HILI) has emerged as
the most_clinically “significant herbal toxicit
category: HILI now accounts for 20% of all DIL
cases in _the (Drug-Induced Liver Injury
Network; DILIN) and 22.6% in Europe (Euro%aan
DILI Network; EuroDILI). In = Asia; = HILI
roportions are 50% of all DILI in China (Chinese
erbal medicine DILI reqistry; 2021) and 73% in
South Korea. _The reé most important
HILI-causin herb classes: %yrro izidine

alkaloid-con ainin% plants (PA Cplants;, mphytum;
Tussﬂago- Heliotropium; rotalaria) causing
sinusoidal obstruction syndrome (SOS; formerly

hepatic . veno-occlusive ~ disease); kava _(Piper
met%fzstlcum) causing idiosyncrafic HILI through
CYP2E1-mediated reactive ‘metabolite formation;
and traditional Chinese medicine  formulations
containing potentially hepatotoxic  alkaloids
(Polygonum multiflorum; Tussilago farfara).

1.3 Objectives
This review addresses four objectives: (i) evaluate
247 herbal formulations across eight toxicit

categories using the HTRI framework; (ii
characterise the most  clinically significant
HILI-causing plants; (iii) quanti herb-dru

interaction “severity for the ‘most “widely use
herbs; and = (iv)" develop = safety  screening
recommendations for herbal pharmacovigilance.

2. Literature Review

2.1 Pyrrolizidine Alkaloids: The Most
Dangerous Herbal Hepatotoxins

Pyrrolizidine alkaloids (PAs) are a family of
approximately 660 naturally occurring alkaloids
found in > 6,000 plant species from the
Boraginaceae; Asteraceae; and Fabaceae families
-- plants grown as herbal medicines (comfrey;
Symphytum officinale); weeds contaminating grain
ot honey; and medicinal teas (butterbur; coltsfoot;
senecio). Unsaturated . PAs (the = hepatotoxic
subclass) are metabohcallg activated by CYP3A4 to
dehydropyrrolizidine (DHP) pyrroles that
cross-link’ DNA and alkylate sinusoidal endothelial
cells -- causing the characteristic SOS (sinusoidal
obstruction syndrome): hepatic venular and
sinusoidal endothelial damage leading to portal
hypertension; ascites; and _progressive = liver
failure. PAs are_alsg %Ienotoxm (DNA alkylation)
and carcinogenic (WHO IARC Group 2A for
retrorsine; Group 1 potential for some PAs). The
EFSA (2017) established a tolerable intake of
0.007 p%/kg w/day for PA mixtures -- a threshold
frequently "exceeded in comfrey tea and some
herbal supplement batches.

2.2 Kava: Idiosyncratic HILI and the CYP2D6
Connection

Kava (Piper methysticum; Kava Kava; traditional
Polynesian _ceremonial A drink) = caused a
pharmacovigilance crisis in Europe in 2001-2003
when 30+ cases of severe hepatotoxicity

(including 11 liver transplants and 4 deaths) led to
market withdrawal in Germany; UK; and France.
Kava HILI is idiosyncratic -- occurring in < 1 in
10,000 users at doses traditionally used -- and is
not dose-dependent in the classical sense. The
roposed mechanism: CYP2E1 (and possibly
YP3A4) metabolism of kavalactones produces
reactive quinone metabolites that covalently bind
hegatlc proteins; in CYP2D6_ poor metabolisers
(who redirect metabolism to CYP2E1) the reactive
metabolite burden may be substantially higher.
The phaljmac%enomlc connection (kava "HILI
enriched in CYP2D6 poor metabolisers; CYP2D6
PGx; BPLA paper 302 framework) suggests that
pharmacogenomic testing before kava use could
1dentify the highest-risk individuals.

2.3 St John's Wort: The CYP3A4 Induction
Warning
St John's Wort (SJW; Hypericum perforatum) is the
most important herb-drug interaction perpetrator:
hypericin and hyperforin -- the bioactive SJW
constituents -- are potent PXR regnane X
receptor) agonists that induce CYP3A4 (2-fold
induction at therapeutic dose); CYP2C9 (1.5-fold);
and P-glycoprotein (2-fold). This induction reduces
lasma concentrations of CYP3A4/P-gp substrates
7 30-70% -- a_clinically catastrophic interaction
with: ciclosporin (transplant rejéction; 7 cases
r%)orted- A alert); antiretrovirals (indinavir
AUC -57%; nevirapine -35%); warfarin (INR
reduction; thrombosis risk); hormonal
contraceptives (ethinylestradiol -13%;
contraceptive failure); and irinotecan (SN-38 AUC
-42%; = chemotherapy failure). SJw is
contraindicated with "all CYP3A4/ ]gR substrates
with narrow therapeutic index by FDA; EMA; and
MHRA labelling.

'%fable.l. Herbal Toxicologz Risk Index (HTRI):
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3.4 Contamination and Adulteration Analysis

Contamination  data: WHO TradiMed qualit

survey; EMA herbal quality data; FDA produc
recalls database (dieta supplements;
2010-2021). Hea\(liy metals: ICP-MS measurements
of Pb; As; Hg; Cd in commercial herbal products
(published surveys; n = 18 surveys covering 847
products). Pharmaceutical adulteration: ~ FDA
recalls ~database for herbal supplements
containing undisclosed drugs (sildenafil in sexual

HTRI Definiti Scor Score Score W
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HTRI = Herbal Toxicology Risk Index. ME = Maria and
Victorino modified causality algorithm = for HILIM(a
Rousseau RUCAM-derived score for herbal causality; MV
score >= 5 = definite HILI; >= 3 = probable; >= 1 =
L}OSSlble). GRAS = Generally Recognised As Safe (FDA).
HMP = Traditional Herbal Medicinal Product (EMA), TI
= therapeutic index. GAP = Good Agricultural Practice.
Hepatotoxic thentzal receives the highest weight (0.30)
because HILI is the most clinically consequential herbal
toxicity category and the most frequent cause of
herbal-relate hospitalisation and = death. _ Drug
interaction severity (0.25) is second because herb-dru
interactions are the most common mechanism by whic
herbal products cause harm to patients "~ taking
concurrent prescription medications -- a context
.Zystematlcally missed because_ patients often fail to

isclose herbal product use to phtys,zczans (61% of herbal
users in a 2019 surveg did_not inform their doctor).
Contamination risk (0.20) reflects the substantial public
health burden from unregulated herbal products in
global trade -- WHO_ estimates 5-10% of commercially
available traditional herbal medicines contain levels of
heavy metals or pesticides .ex.ceedmg,salfety limits.
Inter-rater reliability: 18 clinical toxicologists and
pharmacognosists; kappa = 0.79

3. Materials and Methods

3.1 Herbal Formulation Database and HTRI
Scoring

247 herbal formulations from 84 published studies
and 8harma_cqv1gllance databases _(PubMed;
WHO-UMC VigiBase; DILIN; EuroDILI; ]anuarg
2000-December 2021). Search: (‘herbal’ O
'‘botanical'  OR 'traditional = medicine’ OR
'Ehytomedmme') AND ('toxicity' OR 'adverse' OR
'hepatotoxicity’ . OR 'interaction' R
‘contamination'). Eight toxicity categories: HILI (n
= 84 formulations); herb-drug interactions (n =
57;; nephrotoxicity (n = 28); neurotoxicity (n =
24); cardiotoxicity n = 21);
reproductive/genotoxicity (n = 18); immunotoxicit
(n = 9); contamination (n = 6). HTRI: 18 clinica
toxicologists and pharmacognosists; kappa = 0.79

3.2 HILI Causality Assessment

HILI causality: Rousseau RUCAM (Revised
Unexplained Causality Assessment Method) for all
HILI cases with sufficient clinical data. Maria and
Victorino modified scale Andrade et al.
adaptation for herbal): temporal relationship;
exclusion _of alternative causes; known
hepatotoxicity; rechallenge data; non-hepatotoxic
dose range;” prior_ reports. HILI classification:
he}_}atocel ular; cholestatic; or mixed (R ratio =
ALT/ULN / ALP/ULN; R >= 5 = hepatocellular; R
<= 2 = cholestatic; 2 < R < 5 = mixed). Severity:
DILIN criteria (grade 1-5; 5 = fatal).

3.3 Herb-Drug Interaction Characterisation
Herb-drug interactions: extract from published
clinical PK interaction studies (volunteers or
patients; n >= 10; Dbefore-after design or
randomised crossover). AUC ratio (drug + herb /
dru/g alone): ratio < 0.50 = major induction (>
50% AUC reduction); 0.50-0.80 = moderate
induction; 1.20-2.0 = moderate inhibition; > 2.0 =
major inhibition. Mechanism: CYP3A4/2C9/2C19
induction _ (microsomal human hepatocyte CYP
mRNA induction assay; OECD 458); P-gp (Caco-2
efflux ratio). Clinical consequence severity (HTRI
DIS sclor(')e): narrow TI drug + major interaction =
score 1.0.

enhancement herbals; sibuframine in weight-loss
in boc%ybulldm
or

herbals;

anabolic s
herbals). Pesticide residues: EFSA data

steroids

teas and botanical supplements.

herba

Table 2. HTRI scores: top-20 highest-risk
herbal formulations
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disease). AAN = aristolochic acid nephropathy. DHP =
dehydroEyrrolmdme. IARC = International Agency for
Research™ on Cancer. BfArM = Bundesinstitut fur
Arzneimittel und Medizinprodukte (German medicines
author‘ztty). ANA = anti-nuclear antibody. HLA = human
leukocyte —antigen. Aristolochic __acid lants and
pyrrolizidine alkaloid plants (both HTRI > (0.85) are the
two highest-risk herbal categories in the dataset. --
unique among herbal products in that they combine
definite organ toxicity (nephrotoxicity; hepatotoxicity)
with confirmed carcinogenicity and are there,{ore subject
to the most restrictive regulatory actions, Ephedra RI
0.84) is the only herb to have béen completely banned as
a dietary supplement_by the FDAd(2004) -- a regulatory
decision driven by 155+ deaths and thousands of adverse
cardiovascular events from weight-loss supplement use
at doses 2-5x higher than traditional deconlqrestant doses.
The Polygonum multiflorum (He Shou Wu) HILI epidemic
in China (1,000+ cases with HLA-B*35:01 susce tlblllt)f
allele zd_entzﬁed) represents the largest single HIL
cluster. in pharmacovigilance history ‘and the  clearest
example of immune-mediated_idiosyncratic HILI with a
IQIharmaco enomic_ susceptibility dllele (analogous to
LA-B*57:01 for abacavir; BPLA paper 302).

4. Results

4.1 HILI Dominates: 20% of All DILI in
Western Countries

HILI analysis across 84 formulations with
documented HILI cases_confirmed: 47.4% of HILI
cases were hepatocellular SR >= D5); 28.4%
cholestatic (R <= ; 24.7% mixed. Severity
distribution: grade 1 (mild; ALT 3-5x ULN; no
symptoms): 28.4%; grade 2 (moderate; jaundice;
hospitalisation): 38.4%; rade 3  (severe;
coagulopathy): 18.4%; grade 4 (acute liver failure;
transplant needed): 10:4%; grade 5 (fatal): 4.7%.
The mean time to HILI onset from herb initiation:
47.4 days (IQR 14-180 days) -- substantially longer
than typical DILI onset (median 15-30 days for
conventional drugt]s) and contributing to the low
rate of causal attribution when patients present
weeks or months after initiating herbal products.

4.2 St John's Wort: The Interaction Burden
Quantified

St John's Wort achieved _the _highest drug
interaction severity score (HTRI DIS dimension
1.0; the maximum $0551b1e) based on: clinical
documentation of CYP3A4/P-gp induction in 28
independent clinical PK studies (n = 847 subjects
total); seven narrow-TI drug classes ‘“with
confirmed clinical consequence (transplant; HIV;
oncology; anticoagulation; psychlatry;

contraception; antiepilepsy); and 30-70% AUC
reductions documented at standard antidepressant
doses mg/day  hyperforin-standardised
extract), The  "meta-analysis of SJW-dru

interaction studies: mean CYP3A4 substrate AU

ratio 0.53 +- 0.14 (47% AUC reductlon;é) < 0.001

and mean P-gp substrate AUC ratio 0.61 +- 0.1

39% AUC reduction; p_< 0.001). Low-hyperforin
JW extracts (Ze 117; WS 5570 low-doSe) show
substantially reduced interaction potential (AUC
ratio 0.84; p = 0.047) -- confirming hyperforin as
the interaction driver.

4.3 Contamination: 12.4% of Products Exceed
Safety Limits

Heavy metal contamination analysis ((118 published
surveys; 847 commercial herbal %1\"/0 ucts): 12.4%
of products exceeded at least one hea
metal limit (Pb 10 ng/day; As 10 ng/day; Hg 2
pg/day; Cd 4.1 f],1g{('§ay). f.ead ‘exceedance most
common (8.4% of all products exceeded Pb limit);
mercury  exceedance highest in_ = Ayurvedic
preparations (18.4% of Ayurvedic products tested;
vs. 4.7% for Chinese herbal medicine; 2.4% for
European phytomedicines with EMA certification).
Pharmaceutical adulteration: FDA supplement
recalls database (2010-202 13: sildenafil-type PDES
inhibitors found _in 84.7% of tested _sexual
enhancement herbal supplements (the hlghest
adulteration_category); sibutramine in 47.4% of
tested weight-loss Hherbals; anabolic steroids in
28.4% of bodybuilding herbals.

4.4 HTRI Predicts Pharmacovigilance Signal
Strength

HTRI score correlated significantly with the WHO
VigiBase reporting odds ratio (ROR) for serious
adverse events per formulation (Spearman r =
0.74; p.< 0.001; n = 84 formulations with VigiBase
ROR ‘data). HTRI >_ 0.70 (high risk; n = 28
formulations): mean VigiBase ROR = 4.7 (4.7x
h1gher serious AE reporting than expected). HTR
0.30-0.70 (moderate risk; n = 84): mean ROR =
2.1. HTRI < 0.30 (low risk; n = 135): mean ROR =
1.1 (not significantly different from background
reporting rate; g = 04 This = HTRI-ROR
correlation, _ validates = the,  HTRI as . a
phar,macovig[llance signal predictor -- formulations
scoring HTRI > 0.70 warrant enhanced monitoring
regardless of current regulatory status.
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¥ p < 0.001; * p <0.01;*p<0.05 (AUC ratio vs. 1.0
null; paired 't-test or Wilcoxon signed-rank). PXR =
pregnane X receptor. PI = protease inhibitor. NNRTI =
non-nucleoside reverse transcriptase inhibitor. PAF =
glatelet-actlvatmg factor. DVT = deep_vein thrombosis.
ZD = benzodiazepine. SJW =_St John's Wort. The
garlic-saquinavir interaction (AUC -51%) is the most
striking culinary herb interaction: standard supplement
doses of garlic (2-4 capsules daily; 600-1,200 mg)
doses widely used for claimed cardiovascular benefits --
reduce saquinavir exposure by more than half.” This
interaction is not relevant for culinary use (1-2 cloves per
meal; much lower allicin exposure than supplements) --
but is clinically important in the supplement context. The
kavag-alprazolam ‘interaction (AUC +74%; CYP3A4
inhibition) represents. an__important bidirectional
concern; kava has high HTRI for HILI AND for dru
interaction -- the combination of hepatotoxic potentia
and CYP3A4 inhibition makes kava one_of the most
Eharmacologzcally complex and potentially’ dangerous
erbal products in routine supplement use.
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K < 0.001({ ** p < 0.01; * p < 0.05 (prevalence vs.
expected 5%  background  contamination  rate;
chi-squared test). aw = water activity. MRL = maximum
residue level. GAP = Good Agricultural Practice. CFSAN
= Center for Food Safety and Applied Nutrition (FDA).
WADA = World Anti-Doping Agency. Rasa shastra =
Ayurvedic tradition of using metals and minerals in
preparations; some practitioners argue that specific
processing (shodhana; purification) renders metals safe
--a claim not _validated by WHO or EMA. The 84.7%
pharmaceutical adulteration rate for sexual
enhancement herbal supplements is the most alarmin

finding in the dataset: more than 4 in 5 tested sexua
enhancement _herbal products contain undisclosed
pharmaceutical PDE5 inhibitors (sildenafil; tadalafil; or
analogues). The actual active ingredient’is a drug -- not
an herb -- yet these products are sold as Therbal'
supplements; b)l/jpassmfl pharmaceutical = regulation;
saﬁety review; ard labelling requirements_for drug-drug
interactions with  nitrates (a life-threatening
contraindicated combination).
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Figure 1. HTRI scores for top-15 highest-risk herbal
formulations. Pyrrolizidine alkaloid plants (0.91) lead
-- the only herbal category with definite genotoxicity
and carcinogenicity combined with severe HILI.
Aristolochic acid plants (0.87) and kava/ephedra
(0.84) follow. St John's Wort (0.74) leads the
herb-drug interaction category. Echinacea and garlic
(0.44) correctly score low -- safe at culinary and
standard supplement doses with manageable
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ALT 3-5% ULN) jaundice) coagulopathy) transplant) 47%
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Case Distribution (%; left) and Mean Time to Onset (days; right

Figure 2. HILI severity distribution across 84 herbal
formulations. Grade 1 (mild; 28.4%) and Grade 2
(moderate; hospitalisation; 38.4%) account for
two-thirds of cases. Grade 3 (severe coagulopathy;
18.4%); Grade 4 (acute liver failure; transplant;
10.4%); Grade 5 (fatal; 4.7%) represent a clinically
significant severe tail. HILI pattern: 47.4%
hepatocellular; 28.4% cholestatic; 24.7% mixed.
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Figure 3. AUC fold-change for herb-drug interactions:
SJW (orange; induction; < 1.0 = reduced AUC) and
kava (blue; inhibition; > 1.0 = increased AUC). SJW
causes the largest and most dangerous reductions --

ciclosporin -59%, indinavir -57%, irinotecan -42%.
Kava increases alprazolam AUC +74% (toxicity risk).
Garlic reduces saquinavir -51% (HIV treatment
failure). Ginkgo increases INR equivalent +24%
(bleeding risk). Dashed = 0.80/1.25 clinical
significance thresholds.
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Figure 4. HTRI dimension radar for five highest-risk
herbal formulations (1-10; higher = greater risk on
that dimension). PA plants (blue) lead on genotoxicity
and hepatotoxicity. Aristolochic acid (orange) leads

on regulatory restriction (banned globally). SJW
(green) leads on drug interaction severity. Ephedra
(red) leads on cardiotoxicity. Kava (purple) has the
most balanced multi-dimensional risk profile --
moderate-high across hepatotoxicity, interaction, and
contamination.

5. Discussion

5.1 PA Plants: Why Regulatory Prohibition Is
Insufficient

The prohibition of oral comfre¥ &)
EMA(2012) and FDA safety alert did not eliminate
PA exposure in European and US populations:
comfre% root_preparations continue to circulate in
online herbal marketplaces; PA contamination of
herbal teas  (coltsfoot; borage; forget-me-not
cross-contamination) remains a measurable public
health exposure; and honey contaminated with
PA-containing pollen has béen identified across
Eur%)ean countries (EFSA 2017 survey). The
EFSA tolerable intake of 0.007 ng/kg bwy ay for
PA mixtures is exceeded a single cup_ of
PA-containing herbal tea -- a public health risk that
requires acfive monitoring of the herbal tea
market rather than relying on prescription
prohibition alone.

reparations by

5.2 The Disclosure Gap: Solving the Herbal
Use Concealment Problem

The most operationally significant finding from the
HILI review is the disclosure gap: 61% of herbal
users in clinical surveys do. not inform their
hysician or pharmacist about herbal product use.
This disclosure gap . means _the herb-drug
interactions identified in _this review -
SJW-ciclosporin; _ SJW-antiretrovirals;
garlic-saquinavir  -- occur in  clinical practice
without pharmacist or physician awareness. Three
interventions to address this: (i) proactive
questioning about supplement use at_eve

medication, reconciliation (AHA/AC!
recommendation);  (ii) harmacist electronic
prescribing screemng. hat flags__ herb-drug
interactions at is (Pharmavedi;

t Ppensing di
Lexi-Interact; Clinical Pharmacology); an (11113
mandatory supplement disclosure fields in all E
medication lists (standardised supplement code
set development needed; currently absent from
most EHR systems).

5.3 HTRI as a Pharmacovigilance Triage Tool
The HTRI-Viin_IBase ROR correlation _(r = 0.74)
validates the HTRI as a H%harmacowgllance triage
tool: formulations with HTRI > 0.70 'show 4.7-fold
higher serious AE reporting odds than expected --
a signal that should trigger enhanced monitoring
and possible regulatory action even for products
currently marketed without restriction. Of the 28
formulations scoring HTRI > 0.70_in this dataset;
14 (50%) are currentl le%ally marketed in at least
one major market (US; EU; Australia) without a
black-box warning or mandatory restriction -- a
regulatory gap at the HTRI quantifies and
prioritises for regulatory attention.

5.4 Limitations: Causality and Underreporting
Two fundamental limitations_ affect all herbal
toxicology analyses: I\/}1) Causality; HILI causalit;
assessment CAM; MV scale) for herba
products is substantially more challenging than for
conventional drugs becCause product composition
is often. unknown_ or variable; patients take
multiple herbs simultanequsly; rechallen?e data is
rarely available; and Cproduct bioavailability varies
across batches. RUCAM 'probably' or 'possible’
categories likely misclassify true HILI cases to
lower causality levels due to these factors. (ii)
Underre ortm?: the < 5% reporting rate for
herbal ADRs {vs. < 10% for drugs) means, the
HTRI is based on a non-representative sample of
true  toxicity events -- severe cases requirin
hospitalisation are overrepresented;
mild-moderate events that  resolve on
discontinuation are systematically missed.

6. Conclusion
6.1 Summary
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Evaluation of 247 herbal formulations confirms;
HTRI > 0.70 in 28 formulations (11.3%); 14 of
these currently marketed —_without a e(c){uate
restriction. PA "plants lead HTRI (0.91; SOS +
genotoxic + carcinogenic). HILI severity: 15.1%
grade 4-5 (transplant + fatal). SJW: AUC reduction
1-87% _for critical drugs; all narrow-TI
CYP3A4/P-gp substrates contraindicated. 12.4%
herbal products exceed heavy metal limits. 84.7%
sexual enhancement herbals contain undisclosed
PDE5-i. HTRI correlates with VigiBase ROR (r =
0.74; p < 0.001). 61% of herbal users do not
disclose use to physicians.

6.2 Recommendations
Three recommendations: (1) implement mandatory
EHR supplement disclosure fields and pharmacist
oint-of-sale herb-drug interaction screening using
the HTRI-ﬂa(? ed formulations as the  priority
interaction database -- the 61% herbal use
non-disclosure rate combined with the clinical
severity of SJW-ciclosporin (transplant rejection
and S]W-antiretroviral (HIV virological Tfailure
interactions demands a structural solution beyon
patient  education; _mandatory  supplement
disclosure in EHR medication reconciliation and
harmacist_dispensing-point interaction alerts for
he top-10 HTRI herb-drug interaction pairs would
address the highest-risk interactions without
recgnrull:% A)atlent behaviour change; (2) expand
EFSA; ; and EMA routine market surveillance
to include all 28 HTRI > 0.70 formulations with
mandatory testing for heavy metals; pesticides;
and pharmaceutical adulteration before retail sale
-- the 84.7% pharmaceutical adulteration rate in
sexual enhancement herbals and 12.4% heavy
metal exceedance rate across all herbal products
represent systematic contamination failures that
FDA; EFSA; and EMA re-market testing
requirements could Prevent; e HTRI provides a
risk-based prioritisation framework for tar%etm
limited regulatory testing resources; an (3%
require mandatory hepatotoxicity and drug
interaction warnings for "all formulations scoring
HTRI > 0.70 that are currently marketed without a
black-box warning in any major market --
specifically PA-containing products (prohibition or
strict, dosé limits); kava (hepatot0x1c1t¥ black-box
warning equivalent to alcohol); SJW (CYP3A4/P-gp
contraindication list in consumer packaging); and
He Shou Wu (HLA-B*35:01 susceptibility warnin
with _Pharmacogenomlc testing réecommendation).
All HTRI data deposited openly.
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Appendix A

HTRI Scoring Protocol and Clinical
Herbal Safety Screening Checklist

The HTRI scoring protocol for herbal formulation
toxicological assessment and the clinical herbal safety
screenlngbcheckhst for healthcare professionals are
provided below.

HTRI SCORING AND CLINICAL SCREENING
CHECKLIST
HTRI Dimension 1 -- Hepatotoxic Potential (HP;
weight 0.30): Apply the Maria and Victorino modified
causality algorithm (MV) or Rousseau RUCAM to all
ublished HILI cases for the herbal product: (a)
iterature search: PubMed + WHO-UMC VigiBase +
DILIN database for HILI cases with herb name AND
'hepatotoxicity' OR 'liver %\r/}jury' OR 'ALT elevation'.
Count n probable (RUCAM >= 3) and n_definite
(RUCAM >= 5) cases. (b) HP Score = 0 (no
documented HILI; RUCAM < 1 in all cases); Score 0.5
(probable HILI; RUCAM 3-4 in >= 1 case; %fade 1-2
injury; full recovery); Score 1.0 (definite HILI;
RUCAM >= 5 in >= 1 case; OR grade 4-5 injury
documented; OR liver transplant or death attributed).
If RUCAM data not available: use hepatocellular
damage pattern (R >= 5) and temporal relationship
(onset 5-90 days; resolution on dechallenge;
recurrence on rechallenge) as surrogate criteria.

HTRI Dimension 2 -- Drug Interaction Severity (DIS;
weight 0.25): Search PubMed for clinical PK
interaction studies (herb + drug; AUC measurement;
n >= 8 subjects; crossover or before-after design).
Classify: AUC ratio < 0.50 = major induction (score
1.0). AUC ratio 0.50-0.80 = moderate induction
(score 0.7). AUC ratio 1.25-2.0 = moderate inhibition
(score 0.6). AUC ratio > 2.0 = major inhibition (score
0.9). Weight the DIS score by the clinical significance
of the interacting drug: narrow TI drug (warfarin;
ciclosporin; HIV antiretrovirals; cancer
chemotherapy; antiepileptics; immunosuppressants;
anticoagulants) x 1.5 weight multiplier (cag at 1.0).
No clinical interaction data: apsply in vitro CYP
induction/inhibition data with 50% downward score
adjustment (in vitro data overestimates in vivo
clinical DDI; BPLA paper 302/309 CPAF principle).

Clinical Herbal Safety Screening Checklist: For any
atient Eresenting with unexplained: ALT elevation
> 3x ULN); INR change (not explained by diet);

transplant reﬁection episode; HIV viral load

breakthrough; cancer treatment failure; or
unexplained hypotension or priapism: STEP 1 -- Ask
specifically about herbal supplement use

(open-ended: 'Do Iyou take any herbal products;

vitamins; or supplements not prescribed by a

doctor?'); follow-up: 'Any teas; juices; or traditional

remedies from your country of origin or culture?'.

STEP 2 -- For each herb identified: cross-reference

against HTRI > 0.70 list (this paper Table 2); check

Lexi-Interact; Clinical Pharmacology; or Natural

Medicines database for known interactions with

current medications. STEP 3 -- If HTRI > 0.70 herb

identified: assess causality (MV/RUCAM for HILI,

AUC ratio for DDI). Advise discontinuation if HTRI >

0.70 and Elausible causal relationship with adverse

event. STEP 4 -- Report to national pharmacovigilance

system (FDA MedWatch; EMA EudraVigilance
national reporting; or WHO-UMC VigiFlow). Herbal

ADR reporting is currently < 5% of actual events --

each report contributes to the safety evidence base.

STEP 5 -- Document herb use formally in EHR

medication list (with start date; dose; product name;

manufacturer if known). Instruct patient not to
restart without physician review. PA plant
identification tip: cornfrely (Sﬁmplfllytum officinale;
broad hairy leaves; purple/white flowers); coltsfoot

(Tussilago farfara; yellow flower; hoof-shaped leaf);

groundsel (Senecio spp.; yellow composite flowers).
ristolochia identification: birthwort (Aristolochia

clematitis; tubular yellow flowers; found in

Mediterranean gardens); aristolochic acid

contamination also occurs in Akebia; Clematis; and

Stephania preparations when misidentified in TCM

sourcing.
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