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ABSTRACT a OPEN ACCESS

Introduction: Synthetic color additives are widely used as excipients in prescription and over-the-counter
pharmaceuticals to aid product identification, branding, and patient adherence. Warm colors like red, orange,
and yellow are perceived as stimulating, pink as mild, gentle, or comforting, while cool colors like blue and green
are associated with calmness or sedation, potentially influencing patient expectations. Despite regulatory
assumptions of safety, case reports and small clinical series describe hypersensitivity reactions to dye-containing
medicinal products, and perioperative anaphylaxis has been documented with injectable vital dyes used for
sentinel lymph node mapping.

Methods: We searched the biomedical and regulatory literature for studies and reports describing synthetic dyes
in medicinal products (including oral, parenteral, and topical formulations, as well as diagnostic dyes). We included
human clinical and epidemiologic studies, toxicology evaluations, and regulatory assessments in which dyes were
used as excipients or as active diagnostic agents. Food-only exposure studies were excluded from the main
analysis and considered only for mechanistic context.

Results: Most synthetic dyes used in pharmaceuticals are azo or triarylmethane compounds derived from
petroleum products. These include FD&C Yellow No. 5 (tartrazine), FD&C Yellow No. 6 (sunset yellow FCF), FD&C
Red No. 40 (Allura Red AC), and triarylmethane dyes such as patent blue V and isosulfan blue. Clinical evidence
in medicinal products is dominated by (1) perioperative anaphylaxis to blue mapping dyes during breast and
melanoma surgery; (2) immediate hypersensitivity reactions to tartrazine and other azo dyes used as tablet and
solution colorants; and (3) small series in which switching from colored to dye-free formulations results in symptom
resolution. Population-based incidence data are sparse, but available series suggest that severe reactions to blue
mapping dyes occur in approximately 0.1—1% of exposed patients, whereas clinically significant reactions to oral
excipient dyes appear rare and concentrated in patients with underlying atopy, chronic urticaria, or multiple drug
“allergies.” Toxicology and regulatory assessments identify additional concerns, including thyroid tumors in
preclinical models with erythrosine and genotoxicity or tumor-promoting signals for certain azo dyes at high doses.
Conclusions: The human data support the conclusion that synthetic dyes in pharmaceuticals are not biologically
inert. Taken together, the evidence supports a precautionary, risk-stratified approach in which synthetic dyes are
recognized as unnecessary excipients with no therapeutic benefit and real—if infrequent—potential for harm.
Dye additives may preclude use of important medications for patients and thus are a significant barrier to
treatment for those with intolerances. Accordingly, supply-chain preference should be given to dye-free or non-
toxic alternative formulations whenever feasible.

Keywords: artificial colors; color additives; azo dyes; excipients; pharmaceuticals; hypersensitivity;
neurobehavior; FD&C dyes; risk assessment.
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Introduction
More than 90% of oral medications frequently prescribed in the United States contain inactive ingredients that could

cause adverse reactions, as reported by Reker et al.! The authors analyzed US data on the inactive ingredients found in
42,052 oral medications. Inactive ingredients are substances added to a pill’s formulation that are not intended to have
a direct biological or therapeutic effect. The average tablet or capsule was found to contain a large mass of inactive
excipients, meaning that a patient taking multiple prescription medications could ingest several grams of inactive
ingredients daily. Overall, the study identified 38 inactive ingredients with potential for allergic symptoms after oral
exposure, and 92.8% of analyzed medicines contained at least one of these ingredients. Of greatest concern were the

color additives.!

Color additives are important components of modern consumer products, including foods, beverages, cosmetics,
pharmaceuticals, and dietary supplements.2 In medicinal formulations, colorants serve both functional and marketing
purposes by improving product identification, masking unpleasant tastes, and enhancing aesthetic appeal to promote
patient adherence and brand differentiation.3 Synthetic or artificial dyes predominate because they provide greater
color uniformity, chemical stability, and cost efficiency compared with natural pigments.4 The U.S. Food and Drug
Administration (FDA) currently certifies a limited group of petroleum-derived color additives, classified as FD&C (food,
drug, and cosmetic) and D&C (drug and cosmetic) dyes, including FD&C Red No. 40, FD&C Yellow No. 5 (tartrazine),
and FD&C Blue No. 1.5

The idea that pill colors suggest specific effects comes from psychological associations rather than pharmacology. A
systematic review of 12 studies by de Craen et al. found that pill color consistently influences how patients perceive a
drug’s effects, with warm colors like red, yellow, and orange associated with stimulating effects and cool colors like blue
and green with calming or sedative effects.® The review also noted that real-world prescribing patterns appear to reflect
these associations: hypnotic and sedative drugs are more often colored blue, green, or purple compared with
antidepressants, suggesting that manufacturers may intentionally align color with expected therapeutic effect.
Importantly, the dye itself does not change the drug’s chemical action—these effects are purely perceptual and can
influence how effective a medication feels or how consistently patients take it. de Craen et al. concluded that while color
clearly shapes perception and may influence outcomes through expectation (e.g., placebo-like effects), more rigorous
research is needed to determine its true impact on clinical efficacy.¢ Figure 1 summarizes the perceived therapeutic

associations of common pharmaceutical colors and their potential influence on patient expectations.
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The psychology of drug colours:

perceived effects and their associations
Summary of de Craen et al. BMJ 1996;313:1624-1626
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Figure 1. Perceived Therapeutic Associations of Pharmaceutical Colors. Based on the systematic review by de Craen
et al., warm colors (red, orange, yellow) are generally perceived as stimulating, whereas cool colors (blue, green, purple)
are associated with calming or sedative effects; white is typically perceived as neutral. These effects are perceptual
rather than pharmacologic and may influence patient expectations and adherence.

Although these dyes are considered safe within established regulatory limits, questions persist about their potential
biological activity and cumulative exposure from multiple product categories.” Experimental and clinical studies have
reported hypersensitivity reactions, neurobehavioral changes, and oxidative or inflammatory effects in susceptible
individuals, particularly in children.8° Mechanistic research exploring dye metabolism, mitochondrial stress, and immune
modulation has renewed debate over whether current toxicological testing sufficiently captures chronic or low-dose

effects.10.11

Growing public concern coincides with expanded use of over-the-counter medications, chewable or gummy supplements,
and fortified nutraceuticals, which frequently contain several synthetic colorants per product.'2 Despite comprehensive
regulations for foods, relatively few investigations have examined exposure patterns and health outcomes associated
with dyes specifically in pharmaceutical and supplement formulations, where excipient composition, ingestion frequency,

and vulnerable user groups may differ substantially.!3
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HISTORICAL OVERVIEW

Synthetic dyes were introduced into drug and supplement manufacturing in the early 20th century, following the discovery
of aniline-based colorants from coal-tar derivatives in the late 1800s.4 Their vivid hues and stability quickly displaced
natural pigments, which were often less consistent and more costly to produce.3 By mid-century, colored coatings and
capsules had become standard for aiding dose identification and product appeal.’> Safety controversies emerged,
however, when certain aromatic amines and dye precursors demonstrated carcinogenic or mutagenic potential in animal

studies, prompting the first systematic safety reviews by regulatory authorities.!®

REGULATORY CONTEXT

In the United States, the 1906 Pure Food and Drugs Act and the 1938 Federal Food, Drug, and Cosmetic Act established
federal oversight of color additives.'” The FDA later introduced a batch certification program requiring chemical identity
verification and toxicological review before approval, codified under Title 21 of the Code of Federal Regulations
(CFR).'® Only a small subset of synthetic dyes, such as FD&C Red No. 40, FD&C Yellow No. 5, and FD&C Blue No. 1,

remain permanently listed after extensive evaluation.!?

The European Union enforces comparable regulations through Regulation (EC) No 1333/2008, which mandates labeling
for specific azo dyes that “may have an adverse effect on activity and attention in children”.20 The European Food Safety
Authority (EFSA) periodically re-examines acceptable daily intakes (ADIs) and cumulative exposure estimates in light of
emerging toxicologic or epidemiologic data.2! Comprehensive analyses of the U.S. regulatory architecture have noted
that the food additive program relies heavily on manufacturer-submitted safety data and on the Generally Recognized

as Safe (GRAS) pathway, with structural limitations that have been the subject of ongoing reform discussions.22

FUNCTIONAL ROLES AND INDUSTRY PRACTICES

Within pharmaceuticals, synthetic dyes provide manufacturing and marketing functions. They help differentiate doses
and formulations, maintain brand recognition, and conceal color variations arising from active ingredients or excipients.!>
Pediatric and chewable products rely heavily on bright azo and xanthene dyes to enhance palatability and consumer
appeal.’3 Surveys indicate that many top-selling children’s medications and multivitamins contain at least one FD&C dye,

and many include three or more per product.’3

TOXICOLOGIC AND PUBLIC HEALTH CONCERNS

Although the currently approved dyes have undergone extensive chronic toxicity and carcinogenicity testing, debate
continues over their potential for hypersensitivity, neurobehavioral, or genotoxic effects.” Tartrazine and other azo dyes
can elicit allergic or pseudoallergic reactions, especially among individuals with aspirin intolerance or chronic urticaria.23
Controlled trials and meta-analyses have suggested measurable behavioral effects in some children consuming mixtures

of synthetic dyes and preservatives.8?

Recent exposure analyses highlight the need to consider cumulative intake across foods, medications, and supplements,
particularly for children or those requiring long-term pharmacotherapy.24 Some synthetic dyes may also undergo
reductive metabolic cleavage to aromatic amines or reactive intermediates in vivo, raising additional safety

considerations.25
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RATIONALE FOR THE PRESENT REVIEW

Despite the long history of synthetic colorant use, research and regulatory evaluation have focused primarily on foods
rather than pharmaceuticals or dietary supplements.’3 The increasing diversity of nutraceutical and over-the-counter
products, often marketed directly to children or sensitive subgroups, creates new exposure contexts that have not been

systematically characterized.

Accordingly, this review aims to (1) document the prevalence and functions of synthetic dyes in pharmaceutical and
supplement formulations, (2) summarize existing regulatory frameworks and toxicologic evidence, and (3) identify

knowledge gaps regarding health risks and opportunities for safer or natural alternatives.2¢

In this review, we focus specifically on synthetic dyes used in pharmaceuticals and diagnostic medicinal dyes. We do not
comprehensively review synthetic dyes in foods or beverages and reference food-only studies only when they clarify

mechanisms or dose—response relationships relevant to medicinal exposures.

Methods
LITERATURE SEARCH STRATEGY

A systematic literature search was conducted across major scientific databases, including PubMed /MEDLINE, Web of
Science, Scopus, and Embase, to identify peer-reviewed studies examining the use, safety, regulation, and health effects
of artificial (synthetic) dyes in pharmaceuticals. In addition to the peer-reviewed literature, grey literature sources such
as regulatory reports and assessments from the U.S. FDA, European Medicines Agency (EMA), EFSA, World Health
Organization (WHO), and Codex Alimentarius Commission were reviewed to capture authoritative information not

published in conventional journals.

SEARCH TERMS
Search strategies incorporated both controlled vocabulary (e.g., Medical Subject Headings [MeSH] terms) and free-text

(LTS

keywords. Core search strings included terms such as “artificial dye,” “synthetic dye,” “color additive,” “FD&C dye,” “azo

” & ” &

dye,” “tartrazine,” “sunset yellow,” and “Allura Red.” These were combined with pharmaceutical-related terms (“drug,”

LT3 ” &

“medication,” “capsule,” “tablet”) and supplement-related terms (“dietary supplement,” “nutraceutical,” “vitamin,”

“herbal supplement”). Boolean operators (“AND,” “OR”) were applied to refine search combinations.

INCLUSION AND EXCLUSION CRITERIA

Studies were eligible for inclusion if they discussed artificial dyes used in pharmaceuticals or addressed related aspects
such as regulation, toxicology, pharmacokinetics, hypersensitivity or allergic reactions, and consumer safety. Eligible study
types encompassed human, animal, and in vitro investigations as well as systematic reviews, meta-analyses, and major

regulatory risk assessments.

Exclusion criteria comprised publications focusing solely on natural colorants, dyes used exclusively in food or cosmetic
applications (unless cross-referenced to pharmaceutical or supplement relevance), articles without accessible full texts,
and non-English publications unless critical data were unavailable elsewhere. Studies that evaluated synthetic dyes
exclusively in foods or beverages were excluded from the primary analysis and, when relevant, were referenced

qualitatively as mechanistic or contextual evidence rather than as direct risk estimates for pharmaceuticals.
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STUDY SELECTION
Two independent reviewers screened all titles and abstracts to determine relevance. Full texts of potentially eligible
articles were then reviewed in detail. Any discrepancies between reviewers were resolved by discussion or, when

necessary, adjudicated by a third reviewer.

DATA EXTRACTION

For each included study, data were extracted into structured evidence tables. Extracted information included dye identity
(common name, Color Index number, and FD&C designation), application context (pharmaceutical dosage form or
supplement type), regulatory approval status, reported toxicological or clinical outcomes, population studied (human,

animal, or in vitro model), and key findings with noted limitations.

DATA SYNTHESIS

Findings from eligible studies were synthesized narratively and, where data permitted, quantitatively. Results were
organized according to major thematic domains: (1) chemical classes of dyes; (2) applications in pharmaceuticals; (3)
regulatory frameworks across jurisdictions; and (4) health outcomes, including hypersensitivity, neurobehavioral effects,

carcinogenicity, genotoxicity, reproductive and developmental toxicity, and other toxicological endpoints.

Results

USE OF ARTIFICIAL DYES IN U.S. DRUGS

There is no single, authoritative denominator for “all” drugs that reports the fraction using synthetic color additives. U.S.
regulators do not publish a market-wide percentage; instead, evidence comes from product-level label reviews and
analytical surveys. Large-scale informatics work on oral prescription medicines shows that most products contain multiple
inactive ingredients and that a substantial share includes ingredients associated with intolerance, a category that includes
certified color additives, underscoring that colorants are common even if a dye-only percentage is not given.! In the
consumer space, targeted studies measuring FD&C dyes in over-the-counter (OTC) medicines and multivitamins confirm
frequent use: quantitative analyses of selected pediatric OTCs and multivitamins documented measurable exposures to

Red 40, Yellow 5, Yellow 6, and others, indicating that synthetic colorants are widely present across popular brands.!3.27

WHY MANUFACTURERS ADD COLORANTS

Color serves several practical purposes. First, it aids product and strength identification alongside imprint, shape, and
size; U.S. law requires a code imprint that, together with color, permits unique identification of solid oral dosage forms.28
Second, color supports patient acceptability and adherence, particularly in pediatric formulations, by aligning
appearance with flavor expectations and by providing consistent, recognizable appearance across a product family.2?
Third, film coating (often using pigments or lakes) improves aesthetics, swallowability, and stability and can provide
functional benefits such as light/moisture protection, taste-masking, and site-specific delivery.3° Finally, sponsors are
encouraged to use color prudently on labels and cartons because repeating similar color schemes across related products

can contribute to look-alike medication errors.31

WHY PILLS FROM DIFFERENT COMPANIES LOOK DIFFERENT
Even when the active ingredient is identical, appearance often differs for legal and safety reasons. The FDA notes that

U.S. trademark (trade dress) law does not allow generics to copy a brand’s exact look, and generics may, and often do,
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use different excipients, colors, or coatings that do not affect bioequivalence.32 Distinct appearance also supports unique
identification, a goal embedded in imprint requirements.28 Historical and legal analyses describe how color and shape
serve both brand identity and public-health identification functions.33 Regulators also issue guidance about replacing

color additives in approved drugs, another driver of appearance changes over time.34

“WHITE” TABLETS: NATURALLY WHITE VS COATED WHITE

Many tablets appear white because common fillers (e.g., microcrystalline cellulose, lactose, calcium phosphates) are
inherently white /off-white, and the active often contributes little to bulk color. Frequently, however, whiteness comes from
a film coat that uses a bright opacifier such as titanium dioxide (TiO,); film coating is now standard practice for quality,
protection, and appearance.3? In short, some products are “white through the core,” while many are “white because of

the coat.”

FILM-COATED VS COLOR-THROUGH-CORE

With film-coated tablets/capsules, pigments reside mostly in the outer polymer film; the core may be uncolored. These
coats improve handling and allow functional designs.3° In color-through-core tablets, aluminum lakes or oxides are
blended into the core so color persists if the tablet chips or is split. When tablets are scored, FDA guidance specifies

criteria so splitting is appropriate and does not compromise dose uniformity or release.3%

U.S. VS EU POLICY LANDSCAPE AFFECTING COLORANTS

Regulators pre-approve color additives for specific uses. In the U.S., the FDA requires pre-approval of color additives
and, in drugs, mandates specific disclosures for certain dyes, notably FD&C Yellow No. 5 (tartrazine), which must be
explicitly declared on drug labels.3637 In the EU, food is governed by Regulation (EC) 1333/2008, and following EFSA’s
2021 re-evaluation concluding that TiO, (E171) can no longer be considered safe as a food additive, the Commission
withdrew its authorization in foods effective 2022.383% Medicines were treated differently: after an updated EMA
analysis, the European Commission confirmed in August 2025 that titanium dioxide remains permitted in medicinal
products while alternatives are developed.“0 In the U.S., TiO, remains permitted in both foods and drugs pending any

future FDA action, and the FDA issued 2025 draft guidance to help sponsors replace color additives where needed.34

HOW OFTEN ARE DYE REACTIONS RESPONSIBLE FOR “DRUG INTOLERANCE"?

Allergic-type reactions to dyes are uncommon in the general population, and excipients overall are a very rare cause
of immediate or delayed drug hypersensitivity.4! The FDA committee on hypersensitivity reported that tartrazine causes
hives in fewer than 1 in 10,000 people; this conclusion underlies U.S. labeling requirements for Yellow 5 in foods and
drugs.3¢42 Rates are higher in selected subgroups, especially patients with aspirin-exacerbated respiratory disease
(AERD), but estimates vary across historical challenge studies, with some cohorts reporting tartrazine challenge positivity
among aspirin-sensitive asthmatics and others finding few positives under double-blind conditions.#344 Overall, when a
reaction appears temporally linked to a formulation change (e.g., a new color/appearance after a pharmacy switch),

clinicians often trial dye-free or differently colored versions and, when necessary, pursue supervised diagnostics.4!

USA VS EU ON ARTIFICIAL DYES IN MEDICINES
In the United States, color additives are pre-approved for specific uses under the Federal Food, Drug, and Cosmetic Act

and codified primarily in 21 CFR Parts 70-82, with FDA’s Color Additive Status List serving as a living inventory.18:37.45
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Listings distinguish certified FD&C dyes and lakes (subject to batch certification) from exempt colors; individual FD&C
colors are listed in Part 74.4¢ OTC Drug Facts labels must declare color additives by listed name, and certain dyes carry
additional disclosures, most notably FD&C Yellow No. 5 (tartrazine) under 21 CFR 201.20.3647 In May 2025, the FDA
issued draft guidance clarifying that many changes to replace a listed colorant may be submitted as CBE-30 supplements,
facilitating reformulation while maintaining identity, strength, quality, purity, and potency.34 In the European Union, food
additives, including those used in food supplements, are governed by Regulation (EC) No 1333/2008, which operates a
positive list with conditions of use and labeling.20 The EU requires a front-of-pack warning for foods containing six
“Southampton” azo colors: “may have an adverse effect on activity and attention in children”.48 In medicines, colorants
are treated as excipients; the EU/EMA annex specifies when particular colorants (e.g., tartrazine) must be named and
when standardized leaflet wording is required.4° Table 1 summarizes the major synthetic colorants used in
pharmaceuticals, including their chemical class, approved uses, acceptable daily intakes (ADIs), and the most recent EFSA
or FDA safety review for each.21.50-58 Table 2 then provides representative examples of marketed prescription and over-
the-counter pharmaceutical products in the United States and Europe that declare one or more synthetic dyes, drawn

from current DailyMed, SmPC, and HPRA label entries.59-78

Table 1. Pharmaceutical Dye Classes, Regulatory Specifications, and ADIs

Dye Synonyms (CI Chemical class Approved uses ADI Last Ref
(FD&C/D&C) No. / E-number) (US/EV) (mg/kg/day) safety
review
FD&C Yellow Tartrazine; E102; Azo US/EU permitted 0-7.5 EFSA 51
No. 5 Cl 19140 2009
FD&C Yellow Sunset Yellow Azo US/EU permitted 0-4 EFSA 54
No. 6 FCF; E110; Cl 2009
15985
FD&C Red No. = Allura Red AC; Azo US/EU permitted 0-7 EFSA 21
40 E129; Cl 16035 2009
FD&C Blue No. | Brilliant Blue FCF; = Triarylmethane US/EU permitted 0-6 EFSA 57
1 E133; Cl 42090 2010
FD&C Blue No.  Indigotine / Indigoid US/EU permitted 0-5 EFSA 56
2 Indigo Carmine; 2014
E132; C1 73015
FD&C Red No. | Erythrosine; Xanthene US revoking in 0-0.1 EFSA 50,
3 E127; Cl 45430 foods and ingested 2011; 55
drugs (2025); EU FDA
restricted 2025
Carmoisine E122; Cl 14720 Azo EU permitted; not 0-4 EFSA 52
(Azorubine) US-approved for 2009
foods/drugs
Ponceau 4R E124; Cl 16255 Azo EU permitted with 0-0.7 EFSA 53
restrictions; not US- 2009

approved
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Dye Synonyms (CI Chemical class Approved uses ADI Last Ref
(FD&C/D&C) No. / E-number) (US/EV) (mg/kg/day) safety
review
Quinoline E104; Cl 47005 Quinoline EU permitted with 0-0.5 EFSA 58
Yellow (sulfonate) restrictions; not US- 2009
approved

Table 2. Examples of artificial dye occurrence in marketed pharmaceutical products
Product / strength Dosage form  Route Declared dye(s) Form (lake / Ref

solution / shell)

Acetaminophen 325 mg / 10.15  Oral solution | Oral FD&C Red No. 40 Solution 59

mL unit-dose oral solution

Sertraline HCI 25 mg tablets Film-coated Oral D&C Yellow 10 lake; Lakes (film coat) 60
tablet FD&C Blue No. 1 lake;

FD&C Red No. 40 lake

Sertraline HCI 50 mg tablets Film-coated Oral FD&C Blue No. 2 lake Lake (film coat) 60
tablet

Sertraline HCl 100 mg tablets Film-coated Oral Iron oxide yellow (exempt | Color in coat 60
tablet colorant)

Cetirizine HCl 5 mg chewable Chewable Oral FD&C Yellow No. 6 Lake 61

tablets tablet Aluminum Lake (some

strengths add D&C Yellow
No. 10, FD&C Red No. 40)

Cetirizine HCl 10 mg chewable | Chewable Oral D&C Yellow 10 and/or Lake 62
tablets tablet FD&C Blue No. 1 (varies by

NDC)
Cetirizine HCl 1 mg/mL oral Oral solution | Oral D&C Yellow 10 and/or Solution 63
solution FD&C Blue No. 1 (varies by

NDC)
Ibuprofen 200 mg tablets (OTC,  Film-coated Oral FD&C Yellow No. 6 Lake 64
film-coated) tablet Aluminum Lake; some SKUs

also FD&C Red No. 40

Ibuprofen 100 mg/5 mL Oral Oral No FD&C dyes declared Dye-free 65
pediatric suspension (dye-free suspension

SKU)

Diphenhydramine HCI 12.5 Oral solution | Oral FD&C Red No. 40; D&C Solution 66
mg/5 mL oral liquid Red No. 33

10
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Product / strength Dosage form Route Declared dye(s) Form (lake / Ref
solution / shell)
Diphenhydramine HCI 25 mg Soft gelatin Oral FD&C Blue No. 1 and Shell colorants 67
softgels capsule FD&C Red No. 40 (varies
by brand)
Acetaminophen 160 mg Chewable Oral FD&C red/yellow lakes Lake 68
chewable tablets tablet vary by NDC
Acetaminophen 160 mg/5 mL Oral Oral No FD&C dyes declared Dye-free 69
pediatric suspension (dye-free suspension
SKU)
Loratadine 5 mg/5 mL pediatric = Oral solution  Oral Varies by NDC; commonly  Solution 70
oral solution FD&C Yellow No. 6 and/or
FD&C Blue No. 1

Loratadine 10 mg orally Orally Oral Varies by brand; some list | Tablet coat / 71
disintegrating tablets disintegrating Red 40 / Yellow 6, others  excipients

tablet dye-free
Guaifenesin / Syrup Oral FD&C Red No. 40 (varies  Solution 72
Dextromethorphan cough syrup by SKU; some dye-free)
(OTQ)
Acetaminophen 650 mg Extended- Oral Varies by NDC; commonly | Lake (film coat) 73
extended-release caplets release film- FD&C Yellow No. 6 and/or

coated tablet FD&C Red No. 40
Omeprazole 20 mg delayed- Delayed- Oradl Varies by manufacturer; Coat / shell 74
release capsules release capsule shells often list

capsule FD&C Blue No. 1 and/or

(pellets) FD&C Yellow No. 6
Epanutin (phenytoin) 100 mg Hard capsule | Oral Quinoline Yellow (E104) in | Shell colorant 75
hard capsules (UK/EU) shell
Lansoprazole 15 mg gastro- Gastro- Oral Quinoline Yellow (E104) in | Shell colorant 76
resistant capsules (Pinewood, IE) | resistant shell

capsule
Sinemet Plus 25 mg/100 mg Tablet Oral Quinoline Yellow (E104) Color in tablet 77
tablets (UK/EU) listed in certain strengths
Difflam 3 mg mint lozenges (UK) ' Lozenge Oral Quinoline Yellow (E104); Matrix colorant 78

(lozenge) | Patent Blue V (E131)

METHODS TO ESTIMATE PREVALENCE OF COLORANT USE
To estimate the proportion of marketed U.S. solid oral products using synthetic colorants, a reproducible approach is to

triangulate Structured Product Labeling (SPL) inactive-ingredient listings across current NDCs with FDA color-additive

11



THE EUROPEAN SOCIETY OF MEDICINE

inventories. SPL exposes product-specific label text, including Drug Facts “Inactive ingredients,” while inventories such as
the FDA Color Additive Status List catalogue permitted ingredient—route precedents rather than market shares.4547
Because such inventories do not quantify sales or market share, report product-level percentages (e.g., percent of NDCs
listing FD&C dyes or lakes) rather than sales-weighted prevalence. FDA’s 2025 draft guidance also points sponsors to

existing Inactive Ingredient Database (lID) precedents when replacing colorants in approved drugs.34

REGULATORY CERTIFICATION, LISTINGS, AND FEES
FD&C dyes (e.g., Red 40, Yellow 5, Yellow 6) are subject to FDA batch certification under 21 CFR Parts 74, 80, and 82,
with periodic fee updates; exempt colors (Part 73) are not batch-certified.4679.80 These mechanics explain how policy

shifts (e.g., Red 3 revocation) or supply constraints can propagate quickly across manufacturers relying on certified

lots.50.81,82

HUMAN FACTORS, APPEARANCE, AND ADHERENCE

Changes in pill color or shape at generic substitution have been associated with lower adherence in several contexts,
including epilepsy and post-myocardial infarction cohorts, supporting careful control of colorways and cautioning against
look-alike designs.81:82 Safety bodies recommend distinctive presentations and robust name/label testing to mitigate

look-alike /sound-alike risks.3!

PEDIATRIC ACCEPTABILITY AND EU LEAFLET REQUIREMENTS

A systematic literature review by Alessandrini et al. on children's perceptions of oral dosage form colors highlights the
role of appearance (including color) alongside size, flavor, and swallowability in pediatric acceptability.2® For EU
medicines, the Excipients in the Label and Package Leaflet annex details excipient naming and standardized statements

when certain excipients (including tartrazine) exceed defined thresholds.4?

ANALYTICAL MEASUREMENT OF FD&C DYES

Regulatory laboratories quantify FD&C dyes using validated HPLC/LC methods; FDA Laboratory Information Bulletins
describe dye panels, performance characteristics, and quality controls suitable for surveillance and exposure modeling.83
These methods complement product-label surveys and enable estimation of per-dose exposures from OTC medicines and

supplements.13.83

RISK BENCHMARKS AND POLICY CADENCE

Global benchmarks such as JECFA acceptable daily intakes (ADIs) for tartrazine and other colors set context for national
decisions, while EFSA hazard opinions can drive bloc-wide changes.”?84 The TiO, case study illustrates EU precaution in
foods (EFSA 2021; authorization withdrawn in 2022) alongside interim allowance in medicines pending alternatives (EC
2025).38-40 The U.S. case study for FD&C Red No. 3 shows petition-and-rulemaking cadence with staggered compliance
dates for foods (2027) and ingested drugs (2028).50 FDA’s 2025 draft guidance further streamlines CBE-30 supplements

to replace colorants in approved drugs.34

NATURAL VS ARTIFICIAL DYES IN PHARMACEUTICALS AND SUPPLEMENTS
Colorants used in medicinal and nutraceutical products fall broadly into two regulatory classes in the United States:

certified synthetic dyes (FD&C colors and their aluminum lakes) listed under 21 CFR Part 74, and exempt-from-
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certification colors (often termed “natural” or nature-identical pigments such as caramel, beta-carotene,
cochineal /carmine, iron oxides, and others) in 21 CFR Part 73 Subpart B for drugs.4¢8° Certified FD&C dyes provide
strong, consistent chroma, excellent batch-to-batch uniformity, and broad functionality in aqueous polymer film coats—
attributes that make them attractive for dose/strength differentiation and brand consistency.37:4¢ In contrast, exempt
colors are preferred where “dye-free” or “naturally colored” labeling is prioritized, or to meet specific excipient-
avoidance requests (e.g., avoiding particular azo dyes).89 Across both categories, film coating is the dominant coloring
technology for solid orals because it improves swallowability, print legibility, moisture/light protection, and aesthetic

uniformity while allowing pigments to reside primarily in the coat rather than the core.30

From a materials and performance perspective, artificial dyes (e.g., FD&C Blue No. 1, Yellow No. 5, Red No. 40) typically
offer superior stability across pH, temperature, and light compared with many botanical pigments, and they disperse
predictably in standard coating systems.30:37 By contrast, common “natural” pigment classes—anthocyanins, carotenoids,
betalains, and chlorophylls—can be more labile, with hue and intensity sensitive to pH, oxygen, light, metal ions, and
processing /storage conditions; no single natural pigment serves as a universal drop-in replacement across all readability,
appearance, and quality attributes that must be maintained over shelf life.30 In practice, exempt colors like iron oxides,
caramel, beta-carotene, and carmine are widely used in drugs precisely because they balance a “natural-leaning”

profile with comparatively better robustness than many fruit/vegetable extracts.80

Regulatory communication requirements also differ by jurisdiction. In the EU, colorants in foods (including food
supplements) are governed by Regulation (EC) No 1333/2008, and several azo colors require the warning “may have
an adverse effect on activity and attention in children” on front-of-pack for foods; in medicines, colorants are treated as
excipients and must be named (and sometimes accompanied by standardized leaflet statements) per the EMA /EC
Excipients in the Labelling and Package Leaflet annex.2049 In the US, the FDA pre-approves color additives for specific
uses and maintains separate listings for certified and exempt colors; labeling rules require that certain dyes (e.g., FD&C
Yellow No. 5, tartrazine) be explicitly declared on human drug labels due to rare hypersensitivity reactions.3¢ For coating
whiteness/opacity, both regions continue to allow titanium dioxide (TiO,) in medicines pending suitable alternatives,
although the EU withdrew authorization of TiO, in foods after EFSA’s 2021 opinion; these policy differences can drive
reformulation choices for supplements versus drugs.38-40 Table 3 summarizes major regulatory actions, dye-substitution
alternatives, and reformulation pathways that have shaped the landscape of synthetic colorants in pharmaceuticals over

the past two decades, spanning US (FDA), EU (EFSA, European Commission, EMA), and pharmacy-level clinical

workflows.1:20,34,36,38-41,48-50

Table 3. Regulatory actions, alternatives, and reformulation pathways for synthetic dyes in pharmaceuticals

Context / Trigger Pre-change Action or alternative Outcome / status Ref

jurisdiction coloranti(s)

US drug Required FD&C Yellow 21 CFR §201.20 mandates Aids identification 36

labeling disclosure for = No. 5 explicit declaration on and patient

(FDA) hypersensitivit = (tartrazine) oral/nasal/rectal /vaginal /ophth  avoidance; supports
y-prone dye almic drug labels
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Context /

jurisdiction

US foods
and
ingested

drugs (FDA)

EU foods
(Commission

/ EFSA)

EU
medicines
(Commission

/ EMA)

US drug
reformulati
on pathway

(FDA)

EU
medicines
(EMA
Excipients

Annex)

Trigger

Animal
carcinogenicit
y (thyroid
follicular
tumors),
Delaney

Clause

EFSA 2021
safety re-
evaluation no
longer
considered

TiO, safe

Interim
continved
need for TiO,
while
alternatives

mature

Sponsor
wishes to
replace a

listed colorant

Excipient
hypersensitivit
y risk

communication

Pre-change

colorant(s)

FD&C Red No. 3

(erythrosine)

Titanium dioxide

(E171) as

opacifier/whiten

er

Titanium dioxide

(E171) in film
coats and

capsule shells

Any listed
certified FD&C
dye or lake

Tartrazine and
other azo dyes
when above

threshold

Action or alternative

FDA final order revoking
authorization (Jan 2025);
compliance dates 2027 (foods) /
2028 (ingested drugs)

Regulation (EU) 2022/63
withdrew TiO, authorization in

foods (effective 2022)

EC Staff Working Document (Aug
2025) confirms TiO, remains

permitted in medicinal products

FDA 2025 draft guidance: many
colorant substitutions may be

submitted as CBE-30 supplements

Standardized leaflet wording

naming the dye and its risk

Outcome / status Ref

use of dye-free

alternative SKUs

Sponsors transitioning 50
to alternative reds

(e.g., Red 40, beta-
carotene, beet-

derived betalains)

Food formulators 38
moving to alternative  —
opacifiers (e.g., 39

calcium carbonate)

Status-quo for 40
medicines pending

validated alternatives

Reduced regulatory 34
friction for excipient
modernization while
maintaining

identity /strength /qua

lity

Patients and clinicians = 49
can identify and
avoid problematic

colorants
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Context / Trigger Pre-change Action or alternative Outcome / status Ref
jurisdiction colorant(s)
Clinical Patient with Branded SKU Substitute with dye-free Resolution of 1,
workflow suspected dye containing FD&C = generic/brand identified via suspected dye- 41
(pharmacy) | hypersensitivit = dye(s) DailyMed inactive-ingredient related adverse

y search; compounding pharmacy events; improved

as fallback tolerability and
adherence

EU foods Suggested Tartrazine, Mandatory front-of-pack Industry reformulation = 20,
(Southampt | association of | sunset yellow, warning under Regulation (EC) toward natural 48
on azo dyes with | ponceau 4R, 1333/2008 pigments in many EU
labelling) hyperactivity allura red, food products

in children quinoline yellow,

carmoisine

Functionally, whether a product uses natural or artificial colorants, the formulation locus of the pigment matters. In modern
practice, color is usually in the film coat (surface), enabling strong hue with minimal load and preserving an uncolored
core; “color-through-core” designs instead disperse lakes or oxides within the tablet blend to keep color visible when
split.30 For sponsors seeking to migrate away from a particular synthetic dye (e.g., to meet porifolio policies or regional
expectations), US regulators have articulated pathways to replace one listed colorant with another (often via CBE-30
where appropriate), provided identity, strength, quality, purity, and potency remain equivalent—reducing friction for

excipient modernization.34

TOXICOLOGY RESULTS

Regulatory toxicology assessments collectively suggest that many widely used synthetic dyes have relatively low systemic
toxicity when exposure is kept within established acceptable daily intakes (ADls). Table 4 summarizes the principal
preclinical toxicology findings, NOAELs, LOAELs, and current ADIs for each of the major synthetic pharmaceutical dyes,
drawn primarily from the EFSA re-evaluations.2!.51-5885 The EFSA ANS Panel re-evaluated Allura Red AC (E129) and
found negative results in standard genotoxicity assays and long-term rodent carcinogenicity studies, supporting an ADI
of 0-7 mg/kg body weight (bw) per day and indicating no carcinogenic concern at typical human intakes.2! A related
opinion on tartrazine (E102) likewise reported no evidence of genotoxicity or carcinogenicity in the core animal
database, confirmed an ADI of 0-7.5 mg/kg bw per day, and concluded that the main concern is intolerance reactions
in a small subset of susceptible individuals rather than systemic toxicity per se.5! These EFSA opinions show that, for Allura
Red AC and tartrazine, the toxicological profile is characterized by threshold effects with broad margins of safety for

the general population, which is important when these dyes are used as colorants in oral medicines.
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Table 4. Toxicology summary for major synthetic pharmaceutical dyes

Dye (E-

number)

Tartrazine

(E102)

Sunset
Yellow FCF
(E110)

Allura Red
AC (E129)

Brilliant
Blue FCF
(E133)

Indigo
Carmine /
Indigotine

(E132)

Erythrosine

(E127)

Carmoisine

(E122)

Ponceau 4R

(E124)

Species / study type

Rat & mouse, chronic
dietary; rabbit

developmental

Rat, chronic dietary

(modern GLP study)

Rat, two-generation
reproduction & chronic

studies

Rat, 2-year dietary

Rat, sub-chronic & chronic;

reproduction/development

Rat, chronic; multiple

species

Rat, 90-day sub-chronic;

reproduction studies

Pig, 90-day sub-chronic;

rat reproduction

Key findings

No treatment-related
neoplasia; minor
hematologic changes at
highest doses; no

malformations

No carcinogenicity; non-
genotoxic; modest effects

only at high doses

No carcinogenicity;
reduced pup body weight
at high dose; no

malformations

Non-genotoxic; no
treatment-related tumors;
clinical chemistry

unremarkable

Poor Gl absorption; no
adverse effects in core

database

Thyroid follicular
hyperplasia/adenomas at
high doses; thyroid
hormone perturbation

linked to iodine load

Non-genotoxic; non-

carcinogenic; hematologic
changes only at high dose;
azo-reduction metabolites

considered

Renal endpoints

(glomerulonephritis in mice)

NOAEL

(mg/kg
bw/day)

500

375

695

631

500

60
(thyroid

endpoint)

375

70

LOAEL

(mg/kg
bw/day)

Not

reported

Not

reported

1250

Not

reported

1000

100-250
(thyroid

endpoint)

1786

375

ADI

(mg/kg
bw/day)

0-7.5

0-4

0-6

0-0.1

0-0.7

Ref

51

54

21

57

56

55

52

53

16



THE EUROPEAN SOCIETY OF MEDICINE

Dye (E- Species / study type Key findings NOAEL LOAEL ADI Ref
number) (mg/kg  (mg/kg  (mg/kg
bw/day) bw/day) bw/day)

drive low ADI; no

genotoxicity in vivo

Quinoline Rat, chronic Non-genotoxic; sulfonated 50 Not 0-0.5 58
Yellow toxicity /carcinogenicity structure limits absorption; reported

(E104) with reproduction phase no carcinogenic signal

Amaranth Rat, chronic dietary (EFSA) Renal 15 30 0-0.15 85
(E123) calcification/hyperplasia

drives conservative ADI;
non-genotoxic

Abbreviations: ADI = acceptable daily intake; NOAEL = no-observed-adverse-effect level; LOAEL = |owest-observed-
adverse-effect level; GLP = good laboratory practice.

Other azo dyes used in both foods and medicinal products have broadly similar profiles, but with tighter margins between
exposure and toxicological thresholds. In its re-evaluation of carmoisine (E122), EFSA concluded that the dye is non-
genotoxic and non-carcinogenic in standard animal studies, retaining an ADI of 0—4 mg/kg bw per day while noting that
high-percentile intakes in children could approach or slightly exceed this level in worst-case scenarios.52 For Ponceau 4R
(E124), the Panel identified renal changes (glomerulonephritis) in mice as the critical effect and set a comparatively low
ADI of 0-0.7 mg/kg bw per day; exposure modelling showed that young children and high-consuming adults might
exceed this ADI under certain assumptions.53 Sunset Yellow FCF (E110) was also considered non-genotoxic, with an ADI
of 0—4 mg/kg bw per day derived from animal studies, with estimates indicating that some exposure scenarios in children
could approach this limit.54 Overall, these EFSA opinions show that while systemic toxicity of these azo dyes is modest,
the margin of safety can be narrow for frequent users, particularly pediatric patients receiving multiple colored medicinal

products.

A distinct toxicological pattern is seen with erythrosine (E127), the parent dye of FD&C Red No. 3. EFSA’s re-evaluation
confirmed an ADI of 0-0.1 mg/kg bw per day, driven largely by thyroid follicular-cell tumors observed in rats at higher
doses and supporting data on perturbation of thyroid hormone homeostasis.55 This EFSA opinion shows that, unlike most
other synthetic dyes used as excipients, erythrosine has a clear carcinogenic signal in experimental animals at doses not
far from potential human exposure, justifying a much more restrictive ADI. Reflecting this hazard profile, the US Food
and Drug Administration has issued a final order revoking the authorization for FD&C Red No. 3 in food and ingested
drugs under the Delaney Clause, explicitly citing animal carcinogenicity (thyroid tumors in male rats) as the legal basis
for deeming the dye unsafe despite a large margin of exposure for humans.5° This regulatory action underscores how
animal carcinogenicity data for synthetic dyes can directly influence the continued acceptability of these excipients in

oral pharmaceutical formulations.
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By contrast, indigoid and triarylmethane dyes commonly found in pharmaceutical products appear comparatively benign
from a systemic-toxicology standpoint. In its opinion on indigo carmine /indigotine (E132), EFSA reported that the dye is
poorly absorbed from the gastrointestinal tract and found no adverse effects in subacute, chronic, reproductive, or
developmental toxicity studies at doses substantially higher than those expected from human exposure. An ADI of 0=5
mg/kg bw per day was confirmed, with no safety concern at reported use levels.5¢ For Brilliant Blue FCF (E133), EFSA
reviewed a comprehensive battery of genotoxicity and long-term carcinogenicity data, concluding that the dye is non-
genotoxic and establishing an ADI of 0—6 mg/kg bw per day based on a high-dose NOAEL from chronic rodent studies.5”
Exposure assessments indicated that even high-consuming children remain below this ADI under conservative assumptions.
These EFSA opinions therefore suggest that indigo carmine and Brilliant Blue FCF, when used at typical levels in capsules,
solutions, and diagnostic preparations, are unlikely to be limited by systemic toxicity, although rare hypersensitivity

reactions are addressed in separate clinical literature rather than in these toxicological opinions.

Translating these toxicological benchmarks into the pharmaceutical context requires an understanding of how much dye
patients actually receive from medicinal products. Lehmkuhler et al. quantified FD&C Red No. 40, Yellow No. 5, Yellow
No. 6, Blue No. 1, and Blue No. 2 in a broad range of over-the-counter medicines and supplements marketed for children
and pregnant women, including pediatric pain relievers, cough/cold/allergy syrups, and vitamin preparations.’3 Using
labeled maximum daily doses, the authors found that dye levels varied widely between brands and products, with the
highest concentrations in pediatric pain-reliever and cough/cold /allergy syrups. Notably, this study shows that, for some
formulations, FD&C Red No. 40 intake from medicines alone could reach approximately twice the US FDA ADI for certain
children’s pain-reliever syrups and almost three times the ADI for some cough/cold/allergy syrups, whereas exposures
from prenatal vitamins remained below ADIs for all dyes measured.'3 These findings highlight that pharmaceuticals and
supplements can be major contributors to total synthetic-color exposure and, in some cases, may be sufficient on their
own to approach or exceed toxicological intake limits—especially in pediatric populations who are frequent users of

flavored, colored liquid preparations.

Taken together, these data indicate that most synthetic dyes used as pharmaceutical excipients—particularly Allura Red
AC, tartrazine, Sunset Yellow FCF, carmoisine, Ponceau 4R, indigo carmine, and Brilliant Blue FCF—have well-
characterized, threshold-based toxicities with ADIs that appear protective for the general population when total
exposure stays within established limits. However, the very low ADI and carcinogenic signal associated with
erythrosine /FD&C Red No. 3, combined with evidence that certain children’s medicines can drive dye intake to or beyond
ADlIs, support a precautionary approach to using synthetic dyes in orally ingested pharmaceuticals, particularly in children

and other high-exposure groups.

CASE REPORTS AND CASE SERIES ON DYES

Manson et al. described a series of women who developed clear, perioperative anaphylaxis to patent blue V during
sentinel lymph node biopsy for breast cancer. Reactions occurred within 20—60 minutes of dye injection and were clinically
severe (grade lll), with hypotension, bronchospasm, angioedema, and blue-stained wheals requiring vasopressors, airway
support, and post-operative critical care in some cases. The patients had positive skin-prick tests to patent blue V with
negative tests to other perioperative drugs, strongly supporting IgE-mediated sensitization to the dye itself. Drawing on

the large NEW START/ALMANAC datasets, the authors estimated an overall PBV allergy frequency of around 0.9%,
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highlighting that although rare, clinically important reactions are not exceptional in breast-cancer populations exposed

to this dye.8¢

Additional case reports reinforce the pattern that blue mapping dyes can trigger abrupt, life-threatening events in
otherwise low-risk patients. Frountzas et al. reported two women undergoing breast surgery with blue dye—guided
sentinel lymph node biopsy who developed fulminant perioperative anaphylaxis shortly after dye injection, with profound
hypotension, bronchospasm, and cutaneous signs requiring high-dose vasopressors and intensive resuscitation; both
ultimately recovered, but the sentinel procedures were disrupted or abandoned.8” A broader literature review by Bezu
et al. collated published cases of anaphylaxis to isosulfan blue and patent blue V in sentinel-node procedures and
estimated an incidence ranging from 0.07% to 2.7%, depending on center and methodology. They also noted that
methylene blue appears to have a lower reported rate of allergic events, although cross-reactivity between structurally
related blue dyes has been documented, so simply switching dyes may not fully eliminate risk.88 Together, these data
suggest that blue dyes act as true sensitizing excipients in surgical oncology, and that patients with prior unexplained

perioperative reactions should be questioned about previous blue-dye exposure.

Indigo carmine, another “inert” blue dye used to visualize ureters intraoperatively, has also caused dramatic
cardiovascular collapse in single-patient reports. Lee et al. described a woman undergoing laparoscopic hysterectomy
who developed sudden hypotension, pulseless electrical activity, and subsequent cerebral ischemia within minutes of an
intravenous indigo carmine bolus.8? Intensive resuscitation was required, including cardiopulmonary resuscitation and
vasoactive support; neuroimaging later confirmed ischemic injury. The authors emphasized that the patient had no prior
allergy history and that indigo carmine had long been regarded as pharmacologically inert, underscoring the
unpredictable nature of such reactions. Nandate and Voelzke reported a 66-year-old man undergoing radical
retropubic prostatectomy who, within one minute of intravenous indigo carmine, developed profound hypotension (systolic
blood pressure ~40 mmHg), severe hypoxemia, diffuse wheeze, and marked erythema of the upper extremities. He
required repeated epinephrine boluses, continuous epinephrine infusion, corticosteroids, and antihistamines but ultimately
recovered fully.90 This case shows how quickly a life-threatening anaphylactic or anaphylactoid reaction can follow
routine dye administration, and the authors highlight both a prior bee-sting allergy as a possible risk marker and the

need for rapid, aggressive treatment.

For orally or parenterally administered azo dyes such as tartrazine (FD&C Yellow No. 5), the human case reports similarly
document rare but serious reactions that can easily be missed when clinicians focus only on the “active” drug. Desmond
and Trautlein reported a patient with recurrent, unexplained episodes of anaphylaxis in whom careful history-taking
eventually pinpointed occult exposure to tartrazine as the culprit, despite normal tolerance of aspirin.?? This case
illustrates both the protean manifestations of dye sensitivity and the difficulty of recognition given tartrazine’s ubiquitous
presence across foods and medications. Schneiweiss provided an additional brief report of tartrazine-induced
anaphylaxis, reinforcing that severe, immediate reactions to this colorant can occur and that they may present initially to
non-allergists in emergency or general practice settings.?2 Zlotlow and Settipane described a well-documented case of
tartrazine-induced urticaria confirmed by double-blind challenge in an adolescent who, again, tolerated aspirin,

challenging the earlier assumption that tartrazine hypersensitivity almost always rode on aspirin intolerance.?3
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Moving from isolated case reports to a small series, Stevenson et al. evaluated patients referred with suspected tartrazine
reactions using blinded oral challenges with tartrazine and placebo, often in the context of aspirin sensitivity. Stevenson
et al. found that only a minority of patients had reproducible, clinically relevant symptoms on tartrazine challenge, and
that even among aspirin-intolerant individuals, true tartrazine sensitivity was uncommon. This study shows that while
dramatic anaphylactic and urticarial reactions do occur, the overall prevalence of clinically meaningful tartrazine
hypersensitivity is low, and misattribution of symptoms to dyes is a real problem without controlled provocation testing.
Taken together with the single-patient reports, however, the data support the view that azo dyes can act as genuine
allergens in a subset of patients and that the presence or absence of aspirin sensitivity cannot be used as a reliable

surrogate.43

Across these human case reports and small series, several themes emerge that are directly relevant to artificial dyes in
pharmaceuticals. First, both parenteral surgical dyes (patent blue V, isosulfan blue, indigo carmine) and orally /enterally
administered azo dyes (tartrazine) can provoke classical, sometimes catastrophic, immediate hypersensitivity reactions
at therapeutic doses in previously well patients. Second, sensitization may occur through non-medical exposures (foods,
textiles, cosmetics), so a “first medical exposure” is not necessarily a first immunologic encounter, as highlighted by Manson
et al.8¢ and by the tartrazine cases where the offending dye was hidden within multiple products. Third, several reports
show that pre-existing atopy or insect-sting allergy may coexist but is not universal, and the aspirin—tartrazine relationship
is more nuanced than early dogma suggested.?9.93 Finally, the fact that dyes are often listed as excipients rather than
active ingredients means they can be overlooked during allergy work-up; these case reports argue strongly for meticulous
review of excipient content and for explicit documentation of dye allergies in the medical record, particularly when

prescribing brightly colored oral formulations or planning dye-guided procedures.

EPIDEMIOLOGIC DATA

From an epidemiologic standpoint, the best quantitative data for blue dyes comes from surgical cohorts. Table 5
summarizes the principal clinical and epidemiologic studies relevant to synthetic dye reactions in pharmaceuticals—
spanning blinded oral provocation trials, dye-content surveys of marketed drug formulations, double-blind placebo-
controlled additive challenges in chronic urticaria and asthma cohorts, pediatric behavioral studies, and modern analytical
exposure modelling.13:23.27,43,94-111 Manton et al. retrospectively analyzed 715 melanoma patients undergoing sentinel
lymph node biopsy with patent blue V and found six allergic reactions (0.84%), including one case treated as
anaphylaxis, giving an anaphylaxis incidence almost ten-fold higher than estimated in the NAP6 perioperative audit.?4
This study shows that while severe reactions remain rare at a population level, the risk is not negligible and may be
higher in melanoma sentinel-node protocols than in mixed melanoma/breast surgery series, underscoring the need to

explicitly discuss dye-related anaphylaxis when obtaining consent.

Table 5. Clinical and epidemiologic studies of synthetic dye reactions

Study Design Population Exposure / Key findings Key Ref
challenge limitations

Stenius &  Blinded oral Asthmatics; n=140 ASA and ~25% reacted to | Older 95

Lemola provocation tartrazine (up to | ASA or tartrazine; methodology;

1976 ~10 mg) tartrazine reactors
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Settipane
1976

Conners

1976

Vedanthan
1977

Tarlo &
Broder

1982

MacCara
1982

Hannuksel
a & Lahti
1986

Stevenson

1986

Design

(=20% fall in PEF

positive)

DBPC crossover

oral challenge

Double-blind

crossover diet trial

Randomized DB

crossover oral

provocation

DBPC challenges

+ dietary

avoidance follow-

up

Therapeutic
review +
manufacturer

survey

DBPC peroral

challenges

Single-blind —

DBPC for positives

Population

Chronic urticaria
adults (n=38; 10

aspirin-intolerant)

15 hyperkinetic

children

Chronic childhood
asthma; n=54; ages

10-17 y

Adults with chronic

asthma

~450 Canadian
pharmaceutical

products

Dermatology pts:
chronic urticaria
n=44, atopic

dermatitis n=91

Patients with
suspected tartrazine

reactions

Exposure /

challenge

Tartrazine 0.22

mg vs placebo

Feingold-type

elimination diet vs

control

Separate-day
oral ASA and
tartrazine

challenges

Oral

tartrazine /benzo

ate vs placebo

Tartrazine content

in Canadian

drugs

Benzoate,

BHA/BHT, beta-

carotene /apo-
carotenal,
metabisulfite;

placebo

Oral tartrazine

challenge

Key findings

usually also ASA-

intolerant

8% overall
reacted; 20% in
aspirin-intolerant

subgroup

Teacher-rated
symptoms reduced
on K-P diet vs

control

Some responses to
ASA; no adverse
responses to

tartrazine

No consistent
bronchospastic
responses;
avoidance diet not

beneficial

Tartrazine
widespread in
Rx/OTC; minority
of asthma/allergy
and aspirin-
sensitive patients

may react

Very low true-
positive rate;
several placebo

positives

Reproducible
reactions in
minority; most
positives were

ASA-intolerant

Key Ref

limitations

limited
phenotyping

Small 23

selected
cohort; 1970s

standards

Small sample; 11

parent 0
ratings not
significant
Pediatric 97

asthma only;
1970s

methods

Small N; 96
mixed

triggers

Based on 10
prior case 5
series; no

new

controlled

data

Limited 98
additive

panel

Referral bias; 43
not
population-

based
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David
1987

Pollock
1989

Kumar

1993

Kulkarni

1993

Rowe &
Rowe

1994

Bhatia
1996

Bhatia
2000

Design

DB hospital
challenge after

elimination diet

National postal
survey of

manufacturers

Survey of
marketed
analgesic/antipyr
etic preparations
Survey of
marketed
pediatric

medicines

DBPC repeated-

medasures

Clinical series with
rechallenge to

alternative brand

Clinical
observational

cohort

Population

Children with parent-

reported behavioral

reactions; n=24

2,204 UK
proprietary drug

formulations

Pediatric liquid

preparations

Liquid oral
preparations for

children in India

Diet-sensitive

children vs controls

480 adults
prescribed

alprazolam

2,210 psychiatric

outpatients (Delhi)

Exposure /

challenge

Tartrazine (up to
~250 mg) and
benzoic acid vs

placebo

Colorings and
preservatives
implicated in

adverse reactions

Sweeteners,
flavorings, dyes,

preservatives

Colorings,
flavorings, sugars
in children’s

medicines

Tartrazine 1-50

mg vs placebo

Tartrazine-
containing vs
tartrazine-free

alprazolam

Tartrazine-
containing vs non-
tartrazine
psychotropic
brands

Key findings

No behavioral
changes during

blinded challenges

419 different
additives
identified; 930
formulations
contained suspect
additives;
tartrazine in 124
Extensive use of
tartrazine and
sunset yellow in
pediatric syrups
Most pediatric
medicines
contained added
colorings;
tartrazine common
Dose-response in
behavioral
symptoms in
reactors

20 patients with
cutaneous reactions
to tartrazine-
containing brand;
resolved on dye-
free

3.8% (83/2,210)
developed
cutaneous/respirat
ory reactions to
tartrazine-

containing products

Key
limitations
Highly
selected;
subjective

outcomes

Manufacturer
self-report;
no clinical

outcomes

No clinical

outcome data

Not
standardized
to clinical

reactions

Preselected
reactors;
generalizabili
ty limited

No formal
allergy
testing;

single-country

Non-
randomized;
no blinded

rechallenge

Ref

10

10

10

10

11

10

10
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Study Design Population Exposure / Key findings Key Ref
challenge limitations
Nettis DBPC food Adults with suspected  Tartrazine 5 mg  Only 1% Referral bias 99
2003 challenge tartrazine-induced on day 5 after reproducible
acute placebo schedule | positives on DBPC
urticaria/angioedem
a; n=102
Di Lorenzo A DBPC mixed- Recurrent chronic Mixed additives | Few positives on Referral 10
2005 additive screen + | idiopathic urticaria screen — single  single-additive center 0
single-additive (n=838); controls additive DBPC DBPC; mixed-
confirmation n=105 challenge positives
more common
Pestana DBPC crossover Atopic adults with Tartrazine 35 mg | No significant Small adult 10
2010 oral challenge rhinitis/asthma/urtic  total (5—10—20 cutaneous, sample; 2
aria or NSAID mg) vs placebo respiratory, or single dose
pseudoallergy; cardiovascular level
n=26 reactions vs
placebo
Rajan Single-blind — Adults with chronic 11 additives <1% confirmed on | Adult clinic 10
2014 DBPC for positives idiopathic urticaria including FD&C DBPC cohort 9
(n=100) Yellow No. 5/6
Lehmkuhler = Analytical OTC medicines and  Quantitative Red 40 intake from  Label-based 13
2020 exposure vitamins for children  measurement of some pediatric daily-dose
modelling and pregnant FD&C dyes syrups reaches assumptions
women >2-3X ADI;
vitamins remain
below ADIs
Manton Retrospective 715 melanoma Patent blue V 6 reactions Single-center 94
2022 single-center patients undergoing | intra-operative (0.84%); one
series SLNB dye anaphylaxis; rate
~10X NAP6
estimate
Thilakarat | Population-level US children and OTC medications  Exposures below Modelling 27
ne 2023 exposure pregnant women and vitamins ADlIs but assumptions
modelling neurobehavioral

thresholds may be

exceeded

For tartrazine and other azo dyes, early asthma cohorts suggested that true dye sensitivity is largely confined to aspirin-

intolerant subgroups. Stenius and Lemola performed oral challenges with both acetylsalicylic acid (ASA) and tartrazine
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in asthmatic adults and found that roughly a quarter of patients reacted to ASA, whereas a smaller subset reacted to
tartrazine; almost all tartrazine-reactive patients were also ASA-sensitive, and objective reactions in ASA-tolerant
asthmatics were uncommon.?> Tarlo and Broder similarly challenged chronic asthmatics with tartrazine and benzoate
under controlled conditions and observed that only a very small number showed reproducible bronchoconstriction to
tartrazine, even though some subjects reported subjective symptom fluctuation with additive avoidance and
reintroduction.?¢ This study therefore supports the view that, in unselected asthma populations, azo dyes are at most

infrequent triggers compared with other factors such as viral infections or NSAIDs.

Pediatric challenge data are consistent with these findings. Vedanthan et al. conducted blinded oral challenges with ASA,
tartrazine, and placebo in 54 children with chronic asthma and found clinically important bronchoconstriction in response
to ASA in a handful of subjects, but no child developed a significant objective fall in lung function after tartrazine.?” This
study thus suggests that tartrazine is unlikely to be a major driver of asthma morbidity in children, even among those with

persistent disease, and that routine dye avoidance for asthma alone is not empirically supported.

In chronic urticaria, early work suggested a small but clinically relevant subgroup with tartrazine sensitivity. Settipane et
al. evaluated patients with chronic urticaria of unknown etiology using graded oral tartrazine challenges and found that
only a minority had reproducible exacerbations; those who did were more likely to have concomitant aspirin intolerance,
pointing towards shared non-IgE, pseudoallergic mechanisms rather than classical food allergy.23 Hannuksela and Lahti
used peroral challenges with a panel of food additives, including azo dyes, in patients with urticaria and atopic dermatitis
and observed positive responses in only a small fraction, reinforcing that additive-induced pseudoallergy exists but

affects a limited subset of dermatology patients rather than the majority.%8

More recent urticaria and angioedema data have refined these prevalence estimates using rigorous double-blind
designs. Nettis et al. followed patients labeled as having tartrazine-induced acute urticaria or angioedema and showed
that on double-blind oral rechallenge, suspected reactions were only rarely reproducible, strongly suggesting that
tartrazine is often blamed inappropriately for symptom flares that have other causes.?® Di Lorenzo et al. undertook a
large survey of 838 patients with recurrent chronic idiopathic urticaria, combining a four-week food-additive-free diet
with double-blind placebo-controlled challenges to a mixture of six additives and then to each component separately;
the additive mixture provoked reactions in 116 patients, but only 31 had confirmed responses to single additives, with
dyes accounting for only a subset of these. This study indicates that while food additives (including dyes) can exacerbate
symptoms in some chronic urticaria patients, the proportion with objectively confirmed dye-driven disease is relatively

small.100

Beyond cutaneous and respiratory endpoints, tartrazine has also been scrutinized for putative behavioral effects. David
conducted a double-blind, placebo-controlled trial in children whose parents reported behavioral or hyperactivity-like
symptoms after colored foods and found that tartrazine challenges did not consistently worsen objective behavioral
ratings compared with placebo, even though some families continued to perceive deterioration.!0! This study shows that
claimed behavioral sensitivity to tartrazine is not readily demonstrable under blinded conditions, and subsequent meta-
analyses have largely confirmed that any such effect, if present, is confined to a small, difficult-to-identify subgroup

rather than representing a general phenomenon.
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Modern challenge studies in at-risk adult populations similarly suggest that routine tartrazine avoidance is not necessary
for most patients. Pestana et al. carried out a double-blind, placebo-controlled, crossover study in 26 atopic adults with
asthma, rhinitis, urticaria, or pseudoallergic NSAID reactions, administering 35 mg of tartrazine versus placebo; they
found no statistically significant differences in cutaneous, respiratory, or cardiovascular outcomes between active dye
and placebo days, supporting the safety of this dose even in clinically vulnerable subjects.’02 In contrast, Stevenson et al.
reported a larger case series and provocation study in patients referred specifically for suspected tartrazine reactions
and documented reproducible asthma or urticaria in only a small proportion, the majority of whom were aspirin-
intolerant; true tartrazine reactivity among aspirin-tolerant individuals was uncommon, underscoring the importance of

the ASA-intolerant phenotype.43

Bhatia found that dye allergy can masquerade as drug allergy in psychiatric patients. In a 2000 clinical series of 2,210
outpatients treated with various psychotropic drugs, 83 patients (3.8%) developed reactions such as urticaria, pruritus,
or bronchospasm to tartrazine-containing formulations but tolerated the same active ingredients in dye-free brands.193
Many of these patients had underlying atopic disease or aspirin sensitivity, and simply switching to a tartrazine-free
formulation often resolved symptoms without discontinuing the psychotropic agent. In an earlier, more focused study,
Bhatia reported on alprazolam specifically and again showed that a subset of patients reacted to the tartrazine in the
tablets rather than to alprazolam itself; about 20 patients developed rash or urticaria when taking a tartrazine-colored
alprazolam brand but tolerated dye-free alprazolam without difficulty.'04 Clinically, these papers reinforce the idea
that when patients appear allergic to a psychotropic, it is worth checking whether the culprit might be the yellow dye

rather than the active drug.

MacCara combined a therapeutic review with a national product survey to quantify tartrazine exposure via
pharmaceuticals in Canada.’95 Reviewing earlier challenge studies, MacCara estimated that a meaningful minority of
individuals with asthma or allergies and an even higher proportion of aspirin-sensitive patients may react to tartrazine.
On the exposure side, a survey of manufacturers identified hundreds of Canadian pharmaceutical products that contained
tartrazine and compiled a companion list of manufacturers that did not use the dye. The key public-health message was
that tartrazine is widely present in prescription and nonprescription medicines and that labelling of dye content is essential
for patients with asthma, allergy, or aspirin sensitivity. Bartle’s related work complements this by cataloguing tartrazine-
containing drugs and calling attention to the practical difficulty of avoiding the dye without clear labelling.’'2 Together,
these Canadian data do not provide incidence estimates from a prospective cohort, but they frame tartrazine as a
nontrivial hazard for susceptible patients and show that large numbers of medicinal products were using this dye during

the period studied.

Pollock et al. performed a national postal survey of pharmaceutical manufacturers in the United Kingdom to quantify
how often suspect excipients appear in marketed drugs.’%¢ This study found that among more than 2,000 drug
formulations, hundreds contained colorings and preservatives that had been implicated in adverse reactions. Overall, a
substantial fraction of formulations contained at least one such suspect additive, and tartrazine was among the more
common colorings. The authors also derived lists of bronchodilators, antihistamines, and antibiotics that were free of these

additives, underscoring that safer alternatives were available if prescribers had access to excipient information.
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Several studies focus on pediatric medicines, where colorful, flavored formulations are common. Kumar et al. examined
analgesic, antipyretic, antihistamine, decongestant, cough, and cold preparations for children and found that sweeteners,
flavorings, and dyes are almost universal in these products.’7 A follow-up study by the same group on vitamin and
mineral preparations showed extensive use of multiple sweeteners, preservatives, and dyes, often in combinations that
complicate attribution of adverse reactions.’’3 The authors linked these excipients to published reports of adverse
reactions and argued that clinicians need access to detailed excipient tables when managing suspected dye or sweetener
sensitivity in children. Kulkarni et al. added an Indian perspective by auditing children’s medicines sold locally and found
that a large proportion of children’s liquid medicines in India contained added sugars, flavorings, and coloring agents,
including azo dyes, potentially undermining dental health and provoking hypersensitivity in susceptible children.108
Although brief and descriptive, that work reinforces that colorful, sweetened pediatric medicines and their associated
excipient burdens are a global phenomenon rather than one confined to North America or Europe. Balbani et al.
extended the question beyond pediatrics by examining otorhinolaryngology-related drugs in Brazil. They reported that
nearly a third of products contained at least one synthetic dye and that many labels provided incomplete or no
standardized information on excipients. In that series, tartrazine, parabens, and sulfites were highlighted as examples
of excipients with potential to trigger allergic or pseudoallergic reactions, and the authors argued for better labelling

standards.114

Napke and Stevens took a broader excipient-safety lens. Reviewing case reports and clinical experience, they described
hidden hazards from excipients and additives—colorants, preservatives, solvents, and other so-called inert substances—
in both innovator and substituted generic products.’!5 Their paper emphasized that excipient changes during product
substitution could trigger new adverse reactions even when the active drug remained the same and explicitly cited
synthetic colorants among the excipients of concern. The central message was that pharmacovigilance needs to consider
excipients, not just active ingredients, and that pharmacists should be cautious when switching brands in patients with a
history of unexplained reactions. Soremekun et al. brought this thinking into a contemporary African setting by surveying
pediatric oral medicines in a Nigerian city. They documented a high prevalence of potentially harmful excipients,
especially ethanol and propylene glycol, but also other additives with known toxicity or allergenic potential.'’® While
dyes were not the sole focus, the study demonstrates that in many low- and middle-income settings, children are exposed
to complex cocktails of excipients through routine oral medicines, often at doses that have not been rigorously evaluated
for safety in infants and young children. More recently, Reker et al. used a data-science approach to map excipient
exposure across the entire oral drug market.! Their analysis of more than 40,000 oral medications catalogued hundreds
of thousands of inactive-ingredient entries and showed that the median pill mass is mostly excipients rather than active
drug. The authors found that most marketed medications contain at least one inactive ingredient associated with allergic
symptoms in the literature, and that synthetic colorants are common among these. This work suggests that what Bhatiq,
MacCara, Pollock, Kumar, Kulkarni, and others identified in focused clinical or national surveys is actually a system-wide
phenomenon: most patients taking multiple oral medicines are continuously exposed to dyes and other excipients that

have documented potential to trigger adverse effects in a susceptible minority.

Taken together, these epidemiologic and clinical-challenge data indicate that artificial dyes in pharmaceuticals and
foods can clearly provoke clinically important hypersensitivity in selected, often aspirin-intolerant patients, but that the
overall incidence of confirmed dye-induced disease is low when judged against the very high prevalence of atopy,

asthma, and chronic urticaria in the general population.
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HYPERSENSITIVITY

In clinical practice, hypersensitivity and intolerance are usually attributed to the active drug or its metabolites, through

IgE-mediated allergy or non—IgE-mediated mast-cell activation, cyclooxygenase inhibition, or other pharmacologic

pathways.'17.118 However, accumulating evidence shows that excipients—colors, preservatives, solvents, and other

“inactive” ingredients—can be the true trigger in a meaningful minority of cases. Patients may present with what appears

to be allergy to multiple unrelated drugs, but careful review often reveals a shared excipient across different products.’?

Table 6 summarizes representative published hypersensitivity case reports and small series implicating specific synthetic

pharmaceutical dyes—predominantly the blue mapping dyes (patent blue V, isosulfan blue, indigo carmine) used

perioperatively and tartrazine (FD&C Yellow No. 5) used as an oral excipient—in clinically significant adverse

reactions.43,86-92,94,103,104,120

Table 6. Representative hypersensitivity case reports and series for synthetic pharmaceutical dyes

Dye

Patent Blue

V (E131)

Patent Blue

V (E131)

Patent Blue

V (E131)

Isosulfan
blue /
patent blue

(general)

Indigo
carmine

(E132)

Indigo
carmine

(E132)

Drug / product

context

Sentinel lymph
node biopsy
(peritumoral

injection)

SLNB (peritumoral

injection)

SLNB (peritumoral

injection)

SLNB (peritumoral

injection)

Intra-operative IV

dye (urologic)

Intra-operative IV

dye (urologic)

Study design

Case series with

skin testing

Two case reports

+ literature

review

Retrospective
single-center

series

Review of
reported
anaphylaxis

cases

Case report

Case report

Population

Adults, breast

surgery

Adults, breast

surgery

Adults,
melanoma

pathway

Adults, breast

surgery

Adult woman,
laparoscopic

hysterectomy

66-year-old

man, retropubic

prostatectomy

Findings

IgE-mediated anaphylaxis; UK

datasets report ~0.9% reactions

Anaphylactic shock within minutes
of dye; literature documents

many additional severe cases

Centre-level allergic reaction
rate ~0.84%; one anaphylaxis

case

Anaphylaxis incidence ~0.07—
2.7%; cross-reactivity between
blue dyes documented;

methylene blue lower reported

rate

Profound hypotension, pulseless
electrical activity, and cerebral
ischemia within minutes of IV

bolus

Anaphylactoid collapse within 1
min of IV dye; recovered with

vasopressors and corticosteroids

Ref

86

87

94

88

89

90
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Tartrazine

(FD&C

Yellow No.

3)

Tartrazine

(FD&C

Yellow No.

3)

Tartrazine

(FD&C

Yellow No.

3)

Tartrazine

(FD&C

Yellow No.

3)

Tartrazine

(FD&C

Yellow No.

3)

Tartrazine
and other
azo dyes

(mixed)

Drug / product

context

Oral medication

excipient

Oral medication

excipient

Oral excipient

(challenge testing)

Alprazolam

tablets

Various
psychotropic

drugs

Tartrazine-
containing
pharmaceutical

products

Study design

Single-patient

case report

Brief case report

DBPC challenge

series

Observational
series with
brand-switch

rechallenge

Observational

outpatient cohort

Clinical

provocation tests

Population

Aspirin-tolerant

adult

Adult

Aspirin-
intolerant and -

tolerant patients

480 adults on

alprazolam

2,210
psychiatric

outpatients

Children and

adults

Findings

Recurrent anaphylaxis traced to
occult tartrazine exposure across

multiple products

Tartrazine-induced anaphylaxis,

reinforcing Desmond 1981

Reproducible asthma/urticaria in

a minority; mostly ASA-intolerant

~20 patients reacted to
tartrazine-colored brand;

resolved on dye-free

3.8% reacted to tartrazine-
containing brands; tolerated

dye-free equivalents

Tartrazine and certified colors
provoked/exacerbated urticaria
or bronchospasm in a subset of

chronic urticaria/asthma patients

Ref

91

92

43

104

103

120

Over the last decade, excipient hypersensitivity has moved from a niche curiosity to a recognized diagnostic challenge.

Caballero and colleagues document both immediate and delayed hypersensitivity reactions to excipients, showing that

clinical presentations span urticaria, fixed drug eruptions, contact dermatitis, bronchospasm, and systemic reactions, even

though robust prevalence data are lacking.12'.122 Their “Hidden dangers” review explicitly warns that failure to consider

excipients can lead to mislabeling patients as allergic to multiple unrelated drugs when the shared denominator is, for

example, a dye.4? A narrative review by Jaros et al. on diet and chronic urticaria reaches a similar conclusion:

pseudoallergen-free or low-histamine diets benefit a subset of patients with chronic urticaria, and additives such as

tartrazine and benzoate are only rarely the sole trigger.123 Bruusgaard-Mouritsen and colleagues further highlight that

polyethylene glycols, polysorbates, parabens, benzyl alcohol, and dyes have all been linked to reactions ranging from

limited erythema to full-blown anaphylaxis, often masquerading as “multidrug allergy” when the same excipient appears
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in different products.'24125 Taken together, these reviews show that while excipient reactions are less common than active-

ingredient reactions, they are real, clinically important, and easy to miss if clinicians focus only on the active molecule.

For synthetic dyes specifically, epidemiologic and challenge studies paint a consistent picture: true dye hypersensitivity
exists but is uncommon relative to the background burden of asthma, chronic urticaria, and nonspecific “drug intolerance.”
Lockey’s provocation work with azo dyes found that only a minority of highly selected patients had consistent, challenge-
proven reactions, and emphasized that formal testing is essential before imposing long-term, broad dye avoidance.!20
In chronic urticaria of unknown cause, Settipane et al. found tartrazine sensitivity in 8% of patients and in 20% of those
with coexisting aspirin intolerance using a low-dose double-blind crossover challenge, evidence that azo dyes can act as
pseudoallergens in a defined subgroup.23 More rigorous modern data, however, suggest that this subgroup is fairly small.
Nettis et al. examined adults with suspected tartrazine-induced acute urticaria or angioedema and showed that, on
double-blind placebo-controlled oral rechallenge, only about 1% had reactions truly attributable to tartrazine.?® Di
Lorenzo et al. studied 838 patients with recurrent chronic idiopathic urticaria and found that although 116 reacted to a
mixed additive challenge, only 31 had reproducible responses to a single additive on individual challenge, confirming

that additive-driven disease occurs but in a minority of referred patients.00

Challenge data in broader allergy populations further support the idea that dyes are usually bystanders rather than
primary drivers of disease. Pestana et al. performed double-blind placebo-controlled challenges with 35 mg of
tartrazine in 26 atopic adults with asthma, rhinitis, urticaria, or NSAID pseudoallergy and found no significant differences
in symptoms or objective measures between dye and placebo days, concluding that routine tartrazine avoidance was
not warranted even in this higher-risk group.'92 Rajan et al. then challenged 100 patients with chronic idiopathic urticaria
to 11 food and drug additives (including tartrazine, sunset yellow, and other commonly implicated excipients) and were
able to state with 95% confidence that sensitivity to any of these additives occurs in fewer than 1% of patients with
chronic urticaria. This study by Rajan and colleagues strongly suggests that, at a population level, additives, including
dyes, rarely explain chronic urticaria, and blanket additive-free diets or dye-free prescribing for all such patients are

not evidence-based.10?

From a pharmaceutical perspective, these data imply that both narratives are true at once. On the one hand, the bulk of
drug hypersensitivity and intolerance is driven by the active drug, and evaluation should start there: matching timing,
mechanism, and pattern of reaction to known profiles for antibiotics, NSAIDs, anticonvulsants, and other high-risk classes.
On the other hand, synthetic dyes and other excipients are now well documented as genuine triggers in a small but
important subset of patients, particularly those with aspirin-intolerant asthma, chronic urticaria with pseudoallergy
features, or “allergy” to multiple unrelated medications that share a common excipient. For a comprehensive assessment,
clinicians and researchers need to look beyond the active compound: carefully review product labels, compare different
brands and formulations (dyed vs dye-free), and, when needed, use supervised graded challenges with both dye-

containing and dye-free preparations.

Discussion

The evidence reviewed in this paper paints a nuanced picture of synthetic colorants in pharmaceuticals and dietary

supplements. On one hand, regulatory agencies have extensively evaluated the major FD&C dyes, established
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acceptable daily intakes, and concluded that typical population-wide exposures are unlikely to pose major toxicologic
risks.21:51-57 On the other hand, experimental studies, clinical case reports, and challenge data show that dyes are not
biologically inert for all patients and can act as clinically meaningful excipients in specific contexts.41.86.90 Most
quantitative data on behavioral outcomes and some hypersensitivity phenotypes come from studies of synthetic dyes in
foods, implying that quantity may play a role in the development of neurological side effects. Because this review is
restricted to pharmaceutical exposures, we did not attempt a formal meta-analysis of food dye trials. Instead, we briefly
reference such literature where it clarifies biological plausibility (e.g., mast-cell activation, non-IgE mechanisms) or

supports dose ranges relevant to medicinal use.

When toxicologic benchmarks are considered alongside real-world product formulations, a more complicated exposure
landscape emerges. Modeling that incorporates multiple dye-containing products per day suggests that some children
and highly exposed adults may intermittently approach or exceed dye-specific acceptable daily intake values,
especially when taking flavored syrups, chewable tablets, and brightly colored supplements in addition to dyed
foods.'327 This does not automatically translate into harm, but it highlights that medicinal and nutraceutical uses of dyes
contribute non-trivially to total intake and should be considered together with food exposures rather than in isolation.
Toxicologic signals such as oxidative stress, mitochondrial dysfunction, and low-grade inflammation in animal models add
biological plausibility, even if their direct relevance to typical human dosing remains uncertain.!'.25 Figure 2 illustrates
how the likelihood and severity of adverse reactions to synthetic pharmaceutical dyes vary primarily by route of exposure

and formulation context.

Oral Solid Oral Liquid & Chewable Parenteral
Dosage Forms Formulations Diagnostic Dyes
7
& S -
" ]
Oral Solid Dosage Forms Oral Liquid & Chewable Formulations Parenteral Diagnostic Dyes
Exposure Profile Exposure Profile Exposure Profile
e Low dye load e Higher dye concentration e Bolus administration
e Slow Gl absorption e Repeated dosing (esp. pediatrics) e Direct systemic exposure
e Minimal systemic exposure e Cumulative exposure e No first-pass metabolism
Risk Signal Risk Signal Risk Signal
e Generally tolerated e Intolerance reactions in susceptible groups e Bronchospasm
e Rare reactions in susceptible ¢ Positive challenge tests in selected * Hypotension
individuals patients e IgE-Mediated Anaphylaxis

(rare but severe) »

Severity of clinical reactions increases with systemic exposure and bolus administration, rather than with

routine oral use.

Figure 2. Route-Dependent Risk of Adverse Reactions to Synthetic Pharmaceutical Dyes.
A schematic showing how the probability and severity of adverse reactions to synthetic pharmaceutical dyes vary by

route of administration (oral vs intravenous/parenteral vs topical), formulation (solution, tablet, capsule, lozenge), and

patient susceptibility (general population vs aspirin-intolerant vs chronic urticaria vs perioperative sentinel-node patients).
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The clinical literature on hypersensitivity provides the clearest and most actionable signal for practice. Case reports, small
series, and provocation studies collectively support the existence of a subset of patients who experience reproducible
reactions to specific dyes, most often tartrazine and related azo colors. In these individuals, ingestion or parenteral
exposure can provoke urticaria, angioedema, bronchospasm, or, rarely, anaphylaxis, with symptoms recurring on blinded
challenge and resolving when dye-free formulations are used. Reactions to patent blue V and indigo carmine during
surgical and radiologic procedures underscore that dye-related events can be severe in the perioperative setting.86.88-90
However, such reactions appear uncommon in the general population and are concentrated among patients with chronic
urticaria, aspirin or NSAID pseudoallergy, or multiple “drug allergies” where a shared excipient is the true culprit.41.119
Figure 3 summarizes the principal synthetic dyes used in pharmaceutical formulations and diagnostic procedures for

which clinically documented adverse reactions have been reported in human studies.

FD&C Yellow FD&C Yellow FD&C Red No. FD&C Blue No. 1
No. 5 No. 6 40 Patent Blue V
(Tartrazine) & Indigo Carmine

i

e Pseudoallergic ¢ IgE-Mediated e Hypersensitivity e Bronchospasm e Perioperative
iEetiols Eﬁesjsc)tlons =t ¢ Rhinitis e Hypotension/ Angphyylas

e Urticaria N Anaphylaxis (IV use) e Blue Discoloration
& Pruritus * Urticaria

Figure 3. Synthetic Pharmaceutical Dyes and Documented Human Adverse Reactions

A summary diagram mapping the principal synthetic dyes used as pharmaceutical excipients or diagnostic agents to the
categories of clinically documented adverse reactions reported in human studies (immediate hypersensitivity,
pseudoallergic reactions, behavioral effects, and perioperative anaphylaxis).

For orally administered azo dyes, the epidemiologic and clinical data suggest that most people tolerate these colorants
without obvious problems, but a clinically important minority is sensitive. Challenge-proven response rates among
carefully selected patients are modest, indicating that even within high-risk groups only a fraction reacts under controlled
conditions.#344 Population-based studies have not shown a strong or consistent association between dye exposure and
chronic urticaria or asthma at the community level, although they do not exclude effects in susceptible subgroups. Taken
together, these findings support a targeted, rather than universal, avoidance strategy: clinicians should be alert to dyes
as potential triggers in patients with compatible histories, while broad removal of all synthetic colors from medicines is

not currently justified by the evidence.23.99,100,109

Beyond immediate hypersensitivity, concerns have been raised about neurobehavioral and broader systemic effects of
artificial dyes. Experimental work in animals and in vitro systems has demonstrated effects on neurotransmitter systems,
gut barrier function, and immune signaling at higher or repeated doses, suggesting plausible pathways for subtle
behavioral or cognitive changes. Human trials of dye mixtures in children, including randomized challenge studies, have

reported small average increases in hyperactivity-like behaviors in some cohorts, particularly among children with
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baseline behavioral vulnerabilities. However, effect sizes are modest, findings are heterogeneous, and co-exposure to
other additives such as benzoates limits causal attribution to dyes alone.8-10 Current regulatory reviews acknowledge
these data but have generally concluded that they do not warrant immediate changes to dye-specific toxicologic limits,

while calling for better-designed, independently funded studies.21.51.55

Situating dyes within the broader excipient literature also helps calibrate their clinical importance. Other excipients, such
as polyethylene glycols, polysorbates, gelatin, and certain preservatives, are well-recognized triggers of hypersensitivity
and can cause serious reactions despite being considered inactive ingredients.4!.124 Patterns of multiple “drug allergies”
that resolve with excipient avoidance are increasingly documented, and dyes can play a similar role in a subset of cases.
At the same time, excipients also serve crucial functions in drug stability, palatability, and adherence. For colorants
specifically, appearance helps distinguish strengths, avoid look-alike errors, and support branding, particularly in
crowded generic markets. Regulatory frameworks that allow substitution with alternative colors, encourage dye-free

options when feasible, and improve excipient labeling aim to balance these competing considerations.

From a clinical standpoint, the most practical message is that synthetic dyes should be viewed as potentially active
excipients for some patients rather than universally inert background ingredients. In patients with chronic urticaria, aspirin
or NSAID sensitivity, unexplained flares temporally linked to specific-colored products, or perioperative reactions where
dyes were used, it is reasonable to consider dye allergy or intolerance in the differential diagnosis. Strategies may
include careful history taking focused on excipient exposure, trial substitution with dye-free or low-dye formulations, and,
in selected cases, supervised provocation testing. For highly exposed groups, particularly children prescribed multiple
dyed products, clinicians may also wish to preferentially select dye-free options when they are available and

therapeutically equivalent.

For regulators, manufacturers, and researchers, this review highlights several priorities. More granular exposure
assessments that integrate medications, supplements, and foods are needed to identify high-intake subgroups and to
verify whether real-world patterns ever meaningfully exceed current acceptable daily intakes. Human studies that
combine careful phenotyping, standardized dye challenges, and mechanistic biomarkers would help clarify which patients
are truly dye-sensitive and through what pathways. Finally, transparent excipient labeling, harmonized across foods,
drugs, and supplements, would make it easier for clinicians and patients to recognize patterns and implement targeted

avoidance when warranted.

Practical Considerations

Because a substantial fraction of prescription oral drugs include dye additives, pharmacies should procure dye-free
choices for sensitive patients. Pharmacists can check manufacturer variations, as different generic suppliers use different
excipients. Pharmacists can also use the FDA’s DailyMed database advanced search to filter by inactive ingredients and
locate dye-free equivalents. If no commercial option exists, compounding pharmacies can reformulate the active
ingredient into a custom capsule, liquid, or tablet without dyes (or other common allergens such as gluten or lactose). The
principal limitation of compounded medications is that they are not always covered by prescription insurance. Emerging
services such as pharmacist ingredient-screening platforms may streamline the process by cross-referencing patient

allergies against available products.
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Conclusion

Synthetic dyes used in a significant share of pharmaceuticals are not biologically inert. Toxicologic evidence demonstrates
that certain dyes can exert adverse effects under experimental conditions, and the clinical literature documents rare but
sometimes severe hypersensitivity reactions, particularly with parenteral blue dyes and, to a lesser extent, orally ingested
azo dyes. Although the incidence of confirmed dye-induced disease is low when considered against the vast scale of
global exposure, this low frequency largely reflects population averaging and does not negate clinically meaningful risk
in identifiable subgroups. Well-conducted challenge studies in asthma and chronic urticaria consistently show that a
minority of patients are truly dye-reactive; however, for those individuals, reactions can be reproducible, clinically
significant, and avoidable. Taken together, the evidence supports a precautionary, risk-stratified approach in which
synthetic dyes are recognized as unnecessary excipients with no therapeutic benefit and real—if infrequent—potential
for harm. Accordingly, preference should be given to dye-free or non-toxic alternative formulations whenever feasible,
particularly for children, patients with repeated liquid medication use, aspirin- or NSAID-intolerant individuals, those with
chronic urticaria, and patients with histories of multiple unexplained “drug allergies.” In this context, continued reliance
on non-essential synthetic dyes is difficult to justify when dye-free or non-toxic alternatives provide equivalent therapeutic

benefit with a lower and more predictable risk profile.
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