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Difficulties in reproducibility
— Monitor solutions, standards, recovery issues
Difficulties with reagents — safety issues

— All procedures generate H ,S; thioacetamide not allowed in
California and several European countries

Nondiscriminatory screening test

— Not element specific

— Sensitivity varies by element

— Only a few elements respond at required sensitiviti es
Visual comparison test

— Limits based on visual acuity, not toxicology



1995 - Pharmacopieal Forum stimuli article
identified issues with <231> method Il (K.
Blake)

2000- Second stimuli article in 2000
proposed ICP-MS as an instrumental
alternative (T. Wang)

2004 - Lewen, et al, J. Pharm and Biomed
Analysis



“Although still widely accepted and used In
the pharmaceutical industry, these methods
based on the intensity of the color of sulfide
precipitation are non-specific, insensitive,
time-consuming, labor intensive, and more
often than hoped, yield low recoveries or no
recoveries at all.”

(Wang, T. et al, J. Pharm. & Biomed. Anal., Vol. 23
(2000) 867-890)
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Post 2005, General Chapters Expert
Committee appointed a Heavy Metals

subcommittee
Subsequently formed two Advisory Panels
— First had in depth expertise in methodology
— Second had method experts, but focus was
on toxicology

— Included FDA liaisons in both areas
Independent Stakeholder Project Team
Initiated



USP published a Stimuli Article In
Pharmacopeial Forum (PF) 34(5) for public
comment

Discussed at Prescription-Nonprescription
Stakeholder Forum meetings held at USP
headquarters

Institute of Medicine (IOM) meeting Iin
August, 2008 to provide a non-biased view
of the methodology and toxicology aspects

Workshop with international participation to
gather further input from stakeholders at
USP headquarters in April, 2009



Comments and observations from all activities
collected and provided to Advisory Panel for
their deliberations

Based on Advisory Panel recommendations,
USP will publish draft _ revisions for comment in
PF 36(1):

— Elements and limits chapter <232>

— Methodology chapter <233>

— Dietary Supplement chapter <2232>

— Stimuli article with rationales for limits

— Stimuli article with responses to comments on PF

34(5) stimuli article

All are currently available for comment on the
USP Web site



Elements to be controlled

Toxicologically-relevant limits
— Impact of daily dosage
— Limits expressed as concentrations?

Methodology
— Instrumental
— Wet chemistry

Elements and limits relevant to dietary
supplements

Harmonization with other pharmacopeias



|IOM meeting and Advisory Panel meetings
- Important differences between
pharmaceuticals, dietary supplements and
foods

— "Dose”

— Botanicals

— Controlling regulatory bodies

— Patient population
Foods represent a special case with many
additional issues



Limit scope of required (below <1000>)
chapter to pharmaceuticals (draft chapter
<232>)

Chapter with metals and limits relevant to
dietary supplements drafted by Dietary
Supplement General Chapter Expert
Committee (draft chapter <2232>)

Separate chapter for methodology (draft
chapter <233>) referenced by both <232>
and <2232>



Outcome from IOM Meeting

— Critical contaminants are the Lead, Arsenic,
Mercury and Cadmium — the “Big Four”

— Consider EMEA catalysts

EMEA Guideline on the Specification Limits
for Residues of Metal Catalysts
(CPMP/SWP/4446/00)

— 14 catalysts used in pharmaceutical synthesis
— Does not address potential contaminants

— EMEA working party considering addition of
contaminants to the Guidance



Class | - As, Pb, Cd, Hg
— To be essentially absent

Class Il - Elements in EMEA Guidance
except

— Exclude zinc and iron, which are not toxic at
levels relevant in pharmaceuticals

— Elements to be limited if added



EMEA Guidance contains detailed rationale
for imits selected
Extensive databases exist regarding

toxicology of Hg, Pb, Cd and As

— |OM participants and Advisory Panel members
agreed further studies were not needed

Speciation Is an issue, especially for As
— Highly toxic in inorganic form
— Nontoxic in some organic forms



Harmonize on the EMEA proposed limits for
the 12 elements in the EMEA Guidance

Cd: 5 ug/day (ATSDR current draft)
Hg: 15 ug/day (EPA)

— Limit as Hg (Il)

— Methyl mercury - dietary supplements only

As:. 15 ug/day (EPA)
— As Inorganic Arsenic

Pb: 10 ug/day (FDA)
Speciation — Monograph specific as needed



Daily Dose Option

— Dosage form is analyzed and meets the
requirements on a daily dose basis

Individual Component Option

— Each component of the dose form meets the
limits established in the Component PDE
table

Summation Option

— For > 10 g daily dose or where component
fails to meet the Component PDE

— Sum the individual component levels per
equation in the chapter and compare to Dally
Dose PDE



Class |

Possible via the nature of the product (e.g.,
natural sources, supply chain)?

No - justify documentation and testing
requirements with regulatory authorities

Yes — demonstrate removal via testing or
validated process on schedule agreed with

regulatory authorities



Class |
Added to the process?
No — assessment not needed

Yes - removed via a validated process?

— If not consistently removed, identify and
guantify as needed

Drug product must pass Iif tested during
oroduct life

Higher levels — allowed via monograph




Draft <2232> limits are identical to draft
<232> limits

Chapter includes a limit for methyl
mercury

Chapter includes methodology for
speciation of mercury and arsenic



One or two methods - 4400 monographs

Like <467> Residual Solvents, provides
procedures as a starting point

USP procedures need to be verified, <1226>

User procedures need to be validated,
<1225>

Chapter provides validation acceptance
criteria

Dietary supplements chapter refers to this
chapter for all but methyl mercury and
speciation issues



Provide acceptance criteria for methods as
limits and quantitative tests

Sample preparation

— Solid samples

— Dilute and shoot

— Closed-vessel microwave digestion

Analysis

— ICP-OES

— ICP-MS

Other methods meeting the acceptance
criteria are acceptable



Accuracy — Spiked test samples give
responses equal to or greater than their
controls

Repeatability

— Instrumental methods — RSD for six
measurements NMT 20%

— Non-instrumental methods — meet accuracy
reguirements

Selectivity

— False positive — absence of signal in the presence
of elements that could interfere

— False negative — acceptable precision and

accuracy In the presence of elements that could
Interfere (at their limits)



Accuracy: Spike recovery at 80%-150% for the mean
of three values at 50%, 100% and 150% of limit
Precision

— Repeatability — six spiked samples at limit — RSD NMT  20%

— Intermediate precision — Repeatability on (i) differ  ent days,
(ii) different instrumentation or (iii) different a nalysts RSD
NMT 25% (any one of the three)

Specificity — False positive and false negative asp  er
limits test

LOQ — Demonstrated with accuracy requirement



Use of commercial-available NIST-
traceable standards Is acceptable

USP may develop and qualify mixture
standards to aid in implementation, but is
not intending to develop individual-
element standards



General Notices statement similar to <467>
Residual Solvents such that the standards
apply to all monographs, even those where
not specifically mentioned

Proposed official in September, 2013, in line
with EMEA Guidance



Methods for Establishing Exposure Limits

— European Medicines Agency (EMEA) guidance,
“Guideline on the Specification Limits for Residues
of Metal Catalysts or Metal Reagents” (2008)

— 10g/day dose for drug products for calculation of
ppm limits

— 50 kg person for extrapolation from animal data on
body weight-basis

— 70-year lifetime

— 10% bioavailability for extrapolation from the oral

permissible daily exposure (PDE) to the parenteral
PDE



European Medicine Agency Catalysts
Guideline



ICH Is chartering Q3D working group to
consider elements and limits

Draft chapters shared with EP and JP for
their consideration

Europe has a working party to discuss
additional metals and limits

USP <232> potential template for
harmonization once ICH finalizes metals
and limits

JP has endorsed <233>. Outcome on
procedures awaits ICH metals and limits



Topic 1: Instrumental Details

Topic 2: Implementation

Topic 3: Specific Metals and Limits

Topic 4: Using Residual Solvent Concepts

Topic 5: Scope (Dosage Forms, Foods, Dietary
Supplements)

Topic 6: Reference Standards

Topic 7: Imminent Threat

Topic 8: Harmonization (EDQM, EMEA, MHLW)
Topic 9: GMP’s and USP

Topic 10: Other Comments



Draft ¢
Draft ¢
Draft ¢

na
na

na

nter <232> Metals and Limits
nter <233> Procedures

oter <2232> Dietary Supplements

Stimuli article — Rationale for Limits
Stimuli article - Responses to Comments

General Notice statement - Eliminate need to
reference In individual monographs

Comment period - now through April 15, 2010



Heavy Metals Advisory Panels
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