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‘Monday, February 24,26‘03
Welcome and Introductions—%S’aﬁford Miller

Committee Chairman Miller called the meetlng to order at 8 30 a m He then Welcomed the .
committee and guests, introduced the members of the committee, and announced the mieeting’s
purpose: to review the FDA’s acrylamide Action Plan and confirm that this plan is on the right
track.

Conﬂtct of Interest Statement——Catherme DeRoever e

Committee Secretary DeRoever noted that the toplc of the meetmg acrylamlde affects the ;
entire food industry, and in light of this broad T . and Miller’s assomatlons
with the food industry did not present a conﬂlct of mterest for the purpose of this meetmg She
also noted that two of the guest speakers are employed by the regulated industry, Drs. Robert
Brown and David Zyzak B _

SC]CnCe CFSAN, e



Opening Comments—Joseph A. Levitt andLesterC'rawford

Mr. Levitt reported on the activities of the prevrous 6 months by the mternatlonal food research
community following publrcatlon of the Apnl eporting that ¢ crylarnlde had
been found in food. He concluded by 1 noting that whlle a lot had been completed inlessthan
one year, much remained to be done, and what the FDA wanted was the committee to offer their
best advise to optimize the Action Plan.

Deputy Commissioner Crawford declared that the FDA i 1s fully commltted to developmg better

knowledge of acrylamide in foods and sharing this mformatlon with the pubhc as soon as -
possible. He declared that the public health risks of the Tevels of acrylam1de found in foods i 1s ’
unknown, although it is known to cause cancer in rats and neurotoxic damage in humans at very
hlgh doses FDA draftcd an Actlon Plan 1n order to asses Wh ,

,,,,,,,,,,,,

in food.

' Presently the FDA upholds its prevrous recommendatrons that people cata balanced dret
containing a variety of foods, partlcularly Tow-fat and hrgh fiber foods, and a variety of grains,
fruits, and vegetables. The purpose of the meetmg is for the committee members to offer their
input into the Action Plan, partlcularly in light of research accomphshed in the previous 6
~months. Dr. Crawford noted that the FDA soon would be releasmg test results for another 110

samples and that these results do not vary dramatlcally from previous test results, mcludmg the o

propensity for two items from the same food group to produce drfferent acrylarmde levels

The FDA also has prepared a prehmlnary exposure assessment which does not vary s1gn1ﬁcantly

from those calculated by the Food and Agnculture Organlza on (FAO) and other groups. Many
foods contribute to the total exposure but no one single food accounts for the majonty of the
exposure. Also, certain foods may have low acrylarmde levels /yet s1gn1 ]
exposure, if these foods make up a srgmfrcantly large ' }
is investigating ways to reduce acrylamide in processed foods; researchers have reported
interesting leads but no conclusrve results

- .Chairman Miller remrnded the commlttee that the meetlng s purpose was to offer adv1ce to o
revise the Action Plan and the conclusions made by the Contaminants and Natural Tox1cants '
Subcomm1ttee (CNTS), not resolve the hazardousness of food-borne acrylamrde He then listed
the three issues shaping the Actlon Plan “

* Toxicology—data on acrylamrde s known effects at certam doses and What nsk the doses in
- food present
= Exposure

ntly contnbute tow o



Development of the Acrylamide Action Plan—

1. Does the revised Action Plan meet its mtended goal of s servmg as a tool for provrdmg a
- scientific basis to assess the significance of acrylarmde in foods and its potential public
- health consequences‘7 o
2. New findings on acrylam1de levels, exposure ‘and potentlal mltlgatlon strategles have
' become available in recent months. Does the revised Action Plan accommodate these new
data? Please comment on the new data, 1nclud1ng the exposure assessment and the potentlal
interventions.
3. The FDA’s consumer message stresses the 1mportance of ¢ 'ng a balanced diet. leen the
uncertainties associated with the current state of screntrﬁc knowledge, the FDA has
concluded that there are insufficient data to rev1se this message Please comment.

: ﬁlng of the Actlon Plan startmg Wlth the Apnl

e

Dr. Troxell rev1ewed the history leading to the dr
2002 Swedish studies that first reported th on of acrylamrde in food—a great surprise, as
acrylamide had not been detected in prevrous studies. Rese thronghout the world
1mmed1ately began to develop a test to confirm the Swedish findings; the FDA first posted its
method in June 2002 and has updated it twice. National and international meet llowed,

. bringing together concerned parties. A World Health Organ' atron/F ood and Agnculture ‘
Organization (WHO/FAQO) consultation, which was attended by three FDA expers, concluded
that food-borne acrylam1de was a substance of serious concem FDA held an interagency
roundtable and a pubhc meetrng in September The Jomt Institute for

respecttvely, held a workshop in October 'J'IF
in food information network and assummg a coordmatlng role for 1nternatronal research

ety and Apphed o

In December 2002 the CNTS réviewed the FDA’s ongmal draﬁ ‘Action Plan outlrmng goals andi” S

planned activities for the next 2-3 years and‘
and participate in international activities. Dr. Tro
work and that leveragmg and coordmatron would be important.

’s plans to work

| said the FDA knew there would be alotof

He then reviewed the original Draft Actio'n”Plan’S”corfiﬁoneﬁt sections: e

= Testing foods

* Toxicology

=  Formation

» Methodologies ’
» Meetings and collaborative projects
-

Consumer messages and regulatory options.

He noted that the revised pran“'cov“erg‘tﬁé“éaﬁé areas in rnore d epth w1th the addrtlon of several o

sections. He said that although WHO/FAO did not note neurotoxrcrty asa problem at the food
exposure levels, subsequent discussions suggested more work needed to be done to charactenze



neurodevelopmental effects and chromc exposure He rev1ewed several factors 1nvolved m
developing the action plan, 1ncludmg the amounts consumed r 1 gaps and occurrence
through standard cooking practlces ‘The agency s overall goal is to: “Through scientific
investigation and risk management dec1s1on makmg, prevent and/or reduce the potent1a1 risk of
acrylamide in foods to the greatest extent feas1b1e W

The CNTS reviewed and recommended changes to this plan. The FDA has since revised the o S

Action Plan, to accommodate both these recommendatrons and other ongoing actrvrtres
including studies mentioned in the plan and upcoming meetings.

Report of the CINS Findings—Henry Kim

CNTS Executive secretary, Dr. Kim, summarized the D
the subcommittee reviewed and commented on the Draﬁ Action P

The ubcommittee had

. ‘51?& dunng Wthh N P

been charged to assess the FDA’s Draft Action Plan, given what the scientific community knew

about acrylamide (toxrcology, occurrence, formatron exposure, and risks), at the time of the
December 2002 meeting.

The Subcommittee was asked:

1. Are the research steps appropriate to describe and address the public health 's‘ig;niﬁcanceof N
acrylamide in food?

2. Are there gaps in the research plan or areas where emphasis should be i mcreased‘?

3. Are there priority research needs that should be addressed first?

Dr. Kim then summarized the p’res'entat’ions made at that meeﬁng“-'

1. Toxicology (Rlehard Canady, Ph.D,, FDA}——what data are known what data are needed and B

what research is ongoing? Dr. Canady surveyed what is known about acrylamrde s

toxicokinetics; that it’s known to be an animal carcmogen and a human neurotox1cant at high -

doses, but what about these or reproductwe or development effects at the very Tow food—

borne doses? What sort of safety or risk assessment can be made of the levels found i in food‘? o

2. Occurrence (Steve Musser, Ph.D., FDA)—in what foods and at what levels is acrylam1de S

found? Dr. Musser reported on the analytleal method the FDA developed and the :
exploratory survey. . .

3. Formation (Lauren Jackson, Ph.D., FDA)—what mechanisms, precursors, and factors affect
acrylamide formation, and can this formation be prevented or reduced? Dr. Jackson =~

summarized research to date on acrylamide Torrnatlon and dlscussed outstanding research |
needs.

4. Exposure (Michael D1Nov1 PhD FDA)--Dr D1Nov1 described the sources fromiw ch‘ e

acrylamide exposure would be essed (consumption data and acrylamrde levels in grven
- foods), and reported that the FDA’s initial exposure estimate had begun.
5. Consumer Risk (Davrd Aeheson M o )A)—Dr. Acheson talked about achlevmg a
balance with respect to the 1mportance of a balance: t, risk from exposure to acrylam1de ;
in food, and potential dangers of 1nadequate cooklng S




In response to the three questlons the subcomm1ttee salp steps Were appropnate '
They supported the overall Draft Action Plan and the research steps outlined in the Plan. When
asked if the research plan had any gaps or areas where emphasis shou be increased, the
subcommittee suggested the inclusion of more detailed information on risk assessment human
toxicology and ep1demlology studies, animal toxwology stuches samplmg and analyt1cal '

variability, and food consump’uon data for various populatlon groups As for quest1on 3, research N

priorities, the subcommittee felt that the described approach was appropnate (methodology, o
occurrence, formation, exposure and then nsk) tox1cology and nsk assessment

move forward quickly; rapid, inexpensive testing methods should be a priority; and science-

based risk commumcatlon is also 1mportant The subcomm1ttee s’recommendanons were as
follows: |

1. Toxicology:
a) Physiological studies in humans (absorptlon metabohsm dlstnbutlon excret1on)
b) Toxicokinetic studies of mgested acrylamlde in humans
¢) Animal neurotoxicity and genotox 1ty studies
d) Animal bioassay studies for carcinoge nicity (short-term studies; dose response
relationship at lower levels, espemally between no obs verse effect level
(NOAEL) and tumor-producing doses; mechamsm of action)
e) Biomarker-exposure relatlonshlp in smokers ‘
2. Epldemlology ' ‘ B
- a) Highlighta separate section on epldemlology in the Draft Act1on Plan N
..b) More ep1dem1olo gy studles'ln human populat1ons (1dent1fy and study populatlons w1th
higher or lower exposure——confoundmg factors may hmlt the validity of study;
investigate epidemiology studies of occupatlonal exposures—are these apphcable to food
exposures?) ‘
3. Exposure Assessment: s o s o g .
a) Highlight cxposure assessmentelement =
b) Provide information about databases S -
c¢) Improve ability to blind data to facilitate d: Jta"shanng
d) Statistically determine sampling sufficiency ,
rs input on type of foods sampled
f) Use food consumption data by various ‘population groups
4. Risk Assessment:

a) Incorporate more information into the Draft Action Plan (importance of risk assessment R

methology for conductmg nsk assessment methods for mcorporatmg developmg data)
5. Risk Communication: :

‘@) Importance of FDA’s risk communication activites

b) Provide smence—based mfo etary cho1ces

The CNTS spoke posmvely about the Draft Actl , g u,erally agreed w1th the FDA’

o forts (eg,Amencan B

approach and planned research activities, and prov1ded recommendatlons on certam plan aspects.‘ -



subcommxttee meetmg and concurred w1th the report ;‘
Revised Action Plan-——T erry Troxell

Dr. Troxell noted that the draft Action Plan had been reVISed based on prev10us pubhc and
CNTS meetings, and now the FDA wanted the committee’s mput in order to ﬁnahze the plan.
Major changes made to the plan were a reorgamzed structure 1ntended to prov1de a more logical
flow, and, as per CNTS recommendatlons, new sections on exposure assessment epldemlology,
and risk assessment more detalls and updated 1nformat10n

The plan has seven sub- goals

/ (1) to develop rapid or 1nexpens1ve screenlng methods and Vahdate conﬁrmatory methods of
analysis;

(2) to identify the mechanisms of acrylam1de formatlon 1n food and ldentlfy means to reduce B

acrylamide exposure; -

(3) to assess U.S. consumers’ dletary acrylarmde exposure by measurmg vanous foods

“acrylamide levels and estimating dletary eXposure ‘

(4) to characterize the potential risks and uncertainties associated w1th"'d1etary acrylam1de by“ R

assessing available information, expanding resear amide tox1cology in order
to reduce uncertainty, and performmg a quantltatlve risk assessment based on the new
information;

(5) to develop and foster pubhc/pnvate partnershlps to gather scxentlﬁc and technologlcal
information and data for assessing the human nsk

(6) to inform and educate consumers and | processors about the potentlal risks ass001ated w1th
acrylamlde throughout the assessment process and as knowledge is gamed and

(7) to provide the fundamental elements of nsk analy" ”——nsk assessment risk
commumcatlon “and risk ; management -

There are nine sections detallmg the actions toward accomphshlng these goals

» Methodologies—The LC/MS/MS method was posted on the web in J une 2002 and recently
updated. Dr. Musser’s laboratory has analyzed approxnnately 400 samples to date Dr -
Troxell also mentioned other groups at FDA that have been i 2
Revisions in this section from the previous plan are the publ
FDA method, exphclt dlscussmn of AOAC vvahdatlon, and the statement that the FDAis
looking at LC/UV as a screening method. ' o

‘= Formation research—Research on formation is; in the planning stages at NCFST F ormatlon

research by academic and industry investigators is also crucial. Revisions in thissection

include NCFST plans to mvestlgate home cooklng practices, partlcularly toastmg and frymg.

* Measuring exposure~—Dr Troxell discussed current analyses being don: F -
preliminary analyses of Total Diet Study foods, plans for a contr
of nationally collected foods, the need to fill in gaps in data, which will
JIFSAN database efforts, and potentrally on European data relevant to U.S. processmg
conditions. The revised Action Plan. contalns more detalls on testmg plans and a new section

ith JIFSAN for testing



neurotoxicity, and germ cell toxicity in rodents (2) the bloavalfabxhty of acrylamlde i food, N
(3) the difference in metabolism between hlgh and low doses, and (4) the :dlfference between

the metabohsm and processrng of acrylarmde between an

data. He said that data for these key needs 1 may be avaﬂable ina relatlvely short tlmeframe h - N
one to two years, including bloavaﬂabrhty and adduct "studlesat the Na'uonal Center for

 bioavailability in food and the range of DNA and- protein adducts (DNA adductsare =~

associated with cancer, and hemoglobin adducts, once the dose -adduct relatlonshlp has been
established, are expected to serve as a blologleal marker) In the meantrme NCTR will do a
National Toxicology Program (NTP) rodent carcmogenlmty bloassay, the subchronic and

mechanistic components of which will be done fairly fast and used for physwloglcally-based

pharmacokenetics (PBPK) modehng Neurodevelopmental effects are also being studied at

~ NCTR, and mechanistic research on germ cell toxicity and neurotoxicity is bemg done at the
National Institute of Environmental Health Sctences (NIEHS)

includes new study areas, particularly neuroto 'ty,w germ cell tercrty, and 1ndustry
toxicokinetics; PBPK and dose—response elements and more detarls on NTP studies,
including chromc carcinogenicity. :

' Eprdemlology———Dr Troxell noted that some ¢ of the work on add_ icts is ° v1ewed as
- epidemiological as well as tox1cologlca1 sQ it is cross-
«-the fea81bxhty of prospectlve studies and reIeVant li mdles He explamed that there
are two avenues of epldemlologlcal studies, occupatlonal and food exposure. Occupat10na1
studies are most likely to say whether high doses can ¢ humans, So far, these
studies have not demonstrated carcmogemcrty in hum possible that they covered

cutting work. Plans include explonng .

| ,too short a time. Food exposure studies may have limited ability to detect the nsk levels

other than' acryIam1de that are found in food, The main change in thepRevrsed ActionPlanon

epidemiology is the addition of this new se.t1on which explams how epxdemlologlcal data |

. could benefit FDA work on acrylarmde and detarls a number of studres and collaborations

* that are under consrderatlon )



-* Risk assessment—Dr. Troxell pointed out that when ade uate information is avallable FDA
wants to characterize the potential risk of acrylamide ; d, including doing an uncertainty
analysis. Key toxicology data needs ‘include broavalla ity, biomarkers, metabolism, and
toxicokinetics. FDA will revise the risk assessm hen significant developments 'yreld |
enough information to materially change the assessment T he Rrsk' Assessment section is a
new feature of the Revised Actlon Plan.

*  Meetings—Since Apnl 2002 F DA personnel have partlcrpated in and convened meetlngs -

. this will contrnue as appropriate. R

» Inform and educate the pubhc——Early in the process the FDA committed itself
communicate with the pubhc on this issue; this has included public meetmgs,

e page e e S e S

_postings, and an article on acrylan’nde in the January/F ebruary 2003 issue of the magazrne o

FDA Consumer. The FDA does not believe that there is enough science at this point to

change its dietary message=—eat a balanced diet contarmng a vanety of foods that are ,low m N B

trans fat and saturated fat and rich in hlgh—ﬁber grains, fruits, and ve
section of the Action Plan is that the prewous consum sages section has been
expanded, 1nclud1ng a summary of nsk commumcatron efforts to date, and the pIan to
collaborate with other organizations is made’ exphclt

Further actions—The FDA plans to‘ develop and rev1se regulatory optlons as the ‘agency recerves’r

data on food-borne acrylamide, urage the food industry to adopt feasrble, practical,
and safe practices that successfully reduce acrylamde, as needed

Mechanisms”'ofFormatiOn—;David Zj)zak '

" Dr. Zyzak reported on Procter & Gamble s research that 1dent1ﬁed the,most hkely means by

which acrylamide develops in food. In the Waﬁe of the Aprfl 2002 Fgwpoﬂ on acrylamide in food /‘ o

Proctor & Gamble tested a ‘number of their food products and found various acrylamide Ievels
Based on acrylamrde s molecular structure }nSSIble precursors

dextrose a snnple sugar assocrated with the 'Ma ar bro,f g process Only the asparagme-
dextrose combination y1e1ded significant amounts of acrylamlde

About 50 percent of a potato’s amino ‘acids are rn a free (not bound to proteln) state and about .

‘half of these free amino acids are asparagine. Protein-bound z asparagme was ruled out by testing
it in the model system as no acrylarmde formatlon was observed.

The researchers used Isotopes to 1dent1fy the mechamsm of acrylamlde format
reaction of asparagine with glucose. Then, to conﬁnn that ‘asparagine was the prrmary precursor
researchers treated a potato with the enzyme asparagmase Asparagme levels in the potato o
product treated with asparaginase were less than 99 percent of those in the control S

The identification of the acrylamide prect
possible interventions in the formation process The dose-response curve suggests that
acrylamide production corresponds with the amount of free asparagme and simple sugars—

asparagme and reducmg sugars——~has suggestedu |



researchers are mvestlgatmg how thls can impact acrylamlde forma ion in cooked potatoes

Dr. Zyzak concluded by saying that asparagme is the pnmary precursor to the formatron of
acrylamxde in foods that the reactlon requlres a carbonyl source (reducmg sugars) and orl

formatlon

Reducﬁodn"'StfdtegiesLRbhéﬁ”ﬁfé}Wﬁ S

Dr. Brown appeared on behalf of Frito- Lay S, Dr Steve Saunders who couldn” appear beforei

the committee. After summarizing the likely mechanism for,the formation of acr
asparagine, he described the chermcal pathway leadmg to acryl rmation as “a low-yreld ‘
pathway with high activation energy. He also noted that the foods that contain acrylamide
constitute a significant portion of a diet’s calories, fiber, vitamins, , and other
micronutrients. He listed the three proposed approaches to managmg ‘acrylamlde “

1. Remove the reactants
2. Disrupt the reaction e
3. Remove the Vacrylanude aﬂér"'fornrati‘on’.

- Dr. Brown noted that the presence of acrylamrde in cooked food is drrectly medrated by the
presence of asparagine in the raw food, and that the amot e in crops can vary
dramatically. He also noted that the chemical reactlon of as
when the substrates are approxrmately equal; when one 1s substantlally lower it becomes rate
11m1t1ng

d glucose is second order

As for possrbly drsruptmg the formatlon of acrylam1de, He noted that acrylamrde levels increase

substantially as a food is browned—overcooked oven fries ha ch higher Ievels than the

same type of fries cooked to. a less brown color. The acrylamrde formatlon process appears to

begin at 120°~130°C, and acce at 150°C.

dthat it probably would not be

- possible to cook food w1thout creatmg at least some acrylannde and studies into controlhng the -

food’s surface temperature as it cooks probably w111 be critical. pH levels under 7, particularly
under 5, inhibit acrylamide formatlon somewhat and researchers are it ‘”Lest1gat1'ng other potential
food-safe reaction inhibitors, such as cysteme rosemary and ﬂavonords but thereisno’ o
prospective “magic bullet.” Frito-Lay has studi '-andtnvalent cations and fou t they
inhibit acrylamide formation, but the'large amounts requlred may not be practrcal Other
potential sites of intervention 1nclude using ‘other free ammo a01ds to deplete glucose, and

looking at pH tlme and temperature vanables o

As for removing acrylannde from cookedxfood UV hght was mcffectlve wh11e supercrl , -
removed everythrng but destroyed the product 1n the process

Dr. Brown noted that even if a person ehmmates potatoe ‘ sheystlll
' would consume 15-20 ng of acrylamrde per day He also observed that the concept of




carcinogens in food is not new; that hurnans have been eatrng starchy foods for mrllenma and
there are no prospectrve qulck ﬁxes

Exposure Assessment—Donna Robie

Dr. Robie opened her presentation by reviewing acrylamrde exposure assessments

In the April 2002 article reporting on acrylamide in food, the Swedish researchers tested about
100 foods and used medians for eight food categones to estimate mean acrylarmde ‘exposures of

40 pg per person per day (assummg 0.67 ug/kgbw d P person) This included '
“expected” values for food groups not included in their sampling, some of which have turned out
to not be significant acrylamide sources. :

* In June 2002, the FAO and WHO drew on acrylamlde resrdue data from th
and food consumption data from Australia, the Netherlands, Norway, Swe
States, and the IARC’s EPIC (Internatlonal Agency for Research on Cancer’
Prospective Investigation into Cancer and Nutrrtlon) study Tl WHO ‘

~.probabilistic modeling and point estimate methods to c'a,cu1ate an exposure of 0.3

png/kgbw-day.

Dr. Robie described FDA’s ¢ exposure assessrnent In general the es
substance X is a factor of the total number of foods in Whlch substanc
number of occasions on which food F is eaten dunng days in a survey
~ portion size of food F, and the concentration of substance Xin food F.

e d dally intake of
is found (F), the ,
d (N), the average

The food consumption surveys,the FDA used were: D

»  Continuing Survey of Food Intakes by Individuals (CSFII)———thls complled 3- day

consumption records durmg 1989-1992 and 2- day consumptlon records dunng 1994-1996
and 1998, based on surveys of approxrmately 20 ,000 part1c1pants Ttis ‘expected to
overestimate eaters’ intakes and underestimate the percent of eaters, relative to intake records r
covering a longer survey penod

» Marketing Research Corporation of America (MRCA)—thls was  based on
consumption records during 1982—1987 and surveyed approxrmately 20, OOO participants.

This study did not record portion sizes, but this was estlmated from the USDA/N ationwide S

' Food Consumptlon Survey.

The MRCA classifies foods consumed into broader groups the CSFIIMls more spec1ﬁc as to‘what

foods were consumed.

The simplest exposure assessment model is a factor of food consumptron trmes asubstance’s

concentration in that food, summed over foods and individuals and expressed as point estimates.

It is useful only for substances in a few foods, when the estimat
different from the acceptable daily intake/tolerable daily intake (

I/TDI); this model is not

aily intake (EDD) is very o B

applicable to acrylamide. Therefore, FDA applied probabilistic modeling. This modeling is an

1terat1ve rocess.—For each oint (“virual consumer on the ac lamrde drstrlbutlon the
p p Try.

computer calculates values for food consumption, acrylamide Tevel, and percentage of eaters -
based on random selections frorn the underlylng dtstrrbutlons for a11 the foods n the assessn ,




Plotting these values produces a curve showmg acrylarmde exposure and the hkehhood of o |
exposure. Accordmg to this model, acrylamrde int: '
a given food times the amount of that food times t

hat food’s acryla:mrde level N

Dr. Roble then referred toa handout hstmg estrmated food co sumptlon for several “vrrtual
consumers.” The model lists which of a selection of foods th
foods he ate and how much acrylamrde those foods conta
intake. The researchers prepared 25,000 virtual consumers, each r , o
advised that this model does not account for correlatlons betwe food selections, and that the ,
distributions were truncated to remove u'ratronally hlgh values- xample, the 100t percentlle
of coffee consumption would be 13 liters per day. Other model hmrtatlons are the s surveys '
different durations and food classifications, and uncertainty surroundmg the laboratory data.

,day ] acrylam1de ‘
generated. Robie

Some food types are represented by fewer than five samples, and detected acrylamide levels are

known to vary from lot to lot, brand to brand and’ product to product. Also, how a food is
prepared will affect its acryla;m1de levels. ,

Dr. Robie then presented a series of slides 1i
sources based on mean acrylam1de intake. These tables were b en down by survey source and
population (total population ages 2 and older and a ages 2-5; noting that children typically
consume about one half of what adults eat, but welgh about one—quarter of adults, which results
in higher acrylamrde intake per kllogram of body welght) A series of slides showmg the
distribution of acrylamrde mtake followed

She then showed a table listing acrylam1de mtake by smgle servmg ‘She also showed results ‘
demonstrating that if acrylamide could b letely eliminated from a single food, mean
acrylamide ¢ consumptlon level would drop only from the present estimated 0.37 il g/kgbw per day
to 0.34-0.26 pg/kgbw-d.

Dr. Robie then listed work to be ‘don‘e':

= Modelmg of longer-term food consumpt:on to expand consumptron duratlon for 1nd1v1duals
beyond 2-day surveys; and more accurately model chronic acrylamide intake.
*  As the food 1ndustry develops acrylam1de mrtlgatlon strategres ‘run what-if scenarios to
* calculate the effect on mean acrylamrde consumption.
. Sensmwty analysrs, to ldentlfy uncertainties and 1nvest1gate how to accommodate these

She summarized her presentatlon by observmg that mean populauon acrylarmde 1ntakes are
consistent with. prev1ous exposure estimates; the greatest contnbutors to mean populat1on '
acrylamide intake are the same across the surveys; some foods with lower acrylamide levels
contribute appreciably to the populatlon intake because they are commonly consumed; and no

- one food accounts for the majority of the mean populatron acrylamrde 1ntake

erghtprlmary dletary acrylamlde B

"1‘1,‘ o



Adduct Studies—Tim Fennell

- Dr. Fennell reviewed what 1is known about acrylamlde metabohsm and 1ts adducts‘ ’
hemoglobin and DNA: '

» A reactive chemlcal Undergoes M1chae1 addrtlon Very reactrve w1th SH groups Also -
reacts with amino groups..

* Very reactive with proteins.

* Reacts very slowly with DNA.

He also discussed glycidamide, Wthh is formed by the oxrdatron of crylamrde It is a reactrve -
_ epoxide, which reacts with protein, and reacts wrth DNA; this is associated with mutations and
carcinogenicity.

Dr. Fennell listed the basic principles of metabolism and bﬁéi&ﬁaéai&i‘hétics: o

. Most chemicals undergo metabolism to be converted toa form that can be readrly excreted.
* While most metabolites are unreactive and read11y excreted some are more reactive.
*  Reactive chemicals or metabolites can react with tissue molecules, including g utathione,
protein, RNA, and DNA, and this may produce a toxic or carcinogenic effect.
*  Metabolism can occur by more than one route, producmg bothk eactive and stable
metabolites. Reactwe metabolites can undergo further conversion into stable metabolltes
» The balance of the various metabolic processes and their relatlve rates can be an important
determinant in toxrcrty, and can drffer between specres and between hlgh and low doses ‘

Risk assessment issues include the relationship between. exposure and internal dose (dose in in

blood and at the target site) e (is it hnear in range of effects does it compare w1th
bioassays); difference betwee spec s; and measures of dose for reactive chemleals or
metabolites. With both acrylamide and glycrdarmde researchers ar fconcerned with abohtes
excreted, presence in blood and tlssues adducts with protems and adducts with DNA—and with
the balance of all of these - « , il

: Researchers regard hemoglobrn adducts to be a useﬂrl 1ndrcator of acrylarmde exposure

* Adducts in hemoglobin are proportlonal to the area under the curve (AUC) for reactlve '
chemicals or metabolites. R

. Hemoglobln is readily available from a blood sample

* Hemoglobin has a number of amino acid residues that can react w1th chem1cals and the1r o
metabolites—cysteine, histidine, N-terminal valine, and carboxyl groups \

" Theredcellhasa long hfetlme 1n c1rculat10n (120 days) and is removed with 0 order
kinetics.

=  With repeated exposure accumulate and reach a steady state when the duratron of exposure

- exceeds the red cell lifespan. This makes hemo globm adducts useful when studymg dietary,

occupational, smoking, or other long—term eXposures )




Dr. Fennell briefly summanzed several studles of hemo globm adducts In rats, which suggested a T

nonlinear dose-response of partlcular mterest was one study descrrbmg a saturable metabolrc ‘
process, the oxidation of acrylamrde to glyc1dam1de It 1mphed greater risk per unit exposure at
lower doses, if glycidamide is the metabohte that generates adverse effects He also reported on ‘

~ studies of valine adducts, which even ‘before the April 2002 Swedlsh studies were suggesting a

- baseline presence of acrylamide in people who had no known industrial Xposure, noting that at -
least one researcher in these studies would Tater co author the April 2002 f' nd’mgs o

- Recent studies on acrylamide metabohsm have sought to understand in drfferent specres how '
internal doses relate to exposure via different routes; and whether the gly01dam1de '
oxidation ratio is altered by exposure route and dose.\‘ Thrs esearc !
- dermal, inhaled, and intraperitoneal exposure in rats
~ in rats and mice; and an evaluation of the role of yp 2E :
findings indicate a dose-response correlation, although drfferences are found m dlfferent spemes

Dr. Fennell reported that his Iaboratory was workrng ona ne‘

‘vely cleavrng methodiof o

adduct analysis that produces a higher sample throughput, greater sensitivity, and the abilityto

process smaller amounts of globln and dlStlnglllSh adducts from natural abundance and labeled
acrylam1de

The conclusions were offered:

= Route dlfferences translate 1nto dlfferent 1ntern’ dos" k sm to glycrdamrde

- Researchers can readrly measure acrylamlde- and glyc1damide vahne adducts have found

background levels of both and can dlstmgmsh these 1rom labeled acrylam

, , _nnce compared to rats)
= A good correlatlon between metabohsm data and hemoglobm adduct data has been fonned

acrylannde how is acrylam1de taken up and metabohzed in hurn ans; what is the relatronshlp ’
between exposure and hemoglobm adducts 1n humans, and how good are the data regarding
DNA adducts ARG

Studies in progress mclude research on mea nt of adducts in human volunteers, to assess
uptake, metabolism, and adduct formation before and after e findi
from this study are expected within 1 or 2 months. One pubhshed paper on acrylamlde-DNA
adducts in rats and mice used labeled acrylamrde to assess adduct formation and found one

al exposure. The findings

species of glycidamide-DNA adduct; Dr. Fennell reported that similar studies to assess DNA

adducts are underway, e.g., at NCTR
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: ;:He'concluded by St anzmg theFAO/WHOConsultatlonresearch fecothmendations:'

= Evaluation and calculation of ¢ exposure biomarkers.

* Data on the absorptlon metabollsm dlstnbutlon and excretlon of food—iborneacrylamlde m -

humans.

* A better understanding of the formation of glyc1dam1de and 1ts bmdmg to DNA asa marker .

of toxicity and carcinogenicity.

* A better assessment of the’ dose-response char"‘ctenstlcs of acrylamlde and g1y01dam1de B

- relative to toxicity, disposition, and binding to DNA and macromolecules. o
® A more thorough exploration of the relationship between hemoglobin and DNA adductsin
different organs. :
Public Comment

No public comments were offered
Adjourn

"Dr. Mlller adjourned the meetmg at 3 55 pm.

Welcome andIntroducttons—SanfordMtller S RO B e R YNSRI T B

Committee Chairman Miller calﬁled;the meetmgto odef at8:30 am. i ek e

Animal Studies and Hum‘an Hédlf"

'Dr. Schwartz opened his presentatlon by adv1smg the comm1tt hat his presentatlon was not on B :

acrylamide, but rather whether and how findings from anima studies can be extrapolated to

humans. Saying that a substance that has been shown to be ¢ '

risky to humans would be a gross rather than a more spemﬁc xtrapolatlon based on the

_ assumption that humans are as sensitive as anim ubs [ i

~ scientific, but in the name of pubhc health and sz archers gener ly take theno -
‘observable adverse effects level (NOAEL) from ammal studles and d1v1de that by IOO or 1, OOO

to calculate the maximum permitted level for humans

He d1st1ngu1shed between pharmacokmetlcs and pharmacodynam1cs

Pharmacokmetlcs The action of the body on the chemlcal R
- System: Absorption, distribution, metabohsm elumnatlon
~ Output: Concentratlon-tlme relatlonshlp B

Isis therefore



. Phannacodynamlcs The action of the ch cal on the body o
— System: Biological hgands or other targets in the blophase (srte of actron)
~  Output: Brologrcal response r r

However,' carcinogenic and terato gemc responSeS'i“are ﬁbt' 'sko eaSily extrapolated

This interspecies scaling can be either i 1som tri (most organ [except for the human bram]
blood and tidal volume, and vital capacrty have a roughly constant proportlon to body welght
across species) or allometric (proportron to body werght varies exponentlally across species, and
formulas to translate animal heart Tate, circulation time, resprratory rate, basal metabolic rate,

~ blood flow, and clearance 1nto expected Values for humans exrst)

However, a number of pharmacokmetrc factors affect the efﬁcacy of mterspec1es extrapolatrons -

ch mrcalwould be

= Volume of distribution. This is essentially defined as th 1€ R
ncentration it is in the

distributed in if it were distributed througho
‘blood. k

— This quantrtatlvely describes the distribution of the chemlcal throughout the body and B

ultimately at the site of action. The greater the volume of distribution the greater the
substance’s biological half-life.”

—  This value is scalable based on mterspecres composmon relatronshrps and physrcal
chemical factors. ‘

* (Clearance. This is a factor of blood ﬂow “esrextractron ratro (ER) k

~  This refers to the volume of blood per unit time from which the chem

Extraction can occur by diffusion mechan |
“mechamsm (e.g., in the hver)

1scompletely SO

fraction { at gets by the hver
,metabohsm A hrgher hepatrc ER 1ncreases the lrkehhood that mnterspecie

(where clearance is flow-limited and hepatlc ER 1s hIgh) and ’oavallabrhty (where he
islow) is lrkely to be more reliable. Extrapolatron 1s likely to be less reliable wh
capacity is limited (as the hepatrc ER is low) or broavarlablhty is affect by a hrghhepatrc ER,
across species.

Researchers have proposed a number of formulas to try to extrapolate clearance rates and in |

vitro cultivation of hepatocytes has helped predict actual clearance rates in humans. However,
another approach is PBPK modehng Thrs seeks to estlmate the concentratron ofa chemrcal in
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each of the body s various organs at the blophase This model cant aﬂ‘slété”iﬁ o e
concentration in the human target tlSSHC correspondmg to the amma n‘ssu‘e associated with the
observed response. e e

Dr. Schwartz concluded by hstmg the apphcatlons of PBPK modehng fo nsk assessment

» Interspecies extrapolatlon

= Prediction of blophase concentratlon I
= Dose extrapolation in cases of nonhnear pharmacokmetlcs S

* Low-dose extrapolation

= Route of exposure extrapolation

" Relative risk from multiple routes of exposure R
*  Bstimation of exposure based on biological matkers,

Acrylamide T oxzczty Research to Address Key Data Gaps—Stephen Olm SRR

Dr. Olin rev1ewed the October 2002 JIFSAN/N(,b bT Workshop on acrylamlde in food at Whlch S
he co-chaired the working group for toxicology and metabolic consequences. He listed the
toxicity focus areas the group identified as havmg data gaps and research needs for the =~
toxicology component of a risk assessment:

= Kinetics and metabohsm
~® Genetic toxicity :
» Reproductive and developmental toxicity
= . Carcinogenicity
* Neurotoxicity
= Epidemiology

The primary research objectives are to:

1. Assess the s1gmﬁcance of adverse effects observed at,hlgh doses in ammals (and 1n the case
- of neurotoxicity, in humans) for low-level exposure ‘
2. Assess the mgmﬁcance for humans of effects observed in vztry orin v:vo in rodents,

Kinetics, metabolism, and modes of action. Pnonty researc] eedswldentlﬁed by the group ‘Were R
critical events and dose metrics related to modes of action | a rylam1de toxicities;
‘acrylamide’s fate and kinetics in humans; and PBPK models. I. reported on some ongomg o

and planned research: the FDA/NCTR, and NIEHS are studymg critical events, dose metncs and
MoA several groups are explonng acrylamxde me

acrylamlde and g1y01dam1de adducts Wlth DNA and s1gn1ﬁcant nuclear protems (blologlcal
relevance, in vitro and in vivo study of species and dose ¢ pendence) and an inv  of
mechanisms of spemﬁc effects (e g., chromosomal effects Cell transformatlon) The FDA and
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NCTR are studymg DNA and protemadducts nd sponse,

DNA adducts in vitro and in vivo. The FDA and

Big Blue rats and tk-+/- mice, wh1le 1ndustry 18 study1

tudymg in vivo mutagencrty in
w1th k1nes1n—related protelns

Reproductlve and developmental toxicity. Research is needed on dose-response data for genn
cell toxicity in rodents, partlcularly the role of acrylamrde versus glycidamide; and further
examination of the potent1al for developmental neurotox101ty NIEHS has announced a planned
CYP 2EI null mouse dominant lethal study to assess germ cell tox1c1tyw As for develc pmental

Whllellndustry is studymg TR

‘neurotoxicity, some academics have started work in this sector, w 1le NCTR has shoyvn srgns of o

interest.

Carcinogenicity. Priority research needs are conﬁrm and clanfv ca:crnogemcuv in standard
rodent models (pathology workmg group review, assess effects of perinatal exposure develop
enhanced data for dose-response assessmient); and determine the induction mechanisms of key

tumors. NTP and NCTR have drafted plans to study acry amrde-related'carcmogen1c1ty inrats

and mice over 2 years, and a study of acrylamide and gly01dam1de s effects on neonatal mice.
NIEHS may be planning a review of critical slides from | previousne atal mouse studies. As for

mechanisms, NTP and NCTR are expected to study this as part of their 2- -year studles and
industry has already begun 1nvest1gat10n into thyr01d and bram tumors and cell prohferatron

the ‘few thmgs known |

: Neurotoxtczty Acrylamide’s neurotoxrc effects at h1gh doses are on € |
duration, effect levels,

about the chemical. Research needs are: the relatlonshlps etween dose,
and onset of neurotoxwrty (effects of low-lev long- term dretary exposures, hnks between
damage at the cellular or tissue level and fun al changes), and the mechamsms of
neurotoxicity (the role of acrylarmde versus egcrdannde versus any other acrylannde ‘
_metabolites or adducts; bndgrng the effects of these in animals 2 anc 'umans) The announced 2-
year FDA/NCTR rodent bloassay studles could provide anopportumty o study cumulative
damage from low-level dletary exposures As for the mechanisms, some researchers have shown
interest in studying issues such as nerve termmal damage axonal transpvort and key protems N
NIEHS’s CYP 2ET null mouse study also is relevant and NIOSH is stﬁdylng markers in exposed' .
workers.

Epidemiology. Research needs are study on new or prevrou o
cohorts for specific effects; link exposure biomarkers to effects ] 1s; and assess feaSIbrllty '
and design criteria for studymg acrylarmde exposure and effects m nonoccupatlonally exposed
populations. NIOSH and industry are interested in acrylam'de s spec1ﬁc effects in workers;

NIOSH has included blornarkers in thelr work and stud )
2003 study by Mucci et al. are lookmg at or have looked at nonoccupatlonally exposed
populatlons T

Dr. Olin concluded his presentatron by notlng that ongomg ‘an‘"d planned'research partwularly by R

_ the FDA and NCTR; will address many nnportant tox1cology research needs. He also reminded
the committee that although results from some of these stud1es are due w1th1n the next year
others will take longer. e :




Potemial'Impliéaiions—‘-—ndwa Acheson

Dr. Acheson began by statmg FDA’s goal -- to prevent or reduce the potentral nsk of acrylam1de
in foods to the greatest p0531ble extent, on the basrs of smentrﬁc investigation and rrsk-
management decrsron making. Integral to this is the need to ¢ tinue to mform and educate

consumers and processors about the potential risks, throughout the assessment process and as

additional knowledge is gained.

He noted that consumers may have questrons~—w1ll certain foods‘ ' use}cancer what is safe to o
eat, should they stop eatrng certain foods, should they cook thos > foods drfferently, should they -
do anything differently now to protect themselves and th i€ e FDA’s goalisto
provide a consistent, evidence-based answer. Because SO any ques, ons are outstandrng, the
agency presently upholds its previous messages ol the 1mportance of a balanced dret—but does

current scientific knowledge support this?

The current areas of scientific interest are:

*  Acrylamide formation and ways to diminish thls process o
Acrylamide levels in food '
'* Dietary intake of various foods (based on chronrc consumptron rather than 2 days or 2
weeks’ worth)
= Exposure assessment
. Eprdennology—-the impacts of acrylamrde exposure on hurnan health

The nnplrcatron of this dlscussmn is that understandmg the acrylamrde formatlon process and S

developing mitigation strategies could lead to reduced acrylamide levels; and the keyneedisto =

understand the health 1mp11cat10ns of acrylamrde exposure at the levels found m food

Exposure assessment Based on analyses to date a small numberof foods (but 1no one smgle
food) contribute the most to darly acrylamrde exposure The average darly acrylam1de exposure
is 0.3-0.5 ug/kg, although this varies accordrng to a person’s dletary choices. The questlon is
whether these acrylamide levels have an nnpact on human health m neurologre germ cell, or
carcmogenrc outcomes ; : : :

The evidence that food-borne acWIMide may;he hazardous to human healthare ha‘sed on'k i

*  Animal studies (in mg/kg doses as compared to the ug/kg doses found 1n food)

* Human dosing studies to explore acrylamlde s kinetic effects in human‘ (data from these o

studies are not yet available but Wil and
» Human epldemrologlcal studies, whi are complex and cumbers me (occupatlonal exposure
has shown no lmks with ¢ cancer only one study has 1nvest1gated exposure via food)

dlagnosed wrth large
bowel, bladder or krdney cancer and a control group asto thelr consurnptron of certam foods



B ‘previous’ one—for example reducmg 1ntake of a hrgh ﬁber food 1

canc GI‘S

The current implications that r”é“searéhéfs’a‘re"‘é&d?r‘ég‘sf"i‘ﬁg’é{fé’é““ e

» The strength of the link between ammal toxrcrty (at acrylamlde doses of mg per kg) and
‘ human exposure (at doses of ug per kg)

* The data to 1nd1cate that thlS Tevel of ¢ exposure poses a srgmﬁcant human healtk -

lacking. - R
. Consummg certam types of food w1lI 1ncrease a person s exposure to acrylamrde

Risk management As the data to support these assumptlons are weak what should eFDA .

~ recommend to consumers? The agency does not want to create a new problem by solvmg a

the FDA presently upholds its dletary gu1delrnes—eat a Varlety of g gralns (espe01ally w
‘ grams), fruits, and vegetables; limit consumptlon of sugars, salt Jand foods high in cholesterol, ,‘
trans fat and saturated fat (as well as havmg a diet moderate in total“fat) aim for a.

reassess these messages based on the emergmg‘smence

Summary, Charge, and Questions—-—Terty’ Troxell T

tool for providing the scientific basrs from whrch to assess t f:
foods and potential pubhc health consequences and the spec
the comm1ttee to answer. ’ o

Public Comment

No publie cornrn'ents were offered ', S

Committee Recommendations:

Question 1 Does the rev1sed Actlon Plan meet its tended goal of servmg as a tool for prowdrng
the scientific basis to assess the srgmﬁcance of acry] amrde in foods and its potentlal pubhc
health consequences? : : : .

The Committee agreed that the Actlon Plan is useful tool They did, however stress the 1 o
1mportance of leadership and coord .
- will require that there be a des1gnated lead for the efforts, as well as time li

ultlple'actlvmes 1ncorporated 1nto‘the plan S

accomplish items. The Comrmttee applauded the collaboratlve natur" of the A ctlon Plan 'but o




Exccutive Secretary o
i Fbod Adwébry Commlttee -

miy.
subpopulations and consumption

“encouraged additional efforts with other "ovemment agen‘ 11
- The Committes members also expres the
“patterns be incorporated i into the equation.

Questxon 2: New data on acrylam1de levels, exposure and potennal mtervcnnons have bccome
available in recent months. Does the Action Pfan accommodatc thesc new data” PIease
comment on the new data, mcludmg the ¢ exposure assassment and ,ﬂ ‘

- The Comzmttee felt that the Actlon Plan’ was ﬂex1ble enough to accommodate new data and t t.hat -
this is critical given the ongomg researc'n The Comm ee at Ievcragmg TESOUICEs was
also important and suggcsted ongoing large-scale 1man studies ﬂxat,}yght be resources for the

overall acrylamide effort. ‘The Committee stressed the i Importance of standardmatlon of data,
e g , methods, and reportmg . ,

Question 3 FDA’s consumer message stresses the 1mportance of eatmg a balanccd dlct G:ven | : k,
the uncertainties associated with the current state of scientific knowledge, FDA has concluded .
that there is insufficient data to revise thlS message Please comment

'The Committee felt very strongly that consumers must be prov:ded thh mformatldﬁ that 1s
useﬁll tlmcly and updated routmely

Several suggestions were made for makmg mformanon
collaborative efforts with profcssmnal associations and co L
risk communication strategy be devel oped that would take into consideration the potential 'range" ’
of research rcsuIts and how those results could best be « commumcated \ o e

Respectﬁmy Submmed

’-,:,Cathenne M. DeRoevcr
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