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Part 1: Health Concernsfi GMOs, Bt-toxin, and Roundup®
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Part 3: Focus on Digestive Disorders
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Abstract A surveyof 3,256respondentsprimarilyresidingin the United Statesyrevealimprovementsn awide range
of health symptomsfollowing the removal or reduced consumptionof geneticallyengineeredfoods, also called
geneticallymodifiedorganisns or GMOs The changesare consistentwith reports by physiciansand others about
improvementsaccompanyig a switch to largely nonrrGMO and organic diets. The conditions that were most
frequentlyreported asshowingimprovementinclude:Digestive:85.2% Fatiguelow energy:60.44 Overweightor

obesity:54.8%,Cloudingof consciousnes®) b r fao ®l07”4 Foodallergiesor sengivities:50.2% Mood problems

suchas anxietyor depression51.1% Memory, concentration:48.1% Jant pain:47.5% Seasonaallergies46.6%.
Glutensensitivities42.2%])nsomnia33.2%0ther skinconditions(not eczema)30.9%Hormonal problems:30.4%.
Musculoskeletglain:25.2%Autoimmunedisease21.4%Eczema20.8%andCardiovasculaproblens, includinghigh
blood pressure:19.8% Mechanism&y which GMOs may contribute to digestivedisordersi the most frequently
reported symptomsimproved by GMO avoidancé is discussedThree possiblemodesof action by GMOs are
evaluatedi) the disruptiveand unpredictablenatureof the processof geneticmodificationitself,whichcanintroduce
or elevateallergenstoxins, and antinutrients; 2) possibleallergenicand toxic effectsof Bt toxin, the insecticide
producedwithin mostgeneticallengineereaorn varietiesgrownin the United StateqUS);and3) the healthimpacts
of glyphosatébasedherbicides such as Roundug®, which are sprayedon and absorbedinto most genetically
engineeredood crops. The studiesin theseareassupport severalpotential causativepathwaydeadingto digestive
disordersandmayhelp explainwhy theseandother related diseasefiavebeenrisingin parallelwith the increasec
acreageof GMOs andthe applicatiorof Roundu@ on thesecrop acres.

Part 1: Introduction fi Discussionof Health laboratorytechniquesare distinct from naturalmethods
Concerngi GMOs, Bt-toxin, and Roundup® such as hybridization, that alter the genomethrough
Widespread Use of Untested GM Foodsand Related  sexualreproduction.

Pesticide Chemicals Most of the currently commercialized crops

The processof geneticmodification (GM) involvesthe  known as geneticall_ymodifi(_ad organisms(GMOs) have
transferor rearrangementf geneticmaterialwithin or  hadnonplantgenesnsertedinto their DNA. Suchgenes
betweers p e cDINA issidglaboratorytechniquesThese — are usually takenfrom bacteriaor viruses,to confer a

Updates: The most complete version of and any updates to this article are available at the website of International Journal of Human Nutrition and
Functional Medicine ® http://intjhumnutrfunctmed.org/ ISSN 2378-4881

Copyrights: Copyright © by author(s) and International College of Human Nutrition and Functional Medicine ® www.ICHNFM.org

Free access: Freely available and distributable; all content, text, and image rights reserved by author(s) and ICHNFM.

Citation: Smith JM. Survey Reports Improved Health After Avoiding Genetically Modified Foods. Int J Hum Nutr Funct Med 2017; article in review


http://intjhumnutrfunctmed.org/
http://www.ichnfm.org/
http://www.ichnfm.org/

particulartrait. Eleven geneticallymodified (GM) food
cropsare currently grown for commercialconsumption.
The six major GM cropsare soy, corn, cotton, canola,
sugarbeets andalfalfa, all of which areusedasfood for
humansand animals. Cottonseedand canola are also
processedhto food-gradeoils andsugarbeetsarerefined
to makesugar.

All six major GMOs are
engineeredo be herbicidetolerant
(HT), i.e. to survive spray
applications of herbicide
(vernacular: fweed killerd.) HT

Seeassociated Editorial
and Comments attached
with this article

provided by the GMO makersis typically summaryin
naturewith noraw data®

At theendof theconsultationthe FDA releases
letter to the company acknowedging that it is the
responsibilityof the GMO makerto determinethat their
foodsaresafe,andthatthevoluntaryconsultatiomprocess
simply confirms that the company made that
determination. In one letter to
Monsantoregardingtheir MON810
Bt corn, the FDA Regulatory
Affairs Managerwrote, i B a D
the safety and nutritional

cropscomprise89% of all GMOs

grown in the US. By far, the most widely grown HT
variety of cropsis called i Ro u i Re @ d(RR),
produced by Monsanto Company to withstand field
treatmentof Roundup herbicidewith glyphosateasthe
active ingredient which is absorbednto the crop?! The
food portion of RR cropscontainshigh residuelevels of
glyphosatée’.As of 2016,94% of soybeangrown in the
US wereRR.2 Othervarietiesof GMOsareengineeredo
withstandthe herbicide glufosinate,and more recently,
Dicambaand?2,4-D.

Some varieties of corn and cotton have genes
from Bacillus thuringiensis a soil backria variety,
insertednto their cells,which produceatoxic insecticide
calledBt toxin. As of 2016,76% of corngrownin theUS
is both Bt-producing(Bt) andHT. Cornwith only the Bt
trait comprisegust 3% of theUS cornacreagewhile HT-
only corncomprised 3%.Forcotton,80%arebothBt and
HT, 4% areBt only, and9% areHT only*

Varietiesof GMO zucchini, yellow squashand
papayavarieties have virus genesinsertedinto them,
which are designedto provide resstanceto infections
from specific plant viruses. Two newly approvedcrops,
apples and potatoes, were engineeredusing double
strandedRNA technology,which suppressesxpression
of the genethat causeghe food to oxidize and discolor
(i.e. turn brown when sliced. A small amountof GMO
appleswas commerciallyreleasedfor the first time in
2016 and accordingto the p o t a tdevelopdy,J. R.
Simplot, GMO potatoesavebeensoldvia supermarkets.
Numerousthertypesof GMO cropshavebeendeveloped
andmanyhavebeensubjectto field trials.

Background

The US Food and Drug Administration (FDA) policy
regardingGMOs, implementedn 1992andstill in force,
allows GMO makersto determineon their own if their
foodsarefi Ge n e Readgrizgdas S a f (BRAS). If
they aredeemedo be GRAS, the FDA doesnot require
anysafetystudiesor labels.

The FDA also doesnot require that companies
submit any datato the agency,but offers companiesa
voluntary premarket consultation There are no
requirementsor safetytestingstandardsDocumentation

assessmengou have conducted,t

is our understandinghat Monsantohas concludedthat
corn products derived from this new variety are not
materially different in compog#ion, safety, and other
relevantparametergrom corn currently on the market,
andthatthegeneticallymodifiedcorndoesnotraiseissues
that would require premarketreview or approval by

F D A (Emphasisdded.)lheletterdoesnot statethatthe
FDA declaresthatthe GMO is safe’

The agencyjustified this handsoff approachin
the policy documenby declaringthatit i w a sawabebf
anyi n f o r nshowingdthat &MOs weredifferentfi i
anymeaningfulor uniformw a § ® adirectcontradiction
to the opinionsvoicedin the memosfrom their scientists.

In 1998the FDA wasforcedto turn overtensof
thousandsf pagesof internal memosrelatedto GMOs
dueto alawsduitfiled by theAlliancefor Bio-integrity. The
memo$ revealedthat agencyscientistswho weretasked
to help createthe FDA policy on GMOs hadrepeatedly
warned their superiors that GMO foods were quite
differentthanfoodscreatedrom traditionalbreedingThe
technology,they said, could createseriousside effects
suchasallergies toxins, antibioticresistantdiseasesand
nutritionalproblemsTheyurgedtheir superiorgo require
rigorouslong-termtests.

The sameset of FDA documentsalso revealed
thattheWhite Househadinstructedheagencyto promote
biotechnology'® ThenVice-PresidenDan Quaylesaidit
was necessaryto i r e ghe spgread of unnecessary
r e g ul indrdervorkgepAmericathel w o tedderin
bi otechhol ogy. o

Thepersorwho oversawthe GMO policy for the
FDA wasapolitical appointeeMichaelTaylor,theformer

outsideattorneyfor Monsanto,laterthec o mp avicg 6 s

presidentof governmentandregulatoryaffairs, andlater
the DeputyCommissionefor Foodsatthe FDA.
Although several other nations require some
limited safetydata, eventhoserequirementsare widely
criticized as inadequate,obsolete,and inappropriately
reliant on unpublishedresearchprovided by the GMO
producerghemselvesThereare very few safetystudies

that would be rigorousenoughto becalledi a c ad e mi ¢

Although proponents of GMOs often point to
compilationsof hundredsof studies the vastmajority of

InternationalJournalof HumanNutrition and FunctionalMedicine IntJHumNutrFunctMed.Org2017provisionalPDF



http://www.intjhumnutrfunctmed.org/

theseare considereccommercialin nature.They look at
datafor marketconsiderationsbut rarely haverelevant
designsfor safety evaluations.Furthermore analysisof
industryil s a f stutligshiasrevealedresearctprotocols
apparentlydesignedo hideevidenceof harm??

No human clinical trials and no postmarket
surveillance on health outcanes related to GMO
consumption have been conducted In 2002, Health
Canadaannouncedhat it would monitor the health of
Canadiango seeif GMOs adverselyaffected health,but
by the next year, accordingto CBC TV news, they
fi a b a n that regedrchessthana yearlater sayingit
waso t difficult to put an effective surveillancesystem
inp | a cTeereparteradded,fi S at this point, thereis
little research into the health effects of genetically
modified food. So will we ever know for sureif i t
s a f 8 A A998, it was discoveredthat the United
Kingdond s Food Standards Agency had asked
supermarkeexecutivedor the purchasingdatafrom the
30 million consumersausingloyalty cards,so they could
seeif thoseeatingGMOshadhigherratesof cancerpirth
defectschildhoodallergiesor hospitaladmissionswWhen
the data collection plans were made public, the
governmentwhich hadtold the public that GMOs were
safe,withdrewthe programt*

In thefaceof insufficientpre- andpostmarketing
safetystudies extraattentionmustbe paidto reportsfrom
individuals and/or their healthcare providers about
potentialreactiongo theinclusionor exclusionof GMOs
from their diet. Although correlation does not equal
causation any correlations between national health
statistics and GMO consumptionshould be carefully
investigatedOtherwise gvena significantrise in disease
ratesrelatedto GMOswill easilygo unnoticed.

Survey design informed by physician and personal
reports

On May 8, 2009, the American Academy of
EnvironmentaMedicine (AAEM) publishedtheir policy
paperon GMOs,whichincludedareviewof severapeer
reviewedsafetystudies Severahnimalstudiesaccording
to their policy paper,reveal a long list of disoders,
includingfi i n f eiminunédystegulationaccelerated
aging,dysregulatiorof genesassociatedvith cholesterol
synthesis|[faulty] insulin regulation,cell signaling,and
proteinformation,andchangesn theliver, kidney,spleen
and gastrointstinal s y s t dme. policy concludes,
i T h esrmere than a casualassociationbetweenGM
foods and adversehealth effects. There is causationas
defined by Hi ¢ Criferia in the areasof strength of
associationgonsistencyspecificity, biological gradent,
andbiologicalp | a u s i**@he lAAEMycalléd on the
US governmento implementan immediatemoratorium
on all GM foods and urgedphysiciansto prescribenon
GMO dietsfor all patients.

o

i P hy s iae prebably seeingthe effectsin
their pat i esaid AAEM pastpresident Jennifer
Armstrong,MD, fi b needto know how to askthe right
g u e s t19 Aceoslingio David SchubertPhD, of the
SalkInstitute,the patientsatgreatestisk from consuming
GMOsaretheveryyoung.ii C h i lametheamostlikely
to be adverselyaffected by toxins and other dietary
probltems. o

Starting in November2009, the author of this
paper (JMS) beganinterviewing physiciansand other
healthcargroviderswho advisetheir patientso switchto
a nonGMO and/ororganicdiet, askingwhat outcomes
they observed. Audiences at numerous medical and
healthcareonferencesaswell asatmorethan100public
lectures were informally surveyed from the stage.
Audiencemembersharedvhich symptomsor conditions
improved after the dietary changes.Commonly, after
individual audience membes shared their stories
numerousothersraisedtheir handsto indicate that they
too experiencedimilarimprovements.

The selectionof health conditionsusedin the
formal surveyreportedhereinwasbasedprimarily onthe
thousand®f responsedy audiencemembersaswell as
numerougprivateconversationandemailexchangesvith
individualsandhealthcaregractitioners.

Three mechanismsby which GMOs may causehealth

problems

Reviewedherein are three main mechanismdy which
GMOs might produceor exacerbatehe conditionslisted
in the survey: 1) the generic sideeffects of the GMO
transformatiorprocess?) theBttoxin foundin GMO corn
and cotton plants and 3) the herbicide® particularly
glyphosatebasecdherbicide{GBHs)Y thataresprayedn
mostGMOs.

Collateral effects of genetic engineering
Theprocesf creatinga GMO cropresultsin significant
damageo the hostorganismwith hundredsor thousands
of mutationgpossiblethroughouthep | a genané?® A
GMp | a total DA canbe 2-4% differentfrom thatof
its naturalparent® In addition, up to 5% of its natural
genescanaltertheir levelsof proteinexpressiorbecause
of asingleinsertion?

These changesin the genetic sequenceand
expressioncan impact numerousother compoundsand
phytochemicalsthat make up a plant. For example,
Mo n s a dataon@éa®kedGM soybeanshowsasmuch
asseventimesthe level of trypsininhibitor, a naturalsoy
allergen andadoublingof soy lectin, anantinutrientthat
can potentially block nutrientabsorptiorf* Monsant@ s
MON810 Bt corn has 43 genesthat are significantly
alteredin their expressionlevels. One of these,which
producesan allergenic protein called gamma zein, is

normaly switched off in corn. In Mo n s a rGMO 0 s

variety, however the allergenicproteinis expressed In
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addition, GM corn and soy produce higher amountsof
lignin.z

The mostcomprehensiveomparisorof a GMO
crop andits nonGMO equivalentto date,conductedoy
Antoniouetal.,showedhatMo n s a RRcordhasl117
proteins and 91 small molecule biochemicad that are
significantly different from natural corn For example,
therewasanincreaseof severalpolyaminesin the GMO
corn including putrescineand cadaverineln additionto
beingresponsibldor the foul odor of rotting flesh, these
two substancesaccordingto coc-author Dr. Michael
Antoniou, fi e n h atheceffects of histamine, thus
heightening allergic reactions, and both have been
implicated in the formation of carcinogenicsubstances
callednitrosamineswith nitriteinmeatp r o d &'c t s

Unanticipatedchangesin proteins

1. Amino acid sequence

Sideeffectsfrom the processof geneticengineeringcan

resultin unexpectec¢hangesn the aminoacid sequence
of the transgeneproduct. For example, the transgene
constructinsertedinto RR soybeanswas designedto

createa fixed length of RNA transcrip. Instead,the

portion of the transgendhat was supposedo determine
the length of the transgeng(NOS terminator)failed to

function correctly. This resultedin overly long RNA

transcripts that do not exist in nature with some
potentiallyableto produceproteinsthataredifferentfrom

the intendedtargetedresult Most GMOs use the same
inefficient NOSterminator

2. Glycosylation

Proteins produced in transgenic organisms may be
modified by addtion of materials such as sugars in
unpredictedvays.Thebindingof sugar(glycosylation}to
proteinscan converta benign protein, suchas naturally
produced by beans, into an immunoreactive and
potentially allergenic protein when produced in
transgenigpea.?®

3. Misshaped proteins

The shapeof a protein is critical to its function. The
procesf geneticengineeringnay resultin unpredicted
alterationsof protein shapeand size, with potentially
dangerouffects.In a proteomicsanalysisof MON810,
for example, researbers discoveredthat seed storage
proteins in the Bt corn were truncated which they
describedi aasnajorconcernc®

Likewise, the new cellular context may cause them to
denature more frequently.

Unanticipatedeffectsfrom alteredRNA

It is now understood that certain types of small RNA
molecules can have a direct and significant impact on gene
expression through a process known as RNA interference
(RNAI). RNAI usually results in reducing expression of
certain genes, which in turn can lead tacrdases or
increases in gxession of others. This may impaa
organi smés function and h
engineering small RNA molecules into GMOs also has the
potential of unintentionally producing additional small
RNAs that can interferwith the function ofyenes that are

. niot being targed. Sincesmall RNAs in food have been

found to survive digestion and enter the body of the
consumer?’ ingestion of the intended anghintended
small RNA moleculeén the GMO can alter gene function
with unknown conse@mces.

Genetransfer from GMOs

Transgenesay horizontallytransferto humansor other
organisms.While GMO DNA has been identified in

variousorgansandthe blood of animalsfed GMOs, the
studieswere unableto determineif theywereintegrated
into thehostc e | gensndeNetherwoockt al?® confirmed
that part of the RR soybeantransgenetransferredand
integratedinto bacterialiving inside humanintestineslt

is not known whetherthe transformedbacteriaactively
expresed the transgenicprotein. If it is expressedthen
our gut flora may be compromisedy GMOs andforced
to produce GMO proteins continuously inside our
digestivetract.

Evidenceof adverseeffects from GMO process

A striking exampleof the damagecauseddy the generic
GMO processwas highlightedin experimentsy Arpad
Pusztai. Commissionedby the United Kingdom (UK)

governmentto designtesting protocolsfor GMO food
safety, Pusztaiand his teamcameup with a systemto

betteridentify theimpactsof theinsertedransgenaswell

as the unintendedconsequencedue to the processof

geneticengineering® To demonstratehe protocol, they
used a GM potato engineeredwith a gene from the
snowdropplant that producesa proteinwith insecticidl

propertiescalled galanthusivalis lectin (GNA). Pusztai
andhis colleaguesonducted:xtensiveresearclon GNA

for nearlysevenyearsandfoundit to be harmlesgo rats.

One reason proteins can be misshaped is if they As partof their feedingtrial, groupsof ratswere
are folded improperly. When the polypeptides produceteddietswith GMO potatoesnaturalpotatoef thesame
from inserted foreign genes fold after synthesis in th&pe, or natural potatces spikedwith addedGNA in the
potentially different cellular environment of the GMO, sameamountproducedy the GMO potato?®

that new environment may have charactesst{e.g.

The GMO potatoesadverselyaffectedvirtually

alteredpH oralackdneeded fichaper ormeelyorgansystemof yasing ratdhwath most changes
affects folding in ways different from their native context found after just 10 days.The diet with addednonGMO

GNA, however, did not produce such harm. This

InternationalJournalof HumanNutrition and FunctionalMedicine IntJHumNutrFunctMed.Org2017provisionalPDF



http://www.intjhumnutrfunctmed.org/

demonstratedhat effectsfrom the GMO proces8 other
than the lectin itselfd were toxic to the animals. The
impactsof the GMO potatoincludedthe following:3*

A Theyoungr a tbrails, livers, and testicleswere
generallysmaller,suggestingdisruptionof normal
growth processeglue to either malabsorptionof
nutrientsor unknowntoxins.

A White blood cells respondedo a challengemore

slowly, indicatingimmunesystemdamageprgans
relatedto theimmunesystemjncludingthethymus
andthespleenshowedchanges.
Theanimalshadenlargedancreaseandintestines,
and partialatrophyof theliver.*
In all casesthe GM potatocreatedproliferativecell
growth in the stomachand in both the small and
largeintestinesthelining wassignificantly thicker
than controls (seeFigure 1). Although no tumors
were detected, such growth may indicate a
precancerousondition.

Figure 1. The digestivetract of rats fed GM potatoes
engineeredto produce GNA lectin showedexcessivecell
growth comparedto rats fed nonGMO potatoes.Another
groupof rats fednonGMO potatoeglusthe GNAlectin did
not exhibitthe cell growth. Thissuggestshat the processof
geneically engineeringhepotato,andnotthelectin,wasthe

cause.

Stomach
The stomach lining of GM-fed rats
showed proliferative cell growth.

Intestines

The excessive cell growth was
also found in the wall of the small
intestines (crypts) in rats fed GM
potatoes.

Photosprovidedby StanleyEwen.

The studiesconductedby the makersof GMOs havenot

usedthe samerigorousapproactasPusztaiHis approach
includes the third feeding group in which arimals
consumenon-GMO crops spiked with just the protein
producedn the GMO. Thus,their studiescannotevaluate
which of the sideeffects are due to the specific gene
productandwhich are dueto the generictransformation
processtself. Industrystudiesdo notgenerallytestfor the
type of healtheffectsfoundin P u s z tatg ledvisgus

without valuableandnecessarinformationregardinghe

biochemicalproducts,physiologicaleffects,and clinical

consequences GMO foods.

Consumption of the Bt Toxin insecticide

Two typesof commercializedcrops,cornandcotton,are
engineeredo producean insecticidecalled Bt toxin. The

only product from cotton that we consumedirectly is
cottonseedvil, which is generallyvoid of proteinsand
would thereforenot be a sourceof dietary Bt toxin. Bt
corn, however,can exposeus to the toxin via freshcorn
and corn products such as corn chips, polenta, and
tortillas.

Bt toxin is producedfrom Bacillus thuringiensis
soil bacteria.ln its natural state,the toxin createssmall
holesini n s eatwatisgkilling them.lt is believedthat
the gutbacteriawithin theinsectmovethroughthei daky
g u andthenkill theinsect®?

GeneticengineeriaveinsertedvariousalteredBt
toxin genes directly into the DNA of corn and cotton
plants so the crops producethe toxin in everycell. To
justify this additionto ourfood supply,biotechcompanies
and the US Environmental Protection Agency (EPA)
claimedthat Bt toxin and Bacillus thuringiensisin their
naturalforms wereusedasnaturalmethods of pestcontrol
for years with no impacton humansor mammalsof any
type and were therefore only dangerousto certain
insects.>® However, several peerreviewed published
studiescontradictthis assertion

Studies in mice showed that natural Bt toxin
provoked systemic and mucosal immune system
responsesas powerful as cholera toxin. Furthermore,
exposureto Bt toxin sensitizedthe mice so that their
immune system responded to formerly harmless
substance¥.

A 2008 Italian governmentstudy found that Bt
corn provoked profound immune responsesn mice.®
Monsant@ ®wn rat studieswith Bt corn also showed
toxicity andimmuneresponsge® Anothermousestudy
confirmedthatBt toxin is cytotoxic3’

A 2012articlein Journalof AppliedToxicology®
fi d o ¢ u mbahmodifabd Bt toxins [from GM plants]
are not inert on humancells, but canexertt o x i ¢ni
vitro and in generally higher concentrationghan that
which is expectedto be producedin averageBt corn,
researcherundthatBt toxin disruptsthecell membrane
of humancells in just 24 hours, causingfluid to leak
throughthe cell walls.

In the US, farmworkers exhibited antibody
responsew Bt toxin andhundredof peoplein thePacific
Northwest who wereinadvertentlysprayedwith Bt when
it wasusedto kill gypsymoths exhibitedallergicandflu-
like symptoms Someworkershadto go to the hospital®®

Numerous reports, including  medical
investigationsand hospitalrecords,showthat thousands
of agricultural workers in India exposedto Bt cotton
varieties reported skin rashes and other health
symptomgio4t

US EPA regulatorsassumedhat Bt toxin would
be broken down in the stomach.However,in a 2011
Canadian study conducted at Sherbrooke Hospital,
researcherdiscoveredt toxin in theblood of 93%of the
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pregnantwomenand 69% of non-pregnantwomen?? A

mouse study confirmed that Bt toxin is cytotoxic;*® it

thereforemight also damagehumanblood cells. Since
fetusesdo nat havefully developedlood brain barriers,
it is possiblethatthetoxin reacheghefetal brain.

In 2001, the E P A &cientific Advisory Panel,
whichincludedleadingexpertsn theUS, pointedto these
early mouseand farmworkerstudiesand statedthat they
i s ug that 8t proteins could act as antigenic and
allergenicsoures “6The EPA disregardedhe warning,
reregisteredhe Bt crops,and continuesto claim that Bt
toxin hasnoimpacton humansor mammals.

Theyalsoclaim thatthe Bt toxin engineerednto
plantsis the sameasthat which was sprayed However,
industry submissionsand publishedpapersestablishthat
thegeneticallyengineeredt toxin in plantsis structurally
different*> from the natural Bt toxin used in spray
applicationgo crops Whereaghe sprayversioncreatesa
protoxinthatis fully activatedafter enteringthe alkaline
environmentof the i n s equtt thesplant version is
designed to be immediately toxic. The genetically
engineeredt toxin (the plant version) has propertiesof

of the diseasesnd conditionsassociatedvith a Western
diet, which include gastrointestinaldisorders, obesity,
diabetes, heart disease,depression,autism, infertility,
cancerand Al z h e idmesre & ¢Emphasisadded.)
Although interesting it remains to be demonstrated
whether the suggestedassociationbetweenglyphosate
ingestionandthis verywide rangeof humandiseaseakes
placeatrealworld levelsof exposure.

Numerous studies in the past several years
rangng from in vivo and in vitro, to occupational
exposureanalyses,have implicated Rounduf, or its
active ingredient glyphosate,in cancer, birth defects,
endocrine disorders, P ar ki n and mdansgage to
beneficialgut bacteria’?

In order to postulate how applications of
Rounduf or other GBHs and residueson GMO crops
might cause or exacerbatespecific disorders, it is
necessaryto identify g | y p h opossiblenides of
actionin thebody.

Glyphosate as carcinogen
ThelnternationalAgencyfor Researclon Cancer(IARC)

known allergens fails the World HealthOr g a n i sz aof thedNoidd Health Organization,which is responsible

allergenicity decisiontree criteria®® and is producedin
concentrationghousandsf times higher than the spray
version. Most notably, while the spray version can be
washedoff the plantandbiodegadesquickly in sunlight,
the plant versionis encapsulatedvithin the plant cells,
remainsintact, andcannotbe removedby washing

Increasedherbicide useand residueson food
Herbicidetolerantcropscomprise89% of all US grown
GMOs. These plants are engineeredto allow specific
herbicides to be sprayed in high amounts without
damagingthe GM plant. Although GMO companieshad
publicly predictedGMOswould reduceherbicideuse the
opposite has occured pesticide chemical use has
increasedsaresultof GMO cropuse In fact, overuseof
theseherbicideshasresultedn fisuperweedswhichhave
developedesistanceo the herbicide Farmersoftenspray
higher quantities of the herbicides to kill these
i s u p e roveeadihgto Benbrook statisticsfrom the
United StatesDepartmenbf Agriculture (USDA) reveal
thatherbicidetolerantcropsledto anincreasen herbicide
useof 527million poundsoverthefirst 16 years!’ Useof
Roundup andother GBHs hasincreasedl00-fold since
the late 1970s%° The allowableglyphosateresidueson
GMO crops have also increased substantially as
governmentegulationdhavebeenrelaxedto allow higher
useof pesticideso accommodat@dustrygoals®®

A 2013paperin thejournalEntropyexaminedhe
potentialeffects of glyphosateingestion Examiningthe
biochemicalimpactson two key metabolicpathwaysas
well asits broadspectrumchelatingeffects,the auhors

for classifying chemicals as carcinogens, classified
glyphosateand glyphosatebasedherbicidesas class2A

carcinogend A P r o bcaabrlcyi n d'loeg aonficnedd
that glyphosate causescarcer in animals, it creates
mutationsin humanDNA, andwhereit is sprayedthere
have been spikes in cancer among the exposed
populations.IARC also determinedthat glyphosateis

genotoxicandcreatesoxidativestress?

Glyphosate as chelator

Glyphosate,the active ingredient in Rounduf¥, was
patentedasa powerfulmineralchelatorin 1964,adecade
beforeMonsantopatentedt asanherbicide.lt bindswith

cations, including zinc, manganesecobalt, aluminum,
calcium, magnesium,arsenic, iron, selenium, cobalt,
chromium and arsenic Living organism8 plants and
animals (including humansj rely on minerals for

numerousmetabolicpathwaysto function When bound
with glyphosate,the minerals cannot be utilized. %

Glyphosatepplicationsnaythereforeresultin symptoms
of mineral deficiency, even though the minerals are
present,becausethe bound ( i ¢ h e Iménera id 0O}
biologically available to perform its biochemical and
physiological functions. Whether glyphosate disturbs
nutrient mineral homeostasisat real world levels of

ingestion that could then result in diseaseremainsan
urgentfactorto beinvestigated.

Glyphosate inhibits critical metabolic pathways

Monsanto has long describedg | y p h oherbitidald s

mode of action asits ability to block p | a shikisnéte
pathway.Theyidentify themechanisnasdirectinhibition

speculatgotentialcausamechanismghatlink it tofi mo s ©f excitatorypostsynapticurrens (EPSR) by bindingto
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the active site of that enzyme Otherresearcherglentify

g | y p h otendencgt®d ssrongly bind with cobalt and

manganesasthe mechanisnfor inhibiting the shikimate
pathway.In eithercase this shikimatepathwayproduces
the aromatic amino acid® tryptophan, tyrosine, and

phenylalaine,which areneededor plantsurvival>®

Monsantohasclaimedthat glyphosatds safefor
humans and other mammals becausethey lack the
shikimate pathway However, critical gut bacteriain
humansaandmammalsalsopossesghe shikimatepathway
to producethesesssentiahromaticaminoacids whichare
the building blocksfor produdng proteins

The production of serotonin, for example,
requirestryptophan which is a productof the shikimate
pathway There is insufficient researchto determine
whether the amount of tryptophan produced by gut
bacteria contributes significantly to the production of
serotonin.If so, whenthereis insufficient tryptophanin
the food, g | y p h osugptessiénef the shikimate
pathwaymayreduceoverallserotoninlevels.

Serotoninmight alsobe impactedin otherways.
Up to 90%of theserotoninn thehumanbodyis produced
in the gut by enterochromaffifEC) cells. It is now well
establishedthat a large proportion of the serotonin
prodwced by EC cells is dependenbn stimulationfrom
certain gut bacteria®® Gut bacterial dysbiosisresulting
from sufficient amountsof glyphosateingestion could
thereforegive rise to inadequateamountsof serotonin
productionby EC cells This could lead to health and
behavioraprodems.

No studies have evaluated the impact of
glyphosate on gutproduced and microbeproduced
serotonin

Regardlessthe safety determinationmust not
ignore the fact that other metabolicpathwayscould also
be disruptedby g | y p h abiligyttodiddswith nutrient
metals Minerals are critical componentsin numerous
pathwaysacting as vital elementsof many enzymatic
functionsandg | y p h alsility to eh@latds potentand
thuspotentiallydamagingo health

Glyphosate as antibiotic

Glyphosatewas patentedas a broadspectrumbiocide
which preferentiallykills the typesof bacteriathat are
consideredbeneficialin the gut of humansand animals
For example Lactobacillus and Bifidobacteria are
particularly sensitiveto glyphosateand arekilled in the
presenceof even low concentrations.Unfortunately,
bacteriaconsideredpotentially pathogenidn the human
gutaremoreresistanto glyphosatencludingClostridium
difficile, Escherichiacoli, and Salmonella®’ Studiesare
neededto evaluatethe extentof antibiotic activity that
occursin the human gut due to realworld levels of
glyphosateexposure

Glyphosate as mitochondrial toxin

Glyphosate can disturb vital functions of the
mitochondriaThis maybeduein partto its ability to bind

with manganesayhichis neededy the mitochondriafor

properfunctioning. Furtherresearclis neededo establish
whetherthe amountof glyphosateresiduesin food are
sufficient to contributeto mitochondral dysfunctionin

humans®

Glyphosate asteratogen

GlyphosateandGBHs caninterferewith theretinoicacid

pathway in fetal development Studies have shown
teratogeniceffects® However, thesestudiesusedhigh,

unrealisticdoses so further studiesusing realistic doses
areneeded.

Glyphosate as endocrine disruptor and estrogen
mimicker

Several studieshave shown that glyphosateinfluences
hormonesand canact asan endocrinedisruptor. For the
most part, thesestudiesuse animal modelsand human
cells with levels of glyphosatethat are higher than that
whichis expectedo beconsumedisresiduesnfood. Of
course manyendocrinalisruptingchemicalscanexertan
influenced even a greaterinfluence at minute levels.
There are no regulatoryrequirementgo test theselow
levels becausegovernmentpolicies have not kept pace
with the body of researchon low-doseimpacts. Some
researchof note, using both small and high dosages,
includes:

A Glyphosate can interfere with the action of
aromatasewhich determing the ratio of estrogen
andtestosteroné’

A Ratsfed Rounduf) (R) in the drinking water over
24 months, and also those fed GMO RR corn,
showedchangesn their sexhormonesh n females,
the androgen/estrogerbalance in serum was

modifiedby GM maizeandRoundufit r e at men't

For male animalsat the highestR treatmentdose,

levelsof estrogensveremorethand o u b e d . o

A Adjuvantsor surfactantsusedwith herbicides are
generallyconsiderednert, butthefl i n iegrediént
in the full formulationof Rounduff canalsoexert
low dosehormonaleffects.Accordingto Defarge,
et al., AFAromataseactivity was decreasedoth by
the co-formulants alone (polyethoxylatedtallow
aminePOEAandalkyl polyglucosideAPG) andby
the formulations, from concentrations800 times
lower than the agricultural dilutions; while G
[glyphosate]exertedan effect only at 1/3 of the
agricultural dilution. It was demonstratedor the
first time that endocrinedisruptionby GBH could
notonly bedueto thedeclaredactiveingredientbut
alsoto co-formulants Emphasisadded.)

A Seraliniobservechormonaleffectsobservedn rats
fed GBHs but it is unclearwhetherthe impacts
weredueto theglyphosatetheadjuvantsthe GMO
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transformationprocess,or a combinationof them
all.

At partsperbillion, glyphosateattachedo estrogen
receptorsn humanbreasicancercellsandtriggered
growth® althougha follow-up studywasunableto

replicatethis result®

Overlapping and synergisticfactors

A two-year feeding study highlights how negative impacts A
of GMOs may be due tboth the GMO process and the A
added herbicid€® The researchers fed rats RR corn that A

had been sprayed with RoundypRR corn without
Roundups, or Rounduff without the cornThe Roundug}

alone wadested at a range of doses, including a very low
dose of a level that would be permitted in drinking water. A

Animals in dl three treatment categori®&sGMO alone,
Roundupy alone, and GMO corn with Roundi{

suffered organ damage, especially to the liver and A
kidneybut also to the pituitary gland. Increased tumor A

incidence and mortality were observed in most treatm
groups.In particular a statistically significant increase in
mammary tumor incidenceccurredin the lowest dose

Roundup group. In this study, it was clear that compared

to controls, rats fe©MO RR corn, Rounddf and the
combination of the twowere all harmed Most animal
studies that test GM crops do not includeltiple feeding

StomacHesionsandunexplainednortality’*
Immuneresponseandallergicreactiori?
Immunedisturbance$

Enlargedymph nodesandimmunedisturbances$*
Disturbedliver, pancreasndtestesunction’®
Liver aging®

Disturbedenzymefunctioningin kidneyandheart’
Higherdensityof uterinelining’®
Severestomachnflammationandheavieruteri’
Liver andkidneytoxicity®

Changedevel of fatsin bloodandsignsof liver and
kidneytoxicitys!

Toxic effectsonliver andkidneysandalteredblood
biochemistr§?

Enlargedivers?

Disturbancesn digestive systemand changesto
liver andpancrea®

Excessivegrowthin thelining of the gu®
Intestinalabnormalitie®

Altered blood biochemistryand gut bacteria,and
immunerespons¥

Altered gut bacteriaandorganweights$®

Less efficient feed utilization and digestive
disturbanc®

o Jo J>0 T I T To Do

A

A

Consumerexposure

groups,making itunclear whether the causative factor isConsumersare exposedto GM foods and GM DNA

the GMO, theBt toxin, or the Roundip
In the study above followup molecular analysis
(transcriptomé gene function profile) of liver and kidney

throughconsumptiorof the whole food crop, derivatives
of thecrop,andto alesserextentthroughmilk, meat,and
eggsfrom animalsthat have beenfed GM feed. GMO

tissues clearly confirmed the damage for the lowest doggopscanbe eatenraw (e.g. GMO papayaand zucchin)

Rounduff-fed group® A further molecular analysis
involving proteomics (protein type profile) and
metabolomicgmetaboliteprofile) found thatthis lowest

dose Roundufi-fed group suffered from non-alcoholic
fatty liver disease(NAFLD),%" an increasinglycommon
condition that can lead to a more seriousdiseasenon

alcoholic steatohepatosisand ultimately to cirrhosis.
NAFLD is alsoa risk factor for liver cancer. This study
hasidentified long-term low-doseexposureo Roundup)

asa previouslyunrecognizedisk factorfor NAFLD and
its associated¢omplications.

Severalanimal studiesshow health impacts
The online publicationGMO Myths and Truths provides
an excellentsummaryof the researchresultson GMOs,
using laboratoryand farm animals.The publicationalso
countersseveralargumentgproposedy GMO advocates
that attemptto downplaythe findings. The categorieof
problemsdiscoveredas listed below, are from studie$®
conductedboth by independentesearcherand by GM
industryemployee®r contractos.
A Severeorgandamageand increasedratesof large
tumorsandmortality?®
A Altered blood biochemistry, multiple organ
damageandpotentialeffects on malefertility "

or cooked (e.g. edamame,corn, corn chips, tortillas,
zucchinj squashetc). Therefore,any legitimate safety
testing must include both raw and cooked samples,
includingsample<ookedn avarietyof reatworld means
includingbakingandfrying.

GMO product derivatives include highly
processeccomponentssuch as sugar,corn sweeteners,
soy proteinbasedproductsand the oils from soy, corn,
cottonseedand canola.For these the DNA andproteins
derived from the transgeneare often removed during
processingWhile procesiig may reducethe healthrisk,
it doesnotensureghatGMO derivativesarealwaysassafe
astheirnon-GMO counterpartsThe compositionof these
processedngredientsmay be altereddueto the changes
that take placein the plant as a result of the disruptive
GMO transformationprocess This could result in the
presencef noveltoxinsandallergenicsulstances.

GMO DNA has been detectedin milk from
animalsfed GMOs It is not clearwhetherthe Bt toxin
consumedby the animals continuesto be intact after
consumptioranddigestionandif it will beactivein meat
or dairy products. According to a study by Aris and
Leblanc,ii t h may lee a high risk of exposurethrough
consumptionof contaminatedne a®t Thay cite studies
showingthatfi t r @mountsof the CrylAb toxin were
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detectedn thegastrointestinatontentsof livestockfedon
GMcor™m. o

Glyphosateresiduesare found in food from RR
cropssprayedwith a GBH. In 1999, Monsantoclaimed
thatresidudevelsof upto 5.6 mg/kgin GM-soyrepresent
i € e x t teeelm@nd far higher than those typically
f o u PP But authorsof a 2014 study demonstrate that
fi S e vuwofiithel0GM-soysamplesvetestedhowever,
surpassedhis G@extremelevel® (of glyphosate[plus its
derivativeAMPA]).%* Their averageesidudevel was9.0
mg/kg.

Glyphosate is water soluble; therefore it is
unlikely thatsoybearoil (ratherthanwhole soy)contains
residuesAccordingto areportfrom China,howevertests
verified the presenceof aminomethylphosphoniacid
(AMPA), theprimarybreakdowrderivativeof glyphosate
in soybeanoil. ®®* AMPA exhibits sometoxic properties
and has a similar structureand profile to glyphosate’®
Anotherstudyby Bghnetal., showedsignificantlevelsof
glyphosateesiduesn GMO soybean$’

According to Mo n s a nradmlabel studies
submittedto the EPA and later obtainedby Anthony
Samsel glyphosateis found in animaltissues® A study
using an ELISA detection method found glyphosate
residuesin breastmilk,®® while two studiesusing mass
specdid not1°

If GMOsandGBHshavedetrimentakffects,it is
logical to conclude that animals fed a diet almost
exclusivelyof GMOswould be measurablgifferentthan
animalsraisedon diets free from GMOs. According to
He i n e mxtaneideviewof thescientificliterature,
studiegevealthepresencef "DNA andproteinuniqueto
GM plants within animals and animal products.”
Furthermore; Thereis compellingevidencethatanimals
providedwith feedcontainingGM ingredientsanreactin
away thatis uniqueto anexposurdo GM plants.Thisis
revealed through metabolic, physiological or
immunological responsesin exposedanimals."® No
studies have been conductedto determinehow these
differencescould exert an influence on the health of
humansconsuminghe animalproducts.

The consumptionof residuesof GBHSs is not
limited to RR crops.It is not uncommonfor somenon
GM crops such as wheat, barley, rice, wine grapes,
sunflowers rye, oats and sugarcangto be given a pre-
harvestapplicationof GBH asa desiccanto dry thecrop,
accelerategipeningmaturation(asthe plant dieg, and/or
kill weeds To accommodatéhis practice the EPA raised
the allowablelevels of glyphosateresidueson morethan
160 crops!? Theactualamountof glyphosateesiduesn
food, however,is not yet measuredby the FDA, even
thoughthey monitor levels of all other commonlyused
pesticides. The FDA announced plans to monitor
glyphosateresiduesput the programwas suspende@nd
thenlaterdeclaredactiveonceagain However,we do not
yet havea measureof humanglyphosateexposuren the

US. Accordingto independentood testing,commonUS
foodsrangedrom alow of 8.02ppbin GoldfishCrackers
Colors by Pepperidge~arm,to 1,125.3ppb in Original
Cheeriosby GeneralMills. 1% The EPA assers thatthese
levelsarebelowpermittedresidudevelsandthusposeno
healthconcerngor consumerd-owever otherschallenge
that level as unscientific. For example,the amount of
Roundup) consumedy ratsin their drinking waterthat
causednonalcoholic fatty liver was 0.1 ppb containing
0.05mpb of glyphosateOnaperbodyweightbasistherats
ingested4 nanogramg4 thousandmillionths of a gram)
of glyphosateper kilogram bodyweight Thisis 437,500
times lower than US permittedlevels1* And basedon
glyphosatelevels detectedin US citizens, Americans
probablyconsumeabout1000fold moreglyphosateghan
theamountresponsibldor theliver diseasén rats1®® Thus
it is possiblehatingestionof glyphosatdrom foodsatthe
residuelevels detectedcould causeharm over the long
term.

Organiccropsarenot allowedto be sprayedwith
GBH. Thereforejf GBH is oneof the causativdactorsin
the health problemsreported,we would expect better
outcomesfor thosewho switch to organic, rather than
thosewho switchto non-GMO foodsthatarestill sprayed.

The main sourceof exposureto glyphosateis
through food. However, secondarysourcesinclude air,
rain, water, and drift from agriculturaland homeowner
uselos

Part 2: SurveyResults

Methods

Surveyparticipationwasrequestedrom November2014
throughAugust2015. The questionnairevasemailedto
180,716 membersof the databaseof the Institute for
Responsible Technology (IRT). There were 3,256
responsea$ aresponseateof 1.8%.

Reporting bias

This is a self-selectingsurvey of a nonrepresentative
sampleof thepopulationIRT is aleadingadvocacygroup
thateducatepeopleon the healthdangersof GMOs.The
resultsof this surveyarethereforelimited to a population
thatis alreadyawareof GM cropsandhasbeenexposed
to information aboutthe negativehealthimpacts.Some
percentageof the respondentsnay be biasedtowards
attributing health improvementsto the elimination of
GMOs basedon expectationsOn the other hand, this
populationwill havea higher percentagef peoplewho
have becomeeducatecaboutGM food risks, eliminated
them,andmayhavenoticeda changeasaresult.

Thereis also an expectedbias on a perdisease
basis. People will more likely identify an actual
connectionbetveentheir diet and a chronic conditioniif
that condition is normally associatedwith a dietary
responseGastrointestinaflisordersandfood allergiesare
more likely to be consideredand evaluatedin terms of
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reactionto diet comparedto cancer,for exanple, or
infertility. Furthermore the more seriousdiseasespnce
discovered, are often treated with pharmaceuticals,
surgery,and other treatmentghat might overshadowor
masktheimpactof thediet.

The Questionnaire

Basedon the first questionin the survey, respondents
offered results from dietary changesfor themselves
(80%), their spousg4.6%), their child (4.2%),and their
patient(1%). In addition, 2.2% providedinformationon
their pet, 3% on their livestock,and 7% onfi o t hbetr
these were not tallied in the results below. Most
respondentslid not chooseto indicatetheir zip codeor
location, but of the 1,870who did, 1,620 were in the US

and98in Canada. Thus, the vast majority of respondent
were located in the US, which is consistent with the
demographics of the email list used to solicit responses.

The surveywas designedo identify the relative
frequencyof conditionsthatimprovedwith a nonGMO
diet, andthe degreeof reportedimprovementlt wasnot
intendedto identify what percentageof the population
would improveon anonGMO diet.

The surveywas composedf six questions.The
secondjuestionwas,fi Wh syinptomsor conditionshave
you seenimprove sinceswitchingto anonGMO D e t
Responsehoicesfor eachof 28 symptons or conditiors
wereasfollows:

. SomeMild Improvement

. Moderatelmprovement

. Significantimprovement

. NearlyGone

. CompleteRecovery

. N/A Not Applicade*

A Noatp p| i cwad the @rechecked default
responsgrequiredby the surveysystemused

Table 1 showsthe percentagesf respondentsvho
indicatedanyimprovementsl-5.

OO0, WNPE

Competing co-factors

Thereareno laws requiringGMO foodsto be labeledas
suchin theUS. Avoiding them,therefore usuallyinvolves
a strategythatcanintroduceotherpossibleco-factorsthat
may be responsiblefor the reported improved health
outcomes.Becauseorganic foods are not allowed to
intentionallycontainGMOs, switchingto organicfoodsis
a popularstrategyto avoid GMOs. However,numerous
toxic chemicalsarealsoconsideregrohibitedsubstances
accordingto the organicstandardsThus, improvements
in healthmaybeduein partorin full to theelimination of
theseotherproducts.

Most GMOsarefoundin processedbods.Thisis
becausalerivativesof soy, corn, cottonseedg¢anola,and
sugarbeetsare commoningredientsin processedoods.
Many people choose to avoid GMOs by reducing
consumption of processed foods. Therefore, health

improvements may be related to the benefits of
unprocessetbods.
Somehealthcarepractitionerssecommencelimination
of GMOsalongwith otherdietaryinstructionsatthesame
time, such as eliminating gluten or dairy, which may
contributeto or accountor the healthimprovements
The questionnairencludedthe question:fin addition
to eliminating GMOs from your diet, were there other
changeghat you made at the sametime or thereafter?
Check all that applyd The numberard percentageof
respondentthatcheckedeachchangeshownin Table2.
, O
Table 1. SurveyQuestion#2 Responses

Health Condition Improved % Reported

Digestiveproblems 85.2%
Fatigue 60.4%
Overweightor obesity 54.6%
Cloudingof consciousnesbrainfog) 51.7%
Mood problems/anxiety/depression 51.1%
Foodallergiesor sensitivities 50.2%
Memoryandconcentration 48.1%
Jointpain 47.5%
Seasonadllergies 46.6%
* Glutensensitivities 42.2%
Insomnia 33.2%
Otherskin conditions 30.9%
Hormonalproblems 30.4%
Musculoskeletapain 25.2%
Autoimmunedisease 21.4%
Eczema 20.8%
Cardiovasculaproblemsandhigh
blood pressure 19.8%
Asthma 14.8%
Menstrualproblems 13.1%
Diabetes 10.6%
Othermentaldisorders 7.9%
Underweight 6.5%
Cancer 4.8%
Kidneydisease 4.5%
Infertility 3.8%
Autism spectrum 2.6%
Al z h e idisease 6 s 2.4%
Par ki diseas® 0 s 1.4%
Table 2. SurveyQuestior#4 Responses
Dietary Change Number Perceni
Organicdiet 2,424 74.4%
Reducedrocessedoods 2,182 67.0%
Stoppeddrinking soda,or 1,50 46.29
othersweetenetbeverages
Glutenfree 1,09¢ 33.8%
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Eliminateddairy products 75& 23.2%
Raw 381 11.7%
Vegetarian 37z 11.4%
Vegan 22¢ 7.0%
No otherchanges 22€ 6.9%

Without carefully controlledhumanclinical trials, it may
be impossibleto assesshow much, if any, the GMO
componentof the diet is causinghealth problems.The
following evidencedoes however supporthenotionthat
GMOs (and their associatedpesticice content) are a
contributorto healthconditions

1. Most of the reported improvementsin humans
correlate with the categoriesof health impacts of
GMOs, glyphosateand GBH on animalsin carefully
controlled feeding trials, which exclude other
confoundingdietaryfactors.

2. Basedon informal surveysand conversationseferred
to above, farmers and veterinarians describe
improvementsn livestock that are switchedto non
GMO soy, corn, or both. In livestock there are
generallyno other dietary changesand the reported
improvementsg.g. gastrointestinalimmune, irritable
or aggressivébehavior fatiguelevel, skin health,etc.
aresimilar or identicalto thosereportedby individuals
andtheir practitioners.

3. Thecategorie®f reportedmprovementslsocorrelde
with manyof thediseaseandconditionsthatincreased
in parallelwith the expandedexposureof GMOs and
their associatederbicides in the US population(See
Figures2 throughb).

4. The reportingof numeroushealthimprovementsvas
consistent across various dietary strategies. For
example,gastrointestinahealthimprovedfor a large
percentageof respondentsjrrespective of whether
their strategieswere to switch to organic, reduce
processedoods, or favor brandslabelednonGMO,
etc. ThenonGMO componentvascommonto all.

5. The characteristicsof GMOs, and the agricultural
toxins found in the foods, can plausibly explain the
conditionslinked to their consumption.

Part 3: Focuson Digestive Disorders

No surveycan,on its own, demonstratecausality. This
surveydoes,however,provide datathat canbe analyzed
in conjunction with other evidence to support the
argumenthatGMOspromoteparticulardisordersBelow
we examineadditionaldatathatmay explainor highlight
a causalkelationshipbetweenGMO consumptiorandthe
mostfrequentlycited healthimprovemenin the surveyd
digestiveproblems.

With 85.2%o0f surveyrespondentseportingmild
to total recovery,digestiveissuesare by far the number
one categoryof self-reportedbenefitsfrom a nonGMO
diet. The breakdownof responsess as follows: Some

Mild improvement (5.9%), Moderate Improvemaet
(11.3%),Significantimprovement(29.1%),Nearly Gone
(22.2%),CompleteRecovery(16.6%).

Digestive disorders in general include
inflammatory bowel, C r o h diséase,irritable bowel,
acid reflux, diarrhea, constipation, ulcerative colitis,
bloating,and gas.

According to CDC data,
inflammatory bowel disease (IBD),
ulcerativecolitis all rosein parallelwith thepercentagef
GMO cornacreageplantedin the US since1996andthe
amountof GBH sprayedon GMO cornandsoy acreage
The correspondinggraphsshownin Figures2 through5
are reproducedbelow with permission from Nancy
Swanson.

incidence of
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Figure 4. IBD and glyphosateappliedto corn and soy.
Correlation between inflammatory bowel diseaseand
glyphosateapplicationgo US cornandsoycrops®®
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Hospital discharge diagnoses (any) of Inflammatory Bowel disease
(Crohn's and Ulcerative Colitis ICD 555 & 556)

plotted against glyphosate applied to corn & soy (R = 0.9378, p <= 7.068e-08)
Sources: USDA & CDC
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Figure 5. Deatts dueto intestinalinfectionand
glyphosateappliedto cornandsoy Correlationbetween
ageadjustedntestinalinfectiondeathsandglyphosate

applicationgo US cornandsoy crops!©
Age Adjusted Deaths due to Intestinal Infection
(ICD A04, AD9; 008, 009)

plotted against glyphosate applied to corn & soy (R =0.9738, p <= 7.632e-09)
Sources USDA:NASS; CDC
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Digestion and GMOs

Thedigestivetractis thefirst andlargestpoint of contact
with food. According to Arpad Pusztai, who was
commissionedby the UK governmento createa protocol
for testingthe safety of GMOs, the digestivetract can
revealnumerouseactiongo consunedtoxinsandshould
therefore be the first subject of a GMO food risk

assessmentin his researchusing rats Dr. Pusztai
discoveredhatthe stomachandintestinallining of these
animalsfed GMO potatoesshowedalteredarchitecture
and potentially precancerouscell growth comparedto

controls. His study design further revealed that the

changeswere not dueto the protein expressedrom the

transgenejmplicating the genericprocessof the GMO

transformatiorprocessasthe causet!!

In anotherstudy on rats fed GMO peas,the rat
intestineswvereheavier possiblyindicatingexcessiveell
growth (a hallmarkof cancej, but researchersltimately
failed to examinetheintestines for cell growth,*2

The FlavrSavrtomato, engineeredfor delayed
ripening and rotting, was approvedand marketedin the
US in 1994 but quickly withdrawn by 1997. Scientists
conductedat feedingstudieson two lines of the tomato.
In the line that was not commercialized,7 of 20 rats
developedtomacHesions Accordingto Pusztaithetype
of stomachlesionslinked to the tomatoedi ¢ o leddt
life-endangerincghemorrhageparticularly in the elderly
who useaspirinto prevent[bloodc | o #'% PHtudieson
theFlavrSavrdid notlook beyondthe stomacho evaluate
otherpossibleéimpactontheintestines.

A studyby Carmarandcolleague$oundthatpigs
fed typical transgenicornandsoy-containingfeedin the
US had significantly higher incidence of severe
inflammation of the stomach than controls. In fact,
comparedo anonGMO diet, thestomach®f 32%of the
GMO-fed pigs were scoredin a category of severe
inflammatiord aclassificatiorthatwasaboveandbeyond
any of the inflammationratings for animal feds a non
GMO diet!4

With the exceptionof P u s z tatsiudies,it is
difficult to tell whetherthe causeof thedigestiveproblems
seenin animal studieswas due to the GMO transgene
productitself, , the addedherbicide,or the disruptionof
plant host gene function resuling in novel toxins or
allergens

In astudyconductedy Monsanto GMO soywas
found to contain 27% more trypsin inhibitor than its
natural isogenic counterpart!*®> Additional data from
Mo n s a rstudy éhat was not published was later
discoveredby medial writer, Barbara Keeler, in the
archivesof the Journal of Nutrition. It demonstratethat
the trypsin inhibitor in GMO soy was resistant to
denaturingrom heat After cookingGMO soymealtwice,
accordingo areviewby PusztaandBardoczfi o wof¢he
soybeanlines (61-67-1) appearedo have almostseven
timesasmuchtrypsn inhibitor permg sampledry weight
as the parent. Indeed, the values of this GM soybean
approachedhat found in untoastedseedsamplesEven
theotherGM line (40- 3-2) containedhreetimesasmuch
trypsin inhibitor asthe nonGM | i nTdey goncluded
fi h etraatmentappearedo havea far lesserdenaturing
effectonthetrypsininhibitor contentof theGM| i ns .

Trypsin a pancreatic protease, catalyzes the
hydrolysisof proteinsinto smallerpeptidesfor digestion
andreducegheallergenicityof the proteins. By blocking
the effects of trypsin, trypsin inhibitors can inhibit the
digestionof proteinsandenhancéheallergenicproperties
of proteins.

In addition, the toastedGM soy meal contained
nearlytwice the amountof a lectin, which may interfere
with assimilationof nutrientst!’

The pancreasof mice fed RR soy exhibited
profoundchange$:® Startingin monthtwo, productionof
alphaamylasea major pancreaticenzymethat degrades
carbohydratesjroppedby anaverageof 77%.In months

InternationalJournalof HumanNutrition and FunctionalMedicine IntJHumNutrFunctMed.Org2017provisionalPDF



http://www.intjhumnutrfunctmed.org/

five andeight, it was75% and 60% lower thancontrols.
This reducedproductionof alphaamylasevasconfirmed
in theroughendoplasmigeticulum,the Golgi apparatus
andwithin zymogengranules.

Onemonthold GMO-fed mice produced less
zymogensthan those fed a nonGMO diet, but the
differencesbecamenegligible as they aged.The size of
thesegranulesvasconsistentliysmallerin GMO-fed mice,
with the biggestdifferencebeing39%,in monthfive. The
pancreaticmodifications disappearafter removing the
GMO soy from thediet.

Digestion and Bt toxin

The possiblerole of Bt toxin as a causativeagentin

digestivedisordergs notdifficult to extrapolatelts mode

of action as an insecticideis to kill insectshy creating
holes in the walls of their guts. Studies on human
embryonickidney cells demonstratéhat Bt toxin creaes
similar micropores!!® Increasedntestinalpermeabilityin
humanss knownto be causallyassociatedvith a variety
of autoimmune jnflammatory, allergic and painrelated
conditions

While the amount of Bt toxin required to cause
microporesin humancdl culturesin disheswas higher
thanthe amountof toxin thatis supposedo be produced
in Bt corn and thus ingested we camat discountthe
potentialfor Bt toxin to causeholesin thehumandigestive
tractfor anumberof reasons:

1. The environmentwithin the stomachmay be quite
differentthanthe lab simulationandthe type of cells
usedin the experimentarenot thosefoundin the gut.
The quantityneededo disruptthe cell integrity may
beless(or more)in vivo.

2. The amountof Bt toxin producedby corn canvary,
depending on environmental and other factors.
According to an investigation by ProfessorTerje
Traavik on Bt cornin the Philippines the expression
of Bt toxin in onesinglecorn cobbvariedper kernel
up to 64-fold. The range may have actually been
larger, but the amountwas measuredht the limit of
detection.This particular corn, however,may have
alsobeenatypicallyunstablelt wasassociateavith a
strongsmell and health conditionsthat afflicted the
nearly100peope living adjacento the cornfield1?°

3. TheBttoxin genemaytransferto the DNA of bacteria
living within thegut. Althoughthiswasneverstudied
for Bt corn,researclon RR soybeansonfirmed that
part of the RR gene,including its viral promoter,
tranderred and integrated into the DNA of gut
bacteria of ileostomy subjects. Although the
transformedacterissurvived exposurdo glyphosate,
it is not clear whether this was due to the intact

flora could well exceedthe level producedin corn.

Further,the exposurecould be constant24 hoursper

day. Unfortunately, this is hypotheticalbecauseno

studieshaveinvestigateahis potentialrisk.

As discussedabove, numerousstudiesof Bt toxin
elicit an immune response.Histamine is the major
paracrine stimulant of gastric acid. Thus, elevated
immunereactivity might contributeto digestivedisorders
throughhistamineproduction.For example histamineis
involvedin the secretiorof gastricacid?!

Mice fed potatoesengineeredo producethe Bt
toxin developedbnormabnddamagednicrovilli, aswell
asproliferativecell growthin thelower partof their small
intestinegileum).122

Digestion and Glyphosate

A study on fairly high levels of Roundupy exposurein
carnivorous fish revealed remarkable adverse effects

throughoutthe digestivesystem,ncludingi d i srafpt i o
mucosalfolds anddisarrayof microvilli s t r u déntthe r e 0

intestinal wall, along with an exaggeratedecretionof
mucinthroughoutthe alimentarytract %

Reduceddigestiveenzymes
Althoughtherelevanceof fish modelto humanhealthis
limited, it is remarkablghatthe activity of protease,
lipase,andamylasejmportantenzymesnvolvedin the
digestionof proteins fats,andcarbohydratesyereall
decreaseih the esophagustomachandintestineof
thesefish following exposureto glyphosate?

Enzymessecretedy the pancreasireresponsible
for the breakdownof food so that it can be absorbed
through the walls of the small intestine into the
bloodstreamAny restrictionof theseenzymesmnay result
in impaired digestion ard a shortfall of nutrient
assimilationlf carbohydratearenotproperlydegradedn
the small intestine, (as may occur with reducedalpha
amylase) they may be brokendown by bacteriain the
large intestine, which can produce gas. If protein
digestionis inhibited, which may occur with reduced
zymogensit canincreasahe chanceof allergicreactions
to proteinfragmentsThe pancreasnay alsobeforcedto
produce and excrete more protein digesting enzymes,
possiblyputtingunduepressureon the organ.

Ultimately, if the digestive system is not
functioning properly, thenfood particlesare not broken
downasquickly or ascompletely.This cancreateseveral
problems:

A Nutritional deficiencies If a personis not properly
absorbingandgaining sufficient nutrition from the
foods consumd, overall health, including the
immunesystemcansuffer.

functionality of the transgeneor to the b a ¢ t e r iAa Dysbiosis With poordigestion proteinscanremain

naturalimmunity to thisantibiotic.lf theBttoxin gene
transferredcandcontinuedo functionfrom within gut
bacteriathe amountof the toxin producedoy the gut

intact for longer than normal periods in the
gastrointestinalGl) tract. This can result in the
larger, undigesed food particles becoming the
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i f o oofl pathogenic gut bacteria, leading to
overgrowth which can further compromise
digestionandimmunity.

A Inflammation Whenproteinsputrefy,theycanalso
releaseexcessydrogensulfide (astoxic ascyanide
gas) which irritates and inflames the mucous
membranes.

A Autoimmunity. Undigestedproteins also have a
greater likelihood of provoking autoimmune
reactionsijn whichtheimmunesystemattacksparts
of thebody.

Intestinal inflammation also appearsto reduce
productionof cholecystokinif{CCK) andthisreductionin
CCK, in turn,reduceghedigestiveenzymegproducedy
the pancreasas well asthe bile producedin the liver.
Without sufficient enzymelevels, digestionis slowed
down,particularlydigestionof proteins withoutsufficient
bile, fat andfat-solublevitamins cannotbe digestedand
absorbecfficiently.

This can becomea vicious cycle Largerfood
particlescanresultin bacterialovergrowth,whichin turn
can further irritate the lining of the intestines,further
lowering digestive capacity both directly and through
reducedCCK levels.Lowereddigestivecapacityresultsn
increasedargefood particles.

Glyphosate altering gut bacteria
Glyphosatehasbeenshownto reducethe populationof
healthy bacterial varieties in the digestive tract and
promote overgrowth of dangerouspathogenicbacteria,
accordingto in vitro researchwith poultry*?® and cattle
models*?®

Theimplicationsfor healthmaybequiteprofound
and complex. For example, Bifidobacterium strains,
which are often usedas probiotics,reducethe cytokines
that provokeinflammation.Bifidobacteriumis oneof the
typesof bacteriathat are easilykilled by glyphosatée?’
Theresultcouldbeanincreasédn inflammation,whichis
now recognizedas central to the diseaseprocessfor
numerougliseases.

On the other hand, fi t hheghly pathogenic
bacterigd such as those that produce Salmonellaor
Clostridium baotulinum (the botulismtoxin), fi a highly
resistantto g | y p h oRuhermaredsome of the
beneficialbacteriathat arekilled normally keepsomeof
the pathogenidacteriapopulationin check.Researchers
in Germanyfor examplesuggesthatglyphosataisekills
lactic-acidproducingbacterian thegutof cattle,allowing
thebacteriahatproducedeadlybotulismto flourish. This
mightexplaintheincreasen chronicbotulismin cattle 1?8
Casesf Sudden Infant DeathSyndromehavealsobeen
linked to the botulismtoxin. 12°

Bacterial pathogenscan activate zonulin, a
protein that modulatesthe permeability of the tight
junctionsbetweencells of the wall of the digestivetract.
Activation of zonulincaninducea breakdowrof thetight

junctions in cells lining the gut, leading to increased
intestinalpermeabilityor fleaky gutd.r*° Indeed,someof

the samebacteriawhose growth is stimulatedthrough
glyphosate exposure, i.e. Clostridium botulinum 3!

Clostidium perfringenst*? andSalmonella®* havebeen
foundto provokediseases humansthesearenotbenign
bacteria

An experimentalstudy using two intestinal cell
lines showed that glyphosate could adversely affect
mucosalbarrierintegrity. The authorsconcludedthat at
higherdoses'glyphosatesignificantly disruptsthe barrier
propertiesof culturedintestinalcells."3*

By inhibiting the Shikimate pathway glyphosate
might reducethe productionof tryptophanandserotonin
Becauseserotoninis importantfor intestinalmotility, a
deficiencycould haveconsequence®r digestivehealth

Accordingto areviewarticleby Sikanderetal.,i Al t er e c

serotoninsignalingmay leadto both intestinaland extra
intestinalsystemsn IBS [irritable bowel syndrome]ot3®

Digestive disordersas gatewaysto other conditions
Digestivedisordersiotonly createsymptomghemselves,
theycanactascausativdactorsfor otherconditions Lack
of properbreakdowrandassimilatiorof nutrientscanlead
to nutritionaldeficiercies,which canresultin a myriad of
health problems. A hyperpermeablegut is linked to
numerousnflammatoryandmetabolicdisordersyanging
from allergyto depressiomndautoimmunity Altered gut
bacteriacanimpactdetoxification,immunefunction,and
the availability of key nutrients. Therefore,many of the
othersymptomdistedin the surveymay haveoriginated
in thegut

Conclusion

GMOs arepervasiven thediet of peopleliving in theUS
and severalother nations. Although presumedsafe or
GRAS by the US governmentand GMO producers,
published studies point to numerous physiological
responsesn animalsand cell lines that challengethis
assumptionTheydemonstratehange®r evendamageo
the immune system, reproductivesystem,vital organs
(especially liver and kidney), digestive system, and
endocrinesystem.

Survey results of 3,256 people reporing
improvementsin at least some health conditions, after
switching to a nonGMO, diet suggestGMOs may be
contributingto healthconditions Many of the conditions
thatimprovedin the surveyparticipantsaresimilar to the
health issuesfound in lab animalsfed GMOs or the
associatedherbicide Rounduﬁ. Other dietary factors
suchasincreasedonsumptiorof organicfood, reduction
of processedood, etc, may alsoplay arole in the health
improvements. Thus, future researchshould exclude
confoundingfactorsasmuchaspossible.

Digestive issueswere by far the most common
problem reported by respondentsas improved when
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