


LAMMEL /7 TOBACCO-RELATED DISEASE

5 o R AT orny S RESEARCH PROGRAM

¢: Mhmi

Howard Hughes
Medical Institute

© Two Photon Art 2019
Written and illustrated by Christine Liu
Edited by the Lammel Lab

-0~

F

BURTEER + *
LK @mw@ Jt

Www. cDC. GoV /TOBACCO

TEBACLO. WUCSF.EDU

TOBACCOFREEK DS, ORG

You CAN ALSO SEARCH Fee SCIENTIFIC ARTICLES

THROUGH SCHOLAR. GOOGLE. COM

IF You ARE ASKED TO PAY FE®R THE ARTICLE, TrY
EMAILING THE AUTHORS (often ScenTISTS AT

HosPITALS & umve&s:nes)& MANY Weuwld BE

HAPPY TG SEND Y6U A CO6PY.

TO® PRINT & SHARE THIS ZINE Few Frss
& LINKS To SCIENTIFIC STUDIES -

Twe PHETON ART, C&m /Pnses/ FREEBIES



g€ THAT

NICOTINE IS A PREFOUNOLY POW ER FUL moeLecUL
THEDS

eFIT & HARM. ME

CARRISS POTENTIAL FOR BOTH BEN
o EvoLVE WITH HUMAN

FOR NICOTINE INTAKE WILL CONTINUE T
SOCIETY  WITH MORE RESEARCH & UNDER
NiceTIng & TS DELIVERY METHODS IMPACT GUR MINDS & BODIES,
WE cAn MAKE BETTER CHOICES & CREATE BETTER TREATMENTS

For ADOICTION & DISEASE

STANDING OF HOW

HRET CAN WE BO%

H Te ENSURE THAT SCIENTISTS

ﬁ SUPPORT BASIC SCIENTIFIC RESEARC
DELIVERY meTHeDS, & TE

CAN STupy N/COTINE, DIFFERENT
£ THAT

WITH THEM
INFORMATION T8 MAKE C

CHEMICALS ASSOCIATED N eRDER TO ENSUR
AREFUL &
CONSumerd. HAVE ENOUEH

INFORMED DECISIONS ABOUT THEIR HEALTH.

p SHAPE HoW

‘& ENGAGE WITH PoLIcYmAKERS R VOTE T HEL
SE€D.
NICOTINE PRODUCTS ARE REGULATED K ADVERTISED

ITH
ﬁ% LASTLY, $TAY |nrermED & SHARE wHAT 90UVE Leakwed ©

OTHERS | SEND THEM A coPY oF THIS zinve!

FROWI BURNING LEAVES TE (OTTON CANDY-
FLAVOWRED VAPOR, HUMANS HAVE DEVELOPED
METHODS T8 ENJEY WNICOTINE 6YER THOUSANDS
OF YeARs.

UNFORTUNATEL'G, NICOTINE IS HIGHL 4
ADDICTIVE AND /S THE LEADING CAUSE
OF PREVENTABLE DEATH WORLDWIDE,
LARGEL'G DUE T8 THE BGDILY HARmM
CAUSED BY CIGARETTE SmMEKE

AS TECHNGLOGY g our METHODS ofF
NICOTINE INTAKE EVBLVE, wiLl THIS
EPIDEMIC Be LEFT IN THE PAST>

o0 WLl WE CONTINUE
76 GRAPPLE wITH THE
CONSEQUENCES 6F
NICGTINE ADDICTIoN
FOR AS LO6NG AS
HUMAN Ty PWSISTS?




TOBACCE PLANTS ARE PART Of Twg

DIVERSE SotAnAacEAE PLANT FAMILY

2
WHICH CONTAINS DEADL'G NIGHTSHADS
& DELICIOUS POTATS.

MANYG PLANTS v THE JSOLANACEAE FAMIL'YG Cewr,«a.;m 4 Tupe OF

CHEMICAL CALLED Awn A
LKHLMD CHARACTE®
ED 8% GEN

ATEM Q STRenG EFFECTS BN ANIMALS W SMALL 4mw”£) A/! 2 {:’En NITRO

THESE ALKALSY - co7 /s onNE
f 05. ALKALOIDS ACT AS NATURAL PESTICIDES &
HEIR CONSUMPTION CAN HURT HUMANS Tos
HUMANS USE NICSTINE |n¢ SMALL AMOUNTS L WHCH IS WHY

THE Twé& main
T08Acce PLANTS

mosiLd Ustd N

mesT WIDELS SHAMANIC PREPARATIONS
oRewN FOR g FoR EXTRACTING
c\GﬂRETTES NICBTINE FOR
NG £-L1QUIDS & OTHER
g CHEW N ICETINE PREDUCTS
1‘669“& = pug To HIGH LEVELS

CQN‘{,MNS 3-9x
LSS NICOTINE THAN
M. RUSTICA.

OF wnicBTINE THAT
MAKES SMOEING TOO
INTENSE.
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TOBACCE LEAVEF START OuUT LARGE & GREEN BUT EXPOSURE
78 OXYGEN SLOwL'F SHRINKS & YELLOWS THE LEAVES,
CONVERTS STARCHEG INTE SUGARS, & ALLOWS FOE FLAVOR —((IMPMJ’NG
CHEMICAL REACTIONS T OccuR. THIS PROCESS 18 CALLED CURING.
THE EXACT METHODS Fo® CURING & FERMENTING DEPEND BNV THE DESIRED
FinAL PRODUCT

$0... WHATS KERT T

IN SEPTEMBER Q019, THE NUMBER 6F MYSTERIOUS ILLNESSES &
DEATHS ASSOCIATED WITH VAPING REACHED A TIPPING POINT & CALLS

F
0R BANNING FLAVORED E-LIQUIDS ARE INCREASING. IT 15 CURRENTLY

WUNKN HO &
ouwn W & WHY HUNDREDS 6F youns PEOPLE ARE FALLING ILL.

CALIFORNIA HAS URGED PEOPLE 70 STOP VAPING IMMEDIATELY.

THE CHEMICALS IN VAPE JUICES NEED 70 BE RIGoOUSLY INVESTIGCATED
. , .
A RARE CONDITION cALLED "PoPCORN LUNG” AFFECTED WORKERS
\N PepcoRN FACTORIES, CAUSED BY A CHEMICAL CALLED DIACETY L
WHILE SAFE FOR INGESTION, THIS BUTTERY FLAVER CHEMICAL o . 7
[4
DS (~70/. OF THOSE TESTE u,c)'\,( *
|S PRESENT IN VAPE LIG (~ o/ © [3 D IN A T
2015 HARVARD sTupy) & ITS LoNG TERM HEALTH RISKS ARE UNKNOWN,
|NK TE ALZHEIMER'S, JeME POPCORN Branps
INCLUDING A POTENTIAL L o PRODUCTS opE
Have STOPPED ADDING placeTyL TO THEI & THE EMROPEAN
UNToN HAS BANNED ITs ust (N g-L1QuIDS  BUT (T REMAINS LEGAL IN

THE USA. THE MAIN INGREDIENTS or €-Liauins (VEGETABLE GLICERIN &
PROPuLENE Gugcor) MAY ALY ARy HSALTH RISKS WHEN INMALED 6VER
Lowe perions of Time., THIS CURRENT GENERATION OF YOUNG VAPE useRs

MAY BE warmED IN WAYS SCIENTISTS HAVEN'T EVEN BEGUN TO PREDICT.

oH
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IN  ADDITION T& GOVERNMENTAL REGULATION, COMMUNITIES
THEMISELVES ARE TAKING STEPS TO PREVENT ADDICTIEN

& DISEASE. NATIVE AMERICAN cCOMMUNITY LEADERS

ARE PREPOSING CHANGES TO TREAT 768ACCE AS THE SACRED
CERE moniIAL PLANT IT ONCE WAS, BEFORE commMERCIALIZATION
CHANGED THE WAY INDIGENOUS psoPLE UsED TOBACE:

,&GM\- e At:
Keep)TSACRED . ITCMI. orG



HUMANKIND'S RELATIGNSHIP WiTH TeBACLE HAS EvGLVED OVER THE

PAST THEUSANDS OF YEaRS, wiTH THE /MOST RAPID CHANGES in THE
LAST ceEnTuRY. NOWADAYS, someoné CAN DEVELOP 4 NICOTINE
ADDICTION WITHSUT ENER (OMING INTE cONTACT wiTH THE PLANT THAT
FRGM,

& &

In .~ RS
Jo18, Ao/ of Hi6H ScHoGL STUDENTS WERE VAPING &£ ABSUT
SOME ARE

NICOTINE COMES

S/ OF MIDOLE SCHE®L STUDENTS HAD STARTED 76
UNAWARE THAT THEY'RE consuMinG NICOTINE & MANY pen'T KNOW
we as 4 pack BF
o AS

THAT ONE JuuL POD CONTAINS AS MULH NI eeT

CIGARETTES . MoKkE EoUCATION & LEGULATION ARE NETOE

£-CIGARETTES BECOWE MORE POPULAR.

THE FDA ams TO eeDUCE THE IMPACT 6F DISEASE & ADDIC TION
WITH SEVERAL GOALS. THEY HOPE TO REDUCE THE AMOUNT OF A ICOTINE
IN TEBAC® CIGALETTES, DECREASE THE AVAILABILITY &F FLAVORED

TOBACe & NICOTINE PREDUCTS, & CONTINUE TO ALLOW  INNBNATIEN

§ A DEPENDENCE OW
PHARMACEUT (CAL

RESEARCHERS
en THE BeaiN

OF PropucTs THAT CAn HELP ADULTS OVERCOM
COMBUSTIBLE TOBACCS PREODUCTS. E-CIGARETTES,
DRUGS, & OTHere ADVANCES HOLD A LOT OF PROMISE.
ARE ALSS CONTINUING TG INVESTIGATE HOW NICOTINE ACTS
TO DEVELOP TEOLS TO TACKLE ADDICTION.
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beopLE For2 MEDICINE & SPECIAL RITUALS.
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HUMANITY S RELATIONSHIP wITH ToBACLO

STARTED THOUSANDS &F YeARS AGE IN
THE AMERICAS | WHERE [T GROWS IN THE
INDIGENBUS

witD AND WAS CULTIVATED BY

N

| TS PURPERTED HEALING PROPEIRTIES LED CHRISTOPHER
COLUMBUS TE& BRING SeME BACK T@ SPAIN /F:eﬂm
HIS FAMOUS 1493 VOYAGE. DPEMAND Grew ForR THIS
CeuRE -ALL", wiITH EURGPEAN SCHOLARS AND NOBLES EAGER
TO GET meRe OF THIS SPECIAL PLANT.

WHILE TOBACCE wAS TABSO IN BRITAIN,

AMERICA BECAME A LAND oF OF
BRITISH COLENISTS, THEY TEGK cLAIm 6Ff NATIVE
AND BuiLT TeBAUE PLANTATIONS,

PORTUNITY FOR

AMERICAN LAND
RELGING On THE 1486 6F ENSLAYED AFRICANS
7N Geofet
=\ (WASHIN G g,
L i 25T PRESIDENT
A THE UNITED
STAIES o AMERICA,
TEBACCO FARMEE,
SLAVE BWNER

76 KEEP PROFITS HIGH.

TODAY)  LAND THEFT & SLAVERY ARE LESS PREVALENT

BuT TOBACLE STILL HARMS NATIVE AND BLACK PEOPLE

(N THE WU.S. WITH DISPROPORTIONATELY HIGH SM&KING AND
DISEASE RATES, TOBACE COMPANIES HAVE A HIsSTOREG OF

TARGETING KIDS (N BLACK COMMUNITIES AND EXPLOITING

SOVEREIGN STATUS OF TRIBAL LANDS T8 SELL TOBAC(O TAX-FREE.
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TOBACCO WAS VALUED AS mMORE THAN A DRUG . IN THE

I1600s IT WAS OFTEN USED AS A PESTICIDE. BY S6AKING
TOBACCO LEAVES IN WATER, NICOTINE WOULD DISSOLVE INTO

THE SLUTION 70 CREATE AN EFFECTIVE DETERRENT AGAINST
INSECTS. AN ENGLISH PHYSICIAN & BOTANIST  p|CHGLAS

CULPEPPER, EVEN RECOMMENDED TOBACCO WATER TO KILL LICS

¥

. BRB s

NICOTINE DogsN'T KILL ALL INSECTS THOUGH. /M FACT,
(T MICGHT EVEN BE ATTRACTIVE 7o some! IN A STubBY PusLISHED
IN 2005, RESEARCHERS FOUND THAT BEES PREFERRED TO £aT yecTaR

LACED WITH A LITTLE NICOTINE, ?%;

AS  wiTH ALL OTHER SUBSTANCES, THE DOSE MAKES THE Po/son,
HumanS CAN SuFfFer & EVEN DIE IF T66- mucH ~N/COTINE

ENTERS THE BOLY. WHEN EXPOSED T& 7806 MUCH NICGTINE,

ONE MIGHT START EXPER|ENCING QUICK 8 HEAVE BREATHING,
FasTele HEART RATE, HEAD & STeMACH ACHES, VeMIT ING,

&L DI22INMESS, AFTee THIS INITIAL STAGE, THE BeDP9
WiLL REACT B9 SLOWING pown BREATHING R HEART

RATE AND THE RISk 6F 40SING comTREL OF MusiEd &

MINDSET IS VERY IMPERTANT FOrR THDSE WHE WANT
76 QuIiT SMekING. THOSE wWHO ARE ABLE To QuUIT
coLD TURKEY mAay HAVE HAD A "WAKE UP CALL
THROUGH A 8CARY ExPERIENCE R EVEN A 866k.

OUGH GROUPS
Mpf) END: oCIAL SUPPOrRT THR
Pn oM S

(29 WLJ'.\If CAN Hece AS
¢ N Pes soN & ‘4£U
- ¢ usl NG APPS 76 TRACE PROG

poOE

saveo !

THUS, GUIDED COGNITIVE THERAPY 1S ALS® AN
EFFECTIVE METHOD FOrR THOSE TrYING TS QUIT.
RESEARCHERS ARE EUEN INVESTIGATING THE POWER

OF PSYCHEDELIC DRUES, PART I CUALARLY PSILGCYBIN
WHICH IS FounD N “MAbIC MUSHROOMS', GIVEN DURING

PSUCHOTHERAPY BY TRAINED PSYCHIATRISTS T& TREAT
ADDICTION, —

T's UNCLEAR WHETHER THE SUCCESS OF PSYCHEDELIC ~
ASSISTED THERAPY IS DUE TO A COGNITINE SHIFT IN
PﬂQSPECTNSJ A BIGCHEMICAL PROPERTY OF PSILOCYBIN,
R BOTH. COGNITIVE THERAPY TENDS TO BooST THE
EFFECTIVENESS OF AnY QUIT MET HOO, REGARDLESS
OF wWHETHER OTHER DRUGLS OR NICTTINE REPLACEMENT

ARE ULSED.



Seme LUCkKM PEOPLE ARE ABLE TE& QUIT SMEKING

9" WITHOUT ANY WEANING 6K CeSSATIoN

“corD TURKE
YONE K OTHERS

His DOESNT wWERK FOR EvER
START BY TAPERING DOWN THEIR USE BY DECREASING THE

AMGUNT oF CICARETTES THEY SMOKE, THEN USING NICOTINE
Gum & PATCHES To GET THEIR BODIES USED T& (OoweER &

LOWER [ EUELS 6F n/COTINE.

A0S, BUT T

MNICOTINE REPLACEMENT THERAPY

COLD TURKEY

=0 120 -3

INSTANT G@UIT
w ne AIDS PECREASE oo
#of 165 Gum PATCHES

PHARMACEUTICAL DRUGLS CAN ALSG- BE PRESCRIBED
16 HELP WiTH QUITTING. BUPRGPRIGN (AkA WELLBUTR(N,)
IS EFFECTIVE AS AN ANTI DEPRESSANT Dute T& ITS ABILITY
16 BLOCK DOPAMINE AND NOREPINEPHRINE REUPTAKE, wHicH

KEEPS THESE NEUROTEANSMITTERS AVAILABLE, BupasfrRioN ALS®
BLOCES NICOTINE ACETYLCHOLINE RECEPTORS WHICH MAKEL

1T HELPFUL FOR SOME PESPLE TRYING T& QUIT SMOiN(o.

"__—-_u_;eemcuna

5o
)

WEAKENS NICOTINES €FFECTS

guprROPRIGN

ﬁdg

BLOCES niceTVE

MORE  RECENTLY, PHARMACEUTICAL DRUGS LIKE
CHANTIX B CHAamPiIX HAVE BEEN DESIGNED TO-
BIND 186551y T THE SAME RECEPTORS THAT NICOTINE
BINDS TO, KEEPING THEM SLIGHTIY ACTIVATED S& THAT
NICSTINE entd HAS A WEAK EGFFECT WHEN INTRGDUCEQD

BAck w7s THE BODE.

SUENTIEICALLY SPEARING, THESE DRUGS CONTAIN VAREN ICLINE

AS THE ACTIVE INGREOIENT WHICH IS A PARTIAL AGeNIST
SELECTINE FOR o4BR wicoTinIG ACETILCHOLINE RECEPTORA.

gacH YEAR, HUNDREDS 6F CHILOREN ARE

To- THE EMERGENCS R

Is A FerRm 6F

CREEN TOBACCE SICKNESS
S WHEN

NICOTINE POISOVING THAT HAPPEN
WET LEAVER ARE HANDLED . WHILE NICOTINE
POISONING THROUGH skIN USED 76- HAPPEN
mOosTL'Y TO AGRICULTURAL werkERS , CASES
ARE NOwW HAPPENING WHEN peoPLE ARE EXPOSED

76 NICOTINE VAPING L
0

uims.

RUSHED

8oMm FOR wiceTVE pE7<

A SINGLE TEASPGON OF VAPE JUICE CAN POISON A
TODDLER, B IN SOME CASES, CHILDREN HAV

IMPORTANT 7O KEEP

)T IS ESPECIALLSG
PETS & KIOS AS THEY

£-LIQUIS AWAY FROWM
BecomE MORE OGN & COME IV mORE

APPSALING SCENTS,

(i

4

/

en V6.

£ DIED.



OTINE T& RAPIDL'EG ENTER
NICOTINE 15 DISTRIBUTED

6TINE BInDS TS RECEPTORS
NG MOLECULE THATS MADE

SMEKING ToBAWE ALLOWS wIC
THE BLOOD & WITHIN SECONDS,

ALL BVER THE BRAaiv £ Bovd. NIC
THAT EVOLVED T& BIND A SIGNALL

\N SUR BUWN BODIES — ACETYLCHOLINE.

ﬂctl#ltﬂmi.ﬂi . ﬁCETHL(HS‘LJMS
i " Do & PLAYS AR
. PLEASURE.

NICOTINE'S MOLECULAR STRUCTURE
IS SIMILAR ENBUGH Tg ACETHLCHOLINE
THAT IT CAN BIND 76 ACETILLHOLINE
RECEPTORS, THE RECEPTORS mMOST
SENSITIVE T6 NICOTINE ARE CALLED
NICOTINIC ACETYLCHOUNE RECEPTORS,

meveS 6UR musclES
oE IN SLEEP, FEAR, &

NICOTINE
naTURAL REWARD SYSTEM
pRUGS, NICETINE
MINE WHICH
STER A DRUG GETS 7o THE

WHY SMEKING & vaPpING

fFFECT BN THE BRAIN §

NICBTINES RAPID & DIRECT
OTHER ADDICTIVE

MAKES 1T EXTRENIELE ADDICTIVE. LiIkE
CAUSES SEWIE NEURONS TO RELEASE
CREATES A RUSH GF PLEASURE., THE FA
geain, THE BIGE Ere THE RusH. THI/S 15

ARE RISKIER THAN PATCHES &% cum,

p7c¥€sS
NIC@TINIC AcsfchHouNs RECE s . &
ARE CHANNELS EmBIDDTD 1M e C o .
memBraNE & 0PN WHEN NicoTinE OR AciTyLcHoLve
N
BIND To THEM, DIFFERENT TyPES OF machRs EXIST f”, °
DIFFERENT BRAIN REGIONS & HavE PIFFERENT M::;:.;’.
Somt ARE EveN AsSeCATED WITH nicoTINE AV ! °
° °
NE &N -
o l"c.o:c'n.m. aceToLt (uk® :
1o A" popamiNg MINE
qecepTor °M 2 ...
]
WHIC 0
H (gapS T 4
NE CAN THEM
D“'Tu’n 7@ CELLS FURTHEE Pp—
Blawwa IN THE tg:‘:f: hospiirs %
gLp THE
THAT H i

croaRETTES FEEL

A NICOTINE HABIT IS NOTORIOUSLY TOUGH T&

QUIT, 1T OFTEN TAKS? MANY ATTEWIPTS BVErR MANY)
YeARS BEFORE SULCESSEULLG ABSTAINING FOR A YEAR,
WHILE &-1 ATTEMPTS IS A OMMENLY SHARED STATISTIC,
IT ISN'T UNCOMMON TO NEED BVER 30 ATTEMPTS.

« Qu%nﬁ_:ﬁ%m e%:u
fy{ demne 1 a 0{ Umon . MAPK
TWHH\/

IT MIGHT EvEN BE HARDER TO QUIT SMOKING THAN

OUITTING OTHER DRUGS. WHEN SCIENTISTS (66K€D AT

38 DIFFERENT STUDIES OF PEOPLE TRYING T& OVERCOME
THEIR ADDICTION FoR & o MORE MONTHS,

??/ au\t 447 quir
CocAIng @ OPIATES
) bo

= v
~/Z o

PEOPLE TRYING T& QuUIT SMOKING

BUT emnLy 8-/ oF
WERE ABLE 7@,

THIS LIKEL HAS 7O D& wWITH HOW EASY T IS T6 PURCHASE
NICOTINE PRODUCTS COMPARED TO ILLEGAL DRUGS LIKE HEROIN,
SMEKING ISNT JUST AN ADDICTIGN INVELVING MBLECULES

& THE BRAIN, TS
. A LEGAL, SOCIA
T /) L DRUG THAT IS D&s
pfn:P:E:t' QUR SOCIAL RECATIONSHIPS & LIVING emweomt;?:'sig
OLE, As DoEs GENETICS /

PEGPLE WITH DIFFELENCES IN THE CHRNAS-CHRNA3-CHRNBY GENE
CLUSTER THAT ENCODEQ WIOTINIC ACETILCHOLINE RECERPTEZAS
VARY IN RISK FOR ADDICTIoN & DISEASE,



HAS TAKEN BLAME Fok
£ OEATHS BOTH
7 6F 7HESE

NICOTINE ADDIC Tien
CAUSING THE MEST PREYENTABL

in THE U.3S. & wo’ﬂLDUHOE, MmOos

£ASES Causto B
DL‘G 71} DfS
DEATHS ARE - cHemCALS 1Y THE

oF THE

s
SMeKING CIGARETTES:
y every GROAN

paMAGE NEARL
ST THE

sSmokE LUNGS & HEART,

nga_ - mgﬂt THAN Ju

cAusES meeE€ US DegTus
sﬂ'mcwf-’ CBLLBWING COMBINED: €

A THE

ny e peus” oHOL
ALC
GUNS —
CcAR CRASHES 1 —
_ = )

N DELIVERED WITHOUT CILARETTE
INCREASES HEART ~ATE &
5 g 76 CONSTRICT. ITS
CAUSES o NICOTINE PATCHES & GUM
UnCLEAR wHETH Q,qeof&vﬂSC“L'?e HARM ,
cauSE LM(,-TE!?MSS @ E-CIGARETTES

aoTH CIGARETT
e cass THE eisK OF HEAET ATTACK. usinG
erSE .

U\S\NG SWH f-C\GS

BUT EVEN WHE

smeke , NICGTINE

InNCcR
goTH Is EVEN W

C\GARETTES

e T F A (]

15K X RISF
HEART ATTACK He ART ATTACK

NICOTINE can ALSS HARM THE DEVELOPING BRAINS

6F YOUNG PEGPLE BY POTENTIALLY pPRIMING THE
BRAIN FOR ADDICTION 7O OTHER SUBSTANCES &

INTERRFER ING w/TH LEARNING & EMOTIENAL STABILITE,

WHEN FETUSES ARE EXPOSED TO NICOTINE THROUGH THEIR
EIGH LESS WHEN BeRN

PREGNAN] mMeTHER'S, THE BABIES W
R ARE AT RISK ror ATTENTION & LEARNING DEFICITS,

IN SoME WAY,

WHILE ADDICTIVE DRUGS ALL INCREASE  DOPAMINE
DRUGCS AFFECT mere THAN JUST DORAMINE

NEURONS., THE BRAA IS AN INTERCONNECTED

NETWORK OF CellS WITH DIFFERENT
REGIONS PERFERMING SPECIFIC ROLES,

Fowke ExAMPLE, THE gecrons | MPERTANT For

PROCESSING REWARD B PLEASURE |NFERMATION
HAVE LoTs o DOPamINE NEURONS BUT OTHER REGIONS
MIGHT CONTAIN MOSTLY  EXCITATORY NEURONS THAT
RELEASE GLUTAMATE oK INHIBITORY CiLLs ryar peiease GABA
MORE OFTEN THAN NOT, BRAIN REGIONS CONTAIN many w,; rypes

> Ay (¢ W NI b
~+ SR

WHEN NICOTINE BINDS 7o~ RECEPTOR) OGN A DEPAMINE NEURSN
THE NEURGN BECEMES MERE L/IKELT T& FIRE AN ACTION Po?éw)?mt
7O RELEASE DOPAMINE IN BRAIN REGIGNS WHERE THE NEURON SENDS
PROJECTIONS., NEMRONS RECEIVING DOPAMINE CAN BEcomE EXCITED
6" INHIBITED DEPSNDING ON THE RECEPTOR & CELL PROPERTIES.

THuS, PRUGS HAvE COMPLEX EFFECTS ON THE BRAIN & SCIENTISTS
ARE TRYING T6 UNTANGLE THE CIRCUITS OF NEURONS THAT PRUGS

ACT 6N, THE STORY GETS Even MORE COMPLICATED WHEN INVESTIGATING
LONG -TERM EFFECTS OF DRUGS.

OTINE BEGINS CHaNGING THE BrAaN.

EVEN AFTER A SINGLE EXPOSURE, NIC
ONNECTIONS BETWEEN NEuRoNS STRENGTHEN & NICOTIVE RECEPTORS
¢ ParTs ©oF THE BRAIN 7O RESPOND

CTIGN O6CCURS WHEN THE REwWARD SYSTEW!

¢
BECOME mMOERE ABUNDANT, SHAPIN

MmereE STRONGLY To NICOTINE. ADDI
/n THE BRAIN BECOMES DYSFUNCTIONAL 70- THE POINT WHERE DRUG-SEEKING

BECOMES A PRIGITY Ve FOOD, SeCIAL RELATIGNIHIPS, & OTHER HEALTHY REa) ARDS
& THE USEwr 15 UNABLE T8 ABSTain Frem THE DRUG, CAUSING CONSEQUENCES.



nucteus AccumBeEns (NAc)
~ WHERE DoPAmine s RELEASED

NICOTINE /S A PARTICULARLY INTERESTING DRUG Te STUDY

BECAUSE UNLIKE @THEe ADDICTIVE DRUGS, IT BECOMES
UNPLEASANT & AVERSIVE AT HIGH DOSES, AppicTION

MIGHT ACTuALLY BE TREATABLE BY TAPPING INTO THE
BRAIN'S NATURAL AvERSION RESPONSE To N/COTINE IF

DESIGN DRUGCS TO ACTIVATE IT,

OUR RESEARCH IN THE cammel LAB AT UC BEWRKELEY-

TEASES APART THE NETWoRK OF NEuroNS THAT COMMUNICATE

WITH THE DePAMINE SYSTeM IN RESPONSE TO& M/COTINE -

WE FECUS N A Fiw REGIONS OF THE BRAIN KNOWN To
REsPoND Te w/coTVE:

JENTRAL TEGMENTAL

AREA (wrn)

- HOME TO MANY DOPAMINE
NEURONS, ALL ADDICTIVE
DRUGS HavE SomE EFFECT HERE

LATERODORSAL
TEGMENTUM
(LoT)

= IlmporTANT FOR MANY
BEHAVIORS LIKE SLEEP, FEAR,
AND @EWARD

“ MULTIPLE cgLL TYPES FRom
THIS REGION SEND PROJECTIONS

10 SIGNAL REWARD & PLEASURE
.i'-.I
INTERPEDUNCULAR 2
Nuctgus (ipn)

~CONTAINS mosTLY

INMIBIToRY NEURONS

THAT rELEase GABA
= IMPORTANT Fog UNPLEASANT
FEELINGS From NICOTINE OVEEDOSE
& Faom NICOTINE WITHDRAWAL.

GUR GOAL IS T& TRACE A PATH 6F (BMMUNICATION THROUGH
THE BRAIN THAT SIGNALS WHENM NICOTINE mAksR US FEEL
6660, AND HOW THIS COMIPAREG TO& THE SIGNALS THAT oCcUR

WHEN HIGHER DOSES MAKE US FEEL BAD,

~f
e

=
—
- h-:-ﬂlv-rﬁ -

NICOTINE CAN ALSE cAUSE A PQGFWNDL‘}”},_&«“&?-.
EXPER(ENCE AND CAN EASE ANXIETY, BUT THE
ANXIETY mAY BE CAUSED 8y ADDICTION & A
WITHDRAWAL, PERPETUATING A DEPENDENCE OV
NICOTINE FOR RELIEF. AT HIGH DOSE S, MICOTNE
CAN EVEN CAUSE ANk 16 SVEREF R DISCOTIFORT. ~{

78S BUT THE

ASE semE SEMP
SMEKING MAY simpLg EASE el BUTWEIGH

RISk OF ADDICTION & BepiLg HARM LIk
POTENTIAL BENEF!TS,

EVEN  WITHOUT RELYING on NICOTINE AS A TREATMENT

For DISORDERS, A HEALTHY peRSON IS ALREADY
EXTREMELY VULNERABLE TO BECOMIN G DEPENDENT & )
ADDICTED T8 NICOTINE THE HEALTHYI BRAIN & 80DYS
NATURAL LEARNING & REWARD MECHANISMS ARE HIJACKED
B8Y ADDICTIVE DRUGS,

WELY EASY WaAY To FEEL
RUGS TEND 7o BE A QUICK £ RELAT
b > ulcikty 78 FEEL UNPLEASANT

P73 @
PLEASURE BUT THE BODY ADA
(N THE ALSENCE OF ARUGS. THIS 13 CALLED WITHDRAWAL, &

&F IT /I3 70 EITHER TAKE merE

THE enLYy way 7o GET @0
DRUGS ©R ABSTAIN FRom DRUES LONG ENGUGH Fo THE B6DY

To RECOVER FROM THE CHANGES DRUGS HAVE CAUSED.

Eoie MANY, KEEPING UP A DRUG HABIT |S FAR EASIER THAN QUITTING.
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WHILE A LOT OF REScAaecH HAS BEEN CONDUCTED O/
NICOTINE & THE BRAIN, wE HAVE A LonG waY 76 Co
BEFORE FuLld UNDERSTANDING NICOTINES IMPACT on uS.
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THERE ARE SOME POSITIVE EFFECTS OF NICOTINE.

NICETINE HAS BEEN SHOWN T& IMPROVE
PERFBIRMANCE IN SOMWIE COGNMITIVE TASES

IN §0ME HEALTH® ADULTS, PEOPLE WI/TH MILD

COGNITIVE ImPAIRMENT, & ADOLESCENTS

WITH ADHD. HOWEVER, THE EFFECTS
TEND TO Bt MILD & DPoNT AFFECT
EVERYONE THE SaméE wWAY,

HAMILTON MORRIS , wHO EXPERIMENTS WITH DRULS BN
WIS TV SHew “HAMILTON'S PHARMA COPEIA", LIKEG TG CHEW

NICOTINE Gum WHILE HE WRITED, I

THEIR BRAINS ARE CoNSIDERED SIMILAR
IN TEeMS OF HOW [T FUNCT/ONS
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N T NE 40 F-"NS SEND &£ ’f{"s
GENETICALLY \“EC YRows Qe it .
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QUR LAB STUDIES THESE BRAIN REGIONS IN MICE BECAUSE

ENGUGH T& HuUumANS
IN RESPONSE TO DRUGS.

THERE ARE £XTREMELY POWERFUL NEUROSCIENTIFIC
TECHNIQUES  AVAILABLE T6& ust WITH mICE & ouUR LAB
USES THEM To TARGET SPECIFIC CELL TYPES BASED ON
WHICH BRAIN REGION THE NEURONS ARE IN, WHERE THEY
SEND PROJECTIONS, & WHAT KIND OF NEURON THEY ARE.
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ENGINEERED INJECT VIRUSES

MICE ALLow EXPRESS

TecaTine o LS Pipiaiigud
PROTEINS

ctLL TyPe LIKE LIGHT - SENSITIVE BRAIN WITH PRECISION

ION CHANNELS
THEN, WE CAN RECORD Hew DIFFERENT GReuPS OF
NEURONS RESPOND TO NICOTINE & EVEN MANIPULATE
THEM To SE€ IF TURNING CERTAIN CELL POPULATIONS
ON eR OFF WitL AFFECT HOW NICOTINE FEELS T&

THE MICE.
FIBER
- OPTOGENETICS pHETOMETRY
[ ALLOW WS To CoNTeolL ﬁECORDs THE ,"f
Y NEURON ACT
WITH :6[.”- 'B\;'Ty ACTIVITY 6F NEURONS
OPENING LIGHT - SENSITIVE WHEN A moust RECEVES NICOTIVE

CHANNELS THAT ARE
INTREDUCED TO NEURONS
ICE
HAVI® TESTS St
!VL?\'SZ_E&&M JE A DOSE 5;“7‘?0"”95!0!-865
NABLES THE
22 gﬁ)ﬁ?i;: RECORDING OF
A::E.ICSI‘UE INDIVIDUAL
' NEURGNS
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MORE BECENTLY, TOBAC(GLESS & SMOKE-FREE
NICHTINE HAS BEfn DEVELGFED BY ONE &F THE
LEADING CHEwWING TORAIE MANUFALTULERS,

THE POUCHES ARE MADE WITH J8LID AICETINE
SALT CRYSTALS AwD BULEING, SWEETENING, &
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