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THE ZIKA VIRUS .
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BY DWAYNE GODWIN
& JORGE CHAM

N
mz ZIKA VIRUS WAS FIRST
DETECTED IN MONKEYS
IN THE ZIkA FOREST
OF UGANDA IN 1947
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(T WAS INMALLY CONSIDERED )
BENIGN, INFECTION IN HUMANS
WAS RARE AND ONLY
APPEARED To CAUSE A MILD
RAGH AND FEVER,

DURING OUTBREAKS IN 2007
AND 2013 IN THE PACIFIC, HEALTH
OFFICIALS BEGAN TO SEE A
LINK TO CERTAIN NEUROLOGICAL
CONDITIONS (N HUMAN PATIENTS,

BY 2015 THE DICEACE UAD
SPREAD THROUGHOUT

Acth AND SOUTH AMERICA AND
1S Now LINKED To CASES
OF INFANT MICROENCEPHALY.

;‘

. Yop, Federated States
\J of Micronesia
I 200% French
‘ . ?olyngsia
Australia 2013
CHILDREN BORN WITH L e —

MICROENCEPUALY HAVE A MuCH
SMALLER BRAIN AND HEAD.
THEY MAY EXPERENCE SEVERE
INTELLECTUAL DIGABILITY,
SEIZURES AND BVEN DEATH.

’
- | e VIRUS WilLLS THESE CELLS,
/ AS WELL AS RADIAL GLIAL
v} CELLS, WHICH HELP DEVELOP-
NG NEURONS MIGRATE T0 THE
OUTER LAYERS OF THE BRAN.

4 N
ZIKA INFECTS 1 IN 5 PEOPLE

EXPOSED TO THE VIRUS AND
CAN BE TRANSMITTED BY MOS-

| aurToEeS, BLOOD TRANSFUSIONS, |

SEXUAL CONTACT OR FROM
MOTHERS TO THER FETUSES.

SCENTISTS BELEVE THE VIRUS
TARGETS A PARTICULAR
PROTEIN CALLED AXL, WHICH 1&
PREVALENT ON THE SURFACE

~ OF NEURAL &TeM CELLS,

Developing brain

Neural
stem cell

HEALTH OFFICIALS ARE URGING
RECIDENTS AND TRAVELERS
N ZIKA-PRONE AREAS TO TAKE

SPECIAL PRECAUTIONS.

< Dwayne Godwin is a neuroscientist at the Wake Forest University School of Medicine.
Jorge Cham draws the comic strip Piled Higher and Deeper at www.phdcomics.com
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BECAUSE THE BEST WAY
TO STOP THE SPREAD
OoF A VI

RUS ...

... & FOR OUR KNOWLEDGE
OF [T TO SPREAD EVEN FASTER.
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How The brain splite up what your eyes capture

EACH RETINA DIVIDES ®%NN'5 RO THE OPTiC

THE VISOAL WORLD I N B RORED ey
@ WO BT NDRGHT  TUALAMUS TO TUE THE FRST CORTICAL
FELVS) AND SENDS PRIMARY VIGUAL AREAS, AREAS DE
UP TO So% OF OUR EACH HALE TO THE _
OPTIC NERVE FBERS ARE ~ OPPOSITE &iDE OF
DEDICATED T0 THE CENTRAL THE BRAN,
PART OF OUR RETNA,

WHERE WE HA\/E MORE
PHOTORECEPTORS AND OUR
VISION 15 SHARPEST,

®©

THE LENS IN OUR EYE

RIGHT AND PROJECTS
THEM ONTO THE RETINA.

THE PARETAL
CORTEX TAKES
THE VICUAL

VISUAL INFORMATION ALEO BOES TO
THE INFEROTEMPORAL CORTEYX, WHICH
1S WIRED TO RESPOND TO OBJECTS
AND FACES, HELPING US RECOGNIZE
WHAT WE ARE LOOKING AT,

PHOTORECEPTOR :
: ec CAR BoB

LIGHT 1& CONVERTED ' RuovoPst ACTIWVATION ;
INTO ELECTRICAL LEADS TO A MOLECULAR ; i
SIGNALS BY PHoTo- | CASCADE TUAT INTER- - : \
RECEPTORS IN THE RUPTS THE FLOW OF A DoG | l6LAcs N
BACK OF OUR SODIUM AND POTASSIUM -
REN 1ONG IN AND OUT OF THe 5
T CE-‘l:h_E At'ggL REGULS\;ES . ~
OTENS INSDE EACE =
W%R%qu NEUROTRANSMITTERS. .
OPEIN, ‘ :
UNFOLD WHEN LIGHT PHOTORECEPTORS THE BRAIN PROCESEES ALL
OF CERTAN WAVE- RUODOPSIN ARE KNOWN TO OF THIS INFORMATION N
LENGTHS HITS THEM. proton  MOLECULE ELICIT A RECPONEE - PARALLEL, ALLOWING S TO
EVEN To A SiNGLE PERCENVE TUE WORLD AROUND
PHOTON, US IN THE BLINK OF AN EYE!

+ Dwayne Godwin is a neuroscientist at the Wake Forest University School of Medicine.
Jorge Cham draws the comic strip Piled Higher and Deeper at www.phdcomics.com
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C

IGE-, WHICH NORMALLY
"TARGETS MUSCLE FOR
GROWTH, CROSSES INTO

YOUR BRAIN, WHERE (T

INCREASES PRODUCTION OF
BDNE, ANOTHER PROTEIN.

~BEXERCIGE STIMULATES -

m; RELEASE OF ekowm
HORMONE (GH) FROM
~YouR PITUITARY GLAND.

BDNE (& A NEUROTROPHIC
&Hpé%ggg%o%ﬂglgﬁe -~ 0 ’ PROTEIN THAT SUPPORTS
PROTEN 1GF-, PRIMARILY i - NEUE%I;ID %avggoggENT
L R Jx SUARPEN MEMORY.

VcauR BODY (AND YOUR BRAIN)
- WILL THANR You FOR IT.

@ Dwayne Godwin is a neuroscientist at the Wake Forest University School of Medicine.
Jorge Cham draws the comic strip Piled Higher and Deeper at www.phdcomics.com.
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Mentfal Compass  rusae
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N ONE ANMAL, [T HAG BEEN A PROTEN CALLED CRYPTOCHROME €0 YOU COUD SAY THEEE
WYPOTHESIZED TUAT ; N THE BEYE'S PUOTORECEPTORS ANleLg l{cﬁ?\}}ELDA %O%HEHSAD
GUANTUM ENTANGLEMENT GENERATES TWO COUPLED FOR DRECTIONG .. g
ELECTRONS WHEN LIGHT STRIKES T,

Hold up, | lost the
GPS signal.

E{OPW.%%CQ
ot

‘ ' FELDS, OR TUAT THEY'RE LOADED
e i o e o e
THE SURROUNDING MAGNETIC FELD LINES. WITH ANIMAL MAGNETIEM.

- Dwayne Godwin is a neuroscientist at the Wake Forest University School of Medicine.
Jorge Cham draws the comic strip Piled Higher and Deeper at www.phdcomics.com
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BY DWAYNE GODWIN & JORGE CHAM

WHAT HAPPENS IN YOUR IN STUDIES, SCIENTISTS OF TEN THESE TWO THINGS ARE
BRAIN WHEN YOU FIND SEPARATE OUR PERCEPTION OF ASSOCIATED WITH DIFFERENT
SOMETHING FUNNY? HUMOR (CALLED “MIRTH’) ... AREAS OF THE BRAIN: |

TICKLING, FOR EXAMPLE,
IT’S NO LAUGHING HUMSE%A?KED%%STE ;‘9 | ELICITS LAUGHTER BUT NOT |

AREAS ASSOCIATED WITH THE
PERCEPTION OF HUMOR ARE ALSO
ASSOCIATED WITH THE PROCESSING
OF INCONGRUITY, LIKE WHEN YOUR
EXPECTATIONS ARE VIOLATED.

AREAS LIKE THE PREFRONTAL
CORTEX, THE TEMPORAL LOBES
AND THE SUPPLEMENTARY
MOTOR AREA SEEM IMPORTANT
FOR “GETTING” A JOKE ...

s

Peek-a-Boo! }

... WHILE DEEPER BRAIN AREAS,
LRSS LIKE THE HYPOTHALAMUS AND |
‘ PERIAQUEDUCTAL GRAY,
APPEAR TO BE INVOLVED IN
PRODUCING THE PHYSICAL
REACTION OF LAUGHTER.

THS RECPONGE HAS BEEN
SHOWN TO CHANGE WITH AGE.

i ;

| STUDIES HAVE FOUND THAT LAUGHTER IS ALSO GOOD FOR . i .
| WATCHING FUNNY CARTOONS YOU: IT’S BEEN SHOWN TO LOWER SO HERE’S THE PUNCH |

g ACTIVATES THE BRAIN’S REWARD STRESS HORMONES AND MAY LINE: DON'T JEST SIT

| CENTERS, RELEASING DOPAMINE. LEAD TO THE RELEASE OF THERE, YUK IT UP!

L T ENDORPHINS, WHICH CAN INCREASE ;

CPO0O0O0OOQO0ROO0O

— THE NEUROLOGICALLY -
. FEEL-GOOD COMEDY _—

YOUR TOLERANCE TO PAIN.

DRAMA  COMEDY HUMOR AS MEDICINE
WHICH IS WHY FEEL-GOOD IS NO JOKE.
COMEDIES, UM, FEEL GOOD.

Dwayne Godwin is a neuroscientist at the Wake Forest University School of Medicine.
Jorge Cham draws the comic strip Piled Higher and Deeper at www.phdcomics.com
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ADDICTION ~  »omesme
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ADDICTION COSTe AMERICANS { ADDICTION HAS (TS ROOTS IN

» : ONE IMPORTANT COMPONENT iN THIS
e gL THE BRAIN'S REWARD SYSTEM. [ oM 16 THE MESOLIMBIC, PATHWAY ...

AND DRUG-RELATED CRIME.

I

BUT WHAT 1& ADDICTION.... | REINFORCE BEWAVIORS NEEDED | | TMAT PRODUCES AND RELEACES

3 DOPAMINE WHENEVER YOU ENGAGE
sicsvssolin ik R B S IN REWARDING BEHAVIORS.

DOPAMINE 1S A NEUROTRANEMITTER
THAT, AMONG MANY OTHER THINGS,
GWES YOU THE SENSATION OF
PLEASURE WHEN RELEASED IN
CERTAIN BRAIN AREAS,

ADDICTION CAN OCCUR WHEN THIS PATHWAY 1S HIJACKED
REPEATEDLY BY DRUGS OR OTHER STIMULL, CREATING CHANGES
N TUE SYNAPTIC CONNECTION THAT ARE WARD TO REVERCE.

DRU&Q OR OTHER STiMULL AMPL!F‘I 'NE
EFFECTS OF DOPAMINE ...

THIS CHANGED PATUWAY, ALONG NOoT ALL DRUGS OR ADDICTS HEALING ADDICTION 1& A
WITH INCREASED STRESS DURING ARE THE SAME. SOME PEOPLE [ Dxmcux:r PROCESS, Axm—:D . :
WITHDRAWAL, DRIVES ADDICTS TO . ARE GENETICALLY MORE Y GROUP SUPPORT. :

com%%%\/w SE.EK ouT SUSCEPTIBLE TO ADDICTION ...

| ... AND A DRUG’S ADDICTIVENESS | | THE BEST WAY TO BEAT A
veeng@m&mmvs | SEEME TO DEPEND ON OW RAPDLY HARMFUL DEPENDENCY & BY
. T ACTE ON YOUR SYSTEM, DEPENDING ON OTHERS,

© Dwayne Godwin is a neuroscientist at the Wake Forest University School of Medicine.
Jorge Cham draws the comic strip Piled Higher and Deeper at www.phdcomics.com
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