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Rowan Examining levels of catecholamine neurotransmitter regulatory proteins

SCHOOL OF OSTEOPATHIC MEDICINE

UﬂiVGI'Sity within the prefrontal cortex of rodents following traumatic brain injury KIRQENWESH

gfadUZfe Slcémf)l of Eleni Papadopoulos, Christopher P. Knapp, Claire M. Corbett, Jessica A. Loweth, Rachel L. Navarra
HOMECICAL SEIEIEES Department of Cell Biology and Neuroscience, Rowan University GSBS, Stratford NJ

Introduction Anterior Cingulate Cortex Medial Pretrontal Cortex

Traumatic brain injury (TBI) resulting from impact to the head can cause Males Females Combined Males Females Combined . No overall differences were found in protein levels
long lasting impairments of cognitive processes that lead to increased 150+ 150- 150- 150 150 150 . :

risk-taking behavior in clinical populations.2 Our laboratory has recently ~n S | S E § ~N 8 | S | S T across all three sub-regions of the PFC using one-way
shown that female, but not age-matched male, rats increase preference I<_E S 1001 S 100 g L S 1001 I<_E S 1001 S 1001 S 1001 ANOVAsSs (p > 0.05).

for risky choices after multiple experimentally-induced mild TBl's. Our S = = = s = = =

overarching goal is to understand the neural mechanisms underlying > G 07 G 07 G 7 > G °07 G 07 G °07 _ _ _
TBl-induced increases in risk-taking behavior. The prefrontal cortex S O S O S O S S S » Multiple comparisons revealed several alterations of
(PFC) plays a prominent role in risk-based decision making. Sub- ' ! ! 0 ' 0 ' 0 ' ' ' '

regions of the PFC include the medial PFC (mPFC), the orbitofrontal @Qﬁoé&&é& o}\{Q&@@& o}\{Q&@@& @Qﬁoé&&é& @Qﬁoé&&é& @Qﬁoé&&é& protein levels in the OFC, but not in the mPFC or ACC.
cortex (OFC), and the anterior cingulate cortex (ACC), and these sub- Injury Type Injury Type Injury Type Injury Type Injury Type Injury Type

regions play specific roles in decision-making processes. co- co- co- 200- 200- 200- * In the OFC, rmTBI decreased VMAT2 and COMT of
Catechola_mlne neurotransmltter C|rcu_|ts, such as the dopamine (DA) — 2 T o i 2 T — g 150+ g 150 T g 150 males and females combined. rmTBI tended to
and norepinephrine (NE) systems, project to the PFC and modulate the s S 100- S 100 S 100- S = i 5 c 150 | diff Al i . |

PFC’s control over executive functions.® Previous studies have O SE) 2 2 O (éloo— LE)lOO- LE)lOO- mrerentially increase MAO-A In males, but decrease
demonstrated that both dopamine (DA) and norepinephrine (NE) O £ s50- £ 50- 2 50- O < .. 2 . £ o MAO-A In females.

transmitter levels are increased in the PFC immediately following TBI, S S S S S S

which is then followed by a persistent hypo-catecholaminergic state.*14 0 1 0 1 0 1 0 1 0 1 0 1

These results suggest that an imbalance of catecholamine levels within PSP S QL S &L S QL & &L & Q@

. . . . . 9\0 S & é\ L& 03(\ S & > L L > L L > L&
the PFC may underlie aberrant decision-making behavior f_ollowmg TBI, iniury Type Iniury Type Injury Type Iniury Type Iniury Type Iniury Type .
however, it is not presently known what processes contribute to TBI- 1
: : : : 2001 1501 1501 2001 1501 1501 OnC uSIO I l
Induced catecholamine imbalance. Here we examined how levels of

catecholamine neurotransmitter regulatory proteins responsible for ZF) g 150 *§ 100- T *§ 100- ZF) % 150 T % 100- : % 100- T
packaging (VMAT2) and degrading (COMT and MAOQO) are altered to © lood © © 1 © ool © © - ST -
explain chronic decreases in DA and NE levels observed in the PFC <§E fc% — ‘;E“ 50- ‘;E“ 50- <§E ‘;% ‘;E“ 50- ‘;E“ 50- Decreased .VMATZ levels in the OFC indicate less Capac_:lty
following TBI. Age-matched adult male and female Long Evans rats 2 = g g 2 0 g 2 for packaging, storage, and release of catecholamine
(n=6-8) were exposed to either a single or a series of three closed head 0 . 0 . 0 . 0 . 0 . 0 . transmitters Iin this region, leading to a hypo-
controlled cortical impact (CH-CCI) injuries over the course of one q§ /&\@ @<° «‘b\@ & «‘b\(Q r§ /\‘b\@ r§ /\‘b\@ r§ /&\@ catecholaminergic tone as previously reported 4-14
week. Rats were sacrificed and brain tissue (mPFC, OFC, and ACC) ) X N ) ) ) _ '
were collected and standard western blotting protocols were used to o ;njur_yT_ypAeCC - njury Type o _InjluryITypeSEM o ;n’urYTYpe N njury Type h | '”Ju”I'Ty'loe . Decreased levels of COMT In the OFC suggest reduced
. . igure 1: Protein density In . Grapns represent mean percent change In total protein levels + as igure 2: Proteln density In m . Graphs represent mean percent change in total protein levels + SEM . . . .
measure the levels of VMATZ2, COMT, and MAQO in each sub-region. co?npared to sham contr%ls (n=6-8) peEgroug) 2 days post-ﬁnal injury. ) P asgcompared to sham co>r/1trols (n=6-8 pe?groug) 2 days post-lfi)nal injury. ) i CapaCIty for catecholamine degradaUOn; hOwever, this

downregulation may result as a secondary compensatory
response to lowered catecholamine levels due to less
necessary degradation. Interestingly, MAO-A increased In
males, but decreased In females following injury which
may underlie the sex-specific differences observed In

Orbitofrontal Cortex

 Animals: Male & Female Long Evans rats (n = 48, 5-6 weeks Males Females Combined A Sham smTBI rmTBI Sham smTBI rmTBI Sham smTBI rmTBI Sham smTBI rmTBI _ _ . _ .
upon arrival) were housed in a 12 : 12 hour inverted light cycle FMFMFMFMFMFM FMFMFEMEMFEMEM previous risk/reward decision making behavioral data.
facility and placed on a food regulated diet (5 grams/100 _ 1507 _ 1907 e N [ T T e e T ————— VMAT2=56KD
grams body weight) with ad libitum access to water. N % T % % % 5
— S 100- G 100- G 100- T Ol .
. ] —— « - vy ey gy Sy Y Y O oy @ |
» Surgical Procedures: All rats (9-10 weeks, 150-200g, at the < LE’ LE’ " LE’ . Sy . A-Actin S° 'f°
beginning of surgeries) were anesthetized and subjected to § & 4 8 g S g lgnl 1CanNcCe
either a sham surgery, a single mild injury (smTBI) or a series ‘\Q ‘\Q ‘\Q T —————— \ p— VMAT2=56kD _—m
of three mild CH-CCI injuries (rmTBI) over the course of one T | - il T , 5 Based upon these findings, we conclude that alterations
week. Briefly, a smm-diameter metal impactor tip was zeroed S Q& S QL S QL © -—""“'""'"'---'-/ oo W) 5-Actin In the levels of catecholamine neurotransmitter

at the skull surface along the sagittal suture line so that the & FOMIRS & FOMIRN N MRS
edge of the tip was aligned with bregma. The tip was then

regulatory  proteins may  underlie  functional
electronically driven into the skull at a velocity of 5.5m/s to a e e T e S - e i e e catecholamine imbalances in the PFC. Additional

Injury Type Injury Type Injury Type B Sham smTBI rmTBI Sham smTBlI rmTBI  Sham smTBI rmTBl Sham smTBI rmTBI

FMFMFMFMFMFM FMFMFMFMFMF M

depth of 2.5mm below the zero point.1° - i, - - - -
P P _ 0 _ 0 _ 0 —=—w=v Pt 5 SOR b I pes iGe§ 3 T PP _ studies will use pharmacological agents to further probe
L ocat ) N = = = - - COMT=25kD
ocatioh of Impact. = £ g, T = T how sex-specific changes in catecholamine regulatory
- - N\ B} N ————— T w— —gmy Wp Yy WY EPVN OO w— e | 2N . . . . .
% 2 L 2 2  : - peAcin proteins impact sex-specific preference for risky choice
O 2 so- £ 50- £ 50- following head injury.
S S S | wrwees s wmt mmn Twm e e we o o | COMT=25kD
O [ O' [ O I 8 / *
. 7 (Q ,{b &QD (Q ,{b &QD (Q ,{b &QD WY T G G Gy O v —— — oy — - - — 'B-ACtin
+ Western Blot: Two days following the final impact, brains 2PN 2PN MRS ACkn()WledgementS
were removed and the mPFC, OFC, and ACC were Injury Type Injury Type Injury Type C Sham smTBI rmTBI Sham smTBI rmTBI Sham smTBI rmTBI Sham smTBI rmTBI
dissected. Tissue was homogenized N IySiS buffer and FMEMEM EMEMEMEMEMEM EMEMEM _
protein was electrophoresed on Criterion XT Bis-Tris Protein 2507 1507 1501 oA A0k References: AN
Gels and transferred to Immuno-Blot PVDF membranes. < % 200- I % % l ‘F_; - e - —— - B == E a5 ;n.-u-E
Membranes were probed for: VMAT2 (1:1000, Abcam), CI) S 150- g 100- l g 100- O] [ T A——— e [N I.I et :| |!::| |:I:|| = 'Iili
COMT (1:1000, Thermo Fisher Scientific)) and MAO-A < = = . = ||I .,::,::' .|I i ||-|
(1:1000, Abcam). = 5__)5 100 5__)5 50- 5__)5 50- III:: “'|:I. ' i-|li!| l. ""'lll:.:!I . II
- . - o 50— o o III II II.I‘.I I I i
« Experimental timeline: s . S . i 3 . ™= -- - . v == | MOA-A=60KD ||||_|.|||I||!Il' -I:..
| ) | | _ - Il HNEE_1
e ™\ D | vy v . o ||.|.-,-| s ")
(Q <b Q) (Q <b Q) (Q <b Q) O] - - \-'--ﬁn—-“'o o - - — ﬁ-ACtln L ey
Week 0-3 Week 4 Week 5 NP NP R
pedimaton iy Tvpe iy Tvpe iy Tvpe e oo e B T T 0 o gy it e et o Supported by New Jersey Commission on Brain Injury Researct
Handllng. ]_Ast 2‘nd 3Ard (.2 da.ys post Figure 3: Protein density in OFC. Graphs represent mean percent change in total protein levels £+ SEM as Criterion XT Bis-Tris Protein Gels and trar’lsferred to Immuno-Blot PVDF membranes. A. Membrane probed with CBIR20PILO0O4 (Navarra) and OSteOpathiC Heritage Foundation for
\ Food Regulation impact impact impact final impact) ) compared to sham controls (n=6-8 per group) 2 days post-final injury. *denotes p<0.05 and “denotes p<0.1 from rabbit anti-VMATZ2. B. Membrane probed with rabbit anti-COMT. C. Membrane probed with rabbit anti-MAO-A. primary Care Research (Navarra).

sham. Beta-actin was used as the loading control.
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