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- Abstract - Cyclical changes in neuroendocrine state, behawor and the dorsal striatum =—

The neuroendocrine environment in which the brain operates is both dynamic and The neuroendocrine environment in which the brain AE _ B . c > All of these behaviors are mediated by
differs by sex. How this unstable neuroendocrine state affects neuron properties has operates is both dynamic and differs by sex. Importantly, 8 = @ I o —«\“’\\ the dorsal striatum, a critical brain region
been significantly neglected in neuroscience research. Behavioral data across females exhibit a cyclical fluctuation in steroid sex 2 2T | i= | for sensorimotor, learning, and

humans and rodents indicate that natural changes in steroid sex hormone exposure hormones, while males do not (Figure 1) g 2 E ot A motivated behavior.

affect sensorimotor and cognitive function in both normal and pathological contexts. ’ ) S 2 3 5

These behaviors are critically mediated by the dorsal striatum: a well-conserved Human menstrual cycle Rat estrous cycle 2 ® - In the dorsal striatum, medium spiny
constituent of the basal ganglia that is instrumental for forebrain function, various T — E T e neurons are the predominant and

forms of Ieammg’ and sensorimotor performance' In the dorsal striatum, medium ROl = O [hEL D) prow. e Figure 2. ICﬁycle-Edepl:e,l;ld([a:'nzldiZerencesin dorsal striatal-mediated behaviors. (A) The influence of estrous cycle primary OUtpUt neuron. These neurons

spiny neurons (MSNS) are the predominant fand _prima_ry output neur(_)ns. As Sl:lCh’ on rotational behavior from Becker et al., 1982 and (B) sensorimotor performance on a balance beam task from
MSNs are fundamental components of the circuits which underlie striatal-mediated [ J Becker et al., 1987 in the female rat and (C) performance in the O’Connor Finger Dexterity Test through

. . | le ph: by hi f les fi Simil l., 2010.
behaviors. Importantly, MSNs express membrane-associated estrogen receptors and Estrogen /\‘ menstrual cycle phases by human females from Simic et 2

express membrane-associated estrogen
receptors (Figure 3) and demonstrate

estrogen sensitivity, making them prime
andldates to play a role in the

These cyclical hormone changes correlate with changes in
behavior. In both humans and non-humans, the mid-cycle

demonstrate estrogen sensitivity. However, the effects of cyclical hormone changes
across the estrous cycle on the basic electrophysiological properties of MSNs have

not been investigated. Here, | test the hypothesis that dorsal striatal MSN ! k increase in circulating estradiol is associated with:

intrinsic excitability is a dynamic property that is modulated in adult females Progesterone ™= | . dl t tivity (Fi n

across the estrous cycle via the associated changes in steroid sex hormone ncrease _Ocomo or_ac '_Vl y ( . igure 2A)

levels. | performed whole-cell patch clamp recordings on male, diestrus female, T * Improved limb coordination (Figure 2B & 2C)

proestrus female, and estrus female MSNs in acute brain slices obtained from adult Ovulation owlaton | * Increased sensory perception for numerous modalities :

rat dorsal striatum. Assessment and analysis of the electrophysiological properties is Figure 1. Relative estrogen (blue lines) and progesterone (red lines) levels during the 28 day uman -« Enhanced place learning behavior F:gfe’f’nioi'elg"e"s""’g"Z’n"?e’ac‘zhfo'r”f'(Cj“”grei;"e?:';’?gg alowerpaneis A& B and &
ongoing, with a particular emphasis on intrinsic excitability and miniature excitatory o oy, 2 rat estrous cycle. Time of ovulation s indicated by blue arrows. From - o e drug-seeking and intake I aduit fomale rat doreal sriatum from Almey ot Al 2016, Black arrows ndicate respective
synaptic currents (MEPSC). Preliminary results indicate that the properties that estrogen receptor and white arrows indicate GABA labeling.

govern cellular excitability differ over the course of the estrous cycle for female

MSNs. Additional analysis is needed to further inform these results. Overall, given rem— Fe m al e rat M S N eXC |tab| I |ty d |ffe rS Ove r th e —_—1r CO n Cl u S | O n S

the estrous-dependent sex differences in the normal and pathological behavioral . .

output of circuits involving the dorsal striatum, understanding the nature of *  Cyclical hormone changes modulate the electrical
neuroendocrine modulation of MSN function is an important research goal. eStrO U S CyC| e properties of dorsal striatal MSNs in female rats.

A Male Diestrus Female Proestrus Female Estrus Female + Female MSNs exhibit differences in action potential
production, peak firing rate, threshold, and rheobase over

B M eth OdS ' ) - ' ) ) . the course of the estrous cycle.
« Thus, an estrous cycle-dependent sex difference exists in
aomy . N 5 "
N
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Developmental Effects on Regional Sex Differences in MSN

rat dorsal striatal MSN excitability.
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Animals Estrous Staging e .
« 8male, 9 diestrus, 8 proestrus, and 9 estrus  « Estrous status assessed via vaginal cytology 028 nA 030 nA 0.58 A 022nA  0.24nA 0.48 nA 020nA  0.221nA 042 nA 030nA  032nA 0.60 nA Nucl Nucl
female Sprague-Dawley CD IGS Rats + Levels of testosterone, estradiol, and progesterone measured from trunk Electrophysiological Developmental Dorsal ucleus ucleus
« Age: postnatal day 70 to 90 blood collected at sacrifice B C D E F P S Stri Accumbens Accumbens
« Intrinsic excitability (current stimuli): 31 male, roperty tage triatum Core Shell
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« Rats were deeply anesthetized with « After resting for 21 hour after « Whole-cell patch-clamp recordings were 50 o 0.1 I3 Post-puberty F>M F=M
isoflurane gas and killed by decapitation. sectioning, slices were placed in a made from medium spiny neurons (MSNs) 104 7 -80 ° (Wissman etal., 2011) (Wissman etal., 2011)
The brain was dissected rapidly into ice- Zeiss Axioscope equipped with IR- in the dorsal striatum using glass -604 & |
cold, oxygenated sucrose artificial DIC optics, a Dage IR-1000 video electrodes (4-8 MQ) containing 0.1-0.2%
cerebrospinal fluid (ACSF). Serial 300 pm camera, and 10X and 40X lenses with Biocytin Tracer (Vector Laboratories) P<0.01 - -
coronal brain slices containing the dorsal optical zoom. Slices were superfused internal solution. Signals were amplified, 0- 0- — B — 0.0 -100+—m———————
striatum were prepared using a vibratome with oxygenated ACSF heated to filtered (2 kHz), and digitized (10 kHz) with N N NG N NJ \@ NG NJ @ @ A2 @ @ @ 2 @ & & @ & _— u u re I re C I O n S
and incubated in regular ACSF for 30 30°C. a MultiClamp 700B amplifier attached to a W & ® & & e@b N4 e@o z@@ 6&7’ \@ z&» z@” Q&Q N z&?} e(\@ é@ N e&?’ & & zé‘q’
minutes at 35°C, and at least 30 minutes Digidata 1550A system. L LKL \),f B 0,:( \?Q \)@Q \)QQ \{f g \{f \{,f( B \)&)Q
at room temperature (21-23 °C). Slices N N N O O I O O I O R N NS BN BN o 1 1 i 1 i i H
were stored submerged in room & & <& ¢ & 2 o\e" Q@é’ <& o\ef" @z"‘ <& @ @é’ & Further determine which intrinsic eleCtrOphySlOlOg ical
temperature, oxygenated ACSF for upto 5 1
hours after sectioning in a large volume % 20 05 . properties are altered by the estrous cycle
bath holder. o °

* Analyze excitatory synaptic input for estrous cycle-

T 300 ° . o L4 ° 00° 06
L D LR “ 3ot S . dependent sex differences
§ ] BB ﬂ' % é : : ﬁ | %2 & -l 8 '3’ ﬁ » Determine the most appropriate statistical analyses to
) A = : ool polse? o0 L perform for this data set
| & &S ¢ &S &S ¢ &S & &S - Determine which hormone(s) are driving these effects
& & & &5 & & 5 & +  Elucidate the cellular mechanisms underlying these effects
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Intrinsic Excitability Excitatory Synaptic Input (mMEPSCs) ) o ) ! o v _
+ Recordings were made in current clamp to assess intrinsic neuronal « In a subset of recordings, oxygenated ACSF containing Preliminary res_ults |nd|cgte that the prupemgs which govern cellular excitability differ over the course of the estrous cycle in adult d_qrsal s(rlatur_n female rat medium splny neurons (MSNS).
electrophysiological properties. Neurons underwent at least three series of GABAA& receptor antagonist picrotoxin (PTX, 150 uM, (A) Representative recordings of male (black), diestrus female (grey), proestrus female (red), and estrus female (blue) MSN responses to positive current stimuli. The number of action potentials elicited
depolarizing and hyperpolarizing current injections to elicit basic neurophysiological ~ Fisher) and voltage-gated sodium channel blocker for each stimulation is listed above each trace. Threshold measurements are indicated with arrows. Resting membrane potential measurements are listed to the left of each trace. The positive current
properties (Meitzen et al. 2009). tetrodotoxin (TTX, 1 uM, Abcam Biochemicals) was bath stimulus application used to evoke each response is described below each trace. (B) The rate of increase in the number of action potentials elicited in response to increasing positive current stimuli (FI AC k n OWI e d e m e n tS
2352:33;?22?2\?:&2" Sﬂ?;ﬂz:fo?gﬁzmg'g3?34:05" Slope) is elevated in proestrus female MSNSs relative to male MSNs (p<0.05). (C) The maximum frequency of action potentials evoked by positive current stimulation (peak firing rate) is higher for estrus g
injection no longer elicited an action potential, MSNs femalg M_SNs relat_ive to proesl_rus female MSNs (p<0.01) and male VMSNs (p<0.01) as well as for diestrus female MSNs relative to ma]e MSNs (P<0'05)'.(p) Thres_huld, or (he p_olenlial at which the action . . .
were voltage-clamped at -70 mV and miniature potential initiates, is hyperpolarized for proestrus female MSNs relative to estrus female MSNs (p<0.01). (E) Rheobase, or the current input required to elicit an action potential, is elevated for estrus I thank my project team: Ashlyn Johnson and Opal Patel, members of the Meitzen
excitadtogy'post-lsynal%!ic cur;en! Ievenlls (mllEPSCs) were female MSNss relative to proestrus (p<0.01) and diestrus female MSNs (p<0.05). (F) Resting membrane potential does not differ by sex or by estrous cycle stage. Individual MSN data for each property Laboratory, and the Keck Center for Behavioral Biology. This research was funded by NC
recorded for at least 5 minutes. Input resistance was analyzed are below each respective bar graph. Mean value is indicated by a horizontal line. Error bars reflect the standard error of the mean. The number of MSNs sampled per group for each property are i i i
reassessed after recording and cells were discarded if wilhi); each bar in white. T-Ie‘;s were usgd Fo assess differences betweez experimental groups. Significant differences are indicated with connecting lines and related pl\)/alu;)s. grow propery State start-up funds, the Army Research Office, and the National Insfitute of Health.

input resistance changed more than 20%.




