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SUMMARY

Objective:Fracture risk isa serious comorbidityn epilepsyand may relate to the useadftiepileptic medications
Many anttepilepticimedicationshibit ion channel function and the expression of these chamnedteoblastsaises
thequestion whethealtered bonesignalingincreagsbone fragility We aimed to: (1gonfirm the expression afoltage
activated sodiunchannelgNay) in mouse osteoblastand (2)investigate the action @hrbamazepinand genytoinon
Nay channels:

Methods:iImmunocytochemistryvasperformed on primary calvarial osteoblasts extracted from néd@@&IBL/6J mice
and additional RNA sequencing (RNASeq) was included to confirm esipresfNa,. Whole cell patch clamp
recordings were made to identify the native currents expressdd asskss the actions of carbamazeffifgM) or
phenytoin(50/uM).

ResultsNay ‘expressionwas demonstratedith immunocytochemistryRNA sequencingnd functionallywith
demonstration ofabust tetrodotoxirsensitive andoltageactivated inward currenté.pplication ofcarbamazepiner
phenytoinresulted’in significant inhibitin of current amplitude: for carbamazepsie6 + 5.9 % (n 9; p<0.001), and
for phenytoin 35.5+ 6.9 %(n = 7;p<0.001).

SignificanceMouse osteoblasts exprdda,, andnativeNay currents are blocked arbamazepinandphenytoin

supporting our hypothesis that AEDs can directly influence osteadblagion andootentiallyimpacton bone strength.

KEYWORDS
Epilepsy, Bone Health, Osteoblast, Voltaggeted Sodium Channettlectrophysiology

ABBREVIATIONS

oaMEM alpha Minimum Essential Media
AED  Anti-epileptic Drug

AP Action Potentials

BMD BonesMineral Density

CBZ carbamazepine

DMEM Dulbecco's Modified Eagle's Medium
DMSO Dimethylsulfoxide

FBS  Foetal Bovine Serum

FPKM fragmentsiper kilobase of exon per million fragments mapped
Nay voltagegated sodium channel

PHT  phenytoin

TEA  tetraethylammonium

TTX  tetrodotoxin

INTRODUCTION

This article is protected by copyright. All rights reserved



PAGE 3

Patientswith epilepsy have at least doutlgacture risk. A proportion ofpatients, particularly thoseho have taken
long-termanti-epileptic drugherapyhave reduced bone densf§ Cause®f theseassociationare not fullyunderstood
15 particularlywhether theraredirectbone sideeffects ofAEDs. Approximately 1% of the population requir@ED
treatmenfor epilepsy, ofterof prolonged duratiofi, with importanttreatment benefits, batso arisk of long-term
adverse healthffects® " More widespread use &EDs for newer indicationsincludingmigraine, chronic pain and
bipolar affectiverdisorder increastheimperative tadetermire whetherAEDs increase fracture rignd, if so, by what
mechanism(s)A more completeinderstanding of the mechanism fimpaired bone healtim epilepsyshouldfacilitate

the development,afafer medications

Initially, effects ofAEDs onvitamin D metabolismvere proposedsthe primarymechanisnior bone diseasg
however useof nortinducer AEDs that donotimpact vitamin D metabolisnis alsoassociated with bone disedSe™
Furthermore, there isgoor relationshifbetweerbone fracture rislandcirculatingvitamin D metabolitdevels®. AEDs
havemultiple mechanisms ddictiory however theyall impactneuronakellularsignalling to exert their effectdn
similar fashion, AEDs may impacbonecell signalling thatmayunderlieadecrease ithone strengthon channels are
common targets of many AEDs and botfteoblastandosteocytegxpresson channels, including sonweltagegated

ion channel$**_lon channels have been implicated in transducing btress andtrain>*’

critical for modeling and
remodeling While osteocytes are often considered the primary meesamsing ceflin bone, osteoblastdsoare
capabé of responding to mechanical str&&sOsteoblasts possessiltiple ion channels, includinigyperpolarisation
and osmolaritysensitive channefS, andvoltagegatedsodium (N&) channelg’. Another study observed rapid effects
of Vitamin D3 onvoltageactivated -Ca and Ct channels in the osteoblastic ROS 17/2.8 cell line and primary
osteoblastsand proposed that this mechanism maytritmuite to Vitamin D’s ability to promote osteobiagcretory
function; Na*Were not included in that stud¥ Electric coupling betweehoth rat and guinea pigsteoblastike cells
wasreportedo be inhibited by up to 59% by CBZ and PHiidthe membrane potential depolarisky approximately
40-45%following CBZ; however specific effectof AEDsupon Ng were notassesseih that study Nayshavea long
established role in electrogenesis in neuréamdarealsoexpressed in “noexcitable” cells, with a range of effector
functions including attenuating cellular motility and migration, and driviegerse calcium importing in Na/Ca
exchangé®. Traditionally, osteoblasts are considered “rexcitable” cells?®; however there are ion channels present in
osteoblastswibh allow action potential® be fired®. The role of Na in osteoblasts and effts of AEDs such as CBZ
and PHT on N@ in osteoblasts require investigation. We chosaeit@lly investigate the AEDs CBZ and HHas they
have beemssociated with reduced BMY andfractures*?® In this study, we investigate@BZ andPHT effects on
Nay using wholecell patchclamp recordingn mouseosteoblastso examinefor a direct effect of these argpileptic
medications on osteoblasBetter identification of the mechanisms underlyingreéased fracture rate and changes in
bone quality’seen in association with epilepsy istteatment will allow foimproving thetargeing of fracture

prevention strategies in patients with epilepsy.

MATERIALSAND METHODS
Calvarial Digestsand Cell Culture
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Primaryosteoblastsvereisolated from calvariae @57BL/6Jneonatal miceitilizing a previouslhypublishedsequential
collagenaseligest protocof’ with minor modificaions Briefly, calvariae weréncubatedn freshdigestion buffer
containing collagenase type 1 (140Units/mL) (Worthington Biochen@caporation, LakewoodllJ, USA), 0.05%

(w/v) trypsin (Invitrogen, Carlsba@A, USA), and 2.5 mM Caglin Dulbecco's PBS at 37 °C 6 timis 20 min.
Primary calvarial mousesteoblastsverethenmaintained in alph®&inimum Essential Medié@aMEM) supplemented
with 10% (v/V)EBS and gentamicin (50 pg/ml) (Gibco Life Technologies, Grand Island, NY, USA) culture flasks
(BD Falcon, San Diego,A& USA). Medium was changed every 3 to 4dandcellsweremaintained as subconfluent
cultures in ashumidifiethcubatorwith 5% CG; in airat 37 °C Samples of the cultured cells were stained for Adleal
PhosphatasgSigmaAldrich, St Louis, MO, USAto confirm osteoblastic characteristics, and detim digests positive

for Alkaline Phosphatase were included in the Patchlinerrewpats.

Ethics approvalsiere obtained from the Howard Florey Institute Aairgthics Committee (project number-Q38
UM) and all experirants were conducted in accordance whih Australian NHMRC guidelines on the ethical use of

animals in scientific reearch®.
RNASeq Analysis

First passage.cells were grown until subconfluem@MEM containing Lglutamine (2 mM) and 10% FBS, then
cultured in BREFEHPC1medium (Athena Enzyme Systems, Baltimore, MD, USA) contaib@¥g FBS for 48 hours.
Total RNA was'extracted from 3 individual osteoblastates. Libraries were prepared from total RNA@) using the
TruSeq RNAw2:sample preparation protocol (lllumigan Diego, CA, USA)100 bp paireéend sequencing was
conducted using‘the HiSeq 2000 platform (lllumiagdhe Australian Genomics Research Facitgrkville, Australia)
according'to.the.manufacturer’s instructions. Aftéering and trimming, readaere mapped to the mouse reference

genome assembly GRCm38/mm10 using the prodraptat®

prior to transcripts being assembled from the &in
reads, using'the program CufflinKs Results were expressed as FPKigments per kilobase of exon per million
fragments maped, and a threshold of 0.3 was applied to FPE&/ber previously described heuristic technigties

95% confidence intervafer FPKM were calculated.
Cell Staining and Microscopy

Primary calvarial osteoblast culture samples weaimad for alkaline phosphatase to confirm ostesildi@haracteristics
using a kit(SigmaAldrich, Cat# 86C1LKT). Immunocytochemistry was performed usiagbit antirat Nay (Pana)
(1:500; Cat #56936)andAlexa-488—conjugated gat antirabbitlg (1:300;Molecular Probes, Cat# A11034uclei
werecountestained using DAPI 4';8liamidinc2-phenylindole Q.33ug /mL, Cat # D9542SigmaAldrich, St Louis,
MO, USA).Fluarescent images were acquiresing an Olympus FV1000 confocal microscapth an Olympus 60 x
oil objective (NA 1.35)

Electrophysiological recordings
Electrical ecordingsvere conducted using ttatchliner® (Nanion Technologies, Munich, Germainythe wholecell

configuration. Before recordings, cells were detached from culture flasksAwgitutase Cell Detachment Solution

This article is protected by copyright. All rights reserved



PAGE 5

(Innovative Cell Technologies IncSan Diego, CA, USAand resuspended at a density of £d®%Bx10 per milliliter

in 50% aMEM (without FBS) and 50% external recording solution viv The external recording solution comprised
(mmol/L): 140 NaCl, 4 KCI, 1 MgGl 2 CaC}, 5 D-glucose, 10 HEPES OtetraethylammoniunipH 7.4 with NaOH)
The osmolarity of this solution was 298 mOsnheTnternal recordingolution comprised (mmol/L): 50 CsCl, 10 NacCl,
60 CsF, 2. MgGl, 20 EGTA, 10 HEPES, 3 Mgradenosine 5triphosphate10 TEA (pH 7.2 with CsOH) and the
osmolarity ofithisisolution was 285 mOsi8olutions were filtered using a Qun membrane filter (Minis& Sartorius
Stedim Biotech, Goettingen, Germany). Calire kept in suspension by gentle automatic pipetting. Medium single
hole planaNRPGL6.chipswith an average resistance of ~2.5 MQ wereused Pipette and whole cell capacitance were
fully compersated and the series resistance compensation was set toR¥L86dings were acquired at 50 kHz with the
low pass filtersetito 3 kHz in PATCHMASTER (HEKA Instranis Inc., NY, USARpndperformed at 27 °COffline
analysis was\performed usiijcrosoft Excel and GraphPad Prisn{iolecular Devices) Data are shown as means +
S.E.M. LeaK'subtraction was performed in software bef@euihrents were normalised. Statistical analysis was

performed using Studentdest and differences were considerephBicant wherp < 0.05.

Pulse Protocels™The voltage dependence of activation was studied by measuringrthalisedoeak currentsduring
100msdepolarisationfrom -120mV to +30 mV in 5 mV incrementJhe resulting4V curve was fitto the equation
I=[1+exp(0.039372.(V-V1/2)]-1.9.(V-Vr) (I, current amplitudez, apparent gating charg¥ testpotential;V 1, half
maximal voltage; g,dctor related to the aximum number of open channedsid Vr, reversal potential Conductance
wasdetermined usig G=I/(V-Vr). To study the steadstate fast inactivation, cells were held at conditig prepulse
potentials‘ranging from120 mV to +30 mV in 5 mV increments from a holding potentia-d20 mV and a test pulse

at 0 mV for 20 ms.The peak current arfifudes during the subsequeast pulses were normalised to the peak current
amplitude during'thérst test pulse anglotted against the potential of the conditioning puRecovery from fast
inactivation was studied by ppalsing the cells to 0 mV from a holding potentéh120 mV for 30 ms to fully

inactivate channelsThe voltage was then returned to the holding potentiall@® mV for variable intervals (every 3

ms from 0 to:39"ms). Finally, the voltage was stegpeétimV for 30 ms to test channel availability. The lpearrent
amplitude during.the test potentials was plotted as fractiooaVeey against the recovery period by normalising to the

maximum currentrduring the conditioning potentials. The recamgrents were plotted against delta time.

To examine the effects &fEDs, two voltage protocols were used. In the first, the cediseviheld at60 mV and 20
millisecond test:depolarisations were applied inm\dincrements, from80mV to +60mV. The cdks were then
exposed taehicle.control PMSO), followed by50 uM CBZ andthen10uM TTX in the continued presence of pM
CBZ and the voltage protocol utilised for each variable. Is#itend set of experiments, cells were heldé@imV and
20 millisecond duration test depolarisations applied every 2 secorths presence of vehicl®ata was acquired for 3
5 min to establish a stable control baseline current, duringhvtinie vehicle was continuously applied. On
establishment of a stable curre@BZ (50 uM) or PHT (50 uM) was applied to the cells for 5 min. Following 3-5 min

washout ofAED, 10 uM TTX was applied for 2 minPeak currents for individual cells were averaged over 30 s periods
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directly before application AAED, following establishment of block in the presenc&BD and following
establishment of block by TTX.

RESULTS

We identified'theipresence of functional \Nia primary mouse osteoblasts using RB&g, immunohistochemistry and
patch clampelectrophysiologgdhniques. RNASeq analysis was used to determine whether vefiatedl sodium
channelsraresexpressed by primary mouse osteoblast cultutidiging a threshold of 0.3 FPKMa number of genes
encoding voltaggated sodium channels (includingandp subunits) were found to be expres¢€dble 1).Expression
of the genesscn2al (Nay 1.2), Scn3a (Nay 1.3), Scn7a (also referred to aScn6a, NaG, N&, Nay,2.1, Na,2.1 or
Nay2.2), Scnlby(Nay 1) and Scn3b (Nay f3) was revealed using this method. Specificimmunofluorescencstainingfor
Nay (Pana)/was abservedFig 1), providing further evidence of sodium channel expression irptineary cultured

osteoblasts

The biophysicaproperties oEndogenougward sodium currents were anadgzinmouseprimary calvarialosteoblasts
using a highthroughput automated planar pataimptechnology Specifically, thevoltagedependence of activation,
fastinactivation;and recovery from fast inactivatimereexaminedEight separate primary calvarial cell digests were
utilized: data for CBZ are pooled from 3 digeatsdfor PHT from a further 2 digestshebiophysical data are pooled
from 2 digestsRepresentative current family traces illustratertimist voltageacivated inward currents elicited in
these cells (Fig2A). Currenbltage (I/V) curves, normalised to the maximum inward current wadcallated and as
expectedsfor Na, show a voltagelependence of activatianith the threshold of activation close-#0 mV and the peak
current close to 0 mV (Fig 2B)The voltagedependence of activation and fasictivation was examindaly converting
the peak cufrent versus voltage curves into conductance versus {@tafeand fit to a Boltzmann functiofiFig 2C).
The half maximal voltage for activation and inactiva was-7.81 + 0.47 mV and42.9 + 0.72 mV, respectively. The
slope of the activation and inactivation curves was 7.71 + 0.38 38d-9.63 (n = 13), respectivel\Normalised
current as a function d¢ime following an inactivating voltage step walstted and the curve was fit with a hyperbola as
a means to ‘characterise data, for which the recovery comstarit.59 + 0.16 (n = 13) (Fig 2D).

External application of CBZ resulted in significanhibition of current amplitudand this is reflected in the
representativeaw airrent traces obtainddom a single cell using this voltage protocol (Fig 34).the second set of
experiments, cells.were held-&0 mV and onestablishment of a stable baseline currenyM0CBZ was applied for 5
minutes. [The inset is a representative recordiom fa single cell showing the time course of blbgkCBZ, its
subsequent wastif; followed by almost complete block in the preseat&TX confirming presence of Nachannels
The blocking effect of CBZ was consistent acrosseillb testedishighlighted by the averaged raw current traces (Fig
3B) as well as the averaged and normalized I/V its 3C) CBZ caused a significant inhibition of current ampli¢
(31.6 £ 5.9 %inhibition, n = 9,p<0.001)(Fig 3D), which wagpartially reversed upon washdigee Fig 3A inset)

whereas its vehicle, DMSO, was without effégita not shown) Furthermore, subsequent application ofilMTTX, a

This article is protected by copyright. All rights reserved
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known sodium channel blocker, resulted in almost complete inhitaifitre current (89.96 £ 2.14 % inhibition, n = 9,
p<0.00001) (Fig 3D).

In the next series of experiments the effect of externalcgioin of PHT (5QuM) was examined. PHT also inhibited

the TTX sensitivecurrent;however this effectwasnot reversed upon washdgee Fig 3E inset)Representative raw
current traces'from a single cilistratethe degree of block by PHAnd TTX(Fig 3E). The insademonstratethe

time course'of block by PHT and TTX in a single cell. The averemedraces and the normalised 1/Vs show the degree
of block by PHT-across several cdlsg 3FG). The percent inhibition by PHT was statistigaiignificant(35.5 + 69

% inhibition, n = 7p<0.00] (Fig. 3H).

DISCUSSION

This studycharacterizethe molecular and functional expression of, M@ mouserimary calvariabsteoblastand
showedheywere inhibited by theommonly prescribeAEDs CBZ andPHT. To ourknowledge, this is the first study
to report inhibitory.effects of AEDs CBZ and PHT oaNn osteoblastic cellgproviding primary evidence for a direct
effect on boneells and, therefore, potentially on bdmealth.The electrophysiologal characterigts of the voltage
gated sodium.current in osteoblastsre found to bsimilar to those of neuronal sodium currertitnative osteoblastic
sodium currergherewereactivated bydepolarisationabove-40 mV, exhibitel steadystatefast inactivationwith a V-
half valuearound-43 mV, and werélocked byTTX *2,

Although i has"been demonstrated previously that osteolslestble to generataPs?°, the role and significance for
theseAPsisnotaltogetherclear If APswere for instancegenerated during loading or stress detectwinitiate or
contributeto signaling during bone remodelirigis possible that AEDs that interfere with ARrg could increase
fracture riskin patientamedicated with certain AED%his effect could provide a mechanism by which a diverse group

of molecules could have a simui| adverse effect on bone.

Thegeneddentified in RNASeq analysis as being expresseddtgoblast culturesncode both the alpha pore forming
and beta accessory subunits, indicating that functionas ldee likely present imouseosteoblastsBoth o and 3
subunits havesimportant roles in the structure and function ¢f fNe o, subunit forms the pore, while associated
subunits (whichraresalso tissue specific), can direct trafficking and also modulate o subunit function ** **We note that
cells utilized'in'the RNASeq were cultured utilizidifferent mediao those utilized in immuocytochemistry and
electrophysiologyexperimentsnd thereforé remains possible thatherNay, subtypeexpression under different
media conditions, or at differing times in culture are alsegre Identifying functional expressionigé, and
investigatingeelectrophysiologitresponses dfla, currents to AEBwas our primary aim, rather than specifically
confirming the subtype which the AEDs examined act upon in this .sflidgresults of the RNASeq showed thattoé
genes encoding subunitsthe most highly expressed w&sn7a (Nay; 2.1), which despite belonging to the family of
voltagegated sodium channdka voltageand TTXinsensitivesodium channehought to be involved isodium

sensing and contributing tiepolarization of the resting membrane potemmialeurons”®. As a channel that is thought to
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beNa’ permeant at rest it would exert a permanent deigoigrinfluence on the osteoblast$hecellular roleand
effects of AEDson Nay;2.1arenot known partly due to the difficultyn obtaining functional heterologous expression
As the currents recorded in this experiment WEFX sensitive (to TTX in the micromolaange) the recordings
obtained here are not consistent with thatla§; 2.1 and are therefore more likely attributable to,NMa2 and/or Na 1.3
TTX sensitive currents.

A previous study showed thiabth PHT and CBZinhibited proliferation ofhuman osteobladike cells at therapeutic
concentrations, indicating this decrease in proliferation m@ginmew bone formatioh However electrophysiology
was not performed timvestigatespecific effects at the ion channel leugltered membrane potential and reduced
electrical coupling via gap junctions in the presence of CBZ &tid*Phavebeen showiin a previous study ofat

primary osteoblasthowever Na, were not examined:urther stugks are required to examine effects of other AEDs on
Nay as well as other ion channels in osteoblasts, osteocytesglasts, and in human cells to further explore the effects
of AEDs on'bone health.

Thesein vitro studies have demonstrated osteoblast ion channels that are sémgithibition by two common AEDs,

providing apotential mechanismf increasedracture riskin patientsvia direct effect®f AEDson osteoblast function

KEY POINT-BOX

e Immunocytochemistry and automated electrophysiology showed functional sgpres voltage gated
sodium cufrrents in mouse primary osteoblasts

o Carbamazepine amghenytoin resulted in significant inhibition of sodium current amplitude

e The inhibition of sodium currents in ostdasts by antepileptic medications is a potential mechanism for

altered bone strength in epilepsy
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FIGURE'"LEGENDS

Figure 1. Immunocytochemistry staining of cellsfrom mouse calvarial osteoblast cultureswith Nay (Pan-a)
antibody and DAPI nuclear counterstaining. (A) Nay (Pan alpha) antibody staifB) DAPI nuclear counterstairof
the field shown in A. €) No primary antibody control(D) DAPI counterstaimf the field shown in C

Figure 2. Characterization of sodium currentsrecorded in mouse primary calvarial osteoblastic cells. (A)
Representativeurrent traces obtained from a single cell using a voltegendence of activation protocoB) (

Normalized currenvoltage relationship curve averaged from 13 cells. Inset showsltage protocol. €) Voltage
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dependence of normalised peak condum#ail) and steadiygtate inactivation®) shown as a function of voltage.
Currents were normalized to the maximum peak current. Pulse griipsteadystate inactivation shown in the inset.
For both graphs Boltzmann curves were fit to pooled averaged 8cells) and plotted. ) Recovery of channel
availability from fastinactivation shown as a function of time. A hyperbola wa®fiidoled averages and plotted.

Schematic of plse protocol is shown in the inset.

Figure 3.l nhibitory effects of carbamazepine and phenytoin on voltage-dependent sodium currentsrecorded in
C57BL/6J mouse primary calvarial osteoblasts (A) Representative current traces obtaifrech a single cell in the
presence of yehicle (navy traces), CBZ (@0; red traces) or TTX (1QM; green traces), respectively. Cells were held
at-60mV and,stepped froRl80mV to +60mV for 20 milliseconds every 2 seconds. Scale bafyg apall traces.
Representative/frecording showing peak current plotted againstltisieating the blocking effect of CBZ, wamiit of
CBZ and subsequent block by TTX are shown in the in&tAyeraged current tracés the presence of vehicle (navy
trace), 5quM CBZ (red trace) or 1M TTX (green trace). Cells were held-80mV andrepeatedly stepped to OmV
for 20 milliséconds every 2 seconds (n = 9 cel(§)) Normalized average currembltage relationships in the presence
of vehicle (pale blu®), 50uM CBZ (redA) and 10uM TTX (greend). Currents were normalized to the maximu
peak currentin the presence of vehicle (n = 9 cel3).Ayerage percent inhibition by 5M CBZ (red) and 1QuM

TTX (green) (ni= 9. cells).H) Representative current traces obtaifiech a single cell in the presence of vehicle (navy
traces), PHT (B uM; blue traces) or TTX (1QM; green traces)Scale bars apply to all traceSame voltage protocol
as A Representative recording showing peak current plotted agaiestitistrating the blocking effect of PHT,
wastout of PHT"and subsequent block by TTX are shown in the in§@tAveraged current tracés the presence of
vehicle (navy trace), 50M PHT (blue trace) or 1@M TTX (green tracefn = 7 cells) Same voltage protocak B.

(G) Normalized average currembltage relationships in the presence of vehicle (pale®y&0uM PHT (blueA) and
10uM TTX (greend). Currents were normalized to the peak current in the preserehiole (n = 7 cells). H)

Average percent inhibition by 5M PHT (blue) and 1M TTX (green) (n = 7 cells). For D and H the peak currents
in the presence of CBZ, PHT or TTX were compared to the peadntsiin the presence of vehicle.p¥0.01,

Rk 0<0.0001.

Table 1. RNAseq resultsfor genes expressed encoding voltage-gated sodium channels (including alpha and beta
subunits): FPKM >0.3, and 95% Confidence I ntervals.
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Table 1. RNAseq resultsfor genes expressed encoding voltage-gated sodium channéds (including alpha and beta
subunits): FPKM >0.3, and 95% Confidence Intervals.

Gene 95% CI | 95% CI
Gene Name; synonym FPKM )

symbol low high
Scn2al | sodium channel, voltage gated, type Il alpha subunitla 1.4821 0.9256 2.0404
Scn3a sodium channel, voltage gated, type Il alpha subunig1Nea 0.5222 0.2786 0.7631
Scn7a sodium,channel, voltage gated, type VII alpha subiia;2.1 3.6029 2.4555 4.7530
Scnlb sodium channel, voltage gated, type | beta subunit 34.8005 | 22.9675 | 45.8203
Scn3b sodium channel, voltage gated, type Il beta subunit 2.1051 1.2063 3.0036
KEY:

FPKM fragments per kilobase of exon per million fragments mapped

Cl confidence interval
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