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ABSTRACT

This study examined the influence of propofol dimesia on the expression of activity-regulated ks
(BDNF and c-Fos) and synaptic plasticity markeyméptophysin, GAP-43, drebrin) in the frontal caréend thalamus
of 7-day-old (P7) rats. Although these brain regiane the main targets of anesthetic action, thegantained in the

cortico-striato-thalamo-cortical feedback loops,alved in naturally occurring and drug-induced pgsyges. Therefore,



functional integrity of these loops was examinedaitiolescent and adult rats through d-amphetamuhezed

hyperactivity. Propofol treatment (25 mg/kg) desethexon-specific and total BDNF mRNA expressiothafrontal

cortex and thalamus, in a time-dependent manneMNmB[rotein level was increased in the frontal cortad

decreased in the thalamus, which was accompani#itkbghange of phospho-TrkB expression. SimilariBDNF, the

expression of c-Fos was decreased in the frontéxaovhile it was changed only at the protein lewelhe thalamus.
Synaptic plasticity markers changed in a time- esglon-specific manner, indicating increased syoggesis in the
frontal cortex and synapse elimination in the thmla in P7 rats after the propofol anesthesia expodinese early
molecular changes were followed by time-relatediaased motor reaction to d-amphetamine in adaiésioet not in

adult rats. Our study revealed that exposure of atone brain to propofol anesthesia during the aaiftphase of
development provoked immediate changes in actoéyendent processes and synaptic adjustment,emgilug brain

capacity to integrate later developmental event$ @sulting in temporary altered response to apstehotropic

stimulation during adolescence.
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HIGHLIGHTS

1.

Propofol affected activity-regulated events in fitemtal cortex and thalamus of P7 rats
Propofol changed BDNF and c-Fos expression in tame-region-specific manner
The treatment influenced the expression of syndyytsip, GAP-43 and drebrin

The treatment influenced locomotor response of&#fmals to d-amphetamine

Neonatal anesthesia affected integrity/maturatiozodico-subcortical paths

INTRODUCTION



The exposure of infants to general anesthesiacsnamon practice in pediatric medicine. The evideinom
animal studies indicates that early exposure tcstheécs, i.e., before completion of synaptogenesas result in
widespread apoptotic neuronal degeneration anecdsed synaptogenesis, resulting in permanentlyiieghaognitive
development (Jevtovic-Todorovic et al., 2003). Ahesia-induced neurotoxicity is highly age-relateith the peak
around postnatal day (P) 7 (Lu et al., 2006; Petil., 2009; Popic et al., 2012). Although syimapmmodeling has
been added to the list of potential mechanismsutitrovhich anesthetics could induce long-lastingnglea in the
developing brain, the baseline of this phenomesastill unknown (De Roo et al., 2009). The impaintnef neuronal
activity is crucial for clinically relevant actioof general anesthetics, but it also contributeshanges in activity-
dependent synaptic plasticity refinement, whicbfisnportant for proper circuitry assembly duringnaptogenesis.

Our previous study showed that even short-term sxgoof neonatal rats to propofol, a frequentlydusen-
barbiturate anesthetic agent, triggered apoptodise cortex and thalamus, brain regions thatrarelved in clinically
relevant actions of propofol (Pesic et al., 200®wever, changes in the expression of activity-depat genes and

messengers from synapse-to-nucleus signaling pgghthat contribute to the conversion of short-tetraignals into



longer lasting changes have not been examinedsnrtbdel. Important question that remained unanssves whether
in neonatal brain anesthesia-induced changes ironauactivity, which have been suggested to bigraasper sefor
alterations in both neuronal viability and morplmpidDe Roo et al., 2009; Lu et al., 2006), are mum signal for all
activity-regulated events to be silenced or thera icertain selectivity. For instance, propofoltiogld changes in
BDNF gene expression, which is one of the first-transcription factor effector genes found to bgutated by
neuronal activity, have not been examined in detifilough several reports pointed to the chang&DINF protein
expression (Karen et al., 2013; Lu et al., 200&6t€w et al., 2011). The gene for BDNF is comprisédilistinct
promoters that initiate the transcription of muiipnRNA transcripts, each of which contains anralive 3 exon
which is spliced to a common &ding exon that contains the entire open reafilamge for the BDNF protein (Aid et
al., 2007). The influence of anesthesia exposure-bns gene expression is also largely unexplaatdough it is
widely used for screening neuronal responses towastimuli and may play an active role in regalgtoth neuronal
survival and synaptic plasticity (Shaulian and Ka2002). Moreover, c-Fos activates phospholipidttsgsis and is

required for neurite elongation through a mechanishependent of its genomic activity (Caputto et 2014). Several



in vitro studies examined the role of c-Fos in transcniptependent mechanisms of propofol action, butrdisealts
are opposing (Fibuch and Wang, 2007; Kidambi e8l10).

The response of the brain to anesthesia includigsitmonediate cellular and circuits’ responses ®tteatment
and active emergence from general anesthesia. Naihbhs been shown that propofol changes neuractality by
reducing glutamate level and enhancing GABA lememiotor and sensory cortical areas, thalamus, bgppus and
basal ganglia, with structure-specific degreeshange of glutamate/GABA (Zhang et al., 2009). Aldopamine
released by ventral tegmental area neurons, wieicti projections to both cortical and subcorticaifbregions, could
be involved in the emergence from propofol genenaésthesia (Solt et al. 2014). This informationoisgreat
significance, as the safe and fast emergence frogstlesia, mediated by dopaminergic transmissiare agcently
into the focus of research in the field. Altogethese data indicate that propofol exposure durg@natal period has
a complex neurochemical influence and could be &twas early challenge to glutamate, GABA and dopargic

systems in the cortex and thalamus. Although teesebral structures are essential for consciousaetsre therefore



the main targets of anesthetic action, they ardagoed in the cortico-striato-thalamo-cortical fbadk loops that
control different behaviors, including naturallycocring and drug-induced psychoses (Paus et #18)20

Since in the clinical practice propofol is used miaifor the induction of anesthesia as a singlaigobnd is
followed by application of other, mainly volatileesthetics for anesthesia maintenance, there éga ior deliberate
assessment of consequences induced by early shortgropofol treatment. In this study we set outadtllress the
influence of single propofol dose on BDNF and c-ese and protein expression. We have also exaniridgi as
MBDNF receptor and synaptophysin, GAP-43 and dneasi well known markers of synaptic plasticity.drer to
establish whether transient propofol treatment haveng-term consequences on the integrity of cosubcortical
circuits, and to what extent these changes remarassessed psychomotor response of adolesceatiatichnimals
(propofol pretreated at P7) to d-amphetamine asaienge, considering the importance of thalamacarsignaling

for amphetamine-induced motor activity (Mabroulalet 2014).



2. MATERIALS AND METHODS

2.1. Animals

Seven-day-old (P7) Wistar male rat pups with anmaye body weight of 14 g were used in the experimeXil
efforts were made to minimize the suffering of #mémals and the number of rats used. In behaveaériments P35
and P90 male rats exposed to propofol anesthe$?d@ atere tested. All animal procedures were in d@npe with
Directive 2010/63/EU on the protection of animaked for experimental and other scientific purpoaed was
approved by the Ethical Committee for the Use didratory Animals of the Institute for Biological &arch "SiniSa
Stankowv¢”, University of Belgrade.
2.2. Drugs

Propofol (Recofdl), manufactured for i.v. human use, was obtainethfSchering (Turku, Finland). The dose
of 25 mg/kg of propofol was chosen based on owipus experiments (Pesic et al., 2009). The ampoukre shaken

well and the drug was used according to the matwrcs instructions.



D-Amphetamine sulfate (Sigma-ALDRICH Chemie, Gergjamas dissolved in saline at a concentration 5f 1.
mg/ml and administered i.p. in the dose of 1.5 mg/khe drug was chosen to test the integrity oficmistriato-
thalamo-cortical loops, considering novel data akibe importance of thalamocortical signaling fonphetamine-

induced motor activity (Mabrouk et al., 2014).

2.3. Experimental design

Male rat pups (P7) were separated from their methed placed in a temperature-controlled incubsgbto an
ambient temperature of 35-36°C. Animals not intenidebe killed immediately after propofol-inducetkeathesia (25
mg/kg) were allowed to recover in the incubator amde returned to their mothers to feed. Loss efrighting reflex
(LRR) served as an indicator of anesthetic-indusecbnsciousness and sleeping time. Anesthesiadetabrtality of
neonatal animals treated with the propofol in tbeedof 25 mg/kg was not detected; the rightingereflias impaired

for 555 min (Pesic et al., 2009).



Several techniques were used in the study: Weddietting (n=28 animals), PCR analysis (n=28 anipals
immunohistochemistry (n=6 animals) and behaviaslihg (n=48 animals).

Western blot and PCR analyses were done on neqRatphnimals within hours (0 (control), 1, 2, 418 and
24 h, n=4 per time point) after propofol treatmeffe have used the frontal cortex and thalamusnfegstigation. To
avoid eventual effects of laterality the right daft part of examined structures were collectedrfrine same animal,
homogenized and further used for molecular analy8es procedure was consistently performed dutegsampling.
The samples were stored at -80°C.

For immunohistochemical study the whole brains vimoated from control (n=3) and propofol-exposegpp4
h after the treatment (n=3 per time point).

Behavioral testing was performed on adolescentahdt animals. They were neonatally exposed toeeith
propofol treatment (25 mg/kg; n=24 per group) osatine (0.9% NaCl, 2.5 ml/kg; n=24), allowed toaeer, returned
to their mothers and weaned on P21. On P35 n=1@ofwbinjected animals and n=12 saline-injectedvaais were

tested: six animals from each group received sdlinml/kg, i.p.), while the other six received d{ametamine (1.5



mg/ml/kg). The rest of the animals were testedR®0, by the same schedule as described for PiBgalan
Experiments were performed between 9:00 and 1Mofor activity measurements were initiated immesl\atfter d-
amphetamine or saline injection and lasted 120 Bath animal was tested only once. Before regisirathe rats
were habituated to the experimental cages for 40 mi
2.4. RNA isolation, reverse transcription and semguantitative PCR

Total RNA was isolated from tissue using TRIZOL geat (Invitrogen, Carlsbad, CA) according to the
manufacturer's instructions. Tissue samples wemgogenized at a ratio of 1 ml reagent: 0.1 g tisRI¢A integrity
was assessed by electrophoresis in a 1% agaraseéogal RNA was treated with 10 U of RiSeA free DNasel and
dissolved in diethylpyrocarbonate (DEPC)-treatetewa

Reverse transcription (RT) reactions were perfornvéd 5 ng of total RNA, using oligo-dT primers and M-
MLV Reverse Transcriptase according to the manufacs instructions (Fermentas, Vilnius, Lithuani®&CR
reactions were performed in pairs since a refergece for the normalization of target gene expoessias included.

200 ng of cDNA were used for each reaction. PCRti®as were performed in the GeneAMPCR System 9700



(Applied Biosystems). All PCR reactions were pearfed from two independent RT reactions. The PCRumrtzdwere
separated in 2% agarose gels stained with ethidicomide and photographed under UV light. Multi-ArsiPC
Software Image Analysis System (Bio-Rad Gel Doc0)@@as used for densitometry analysis.
Total BDNF mRNA and specific exon-containing BDNRRMAs were measured by semi-quantitative PCR.

We first performed an experiment in order to obttie patterns of brain structure-specific expresssd BDNF
MRNA-containing exons 1, I, 1ll, IV, V, VI, VII, VIl and IXA (Aid et al., 2007). The reference gemaas
glyceraldehyde 3-phosphate dehydrogenase (GAPDHRE. éikperimental conditions for PCR were as folloase
cycle at 94°C for 5 min, 35 cycles at 94°C for 1@s56°C for 30 s and at 72°C for 30 s, and at #ffefinitely.
Obtained results showed that exon V- and exon dfitaining transcripts were highly expressed in kbth frontal
cortex and thalamus of P7 rats. Moreover, fainggrds corresponding to exon I-, lI- and Illl-contagnitranscripts were
detected in the thalamus, pointing that at P7 thataexhibited more diversity of exon-specific BDRIRNAs than
the frontal cortex (data not shown). The primeruseges of the BDNF transcripts IV and VI that wéuether

investigated and PCR conditions of are providediable 1. Changes in total BDNF mRNA expression vaEected



with primers to coding exon IX which is common tbteanscripts. For these PCRs the reference geasfwactin, as

well as for c-Fos.

2.5. Reverse transcription and quantitative RT-PCR

Reverse transcription reactions were performediplaising a High-Capacity cDNA Archive Kit accangi to
the manufacturer’s instructions. The reactions veargied out under RNase-free conditions &C2for 10 min, and at
37°C for 2 h. The cDNA was stored at “ZDuntil further use. Relative quantification of sytophysin mRNA was
performed by Real Time RT-PCR using the TagManyag&a Rn00561986_m1, Applied Biosystems). GAPDH was
included as an endogenous control to correct fdferdinces in inters assay amplification efficien¢yD
Rn00565598 m1), since validation of endogenousrobgenes showed the stable expression of both GARDI -
actin. Each sample was run in triplicate and theaimmealues of each Ct were used for further calimuriat

Quantification was performed by th&“?" method. The results obtained by RT-PCR were apdly®y RQ Study Add



ON software for the 7000 v 1.1 SDS instrument (ABism Sequence Detection System), with a confidémesl of

95% (p < 0.05).

2.6. Protein isolation and Western blot analysis

To prepare total protein extract the tissues wenadygenized and sonicated in 10 volumes of RIPAdvuff
containing protease and phosphatase inhibitorserA30 min incubation on ice, the lysates were deged at
14,000x for 30 min at 4°C. The supernatants were colleatadistored at -80°C until required.

Protein concentrations were determined by the timninic acid micro-protein assay (Micro BCA Pratei
Assay Kit; Pierce Inc., Rockford, USA), with albumas standard. Thirty micrograms of the proteimaets were heat-
denaturated for 5 min at 95°C in Leammli’'s samplading buffer, separated on 10% SDS polyacrylarmgels by
electrophoresis, and electro-transferred onto PWi2branes. Nonspecific protein binding was prevkhbietreating
the membranes with blocking buffer containing 5%fab dry milk in Tris-buffered saline/0.1% Tween-20 1 h at

room temperature. The membranes were incubatedigh¢rat 4°C with primary antibodies diluted in bbdking



buffer. The following primary antibodies were useadti-synaptophysin (a gift from Dr Reinhard Jalonf the Max
Planck Institute, Gottingen, DE), anti-BDNF (Safeuz Biotech., sc-546), ant-Trk B (Santa Cruz Bibte sc-12),
anti-TrkB (phospho Y816) (Abcam, ab75173), anti€K8anta Cruz Biotech., sc-52), apiactin (Sigma, A-5316).
Samples were incubated with secondary antibodieB-Elftjugated bovine anti-rabbit (Santa Cruz Biatedbgy, sc-
546), and rabbit anti-mouse (Dako, P0260) in Tuffdred saline/0.1% Tween-20 for 60 min at room genature.
Three washes with 0.3% Tween-20 in Tris-bufferdtheavere performed between all steps. The sigres detected
by enhanced chemiluminescence and subsequent egpmsan X-ray film. All films were densitometribabnalyzed
using the computerized image analysis program, &éQagnt 5.0. The optical density of each band wasalized to

the correspondinf-actin band.

2.7. Tissue preparation and immunohistochemical argsis
Whole brains of P7 pups were collected at 0 h (odntand 4 h after propofol treatment. Following

decapitation, brains were quickly removed and fixed% paraformaldehyde for 12 h and were transtemto graded



(10, 20 and 30%) sucrose for cryoprotection. Brarege frozen in 2-methyl butane and kept at —-8@AG sectioning
on a cryotome. The brains were cut in coronal sastBOum thick and mounted on Superfrost® glass slidasddor
12 h at room temperature and stored at —20 °C siatithing.

For identification of neuronal cells we used a s@monoclonal antibody raised against the spetifikker of
neurons, NeuN (1:500, Chemicon). To examine coesgwon with c-Fos rabbit polyclonal antibody (1:1@anta
Cruz, sc-52) was used. All antibodies (primary aedondary) were diluted in PBS. Tissue slices vedimved to
warm to room temperature for 2 h and were washe®BS%$ two times for 5 min. To reduce fixative-inddce
autofluorescence, incubation in 1% glycine in PBS X0 min at room temperature was performed. Froim $tep
onwards, the samples were washed three times foinSn PBS. Antigen retrieval was performed in swmdicitrate
buffer (10 mM sodium citrate, pH 6.0). Reductionnoinspecific staining was achieved by incubatioth\VB% NGS
diluted in PBS. The slices were incubated with jnynantibodies overnight at 4°C, washed and sulesgty
incubated with goat anti-rabbit (Alexa 488, Invgem, 1:500) for c-Fos and goat anti-mouse (Alex, Bi6vitrogen,

1:250) for NeuN, for 2 h at room temperature. Thees were washed in PBS for 1 h, with changesBf lRvery 5



min, and mounted with mounting medium for fluoresm with 4',6-diamidino-2-phenylindole (DAPI) (Vect
Laboratories Inc., USA). For the negative contseltions were incubated with appropriate seconalatiipody without
the primary antibody.

Staining was visualized with a Carl Zeiss AxioVisianicroscope. All images were acquired with 40x
magnification. All the sections were stained andlgzed under the same conditions and the samettiroagh visual,
qualitative observation by the person who was famivith the technique and not familiar with thepexmental

design.

2.8. Measurement of motor activity

The motor activity of rats was recorded individyafbr each animal in Opto-Varimex cages (Columbus
Instruments, OH) that were linked on-line to an @ compatible computer. The open fields were plase light-
and sound-attenuated room provided with indirect Bomogenous illumination. Each cage (44.2x43.2etR) was

equipped with 15 infrared emitters that were lodad@ the x and y axes. An equivalent number ofivece were



located on the opposite walls of the cage. Dat@wealyzed using Auto-Track software (Columbusrimsents). The
Auto-Track interface collects data from the Optaikex unit every 1/10th of a second and categorikesactivity.

Locomotor activity was defined as a trespass @elumonsecutive photo-beams.

2.9. Statistical analysis

The data were statistically analyzed using Statsfi.0 software (StatSoft Inc.). All descriptivatsdtics were
performed using relative values. The changes in ARNd protein levels are presented graphicallypesentages
(mean+SEM, n=4 per group) of the control samplesiagd to be 100%. The data were analyzed by KrnWikdlis
ANOVA, and if the test resulted in p-value lessntha05, subsequent comparisons with the controlignaere
performed with the Mann-Whitnay test. Significance was acceptegd0.05.

The data for locomotor activity are presented asmh8EM (n=6 per group) for total activity during 8tn
periods after saline or AMPH injection. Before a#s#éd, the data were transformed (sqrt) and analygetivo-way

ANOVA with the propofol anesthesia exposure ancetafter the saline or AMPH treatment (0-30, 31®&D90, 91-



120 min; repeated measure) as factors. The FisBBrtest was used for subsequent comparisons betiveagroups.

Significance was accepted&t0.05.

3. RESULTS
3.1. Propofol anesthesia attenuates exon IV, exonl &nd total BDNF mRNA expression in the frontal cotex and
thalamus of P7 rats

To examine whether short-term propofol anesthaslaenced exon-specific BDNF mRNA expression, we
performed RT-PCR analysis of exon IV- and exon diHaining mRNASs in the frontal cortex and thalam@i®7 rats,
which were shown to be highly responsive to chamgeguronal activity (Fig. 1).

Compared to the control group, gradual decreaseson IV- and exon VI-containing mMRNA levels were
observed in the frontal cortex (Figs. 1A and 1C<0®5) at almost all time points, while the largdstrease was
detected from 2 to 8 h after the treatment (50-70f0)he thalamus of P7 rats significant decre§36s40%) of both

exon IV- and exon VI-containing transcripts werdedeed at 2 and 4 h post-treatment (Figs. 1B and*pBR0.05



compared to the 0 h time point). The treatment ¢edudecrease in the expression of exon |, exomdl exon IlI

transcripts in the thalamus, as well (data not st)ow

To summarize the influence of propofol anesthesiDNF gene expression in the frontal cortex dnadaimus
of P7 rats, we used primers for the coding exomvi¥ch is common to all BDNF transcripts. Comparedhte control
group, a low level of total BDNF mRNA expressio®{20%) was detected in the frontal cortex of P$ edtall of the
time points examined (Fig. 1E; *p<0.05) while iretthalamus a decrease (30-50%) was observed dineng-8 h

after the treatment (Fig. 1F; *p<0.05). Changesotal BDNF mRNA expression are largely in agreemeith the

results obtained for exon IV- and exon VI-contaghiranscripts.

3.2. The effect of propofol anesthesia on the levelf BDNF, total TrkB and phosphorylated TrkB protein

expression



Propofol anesthesia induced significant but opmpsimanges in mature BDNF protein (14 kDa) expressio
the frontal cortex and thalamus of P7 rats (FigsaBd 2B). In comparison to the control group, gigant increase
(30-40%) in BDNF level was detected in the frortaiftex 1-4 h after the treatment (Fig. 2A; *p<0.QBktest), while
significant decrease (20-40%) in BDNF level waserntsd in the thalamus 1-8 h after the treatmer. (#HB; *p<0.05,
U-test).

Since BDNF expression was affected by the proptfdtment, we next examined whether these changes
influenced the expression of its receptor, TrkBO(k#a). No significant changes were detected inetkgression of
total TrkB receptor, either in the frontal cortexino the thalamus (Figs. 2C and 2D). However, Waeshdot analysis
revealed a significant increase (30%) in phospHd@Texpression during the 1-16 h post treatmentogem the
frontal cortex (Fig. 2C; *p<0.05) and significareatiease at 4 h post treatment in the thalamus Z2Big*p<0.05), in

comparison to the control.

3.3. The effect of propofol anesthesia on the level c-Fos MRNA and protein expression



To get better insight into the influence of shertm propofol anesthesia on activity regulated psses we
have examined changes in c-Fos expression (Figi@asic decrease in c-Fos mMRNA expression wasctist in the
frontal cortex, i.e. during 1-2 h and at 8 h of {pasesthesia period in comparison to the contrig. (A, *p<0.05),
while no significant changes were observed in badaimus (Fig. 3B). At the protein level c-Fos waenitified as the
band at 65 kDa. Significant c-Fos decrease waseutt 4 and 16 h after the treatment in the fiaadex (Fig. 3C),
while surprisingly strong decrease in the amoucbapanied by slight decrease in the apparent mialeateight of

c-Fos protein was detected in the thalamus duhie@t4 h post treatment period (Fig. 3D, *p<Ov85control).

3.4. The effect of propofol anesthesia on intraceilar localization of c-Fos

Since Western blot analysis revealed a decreasd-0s expression at 4 h after the treatment in brémined
brain structures, we investigated how this change caupled with intracellular localization of c-F@8Sig. 4). In
representative brain sections from control aninfgigs. 4A and 4B, the posterior cingulated/retreg@! cortex and
anterior thalamic nuclei, respectively) we obsereedocalization of c-Fos with the neuronal markdeuN, in both

nucleus and cytoplasm. Interestingly, in represam@drain sections from propofol-exposed pups $F#C and 4D)



weaker nuclear c-Fos immunostaining was detectgukatally in the thalamus (Fig. 4D). Such obseoratndicated
that decreased c-Fos expression at 4 h after pbpafatment, revealed by Western blot analysisilcc@ue to

decreased expression of nuclear portion of c-Fotejpr.

3.5. The effect of propofol anesthesia on the level synaptophysin mRNA and protein expression
Synaptophysin is an abundant synaptic vesicle protaely used as a marker for presynaptic ternsin@lur

experiments revealed that short-term propofol &@ssa down-regulates synaptophysin mRNA level m filontal
cortex of P7 rats during 2-4 h after the treatm@ing. 5A, *p<0.05vs control), while no significant changes were
observed in the thalamus (Fig. 5B). Western blatlyames revealed the protein level of synaptophgginificantly
increased in the frontal cortex (50-75%) at 1, @,ahd 24 h after the treatment compared to thera@ogtoup (Figs.
5C, *p<0.05) while in the thalamus it was signifitlg decreased (50%) during the 2-4 h post treatrpenod (Fig.

5D, *p<0.05).

3.6. The effect of propofol anesthesia on the level GAP-43 and drebrin expression



Bearing in mind that BDNF plays a fundamental riol@ctivity-dependent plasticity during developreme
investigated by Western blot analysis the influenté¢he propofol treatment on the relative levelsGAP-43 (43
kDa), and drebrin (120 kDa), in the frontal cortexd in the thalamus of PND?7 rats (Fig. 6).

In the frontal cortex of PND?7 rats, the level oAB43 was significantly increased (25-30%) at 11@and 24
h after the treatment compared to the control gi&igs. 6A; *p<0.05). No significant changes in theels of drebrin
expression were detected in the frontal cortex7ofd®s (Fig. 6C).

In the thalamus of P7 rats the level of GAP-43 washanged (Fig. 6B), while drebrin expression was
significantly increased specifically during 2-4 bsp-anesthesia period (25-50%) and slightly deeké82 %) at 24 h

after the treatment (Fig. 6D; *p<0.08 control).

3.7. The effect of neonatal propofol anesthesia alramphetamine-induced locomotor activity in adolesent and

adult rats



The locomotor activity of adolescent P35 rats aftdine and d-amphetamine injection is presentedigs 7A
and 7B, respectively. After saline injection nongigant differences in the activity of control apdopofol pretreated
rats was observed; statistical analysis revealgdifsgiant decrease in locomotor activity during tivee (Fig. 7A,
*p<0.05 vs. the first 30 min, $p<0.05 vs. the se&tB6 min). After d-amphetamine treatment the arsnmaonatally
exposed to propofol showed important differencds@motor activity in comparison to the controlraals (Fig. 7B).
Statistical analysis pointed to significant infleenof propofol pretreatment (F(1, 10) =9.057, p%8)0and the time
((F(1, 30) =15.939, p=0.001). Namely, after d-astpmine treatment propofol pretreated animals weyaificantly
more active than control adolescent animals dutireg second and third 30 min of registration per{édy. 7B,
#p<0.05 vs. the same time point of control group).contrast to the control group, significant dese in d-
amphetamine induced locomotor activity in propgbobtreated animals was observed only during thie3@smin
period (Fig. 7B, *p<0.05 vs. the first 30 min, $p&H vs. the second 30 min).

Animals neonatally exposed to propofol did not staw difference in the locomotor activity in comigan to

the control group when tested as adults, either afiline injection (Fig. 7C) or after d-amphetagninjection (Fig.



7D). In both conditions significant decrease inan@ount of locomotor activity was detected during $econd hour of
registration period (Figs. 7C and 7D, *p<0.05 v tirst 30 min, $p<0.05 vs. the second 30 min).

Before registration the rats were habituated toetkgerimental cages for 40 min. This activity wasnitored
as well but no significant differences were obsdrire spontaneous locomotor activity between cordromals and

those neonatally exposed to propofol anesthesta (da shown).

4. DISCUSSION

In this study we presentead vivo evidence that a single-dose of the general anestm®pofol applied to P7
rats induces complex brain region- and time-specifianges in the expression of BDNF and c-Fos.chaeges were
accompanied by alterations in the expression ofyslyn plasticity markers as well. Moreover, thenaalis neonatally
exposed to propofol showed transient increase amghetamine induced locomotor response during sdetee.
Together with our previous report that pointedhe short-term propofol anesthesia-induced neurodgéon in P7

rat brain (Pesic et al., 2009), our present studfjlléd the knowledge about immediate changesativay-regulated



processes in neonatal brain during post anesthesiend. This shed additional light on affected fimmal
integrity/maturation of neural substrates that ulelstimulant drug responding.

There is no doubt that propofol anesthesia decseasaronal activity in the cortex and thalamusuaiadg
reversible loss of consciousness (Franks, 2008)Hmicellular consequences of such anesthesianaate largely
unknown. Our study addressed that neonatal expasuskort-term propofol anesthesia decreased theession of
BDNF transcripts IV and VI (contributing to decreas the expression of total BDNF mRNA) and c-FA3NW in the
frontal cortex up to 24 hours after the treatmaeritile in the thalamus decreased expression of BDNRNAS was
detected without changes in c-Fos mRNA. It has heiglely accepted that BDNF and c-Fos mRNA expres$so
controlled by a neural activity accompanying?Canflux into neurons (Tabuchi, 2008). Accordinglyyr results
indicate that in neonatal brain propofol anestheslaced complex temporal and brain-region spediéicline in C&'-
regulated signaling pathways required for activégulated gene expression, accentuating specifafitghanges
toward transcription during the post-anesthesiggeiThe findings are generally in agreement wiittvitro obtained

data about molecular mechanisms of propofol ac{kozinn et al., 2006; Martella et al., 2005). Moveg up-



regulation of dopaminergic transmission that hasnbshown to mediate the emergence from propofokengén
anesthesia (Solt et al. 2014) could also contributbe observed BDNF mRNA profile (Fumagalli et 2003).

After comparing the time-dependent changes in ¢vel$ of BDNF mRNA/protein in the same structure, w
observed temporal and regional differences as dindtion that following propofol anesthesia theihatt of enzymes
involved in mature BDNF protein production and/obMF transport could be affected (Head et al., 200%)e
discrepancy between BDNF mRNA and protein has lobserved in several treatments that modify neuraotvity
(Elmer et al., 1998; Tropea et al., 2001). Thisrmeenon is also observed after repeated cocainénitiation
confirming that BDNF expression is controlled ircamplex and highly dynamic fashion at the transwial and
translational level, mRNA targeting as well as gssing and secretion of the protein variants (Fathag al., 2007).
Recent findings indicate that different BDNF splic&riants have a different translatability, conttibg to the final
amounts of the BDNF protein produced in responsieodrugs (Vaghi et al., 2014). To the best of knowledge
comparative analysis of BDNF mRNA/protein expressaiter propofol exposure has not been reportatipadh

some studies pointed to decreased expression off BBARNA (Karen et al., 2013) and increased exprassi@DNF



protein (Ponten et al., 2011) in the cortex of regahanimals exposed to propofol. Moreover, genanalsthesia with
midazolam, isoflurane and nitrous oxide also leattedn increase in BDNF in the cortex, and its éase in the
thalamus (Lu et al., 2006). Altogether these ressiliggest that in the neonatal brain, the lev8@INF changes in a
brain region-specific manner in response to ansghexposure in general, rather than to propofektesiger se
which remained to be deliberately examined. We slsmwed that propofol anesthesia did not influeheeamount of
total TrkB receptors in the frontal cortex and #mals of P7 rats, but that it modulated TrkB phosghtion (activity)
by influencing extracellular BDNF levels. ThroughkB receptors endogenous BDNF acts as a targeteteand
instructive messenger for long-lasting potentiatidiiGABAA receptor-mediated synaptic transmission, contnigub
the activity-dependent developmental refinemennbibitory synaptic networks (Kuczewski et al., 3p0Considering
the importance of trophic support for multiple asgeof neuronal development and function our previ@Pesic et al.,
2009) and current results indicate that during jao&tsthesia period the frontal cortex had feweduances than the

thalamus, which undergo deficiency in both BDNF &ltalF.



Inhibitory effect of propofol on stimulated c-Fospeession was previously reported, pointing to dcauption-
dependent mechanism that underlie anesthetic eénegrfe with synaptic plasticity related to amnesigperties of
intravenous anesthetics (Fibuch and Wang, 2007irKetzal., 2006). Our study revealed that in nealnatain short-
term propofol anesthesia at time-dependent andtateispecific manner significantly decreased basatession of c-
Fos during post-anesthesia period, demonstratiaginhthe thalamus this phenomenon could be relatedigmented
degradation of c-Fos protein as mMRNA has been shouae stable in this brain structure during thameed phase.
The appearance of c-Fos as a 65 kDa band in batmiaed brain regions is an indication that the girots highly
phosphorylated and thus stable in developing braimch is of importance considering its complexibgical role.
Namely, c-Fos is a part of the activator prote(AR-1) transcription factor complex but recent fimgk indicate that it
also has a non-genomic role in the cytoplasmiclegigu of lipid synthesis required for membranedginesis (Caputto
et al., 2014). Immunostaining revealed that obgkstearp decrease in c-Fos level in the thalamusufshafter the
treatment was greatly due to reduced c-Fos likeunoreactivity in the nucleus, pointing that propaioesthesia in

the neonatal brain transiently affected mainly geitoactivity of c-Fos by decreasing the amount\ailable protein.



It has been proposed that c-Fos is, as a part tiffaceted set of signaling molecules, participatedhe triggering of
the expression of genes important for neuronalipls including BDNF (Dong et al., 2006). In agraent with this
hypothesis our study showed that the time windowesfreased c-Fos level in neonatal brain aftertgbon propofol
anesthesia exposure matched exon IV- and exon Maoong BDNF mRNAs decrease particularly in theldimus.
Although there are indications that BDNF can hawanaportant role in the regulation of c-Fos expi@sgCohen et
al., 2011), our results indicate that in examinedditions increased BDNF/phospho-TrkB level is aaicial for the
maintenance of stable c-Fos mMRNA level in the @bobrtex.

An important feature of the developing brain & liemarkable plasticity in response to the expedae@ur
study revealed that short-term exposure to propafasthesia induced time- and brain region-spech&nges in
synaptophysin expression that was used as a specdsynaptic marker. Discrepancy between mRNA @notkein
level within examined structures appeared, whicls wat unexpected considering general thought tratoulk of
synaptic proteins is synthesized in the cell boag thereafter transported to synaptic sites. Adogiy, impressive

similarity between decreased synaptophysin mRNAesgion in the frontal cortex and decreased prdésial in the



thalamus was observed. Moreover, 30 kDa synaptaplirggment, which was described as a breakdowdymtoof
calpain-1 activity (Lee et al., 2008), appearedglwith the decrease in synaptophysin band (38 kiwhgating that
increased C&-dependent degradation contributed to the obseeadt (Wu and Lynch, 2006; Milanovic et al., 2010)
Considering the role of synaptophysin in presymafutnctions including endocytosis of synaptic vesqKwon and
Chapman, 2011), present findings suggest thatigainand time-specific decrease of functional pnegyic activity is
induced in the thalamus of neonatal brain aftertsteom propofol exposure. Consequently, simultaiseimcrease in
the expression of drebrin indicates that the nawctional synaptic contacts in the thalamus of RS aéter short-term
propofol anesthesia might appear (Mizui et al., §0@®n the other side, increased GAP-43 level waigeaied
specifically in the cortex, which along with incees@l synaptophysin level in the same brain strudhdieates that
increase in synaptogenesis could have occurredpnégime that elevated BDNF/phospho-TrkB level astlén part
contributed to this phenomenon, in view of reced#gcribed relationship between BDNF induced axandhing and

synaptic vesicle cycling (Granseth et al., 2013).



Potential functional consequences of early anesthegosure were tested in adolescent and aduthadsi
exposed to psychostimulant drug d-amphetamine,sBgssing locomotor hyperactivity. Obtained respéimted to
increased, time-related hyperlocomotion of adolescats neonatally treated with propofol. Brieftdtamphetamine
induced motor action is controlled by the cortigathibition of striatal dopaminergic activity, witthe important
modulatory role of cortical GABAergic system (Karlet al., 1998). Moreover, recent data stronglygesy that
amphetamine-stimulated monoamine release in theapyi motor cortex and hyperlocomotor activity depem the
integrity of thalamocortical signaling (Mabrouk at, 2014). Accordingly, the results observed im siudy indicate
that disturbed cortical control over subcorticatustures and/or affected thalamo-cortical signalinganimals
neonatally exposed to propofol might occur laterirdydevelopment. This presumption is in agreemétit the facts
that decreased BDNF gene expression specificdllyences development and function of GABAergic s8&s in the
cortex (Hong et al., 2008) and that prolonged higgemotion following acute amphetamine exposure getgcted in
Bdnf’~ mice (Saylor and McGinty, 2008). Affected abiligf propofol exposed animals to control stimulated

dopamine activity, which is primarily terminated bsruptake into the presynaptic neuron terminalgri@gaard and



Gether, 2001), could not be neglected. Neurophygically, a depression of thalamo-cortical actiwitgs reported
(Franks, 2008), although convincing evidences ssigteat clinical effects of propofol are due toadisnection of
functional connectivity over cortico-cortical andrtico-subcortical networks, i.e. cortico-thalanfielly et al., 2007)
and cortico-striatal networks (Mhuircheartaigh att 2010). Thus, neonatal exposure to propofolccbe viewed as
an early challenge for the cortico-striato-thalapostical loops that are involved in different betwas, including drug-
induced and naturally occurring psychoses that ipmamerge during adolescence (Paus et al., 2008herént
behavioral responses to diazepam in rats that weoeatally exposed to propofol anesthesia werentigceeported
(Ponten et al., 2011) and our present study acdilip pointed that the long-term outcome of neonatgosure to
anesthesia could be viewed through the responpsyichotropic medications during adolescence, tiveldpmental
period characterized by widespread adaptationsaim lanatomy and functioning.

Methodological limitations of the study should beed. We examined the effects of propofol manufactior
human use (Recofd), i.e. the effects of propofol and its solventth®lugh currently marketed propofol formulation

has a number of undesirable properties that agelladue to the lipid emulsion, it seems that nefalation of propofol



can alter its pharmacokinetic and pharmacodynarh&racteristics (Egan, 2010). Others who have inyasd
propofol in neonatal rats used physiological salirReedriksson et al., 2007; De Roo et al., 2009%taMivic et al.,
2010) or lipid emulsion (Nakao et al., 2003; Ossarset al., 2001; Turina et al., 2008; Vutskitsakt 2005) as a
vehicle, showing that the vehicle alone does notipce any effect considering actin polymerizatmios expression,
neurite retraction, dendritic spine density, demdmorphology, neurodegeneration and behaviorftitieBecause of
all of the above-mentioned facts, we did not exantire effects of the lipid emulsion separately. ldogr, we cannot
exclude the possibility that observed propofol #mesia-induced effects are at least in part dubeantralipid action.
Limitation of the study could be also the usagewtiole cell extract for the analysis of proteins hwdifferent

subcellular distribution, without doing the correcbfractionation.

4.1. Conclusion
This study explains how activity-regulated eventghin different cellular compartments (cytoplasnoc

nuclear) and through specific synaptic elements-(pr postsynaptic), are integrated into regiorcige immediate



response of neonatal brain to propofol anestheslareover, neonatal exposure to propofol appeavdaetan early
challenge for neural substrates that underlie $éintwdrug responding, resulting in temporary alienesponse to acute
psychotropic stimulation during adolescence. Olatdiresults shed a new light on consequences ofear@to general
anesthesia during brain development and its saigbgdiatric medicine. Additional experiments stibbe performed
to better understand biochemical changes induceelably anesthesia exposure and their functionaiamoé. In that
sense age-related molecular characterization ohasineonatally exposed to general anesthesiaimmprtance, as
well as their behavioral reaction to different expental paradigms including a challenge with speut of
psychoactive drugs.
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TABLE I. Primer Sequences and Annealing Temperatug Used for Semiguantative RT-PCR Analyses

Gene Primers (5'=3) Size (bp) PCR profile No. of cycles
Exon IV CTCTGCCTAGATCAAATGGAGCTTC 553 94°C, 15 sec; 56°C, 30 sec; 72°C, 30 sec; 32
BDNF GAAGTGTACAAGTCCGCGTCCTTA

Exon VI GCTGGCTGTCGCACGGTCCCCATT 625 94°C, 15 sec; 56°C, 30 sec; 72°C, 30 sec; 32
BDNF GAAGTGTACAAGTCCGCGTCCTTA

Exon IX CACTCCGACCCcGCeeeaecea 364 94°C, 15 sec; 56°C, 30 sec; 72°C, 30 sec; 26
BDNF TCCACTATCTTCCCCTTTTA

c-Fos GACCGAGATTGCCAATCTAC 285 94°C, 15 sec; 56°C, 30 sec; 72°C, 30 sec; 35

GGAAACAAGAAGTCATCAAAGG

p-actin TGGACATCCGCAAAGACCTGTAC 142 epends on target gene
TCAGGAGGAGCAATGATCTTGA

GAPDH CGGAGTCAACGGATTTGGTCGTAT 306 Depends on target gene
AGCCTTCTCCATGGTGGTGAAGAC

FIGURE LEGENDS

Figure 1. Propofol treatment down-regulates théevel of BDNF mRNA in P7 rat brain.



RT-PCR analysis is used to examine the effect opgiol anesthesia (25 mg/kg) on the expressiorxohdV- and
exon VI-containing BDNF mRNAs, and on the leveltofal BDNF mRNAs in the frontal cortex (A, C and &)d
thalamus (B, D and F) of P7 rats. Each graph i®rapanied by a representative gel. The data wereesspd as
percentage to the control (0O h) and are represexgedean + SEM (n=4; each in triplicate). The valoktained at 0 h
were defined as 100%. Asterisk indicate significdifference from the control according to the KraisWallis
ANOVA followed by the U post-hoc test (*P<0.05).

Figure 2. Propofol treatment affects the levelsf BDNF and phosphorylated TrkB protein in P7 rat brain.
Western blot analysis is used to examine the efbéqiropofol anesthesia (25 mg/kg) on BDNF, totakB and
phosphorylated TrkB protein expression in the fabmbrtex (A, C) and thalamus (B, D) of P7 ratsclEgraph is
accompanied by a representative immunoblot. Tha de&tre expressed as percentage to the control @hdh)are
represented as mean * SEM (n=4; each in triplicatbeg values obtained at 0 h were defined as 1088terisk
indicate significant difference from the controkamding to the Kruskal-Wallis ANOVA followed by théd post-hoc

test (*P<0.05).



Figure 3. Propofol treatment affects c-Fos expssion in P7 rat brain.

RT-PCR and Western blot analyses are used to deterthe effect of propofol anesthesia (25 mg/kg) tba
expression of c-Fos mRNA and protein in the frontattex (A and C, respectively) and thalamus (B @nd
respectively). Each graph is accompanied by a septative gel or immunoblot. The data were expresse
percentage to the control (0O h) and are represexgedean + SEM (n=4; each in triplicate). The valolktained at 0 h
were defined as 100%. Asterisk indicate significdifference from the control according to the KraisWallis
ANOVA followed by the U post-hoc test (*P<0.05).

Figure 4. The expression of c-Fos in the cortend thalamus of P7 rat brain.

The expression of c-Fos was detected in neurobgl@d by Neu-N) of the posterior cingulated/rettesi@al cortex
(A-H) and anterior thalamic nuclei (I-P) of contamimals (A-D and I-L) and in those exposed to pfopanesthesia
(E-H and M-P). Nuclear localization was confirmgdAPI staining. Weaker nuclear c-Fos immunostajréould be
observed in propofol exposed animals, 4 h aftetrdregment. Scale bar 1@n.

Figure 5. Propofol treatment affects synaptophye expression in P7 rat brain.



Real-time RT-PCR and Western blot analyses are taséetermine the effect of propofol anesthesian@kg) on the
expression of synaptophysin mRNA and protein inftbatal cortex (A and C, respectively) and thalan(B and D,
respectively). The data were expressed as pereembatihe control (O h) and are represented as meaBEM (n=4;
each in triplicate). The values obtained at O hewagefined as 100%. Asterisk indicate significarfitedence from the
control according to the Kruskal-Wallis ANOVA folleed by the U post-hoc test (*P<0.05).

Figure 6.  Propofol treatment affects GAP-43 andrebrin expression in P7 rat brain.

Western blot analyses are used to determine tleetedf propofol anesthesia (25 mg/kg) on the pnoeipression in
the frontal cortex (A and C, respectively) and @imalis (B and D, respectively). The data were expdeas percentage
to the control (0 h) and are represented as meS&M (n=4; each in triplicate). The values obtaimd h were
defined as 100%. Each graph is accompanied by reseptative gel or immunoblot. Asterisk indicatgngicant
difference from the control according to the Krusikéallis ANOVA followed by the U post-hoc test (*P<05).

Figure 7. Neonatal propofol anesthesia affects hgplocomotor response to d-amphetamine in adolescerdts.



At P7 the animals were injected either propofol (@&/kg) or saline (0.9% NaCl, 1 ml/kg) and allowedrecover.
Monitoring of locomotor activity was performed odadescent (P35) and adult (P90) rats, after thectign of either
saline (1 ml/kg; Figs. 7A and 7C) or d-amphetanm(ih® mg/kg/ml, Figs. 7B and 7D). Each animal wasee only
once. Before registration, the rats were habitutddtie experimental cages for 40 min. The dataespeessed as total
activities (meantSEM, n=6) for 30 min periods. $figant difference according to the two-way ANOVAllbwed by
the LSD post-hoc test: *p<0.05 compared to thevagtiof the same group during the first 30 min efistration
period; $p<0.05 compared to the activity of the sagroup during the second 30 min of registratiornoge #p<0.05

compared to the same time point of propofol-préeeea@roup.

TABLE I. Primer Sequences and Annealing Temperatue Used for Semiquantative RT-PCR Analyses



Gene

Exon IV

BDNF

Exon VI

BDNF

Exon IX

BDNF

c-Fos

Primers (5'-3)

Size (bp)

CTCTGCCTAGATCAAATGGAGCTTC 553

GAAGTGTACAAGTCCGCGTCCTTA

GCTGGCTGTCGCACGGTCCCCATT 625

GAAGTGTACAAGTCCGCGTCCTTA

CACTCCGACCCCGCCCGCCG 364
TCCACTATCTTCCCCTTTTA
GACCGAGATTGCCAATCTAC 285

GGAAACAAGAAGTCATCAAAGG

PCR profile

94°C, 15 sec; 56°C, 30 sec; 72°C, 30 sec;

94°C, 15 sec; 56°C, 30 sec; 72°C, 30 sec;

94°C, 15 sec; 56°C, 30 sec; 72°C, 30 sec;

94°C, 15 sec; 56°C, 30 sec; 72°C, 30 sec;

No. of cycles

32

32

26

35



B-actin TGGACATCCGCAAAGACCTGTAC 142 ePends on target gene

TCAGGAGGAGCAATGATCTTGA

GAPDH CGGAGTCAACGGATTTGGTCGTAT 306 Depends on target gene

AGCCTTCTCCATGGTGGTGAAGAC

TABLE I. Primer Sequences and Annealing Temperatue Used for Semiquantative RT-PCR Analyses

Gene Primers (5’-3") Size (bp) PCR profile

No. of cycles

Exon IV CTCTGCCTAGATCAAATGGAGCTTC 553 94°C, 15 sec; 56°C, 30 sec; 72°C, 30 sec; 32

BDNF GAAGTGTACAAGTCCGCGTCCTTA



Exon VI

BDNF

Exon IX

BDNF

c-Fos

B-actin

GAPDH

GCTGGCTGTCGCACGGTCCCCATT

GAAGTGTACAAGTCCGCGTCCTTA

CACTCCGACCCCGCCeGeea

TCCACTATCTTCCCCTTTTA

GACCGAGATTGCCAATCTAC

GGAAACAAGAAGTCATCAAAGG

TGGACATCCGCAAAGACCTGTAC

TCAGGAGGAGCAATGATCTTGA

CGGAGTCAACGGATTTGGTCGTAT

625

364

285

142

306

94°C, 15 sec; 56°C, 30 sec; 72°C, 30 sec;

94°C, 15 sec; 56°C, 30 sec; 72°C, 30 sec;

94°C, 15 sec; 56°C, 30 sec; 72°C, 30 sec;

ePends on target gene

Depends on target gene

32

26

35



AGCCTTCTCCATGGTGGTGAAGAC

TABLE I. Primer Sequences and Annealing Temperatug Used for Semiguantative RT-PCR Analyses

Gene Primers (5'-3") Size (bp) PCR profile No. of cycles
Exon IV CTCTGCCTAGATCAAATGGAGCTTC 553 94°C, 15 sec; 56°C, 30 sec; 72°C, 30 sec; 32
BDNF GAAGTGTACAAGTCCGCGTCCTTA

Exon VI GCTGGCTGTCGCACGGTCCCCATT 625 94°C, 15 sec; 56°C, 30 sec; 72°C, 30 sec; 32
BDNF GAAGTGTACAAGTCCGCGTCCTTA

Exon IX CACTCCGACCCCcGCeeeaecea 364 94°C, 15 sec; 56°C, 30 sec; 72°C, 30 sec; 26
BDNF TCCACTATCTTCCCCTTTTA

c-Fos GACCGAGATTGCCAATCTAC 285 94°C, 15 sec; 56°C, 30 sec; 72°C, 30 sec; 35

GGAAACAAGAAGTCATCAAAGG

p-actin TGGACATCCGCAAAGACCTGTAC 142 epends on target gene
TCAGGAGGAGCAATGATCTTGA

GAPDH CGGAGTCAACGGATTTGGTCGTAT 306 Depends on target gene
AGCCTTCTCCATGGTGGTGAAGAC




TABLE I. Primer Sequences and Annealing Temperatue Used for Semiquantative RT-PCR Analyses

Gene

Exon IV

BDNF

Exon VI

BDNF

Exon IX

BDNF

c-Fos

Primers (5-3") Size (bp)
CTCTGCCTAGATCAAATGGAGCTTC 553
GAAGTGTACAAGTCCGCGTCCTTA
GCTGGCTGTCGCACGGTCCCCATT 625
GAAGTGTACAAGTCCGCGTCCTTA
CACTCCGACCCCGCCCGCCG 364

TCCACTATCTTCCCCTTTTA
GACCGAGATTGCCAATCTAC 285

PCR profile No. of cycles

94°C, 15 sec; 56°C, 30 sec; 72°C, 30sec; 32

94°C, 15 sec; 56°C, 30 sec; 72°C, 30 sec; 32

94°C, 15 sec; 56°C, 30 sec; 72°C, 30 sec; 26

94°C, 15 sec; 56°C, 30 sec; 72°C, 30sec; 35



GGAAACAAGAAGTCATCAAAGG

B-actin TGGACATCCGCAAAGACCTGTAC 142 ePends on target gene

TCAGGAGGAGCAATGATCTTGA

GAPDH CGGAGTCAACGGATTTGGTCGTAT 306 Depends on target gene

AGCCTTCTCCATGGTGGTGAAGAC



