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Transport stresscausesdamagein rats’ liver and triggers liver autophagy
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ABSTRACT KEYWORDS
Transport stress would do great economic damage to animal husbandry. Transport stress,
To discover the mechanism of this problem, this study aimsto explore the Liver;
damage and the autophagy level after transport stressin Sprague Dawley Damage;
(SD) rats’ liver. Our previous work has successfully built a stable transport Autophagy;
stress model. This study repeated transport stress rats model; detected LG

body weight, rectal temperature and Serum biochemical indexes. Theresults
showed significantly difference between stress group (SG) and control
group (CG), suggested the model was successfully built. Histological
observation showed that the rat’s liver in SG was obviously damaged.
Autophagy-related indicator L C3 was eval uated by immunohistochemistry
test, and was accumul ated within the central vein of liver where autophagy
wastriggered. RT-PCR analysis of gene expression during transport stress
showed that the mRNA level of mTOR, Beclin-1 and LC3 weresignificantly
decreased. These results suggested that transport stress induced systemic
reaction in rats, caused liver damage, and triggered autophagy. The
mechanism of this autophagy process may be regulated by the low
expression of MTOR ingtead of Beclin-1. Thisstudy isthefirst demonstration
of autophagy in liver in transport stress. It lays the theoretical foundation
for the future research and new drugs development.
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INTRODUCTION development, immunity and production, and evenleads
to sudden death. Astheincreasing demand of livestock
products, the economic lossesin transport stressare

inca culable®?

Itiswell known that transport stressin summer is
caused by stimuli such ashunger, fear, handling, thirst,

high temperature etc. Those stressfactors can cause
stress syndrome, including behavior change, physiol-
ogy change and tissue damage*?. Transport stressis
considered to be a synthetic procedure that not only
causestissue damage, but also affectsanimal growth,

Transport stress has been reported to cause pigs’
multi-organ’s acute injury, including myocardial fiber dam-
age, smdl intestind villi injury, musdeinjury etc.>8- How-
ever, there are no previous study reportsthe effect of
liver after trangport stressinrats. Liver isoneof thema:
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jor metabolic organsin thebody. It produces acute phase
proteinand playsanimportant rolein stress”. However,
overloading in stressmay cause acutedamagein liver
and may trigger autophagy in order to removedamaged
organellesand misfolded proteinswhichaccumulaingin
the hepatocytes®. Until now, thereisnoreport focuson
theautophagy of liver intrangport stress.

The study repeated the model of transport stress
aspreviousreport by goplying high temperature shaker,
s mulated summer trangport with thestimuli such ashet,
handling, shock, shaking and other factorsinratg®9.
Thisstudy aimsto explorethepotential mechanismsof
liver damage after transport stressinrats, and laid a
theoretical foundationfor futher investigation.

MATERIALSAND METHODS

Animal careand experimental groups

Twelvema e Sprague Dawley ratswei ghing 200+20
g(Beijing Vitd River Laboratory, Anima Technology
Co., Beijing, P. R. China) werehoused [ 25°C, 60%rela-
tive humidity (RH) ]for 3days. On the4th day, therats
wererandomly divided into thefollowing two groups.
control group (CG) and 3-day stressgroup (SG). Six
ratsin each group were housed in plastic cages (400
mm x 300 mm x 180 mm) with a layer of soft
woodchipsand provided free accessto food and wa-
ter.

Treatment and sampling

Ratsin CG were housed in acontrolled environ-
ment (25°C, 60%RH). Rats in SG were housed under
CG’s conditions and stimulated on a shaker. The stress
conditionwas set on 60r/min, 35°C stress for 2h, from
9:00to 11:00 daily, and treated for 3 days separately
6, Their body weight and rectal temperatureweremea-
sured beforethefirst trestment (Day 0) and after the
last treatment (Day 3). Ratsfrom the CG and SG were
exsanguinated and then sacrificed after thelast treat-
ment. 1ml blood sampleswere collected. Sections of
theliver wererapidly excised and washed with phys-
ologicd sdineand dividedintothefollowingtwo parts:
1) A 1x0.5x0.5cm? section wasfixed for 48hin 10%
buffered formdin phosphatefor paraffin embedding; and
2)Some 0.5x0.5x0.25 cm? sectionswere separated into
sampletubes, frozeninliquid nitrogen, and stored at -
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80°C for DNA microarray and RT-PCR analysis.
Test of biochemical indexes

Blood wasimmediately collected and centrifuged
at 3, 000g for 15 min. Serum was anaysis for bio-
chemical indexes by an automated biochemical ana
lyzer (TBA-40FR, Toshiba, Tokyo, Japan). Theindexes
including total protel (TP), glutamic-pyruvic transami-
nase (ALT), glutamic-oxal (0)acetic transaminase
(AST), albumin (ALB), globulin (GLO)and akadine
phosphatase (ALP)

M or phological observation of liver

Formain-fixed sampleswereembedded in paraf-
finand transversdly sectioned (4-um thickness). After
deparaffinizationand dehydration, someparaffin sections
were stained with hematoxylin and eosin (HE) (Sigma,
. Louis MO, USA) for histology observation by BH2
Olympus microscope (DP71, Olympus, Tokyo,
Japan)then photographed and analyzed by Olympus
ImageAnalysisSystem (verson 6.0).

Immunohistochemistry test of LC3

The step of immunohistochemistry testisreferring
to previous study®. Reagents were bought from
KeyGen Biotech (#KGSP04 histostain-plus Kit,
KeyGen Biotech, Nanjing, China). Tolocalize LC3
expression, antibody (L8918, Sigma) wereused at a
dilution of 1:200.

Total RNA isolation and rever setranscription

Total RNA wasisolated from theliver usngaphe-
nol and guanidineisothiocyanate-based TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. The concentration and pu-
rity were assessed by aspectrophotometer (SmartSpec
plus, Bio-Rad Laboratories, Inc., Hercules, CA, USA)
based on an OD260/0D280 ratio.

Thetota RNA reverse-transcription procedurewas
performed according to the manufacturer’s instructions
(Promega, USA); the protocol wasasfollows: 70°C
for 5minand 42°Cfor 1h. The RT products (cDNA)
were stored at -20°C.[“

Gene mMRNA expression analysis by real-time
PCR

Expressionlevesof LC3, mTOR and Bedlin-1were
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determined by rea-time PCR (RT-PCR) analysis.
Quantitative PCR analysiswas carried out using the
DNA Engine Mx3000P® (ANJIEUN USA) fluores-
cence detection system against a double-stranded
DNA-specific fluorescent dye (Stratagene, USA) ac-
cording to optimized PCR protocols. f-actin was am-
plifiedin parallel with thetarget genesand used asa
normalization control. The protocol and the condition
of dissociation curvewere as previous reported. Ex-
pressonleve sweredetermined usng there ativethresh-
old cycle(CT) method as described by the manufac-
turer (Stratagene, USA). Each genewas cal culated by
evaluating the expression 2-AACT, which cal culated
asfollows. [CTgene— CTp-actin] (transport stress) —
[CTgene— CTp-actin] (control). The cDNA of each
samplewas subjected to RT-PCR using the primer pairs
listedinTABLE 1. The PCRreaction (20uL) contained
10uL of SYBR Green PCR mix (Invitrogen, USA),
0.3uL of reference dye, 1uL of each primer (both
10umol/L), and 1uL of cDNA template.

Satistical analysis

All resultsare presented asthemean+ SD. Statis-
tical anaysiswas performed by independent-sample
T-testsusing SPASS17.0 software (SPSS, Inc. anIBM

Company, Chicago, IL, USA). A P-value of <0.05
wascong dered significant.

RESULTS

M odel evaluation

Every rat washedlthy beforethestresstrestment in
CG and SG and no significant differencein their body
weight and rectal temperature. However, they show
abnormal behaviors during transport stress, such as
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TABLE 1: Primersused for real-time PCR.

Gene Primer sequence 5°~3’
B-actin-F CCCATCTAT GAGGGT TACGC
B-actinrR  TTT AAT GTCACG CACGAT TTC
MTOR-F CTGATGTCA TTT ATT GGC ACA AA
MTOR-R  CAG GGA CTCAGA ACACAAATGC
Beclin-1-F GCC ACA AGCATCTCA TCT CAA A
Beclin-1-R  AGC ACG CCA TGT ATA GCA AAGA
LC3-F GGT CCAGTTGTGCCTTTATTGA
LC3-R GTGTGT GGG TTG TGT ACG TCG

grooming, trying to escape, incontinence, nervous, fa-
tigue, and so on. Because of the heat treatment and
lacking sweat glands, the body weight of theratsde-
clined 13.3%in SG (P<0.01;Figure 1A), and therec-
tal temperatureof ratsin SG wasincreased 1.43°C on
average (P<0.01; Figure 1B).

Changesof biochemical indexes

Thecontent of ALT isincreased in SG (P<0.05);
AST issignificantly increased (P<0.01); ALB, GLO,
ALB/GLO, ALPissignificantly decreased compared
with CG (P<0.01); and no significant differencein TP
and AST/ALT. (Figure 1C)

Histological observation in liver duringtransport
Sress

Paraffin sectionsof transport liver werestained with
HE for histology observation. Theresult of histology
observation under optical microscope showed that in
CG the structure and hepatocytes of liver isintegral,
hepatic cordsand hepatic sinusoidswerenorma (Fig-
ure2A, D). However, in SG hepatocytesand thetis-
sueweresevere damaged, appear swelling and granu-
lar degeneration, (Figure2B, E, C, F).
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Figurel: Thebody weight of ratsin day Oand day3(A), therectal temper atur eof ratsin day 0and day3 (B), and The Changes
of biochemical indexes(C). Valuesrepresent the mean + SD, n=6 rats for each group. *P<0.05, **P<0.01.
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Figure?2: Histological changesin liver duringtransport stress. Photomicr ographsof HE stained sectionsof theliver from

CG(A,D)and SG. (B, C, E, F)0(A, B, C:200x;D, E, F:400x)

Thecontent of L C3 detected by immunohistochem-
istry test

Immunohistochemistry results showed that in SG
positivematerial obviously adhered near liver central

vein, whiletherearetill smal amount of positivemate-
rialsnear portal areas (Figure3 B, E, C, F).

Autophagy related genes detected by Real-Time
PCR

MTOR, Beclin-1, and LC3MRNA expressionlev-
elsweredown-regulatedin liver after vibration-induced
treatment (P<0.05; Figure4).

DISCUSSION

Assessment of transport stress model

During transport stress, the body immediately mo-
bilizesenergy, enhancesmetabolism, and increases heat
productionto protect itself from handling, hightempera-
tureand other stimulation. Ratswere grooming, trying
to escape, incontinence, nervous, fatigue, and show
some other abnorma behavior in thestress, which lead
to diarrhea, dehydration and nutrients decomposition.
Eventudly, rats’ body weight significantly decreased after

Figure3: Thconent of LCin Iier durmgtrort str Potomlcrographsofimmunohlstohemistrytest of heIiver
fromCG(A,D)and SG. (B, C, E, F)O(A, B, C:200%, D, E, F:400x%)
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transport stress. Additionally, their rectal temperature
ggnificantly increased Sncethey werestimulated by high
temperature and lacked sweat glands. In this experi-
ment, after trangport stress, rats’ behavior changed, their
body weight decreased and rectal temperature in-
creased (p<.0.01). Theseresultswere cons stent with
previous studies, which suggesting that transport stress
modé in ratswas successfully constructed®.
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Figure4: mRNA expresson of mTOR, Beclin-1,and LC3in
liver

Transport stressinduced liver damageinrats

After transport stress, liver need to undertakemore
to meet the need of energy because metabolism of the
body was enhanced. With theincreasing load of the
liver, ALT level in SG wasincreased (P<0.05), AST
wass gnificantlyincreased (P<0.01),ALB,GLO,ALB
/ GLO and ALPlevelsweresignificantly lower than
CG (P<0.01). Thisresult suggeststhat transport stress
causeshepatocytesdamage. Inaddition, ALB decreased
inserum may also reveal thereservefunction of liver
was damaged. It has been reported that early phase of
heat stresscanleadtoliver cellsswelling, vacuolesap-
peared inthe cytoplasm, and full of red blood cellsin
hepatic sinusoid¥. Theresult of histology observation
under optical microscope showed that in CG, hepato-
cyteswereintact, hepatic cordswereclear, hepatic Si-
nusoidswerenormal (Figure2A, D). However, in SG
liver cellsweresweling, damaged, appearing granular
degeneration near liver central vein; hepatic cordswere
blurring; hepatic sinusoidsweredecreased or evendis-
appeared (Figure2B, E, C, and F). Theseresultssug-
gest that transport stress causesaserious of pathologi-
ca injuryinliver. Especialy near liver centrd vein.

Transport stresstriggered autophagy in rats’ liver
Autophagy isaconservative degradation pathway

ineukaryoticcels. It degradesand recycleslong-lived
organellesand incorrectly folded proteinsby merging
with lysosomes, which candow downthevarioustypes
of cellular stressand plays an important rolein body
growth and development™. Autophagy isan alterna-
tive, non-apoptotic route of programmed cell
death,*2¥laswel| asamechanism of cell surviva and
defensd’¥, L C3isthemaker autophagy proteinin mam-
malian cells. LC3-I is a soluble form which would
changeinto LC3-I1, afat-solubleform, in autophagy
processhy theeffect of phosphati dyl ethanolamine (PE),
ATG7 andATG3. LC3-1l localizesonthe membrane
of complete spherical autophagosomesaswell ason
theisolation membranes*®4. Mammalian target of
rapamycin (mTOR), adownstream effector of Akt/
PKB playsacritical roleincell proliferation, growth,
and survival, dsoinfluences autophagy®. Theinhibi-
tionof MTOR resultsin autophagy induction. It canpro-
motetheadhes on of ribosome and endoplasmic reticu-
lum (ER), thereby inhibits ER membrane shedding and
interferesautophagic membraneformation. In addition,
MTOR kinase can directly phosphorylateATG1, which
lead to ATG13 cannot combinewith ATGI, which af-
fectstheformation of autophagosome?®!. Beclin-1 gov-
ernstheautophagic process by regulating PtdIns3K C3-
dependent generation of phosphatidylinositol 3-phos-
phate (Ptdins (3)P), guides other ATG proteinslocat-
inginautophagosome, and participatein theregulation
of autophagy formation(*®,

Autophagy providesrecycled materid sfor cellsby
degrading cells’ own metabolites, which plays a key
roleinthemechanismof liver injury andrepair. By de-
tecting autophagy marker protein LC3 can determine
thelocation of liver autophagy. Immunohistochemistry
result showsthat several positive material attached to
liver central vein and rare near the portal areain CG.
(Figure3A, D). In SG on the contrary, more positive
meaterid sgnificantly adhered near liver centrd vein, while
therearedtill asmall amount of positivemateria in por-
tal area(Figure3 B, E, C, and F). Theseresults sug-
gest that autophagy mainly concentratesnear liver cen-
ter vein, and few near portal areas. The enhancing of
LC3 near centra vein perhaps associated with thein-
creasing hepatic metabolism and serious hepatocd lular
injury, combinedwith histologica result.

TheRed-TimePCR resultsshow that, the mRNA
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level in SG of MTOR, Beclin-1 and LC3 weresignifi-
cantly lower thanin CG (P<0.05) (Figure4). LC3is
the characteristic autophagic marker located in
autophagosome membrane. Thecontentsof LC3-11 or
theratio of LC3-1I/LC3-1 arepogitively correlaed with
the amount of autophagosomevacuoles. Inthiscase,
thedecline of thetotal amount of LC3 did not compre-
hensvely reflect the decline of autophagy. Furthermore,
LC3’s expression may be different in different location
inliver, and thismay be the reason of why autophagy
was activated inimmunohi stochemistry test but theto-
tal amount of LC3 isdecreased. Additionally, high ex-
pression of Beclin-1 caninducecell autophagy while
MTOR isnegatively regulated autophagy. In thisex-
periment Beclin-1 and mTOR wereboth declined, sug-
gestingthat mTOR instead of Beclin-1, participatedin
autophagy regulation of rats’ liver in transport stress.
TheAKT/TSC/mTOR pathway related with mTOR
may play akey rolein regulaing autophagy intransport
gressinrats’ liver. The specific mechanism still needs
further research.
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