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Abs ac

n-3Le g-chai PUFA @ -eg/lgei e, i allpid mgabylim. HeXewe  Xhehe  he emegabyliceffec, of PUFA, i e, i ea e medigedby
AMP-aq iwg ed® o i ki a,e (AMPK) emai ;o be el cidq ed. Te dg e mi e heeffeq, af a-li ole icacid (ALA) o i i alfy yacid (FA)
mg abelima d th he  he e effeq, Yee affeq ed by AMPK delg ip , mice deficie | i  he cgalyic, by | «f AMPKal 4 AMPKa2a d
Xild; @ e (WI) mice Xe e fed ef he ahigh-fq dig (HF), HF 2% leme (ed X{h ALA (HF-A). The ¢, ], ;heXed hy ALA, 2% leme 4o
dec eajedyje ;mTAG ¢ (€ 1 WTmice. ALAal s i c ca,ed mMRNAE® e, is ofge g (ca {i e®almjey] a ,fe ajela, acyl-CoA L idase
1, mediym-chai acyl-CoA dehyd 4ge a,e, cyach ¢me P450 4410 a dP® y  wg e dehyd 4ge a,e ki a,e feey ymeda)i wmlwedi i ¢ i al
Pidgidgia a dmRNAEDR e, is ol TAG,y he,i-elgedge e (me eacylglyce ol O-acyl a ,fe a e 2, diacylglyce o1 O-acy] a ,fe a e,
Ta d2)i WTmice. Co i€ Xjh heje, E® e io lewel of® he® hy ylged AMPKala d AMPKa2 Xe eale i c eaedi WT mice afe

ALA addjie . HeXewe | i he ab,e ce of efhe AMPKal 4 AMPKa2, ALA, ®® leme

qie failed o i ceaei e iallPidgidgis .1

addjie , e,ig ifica effeq, ofejhe dig (HFa dHF-A)s ge o e (WT, AMPKal’}’a d AMPKa27") o FA 2 akei  hei eiead

faecal TAG o @ o Xe eebewed Oy e

St

ls suggey hq AMPK i i di® e jablefy  heeffeq, «f ALAs 1 ey i allpididqie .

Ke/ @ ds: a-Linolenic acid: AMP-activated protein kinase: Lipid metabolism: Intestine

Digayfq i amaje € € gy, ey cc® c@® ® o™di ge e ialfyy
acid, (FA) hg ae in®e ,a, fo healh HeXcwe , alegie 4 i

(heamey | a2 dcenPo,jle ofdiqayfy, epeciallya iceae
of nj6:(711)—3 PUFA qis, may ce | .ib_“e v . he de'v-elﬁp me | of
ebejjy . I he ece decade,, i ceai g g.e i ha bee

giwe o he ole of he imall i eiei  he dewel@® me, of
high-fq dig (HP-i dced #be,jy, a, a high lemel o FA cq , 1d affeq
ieiallpid me[abelibm(z). The jmalli e, i ei  he gqeke@e

4  he® hy,ical i e face qu‘ee he bedy a d he dic}(Z) ade e
ef hemai o ga 2P e,i gfsidqie -clgedey yme:)@'@. A
a gyl Widcgabplima d @ akei  hei i e may hawea
cjical olei  ‘heaqielegy efebejy.

Rece ' ly, digay n-3 PUFA ha, bee ,,gge ed o i ceae
i ial &8 e e of ge o cljed o FA &idgie G0 ad
chele, € ol _pkake('”). He X ewme | he mecha im demy , 4i g
heX 7-3 PUFA medjlqe, Iid mgabelim i  he i eie
emai , o be eljcidged Ma vy, die, deme , ge hg n-3
PUFA & el, (hei effeq, « 1P id mgabelim h ey gh he PPAR

2 3hX ay™>”, a, n-3 PUFA ae i iic liga d fe PPAR®.
My eame, 1-3 PUFA coyld i e agq X‘i(h PPARa a d e ha ce

PPARa a ,c® i al agimy”. HeXewe , g he ,  dic, @,

(g &P e ie efca i e®almiay] a feael (@ D, akey
ge ei wmlwedi FA Xidgie , ceyld be i djced by FA i  he
abje ce of PPAR' !V, The,e e l, su88ey hq o he
mecha jm, i d@® e de ofPPARac i wlwed i 7-3 PUFA-
i djced FA cg abs liym.

AMP-ag iwged® o €i ki a,e (AMPK) i he key ,e ,o of
X hele-bedy € € gy hemeg, a,i;, a df ha, acjical 4lei }he
egylgie  of Pid mgabelim heygh medlgi g (?il‘m.
P ewy i, o udie, hawe @ o ed hy 7-3 PUFA ce ld be eficially
affeq Ip 1d," idqie  heygh® he® he ylq ed AMPK @ AMPK) i
 he liwe a3 adp o € i,yc a d kelgal mdscle(14). I addjie ,
le gchai n-3PUFA, p® leme ais coyldagimge AMPKa d
in® ewe glico,e Prakei hei ei e, Newe hele,,, heje

s
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s€afee d4e. Ay a eyl ALA i he mg, Xidely co , med 7-3

PUFA i , he We, e dlq(17) [ iy abe Xo h oi gthat fiyh oil
(ich i DHA a d EPA) may o Cen? lqely ® ,d ce he
effeq, of ALA"® The ef, e, hep e e, ydy Xa, ce c(ed
(¢ dgemie thhe ALA c,_lld 1cease ieial Ipid
mqab,hsma dthhe AMPK ae ec wayf, heue effeq,
«f ALA by .1 g mice deficie | i AMPKal a dAMPKaZ.

Me -ods
Animaf

All mice Xe e hey,ed i dimdjally a d mai ai ed g4 21+2,C
w de a 12:12h ligh —da k cycle Xjh f ee acce,, .« Xqe a d
feed Te a aly,e heeffeq, o fALA, i i al]? id mg abe liy m
a d, ¢ cla ify Xhe he AMPK Xa, i ‘lv-ed Xe,,ed AMPKal”~
a d AMPKa2”~ mice Xiha C57BL/6 ge gic backg ey d The
AMPKal a d AMPKa2 k 4 cke, mice Xe ep y chaed fam he
Jack,e labe qe ya d C57BL/6 mice Xe e j,ed a, co | ol

E perimen al dé ign and® ample collec ion

All mice 34 8 Xeek, ofage Xe e mai ai edq a45% HF dig . The
HF dig ce i ed ef 45% (keal’%o) f3 femlada d eyabea il
20%® o€l a d35%cabehyd ge. FAQI)?Q. ie ofdig fal Xa,
? ee edi Table 1. C57BL/6, AMPKal™™ a d AMPKa2”~ mice
(e1gh‘ mdle mice® e e*me ) 4 9 Xeek; of age Xe e,@agely
diwided i o Xe g,_? he Ce syMi ga45% HF o 45% HF
Co aii glO%ALA(Aladdl Ld mai (@l i g he qalamey  of
fa q 45%) fo 12 Xeek,. Foed i  ake X‘as mea,y ed h o ghey
(he ; ydy ewey 3d, a d bedy Xeigh Xa, ece ded ewey Xeek.
O \he la, day of he &p e ime , mice Xe e killed by ce vical
dilecgie a d bleed Xa, celleged fom  he eyeball. N& ,

small i e ie Xa emQ\ed a d he jejy ym a d ilegm ’.‘ee

g ddiedth Q‘ghly fI¥¥ ed X‘lh.te ile jali e a d 1mmed1ately
fge i Il jidNya d he e edar —80C

AllE® e ime s Xe e #» owed by he Commj ee of E® e i-

me al A imal Ca e, Zhejia g U iwe iy (Ha g hey, Chi .

Mea _ :emen of TAG and fa
and faecé

~acid compé i ion in blood

TAG ce (€, X‘a_ med,y edi died faecal Jan® le a ds ee ed
a, pg/d acc, di gie 2P ey, J_ldym B iefly, | The faece X‘e e
dledaK 060, C o me igh a dIpid, Xeeé‘ aqedby‘heme‘h,d f
Felch etal(19) N& ,TAG ce (€, hep id&, agedfomfaece

adi Ss€gm X‘ee 4_.4yed 1 g a TAG cl_.dy k} (GPO-POD;

/9% lyge Tech ,lagie, I c)a, Zha geral did® Ty a aly,e he
FA conP o jie of ;e m, Bid & agis a d, a?e e]ﬁczpe
Xe elp ece ed acce di g o 2P ewy,, mqthQ) FA me¢ hyl
€€, Xe c‘:me.ﬁl_'l edbyGC The FA X e e ide (ifledby cenp ai g
he ge ie (imeof,a dadege,, a d he cenpojie of FA
X‘ao calc_‘lzkedaa a® e ce  age of, heieralaea.

Q.aniai e RT-PCR anal? i

Te,al RNA Xa, & aged X{h he THI ol eage (I w ege)
a d he cenpleme ayDNAXa ,y heiedXjhRewe Aid
Re\e ,eTa C?ta_e (Fe me a.) Realtnne PCR X‘a_ ?e—

fy med acce di g,e he mqh,d_l, edy ewy,, 1y<22>1B leﬂy,t he
PCR,y, em cy iy edof 10Ul of SYBRP entt B Ta (2Xx) oit
(Reche), 0-4 ul of ROX (50X) (Reche), 1-0 ul of cDNA, 7-8 ul of

deyble-digilled Xge a d0-4plofp ime®ai, (10m
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Sad ical anal?d

Dga Yeea aly,ed a, a 3X2 faqe fal, & c@  ha RT-PCR dqa
Xeea alyeda, a3x2x2faqe fal ;i gP ecMF edof SAS (SAS
[ jwe T c) The ,qiical medel fp bedy Xeigh gai , feed
%Kake ? dae.lm‘p'z%ame[e:5 i clyde diq, ge ..[?'e a drhei
i eaqie .Theyqi,ical medelfs ge c &P e i i cl de dig,
ge qPe i,¢gial jegme, ad hei i eagie . Tegme,
mea Xe ecalglqed i g he LISMEANS , geme ,a dmea ,
ae,@aged,,i g hePDIFF @ is ofPROCMIXED.A a-wal e
«f0:05 X% ws€d e a e, Jig ifica | diffe e ce, amy gmea ,.

Res »s

Bod  wigh gain and food in ake in Wd- pe, AMPKa1™"~
and AMPKa2™~ mice

Acce di g o Table3, he e Xa, o effeq ofge o P e, (Xild pe
(WT), AMPKal”~ a d AMPKa2"") o € of dig, (HF a d HF
dig ,2® leme ed X{h ALA (HF-A) o feed i ake,a d o
i eagie ,bgXee ge qPe a d Pe ofdig Xeeahe wed
My €ame, o i eagie qu‘ee ge o P ad Pe ofdig
Xee ob,ewed fy bedy Xeigh gai . Whe cenpaed Xih
mice feda  HF dig , mice feda HF-A dig had le,, bedy X eigh
gai (172403 w 132+1.1 g). HeXewe ihee X‘aa .
Jig ifica  effeq of ge o P & & bady X‘eigb( gai .

TAG concen :a ion in® e, m and faecé and?® e;,m fa
acid compd i ionin Wd- pe, AMPKa1™~ and AMPKa2™'~
mice

Acce di g e Table 4, hee Xaa a e de ¢y fp ,ig ifica
i eagie , bgXee ge qPe ad Pe of dig fo TAG
Ce ce gle i ,egm I fag, hij e de cy X a, efleqed i
WT mice ¢ ly. T addjie , he eXa, o effeq of g o P o
(P ofdig e faccal TAG o 2,2 d oi eaqie sbq’.‘ee

ge o P e ad Pe ofdig X‘ee,bsev-ed.As e i eagis ,
bgXee ge qWPe, a d Pe of dig Xeeobeweda d he
effeq of he ge o W€ Xas ewe ig ifica , he dga of FA
CenP o jle i ,egm Xecep ee edi d@e de ly fom he
ge o W e, (Table 5). Cengp a ed X {h mice fed a HF dig , mice
feda HF-A diq had highe lev-e]B +f ALA (C18 : 3), EPA (C20 :
5)a dDHA(C22:0)i e jm, X he ea, mice fed a HF-A dig
had a [4Xe lewel of C18: 1.

Effec® of a-linolenic acid on he pro ein e p:é* ion of
AMPK and pAMPK in he® mall in é ine of mice

Ne i caqie , ame g ge o P&, We ofdig a di gice
sjea dehe i eagie , Xeeebemedfy ® oci &P e ie
«f AMPKal a d AMPKa2 i be h he jej; yma d he ile;m.
Poci &P e i lewel of AMPKa2 i AMPKa1™~ mice Xe e
highe ‘ha i WT mice, a d® geci &P ¢, i lewel of
AMPKal i AMPKa2”~ mice Xe e highe (ha i WT mice i
be h he jej; yma d heileym (Fig. 1(@—(e). No i € agie ,
ame g gc 4 W6, P, of dig a di eie jeadghe
i eagie , Xee obewed, Ec®  hg i eagie , bgXee
ge o Pe, ad Pe ofdig Xe eebjewed fy elgime® o ei
E® c.ie of® AMPKala d® AMPKa2i be h hejejy yma d
(he ileym, becag,e he HF-A dig i ceaed elqime® oeci
E® e e off AMPKal cenp a ed X{h he HF dig i WT mice
by o 1 AMPKa2”~ mice, a d HF-A dig i ceaed elgime
2 eci &P c.ie of® AMPKa2 cenp a ed X{h he HF dig i
WT mice by & i AMPKal™”™ mice (Fig. 1(D-(}).

Effec of a-linolenic acid on gene e piéS ion of

fa acid o idaion, fa acid :af por a ion and TAG
® nhéd-relaedgené in he* mall in é ine of mice

Acce di g Table 6, o i eagie , ame gge o P&, Pe
of dig a di ¢ ie,jea dehe i eaqis, X‘eede[ec[ed,
&c@  hg i eaqis, qu‘ee ge o4 Pe ad Pe of dig
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Table 5. Fatty acid composition in serum of wild-type mice (WT), AMPKa1 whole-body knockout mice (AMPKa1™") and AMPKa2 whole-body knockout

mice (AMPKa2™7")*
(Mean values with their pooled standard errors)

Fatty acid (% of total fat) HF HF-A SEM P
C16 286 265 1.05 0-09
c18 17.7 17-1 1.22 017
c18:1 37.6° 31.8° 1.52 0-03
Cc18:2 135 142 0-99 0-41
c18:3 0-2° 7.32 061 <0-001
C20:5 ob 0-342 003 <0-001
C22:6 o° 0-542 0-05 <0-001

AMPK, AMP-activated protein kinase.

HF: WT, AMPKa1™~ and AMPKa2™~ mice fed a high-fat diet; HF-A: WT, AMPKa1™~ and AMPKa2™~ mice fed a high-fat diet supplemented with a-linolenic acid.
2P Mean values within a row with unlike superscript letters were significantly different (P < 0-05).
* As no interactions between genotypes and types of diet were observed and the effect of the genotypes is never significant, the data are presented independently from the genotype.
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ki a,eijeey yme4 @ dkd), me eacylglyce o1 O-acyl a  feae
2 (MGAT2), diacylglyce o1 O-acy] a ,feae, 1 a d 2 (DGATIL
a d DGAT2) i be‘h the jejy ym a d [he ile‘m, beca“e
dig ,@®leme ed Xi{h ALA iceaed ge e &® e i of
CPT1a, ACOX1, ACADM (FA ¥ idyie -elqed ge e, Xhich
su8geyed a e ha ced f&idqie aqimy), Cp4ald (FA
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&idgie -elqed ge ¢ , Xhich 4 ggeyeda e ha ced w-g ida-
(e aqimy), pkd & gly.‘gge eda SXjchfemglycely,iy o
fz“y acid & 1d2p, ) , MGAT2, DGAT1 and DGAT2 (TAG
SV (hei- elaked ge e) w 4l AMPKa2”" a d AMPKal™~
mice. Ge e 2 e i lewel of fy acid  a 2o B gei
4 (FATP4) a d he cl (€ <fdiffe e Liq e 36 (CDSG)Xe eh1ghe

i hejejy gm, ha thf ei  heile;m, X‘heea_ ejhe ge o P e

o (P ofdig ig ifica [ly affeged ge e §p €, le of FATPE
a d CD36.



Dsc ss e.

n-3 Le g-chai PUFA, DHA a d EPA hawe bee dems , g4ed
(e icegei ¢ iallpidmgabylima dg e jqehpeldpi

a7, He X cwe | lijle e;eachce ce  heeffeq, of hei
B oecy.e ALA, i, i allpidgidqie ,& c@  hgq ALA-ich
TAG led(zegdce be dy Xeigh gai a dgimylqe hei ¢ i al
p&idaie U1 (he g ey ydy ey Guls sheXed hy
ALA aly € coyld® o eq WT mice f ¢m HF-i djced hp e Ip i-
daemia a di ceaedi e i al FA & idqie .

Seme , ,die, demy , g4 e hg 5he efficie cy of ALA co we ig
¢ DHA a d EPA i v-eylimi‘ed( > Xhe ea, o he ,  die, @o,
hg digay ALA ce ld i ceae he lewel, of EPA a d DHA i

. : 26) | I (2729
s€um adP e e iye ™ a dh@gic memba e . My cowe |
ALA, Xihey ce we i g,e DHA a d EPA, co ld® o eq agai g
HF- djcedebejjya di, elateddiseases(zg). Oy ec‘]‘JShQX‘ed
g digay ALA dec ea,ed HF-i djced ;e ym TAG i ceae i
WT mice feda HF dig. Digay ALA ema kably in® 4wed e m
ALA lewel i ejhe WT mice o AMPK-lacki g mice. I addijie ,
a X by, mea,y able lewel of DHA a d,FPA Xee ohyewed
i segmafe ALA  ®®leme gqie - Co ;€ g€ 1y, oy Gyl
fy he co fimed hg ALA aly € coyld allewq e hy? e ¥ idaemia,
a® ewy dy dem, ed® 1 addji e e, had
s s s a & : fle 8¢ 4P S .
effeq, « FA cen® o jle i ,egm.

AMPK i a hg e o ime ic ey yme co i i gefa acgalyic
suPu j 2 d o cgalyic pady by i, The al a d a2

jiefe my of he a b, | ;hae 90% ami o acid sg J€ ce
he mele gy X‘i(hi  he cakalyticﬁ'k‘ey by, maje diffe e ce, i  he
Cie mi’alkails efala da2 e je ce & im(w. Ay a eyl
lhese\’x', cgalyic, by i, ce fe ed i, e® ecific diffe e ce
i egad o hefy mais ofhgeq ime, a d megabylic eg-
ulg e G F, (he ece | decade,, eme fi di g ,,gg¢, ed hg
 he a2 .“1()3_5)1 Xa, e®o ,ible fy the. rr?QddlaiiQ of ge e
Ep e 7 HeX ewe | o he e l, idicged hyq  he al
cgalyic ;yby | accey (5 fe ey of (he agimy of AMPK,
e Ny Hu N 553,34) © i~ acki

2 ccially i adP acy e . My eewe , mice lacki g he a2
subu | & hibjed adp o iy a d adpecye hpe, @hy X he
subjeqed o he HF die(“"”). Oy €yls sheXed hg Xhe o e
cgalyic,yby i(X‘a__) lacki g, he Z® ¢, i of hee he cgalyic
subu | X4 cenpe qeily 2-egilaed Sy@ i gly, ALA did
o affeq ‘he &p e s of AMPKa . b, | i  he i gie
HeXewe , ALA  #® leme qie i ceajed AMPK® he® hy yla-
o ofbghala da2 by {i he,malli g i e Thee gl
suggey ed ha ALA mayi ceaei e i al AMPK agimy.
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Rele of AMPK i i
mice a d mRNA &® e, i lewel of ge e, i mlwed i FA
Sidgie 1 ‘hei egi e,f\WTmlceXa hlghe ha  heei
AMPKaZ ~/~ mice. The e e, ‘]w i d1czked h:& AMPKaZ ).‘aa
wiedfe  heeffeq, of ALAs i i dl FA mg abeliym. |
ha bee ® o ,ed hg mice lacki g AMPKaZ_/ - mXed a
e ha ced Ip id acc‘m‘bp, i adpecye, X](hQ‘“ a ycha -
ge, i adPaecye, ymbe o diffee igie G HeXewe | be h
ey Suls @ d he, ef,m he® ewy . yudy ebewed o ig-
ifica | diffe e ceef e mTAGQ ce | gqle bq’.‘ee WTa d
AMPKaZ ~~ mice fed a HF. Acce di gly, o € of he inp, a
ed,e , fo he],X‘ue m TAG lewel o f WT mice b]egedted
HFAmayrhe efe € be he i ceased FA & idqie i  he mall
i,egie ajheygh i cea,ed FA 1datle i mall ltectl e
Xedld o be hey ly eae a ALAC,_‘ldaL, i ceaelpid
1d3tlQ i che .96 .‘cha adP o € i g€ KEL fz{’)a d
kelqalm de§7) [ Co | ay e he® ewp,, (?Qr’ dem,y -
o 41 g ha AMPKa2 i, o ece,ayfe hp ol idaemic effeq
«of n-3 PUFA (DHA a d EPA) i old libitum-fed mlce(ﬁg) oy
s s heXed a (€ de cy of highe lewel of ;e ym TAG i
AMPKaZ/ mice feda HF-A ha  ha i WT mice. The e eguls
i dicged hzk AMPKa2 may o ly be i wylwed i  he effeq of
ALA, by o i he effeq, ,fDHA/, EPA. H,X‘eve mice Xjha
X hele- deydeleik «f AMPKal7"a dfeedi go HF e ded o
hawe a highe TAG lewel i ,e m ha WT mice, a d ALA

) liwe

addjie 1  he dig did 4 dec ease TAG lewel i e m i
AMPKal - mice. The e e“]( i diczked th% AMPKal ’.‘as

€ gyiedfo @ ocqie by ALA f om HF- djced h e I¥ idae-
mia. My eome, he faq hyq ALA  #®leme gl i ceaed
mRNA &% e, is Qfgee iwmlwedi FAKidqie o lyi WT
mice by« i AMPKa1”~ mice i dicg ed, hg AMPKal i al«
idipe sable fo  heeffeq, of ALA o i resti al FA X idgie -

I addjie , ejhe ALA addiis & AMPKcgalyic, by j
delgia affeqed he &P e, e ofge e i mlwedi i g i al
FA 2 ake, a, o ,ig lﬁ(,d cha ge, Xe e oebewed i CD36
a d FATP4 &® e, ia . Me er-e, o diffe e ce i faecal TAG
eq® o 1 all egme , coyld be f; he ewide ced. HeXewe,
TAG .y  hejiy i WT mice , bjeged e HF-A dig Xa, ,ig-

1ﬁca 1y dec ea ed, a mRNA E® e of DGATI a d
DGAT2 X a, h1ghe ha Xih he the ea‘mer.l addjie ,
i ceaedFA g 1d¢}1¢ cay ed byALAu_;? leme  g4is maybe
hep imay eae fo ihi:) cha ge.

[ co cyie sey Gyls sheXed hy ALA® o eqed WT mice
fem HF- djced hyp e ®idaemia a d i ceaed i ¢i al FA
&idqie . Me cawe, by h AMPKal a d AMPKa2 Xee i dj-
» e able fo  heeffeq, «f ALAo i, ¢, ial FAidgise . Thee
fi di g migh® ewde eX ,igh, e bge y dega d heeffeq,
of ALA o i e ial FA mgabelim a d hei melegla
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