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Abstract

The main objectives of the present study were to 1. investigate major pathway that
regulated sperm energy production or storage and related to post-thaw sperm quality as
well as fertilizing ability using domestic cats as research models (Research project 1)
and 2. apply basic knowledge gained from research animal models to a further study as
clinical trial in endangered wild felids (i.e. clouded leopard; Neofelis nebulosa) (Research
project 2). In research project 1; epididymal cat sperm was collected and investigated
for 1. expression of mitochondrial protein related to intracellular energy production or
storage (i.e. 5' adenosine monophosphate-activated protein kinase (AMPK (Ol subunit))
2. effects of AMPK-QOl activation by chemical substances (i.e. 5'-aminoimidasole-4-
carboxamide-1-B-d-ribofuranoside (AICAR)) at different dose and time-dependent
manner to post-thaw sperm quality and fertilizing ability by homologous in vitro
fertilization (IVF) and 3. AMPK-QU/AICAR signalling pathways including expression of
phospho-AMPKQL protein Thr172; expression of glucose transporter1 (GLUT1) protein
and intracellular adenosine 5-triphosphate (ATP) level. Our main results demonstrated
that AMPK protein (Ol subunit) dominantly expressed in sperm with high proportion of
motility (= 70% motility) compared to samples with low proportion of motility (< 0.05) (P
< 0.05). The presence of AMPK activator, AICAR, could regulate AMPK function
(AICAR/AMPK regulation pathway) via increase of phospho-AMPKQl Thr172, GLUT1
protein expression (GLUT1 translocation) and intracellular ATP level. Furthermore, short
equilibration of AMPK-QL protein with 0.5 mM AICAR for 30 min prior to cryopreservation
procedure positively influenced epididymal cat sperm functions (sperm motility, sperm
motility patterns (curve linear velocity and straight linear velocity) and cleavage rate after
homologous IVF) without deleterious effects to sperm membrane integrity or sperm
viability (P < 0.05). In research project 2; we, hence, applied the basic knowledge from
research project | to clinical trial phase in endangered wild cats. The present results
mainly indicated that AMPK-Ql protein was also present in ejaculated sperm of clouded
leopards. Similar to the domestic cats, the activation of AMPK-OL by 0.5 mM AICAR for
30 min prior to cryopreservation process enhanced post-thaw sperm motility without the
deleterious effects to sperm viability and acrosome integrity. Due to the limitation of
female clouded leopard research accessibility i.e. oocyte collection by ovum pick-up
technology, our data on embryo production by homologous IVF was then absent.

However, the authors strongly believed that the applied research from our basic science



present in this study should be further conducted in other endangered wild felid species
in Thailand with the ultimate purpose of new offspring production and wildlife

conservation.
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medium LL@iﬁ’m’mauaaﬂuuwaaﬁlﬁaaﬁwamé\a (Follicle stimulating
hormone; FSH, Sigma) 705 LUULFA T bAaas (Estradiol; Sigma) Lz 1n
snuWaLaas (growth factor) THa IGF (Sigma) Ausnmlelalodn
nguﬂmz@TuLLﬁ”aﬂﬁ‘uau"L@aaﬂVLémTﬁmmLimTuﬁ”asm: 5 awnnil 37.5
avenaids (waan 24 Falug
> aausnlalelodiifiansdousssaan solalelodasluwine in viro
fertilization (IVF medium) sﬁaﬁwmé’nL%ﬁ]gﬂﬁiﬂummﬁmﬁa'auslumqms]’
ﬁ]’m‘lfuﬁﬂmiazmyé’aaqﬁwﬁuﬁa ‘ﬁILLﬂdﬂ@;N@hde] i ldrsmsaaiiana’
aqﬁﬁwﬁamaﬁm?%mi swim up LJwa1 30 wn ﬂdam"’aaqﬁﬁiaﬁﬁmu
5x10° anadluudaznguuaslalalad hnsdmifiuiesazvaanmaian
vpslalalodidumsanszor 2 1oas (gﬂﬁ' 3) e 18 uaz 24 Talwg
(MenasnnnIUdasniagd) eunuswnlele lodnsmuaainnnsvin

in vitro maturation

5Uf 3 wrasmswawvasleleladiduddousys
2 1as MonsdnszuIwnIUFuiaauansme
(Bar = 50 'lulasiuas)

o lawamstasd 1.4 miFnwinalnmarinusas AMPK/AICAR HudnIenes

IWSiatuaa91U56% AMPK-0L (phospho-AMPKQL) 1U5@uniia Glucose transporter
1 (GLUT1) wazszauvadnadinuneluiaas (intracellular ATP)



TUADUNI TR R

ﬁﬁmsl,ﬁum”aaEﬁmnﬁaﬁﬂ@%ﬁadauﬁmmné’mmwadLLmﬁmﬁVL@Tﬁnﬂmiﬁﬁ
BB IWIN 37 @ u,a:ﬁ’m’m'sud’aaqﬁl%ﬂlﬁﬁhmuwhﬁ'u 20 #uer lag
wtiadu MIAnElUA% phospho-AMPKOL n=6; lusdusfia GLUT1 n = 11 uas
ILAUVBINRINUAE LULTAR n = 11

utiseratdaanidu 3 ngumImanes 1INNIBINHANINARaITaIlATINg
sagi 1.2 lapyinnisiaanainuwaves AICAR ﬁmm:auﬁ"l,&iﬁwmnmmaugstﬁ
°11aqwﬁfoLsnaa’aﬁﬁt,fiaLﬁﬂuﬁumjummﬂu Galdun ﬂ&jwﬁvleﬁ'ums AICAR Ay
WaTuama 0.5 waz 2.0 Aadluans tduan 30 waz 60 Wil lasyinnsaTianms
LEAI8aNUaIlUIAN phospho-AMPKAL kazlusausiia GLUTT AaunszuIunIsue
W9 WAZANTATITIAAITALVBINAINWAN S IULTRE AMUARRINTZUIRATUTUTIAN
089

gNaLonlUsAuuaraTIINTLEaIaanuadllsan phospho-AMPKOL (Thr172) Was
GLUT1 #1837 Western blot analysis a7 leuaaslulasimsdasdi 1.1 Tagld
weufivedvzund dun phospho-AMPKQL (Thr172) (D79.5E) Rabbit mAb 4188
e GLUT1 (D3J3A) Rabbit Antibody (Cell Signaling Technology) N33 UNEA
@1 relative protein band intensity lagn1TiUILABLANNTNVBILLKE LU TR
phospho-AMPKOL 482 GLUT1 AUAIAMuiNduaaduunaldséiu  o-Tubulin
Antibody 2144S (Cell Signaling Technology)
MIATINIAAITALVBINGINUAElUTaS 1aunTeUINNNT High performance
liquid chromatography (HPLC) vhmiaviviasdigigazasszaunasnunislu
Lsma‘ﬁms@@ﬂﬁmaaLLaalmz@ﬁJmmsml,l,aawi']ﬁ'u 254 WIlWNAT WA

WisuABUNUAMNEIBUIaI3 W lawild 2= 0.90

lassnstiasfl 1.5 MIATIINTHNIUVEI Mitochondrial permeability transition
pore (MPTP)

PUNDWNIIAN R

ﬁﬁmsl,ﬁm”aaEﬁﬁnﬂ‘ﬁaﬁﬂﬁ%ﬁadauﬁmmné’mmwaaLLmﬁmﬁVL@Tﬁnﬂmiﬁﬁ
BB WG 14 69 LLa:ﬁwmsﬁﬂmﬁ'smﬁaqﬁlﬂ@”ﬁwmum'}ﬁ'ﬂ 20 RUA
(n=6)

MnIamanisinuees MPTP lasnsldgaasiaduiagd ldun Mitochondrial
permeability transition pore assay kit (BioVision, Cambridge, UK) @8l

NTTUIUANT Flow cytometry (AINNENIARKLRS 488 U1 L1biaaT)



PUIEILAG

—_—

di d' k% o v ada
LHHINNNANIINARDIN HAINAITATIINIINNWYEY  MPTP é2e9%  Flow
cytometry IAAHALINAY (false positive) el,mw”uga AULHEINIIN NITETUEAN
MPTP aasimasans Niu (contaminate) wlunszuaunsiiudiagaananala
a z U Qs 1 ’ > L= =\ U =Y qu/ v
fia SnnufIsnan ldaunnduusndiusndlagdlilnnuuigndsovaz 100 ld
v lRnTuINaa NI Uy MPTP ﬁixé’ﬂgdﬂ’hﬂﬂ@ AIThIA ﬂmzqﬁﬁ'ﬂﬁa
IRBFNAIT BINANIINARaIN [aINANTATIAINIYINwEad MPTP 1434
lumed fua

e

1 { o 3 a a
lassmsgasi 2 mahasdanalylgasmedgia

PUADUNI TR R

o 6 n/d?l' v 6 % v A a o (1%
msmaaﬂmmgwugmmﬂammaammmu"[ﬂ‘lmsamaﬂgm laTuay
agumwzﬁmﬂ‘[moﬂm,ww:mmmw"'ufﬁammw mmlﬁms@uamaaaoﬁmimu
é’m‘luwa?zmm’qﬂﬁuﬁ Uszineing
o & o A A . o o A
Ynnsiudiaginniiaasius (Neofelis nebulosa) 1134 7 67 TagiFaanuLus
ﬂéjmﬁﬂé'n "l@i”%'uﬁ'@Lﬁaﬂl,ﬁarﬁwimimomswnmmmw”ufl,ﬁammum 152811
2560-2561 I(ﬂwﬁaqﬁﬁﬁwmﬁwmsmaaoﬁ Lﬁm‘ﬁaqﬁﬁmﬁaammiﬁﬂﬂ%ﬁ
AMINFNALNLTFOALLNBLNALNE (F1UI% 5 S1UAVLTOALLUD)
ﬁmilﬁuéi'aaq’?i v‘iﬂ@ﬂf‘sﬁnﬁnimju@iawgn%mnmaoLﬁammumemﬁagnwW

& v 1 Qq: o v Y U
NMMIINLRAL mmsm:@gu@awgﬂmnﬂuum"l@mmmsﬂaamm:uaﬂﬂﬂﬁ

(electroejaculation) 713xALANNLTI 2-5 1aadl (U7 4)

P & a . D ) o & A A
;51]7] 4 LLa@\‘]a“ﬂﬂim"lju@ Electroejaculator l?jl,waﬁ'lﬂjﬂﬂ’]jl’ﬂl]@]')aaﬁ]"iﬂﬂl’aaaqﬂ

b



O YhmsaamIsuaadaanuadllsin AMPK-OL @383% Western blot analysis
(waziduauaadlulasenistond 1.1) (n = 2)

0] ﬁwmsﬁﬂmwamadm:@jumsﬁwmmaﬂﬂsﬁu AMPK-0L eeanindoiia AICAR
Iuﬁaaqﬁmauﬁammumﬁﬂmu 5@ (n = 5) I@mﬁﬂﬂ’ml,m@?"saqﬁl,ﬂu 3 NguN3
NARDI bALA NuAILAN ﬂ&jméﬁaﬂwaﬁgnnsxé}umiﬁwaa AMPK-OL @78813
AICAR flenandutu 0.5 uaz 2.0 dadluay iuna 30 wifitewnszuaunsus
W4 I@ymiﬂsuﬁuqmmwmamﬁaEﬁﬂszﬂauﬁay

> $ogazanusansnlunsiadouiinswualasnislszduanen

> szé’waammmmm’lumsl,ﬂﬁ'auﬁmaaé"saqﬁ"l,ﬂﬁwmﬁw

> %ayawaammawyrﬁmaawﬁfwﬁaﬁaqﬁ Tm:mata]”amﬁﬂgaanasﬁu THe
SYBR-14/Ethidium

> %aanaammauyrﬁmaaaﬂﬂﬂmmaaé’aaqﬁ T@umﬁ@uﬁW@@@n&%u
I9%e FIT-C/PNA U8 Propidium lodide

RUULRAS WNHIRTU LN TE LR wIN B e N aTIN Tt o laLaaIay
—_— q
WHWBATWN 1

A:I C= o a Aa v a 6 1 A
LLAWAINN 1 LLEW]\‘]LLN‘HNGEﬁ;ﬂﬂ'ﬁ@ﬂL%ud']%')‘ﬂﬂ@]']m'l@q‘ﬂﬁzﬁdﬂUaﬂluiau 24 198

~
Tas9n199 1
1 dl
Tassnisgasi 1.1
= a a A
dnsnsuaasaanvasldsanlululanauiasan
WP BINUNNIALITN BRI D LTWRIIUY AP

(36 AMPK-QL)

NA: @Taaq%maaLL;Jaﬂmﬁﬁmwumminlumimﬁauﬁ

PINNINTERE 70 wazdININTasa: 50 JlUIAuTHe

AMPK-Q
Tassnisdasi 1.2 Na: 813 AICAR N19%1a 0.5 Las 2.0 Iafluass
ﬁﬂmwamaamimzéjw%aﬂ'uﬂ'qmiﬁwmmaﬂﬂiﬁu FUNIANIZAUNILAREUNYDIG8ET Tag'lsivinane

AMPK-0L #2885 AICAR AR WAZANNTNTUANING Han
nsusudiaead WL Ia 30 WAZ 60 WINIABWATLT LD
|

mmauysrﬁmaawﬁfqLﬁnaﬁﬁﬁaﬁﬁ valdans AICAR




Tassnisdasi 1.3
AnNaT89ET AICAR dogmunwiasdiagiusuds munainis

arane unIeNImuIInlumslfsuimanansiame

K8 ANURAINIAZAEAIaFINNIUNTZUIUMIUTUT
13 AICAR fizwa 0.5 Jadluaini nazgumitafanfivese

aqﬁuauﬁaﬁaﬂawaamiﬁwmmaaéﬁa’auﬁiws 2 LTRR

Tassnisgasn 1.4
AnnavaIn1IThauTel AMPK/AICAR : N3zgun1s

sl nIle

Ha: 813 AICAR sunIanszdulysdu AMPK-a Tu
dmagdruljniswaslnTiatuvaslusdv
phospho-AMPKQl (Thr172) Tul3éis GLUT1 uas

FLAUNRINWAS I ULTAR

Tasenstioah 1.5
AN®INIYINIUVa9 Mitochondrial permeability
transition pore (MPTP) lululanauiaiuvasdiagd

HR: 13130 INLNIYIwed MPTP lulula
ﬂaum‘%wawﬁaqﬂﬁ watiasannmstiaeunauan
819 (false positive) asnazunglulassnisdost 1.5
Az I8 lithasdanuiaanaaan

Urzgndlgluned Juia

A
Tas9n139 2
= L% 6 2 a e
Anwwarasndizyndltadanuiinnlasimaisy
doafl 1.1-1.4 lTa39lunsdfud laun msfinenlu

@ 6 A
E‘WI'JI]'W]?:QQLL&I'J (GEERHEIEEY)

HA: MILEasaonaadlusfin AMPK-OL s31300379
wu'ldludagiuaademoiua unsmshnuzes
lu3@n AMPK-OL gnsnsngnnszsiulilng ssied

AICAR lasgnauandannumunsnlumaafond

mam”’saq?l

NTLASLNUNAMNIZINITAINNANITNAADI Lib
Tassnisdasi 1.1-1.4

WD ANAN LBINTEITIBINITTEAUWIWIZA




a '3 aaAa
o mmmﬂwﬁ’ayjamoanm

0 mylanzddayanaaiidlalilysunsy SAS (SAS Institute Inc., Cary, NC, USA,
version 9) ﬁ]’mifuﬁ’m’li’:iLm’lzﬁ@i’m’ﬁﬂizﬁl’lﬂ@l”’maa“ﬁayja (normal distribution of
residuals) el UNIVARIATE procedure (option NORMAL) mM3aameriaing
uandaITa Ty laun fovazanumansnlumedaudivonualasns
Usztduanen gﬂu,uumaomsm5auﬁmamﬁaqﬁ1&mha 9lasnsdsziineas
LTk L GHEE R DR Pt G T R LA IINIE C AT Ol CHLEA LA P gt G e T
vaazlalovvasdiegd ﬁ?aﬂazmaamm@mﬁﬂﬁmawﬁfﬂuimaum%‘yﬁﬁ@hga
URTNAUDIAN relative protein band intensity I%ms’?msw:ﬁiaylml,uu Paired t-
test Lﬁaﬁagaﬁﬂ’ﬁm:mEJG?"JLLUU‘IJT]@ LLee Wilcoxon signed rank test Lfia"fl’agaﬁ
MINTTNWAMMUVAAUNG  MITATIZRANULANGIIVBITZALVBIANNENNTD b
ﬂﬁﬁLﬂﬁauﬁmaq@”aaqﬁvl,ﬂ"ﬁ’m%ﬁ’] lEm33aeRes NPARTWAY procedure W
Kruskall-Wallis test lug1189nM33LA3zA 308820900 INILI VIR S0l
3287 2 w88 1Tn3Ilesnziaaudl binomial score (1 w3a 0) (Usngwiald
Uningedauszz 2 1wad) fanauandatsfiteiaynesiadai p <
0.05

3. Han1Inaaad

3.1 lason1sIvadaail 1 NMIANET LWaAI A BLLIL

a v [l A = a A A 3 et [~
® Imams’mwam 1.1 miﬂm:nmmamaamlaﬂﬂs@umﬂmmaaﬂuwmﬂu

nwwlaliwasausesaiegd Faldun ldséu 5 adenosine monophosphate-

activated protein kinase (AMPK) (O subunit) ludnag3uasundthunil
mwmmsﬂunwmﬁauﬁmnﬂdﬁaya: 70 LLazﬁ’]ﬂ’j’ﬁaﬂﬂz 50

v 1
@ AdA

HamIneasd ldsdusfia AMPK-0t  swniawyldludiagivasunitunad
anwsusnlumaedenfisnnniisass: 70 wszdininfouas 50 (gﬂ‘ﬁ 5) lagd
@1 relative protein band intensity %aﬁmwmmﬂ@mﬁuamaﬁﬁfﬂﬁm"'ﬁymaaﬁa
@597 1) Mmiuaaseanvaslisiiv AMPK-OL o liAuin RRECY LRI R

Iﬂsﬁuﬁlﬁmiaaﬁ'unavlﬂmimuqumnﬁu%’nmLLazifwé'aoﬁunwleuLSﬁaﬁ



3N 5 MILEasaanuadllsdn AMPK-OL ﬁl,mﬂaﬁ'ﬂ"l,@i”mné'aaqﬁmaal,l,mﬁ'méﬁﬂfj%‘

Western blot analysis

- @T’Jaf,ﬁmaaLLmﬁmﬁﬁmwfsnmmlumsmﬁauﬁmnn*jﬁaﬂa: 70

e 5 AMPK-QL protein (¥1%%0 62 Kda)
— e G ww— Standard protein (Ol-Tubulin) (¥1%%n
-
52 Kda)

w1 2 3 4 5 6 7 8 9 10 11

- @T’JaaﬁmaaLLmlT'mﬁﬁm']umm‘mlumsmﬁauﬁﬁfaﬂﬂi'r%”asla: 50

AMPK-QL protein (#1110 62 Kda)

Standard protein (Ol-Tubulin) (¥1%n 52 Kda)

Wy 1 2 3 4 5 6

@131971 1 ¢ relative protein band intensity 283113614 AMPK-QL iusnanialdaindlagd

2830 %A2835 Western blot analysis (Mean + SD)

Relative protein band intensity quantification

@Taaq%maaLLmﬁmﬁﬁmwmmiﬂu @ﬁaqﬁmaaLLmﬁmﬁﬁmwmmiﬂums

A A " A o v
nMILAfdUNNINNINIBYRE 70 R WNUDEYNINTBYRE 50

0.35+0.13* 0.27 + 0.09%




° Iﬂix‘]ﬂ'ﬁﬂaﬂﬁ 1.2 m‘sﬁﬂmwamaomz@unwﬁwmumaﬂﬂsﬁu AMPK-Ql 681817

5'-aminoimidasole-4-carboxamide-1 -B-d-ribofuranoside (AICAR) ﬁL’J ALRSAINY

L NTUAIN ﬁauﬁwmﬂmﬁwﬁaqﬁ

Nan1INaaad tiald AICAR 1181 30 was 60 WINABWNNIULTUIINUWIAAINY

N 0.5 Waz 2.0 Jadluasns mmmm:@jumiﬁﬁmumam”aaﬁﬁ aa6ia b

> SosazanuaannlunsiafeunninualasnsUsafiuainen  (subjective

motility)
> i:@‘ﬁ_lmaamwmmmlumsmﬁauﬁmaaﬁaaqﬁvl,ﬂ"ﬁwmﬁﬁ

motility)

(progressive

> JUUDDYBINM AR UNBIMBFIULLAN 9lasnidszidueionauniiaes

(motility pattern by SCA program analysis)

- curve linear velocity

- straight linear velocity

o ' v ¢ [ a da
> ‘iaana\‘iﬂ’.l’m@l’l\‘l?lﬂU‘Ua\‘iwuﬂv[,&ll@lﬂam@iﬂﬂumqo

membrane potential)

I U"L&iﬁwmﬂmmaugitﬁmadwﬁfama&fé’aaqﬁ

(membrane

integrity)

(mitochondrial

AN

6 . . fl 2 a Aa aAa a
auysntuasazlaslaw (acrosome integrity) uazlinszduniaiiadfniuneslaslons

LA (acrosome reaction)

A9 2 WATINTITRIT AICAR NAMIAANNULTNTH 0.5 2.0 Uaz 5.0 Jadluas nau

(
nanadN 1 2 uaz 3 Mwdaw) deganwalagivesuniwiduig 30 uaz 60 wiinawn

a

MNTUBLTIN2883 (Mean + SD)

q

qmmwmawﬁaq% VIR

@”ﬁé]ﬁﬁﬁvl,ajrhu NENAILAN

ﬂﬁjumaaaﬁ 1 ﬂq'smmaaﬁ 2

ﬂﬁjumaaaﬁ 3

NITUIBNIITUD

L%
Subjective motility 30 Wi 740+54" 68.0x+45" 710x£42"8 68.0 + 45”82 63,0+ 5082
(%) 60 Wl 67.0£9.7 " 65.0 £7.18 570838 46.0+£55C°°
Progressive motility 30 171 38+04" 39zx02% 38+03" 3.6 05" 34 +05"2
(score 0-5) 60 Wi 35+04" 35+04" 29+02°8" 3.0+0358°
Membrane integrity 30 w171 722+39* 665+194 66.4 +47" 645+18" 56.8+9.08
(%) 60 w7 603 +238 60.1+6.2°8 595+378 529+29°¢



Acrosome integrity 30 W
(%) 60 Wl

Acrosome reaction 30 Wi
(%) 60 w17l
Mitochondrial 30 Wl
membrane 60 U

potential (%)

664 72"

242 +52 4

67.6+39"

54.0 + 4.6 *8
55.7 + 2.2 A8

324 + 3878
382 +3.78B

62.8+26"°
54.1+2.7 8

55.6 + 2.6 A8
505+ 4.6°

383+51°B
402 +39°B

63.4 £ 4542
55.8 + 4.0 B°

506 +6.3°
511418

36.7+6.6°
379+3.1°8

552 +4.182
535+ 4582

466 +72°
41.0+48°€

454 +62°
456 +6.2°

516+ 4.4 82
473 £45°C°

3 meaamimﬁauﬁmawﬁaqﬁuumm 9lasmydszilindrunaufiaiaes (Sperm motility patterns; SCA program

analysis)
VCL (um/s) 30 Wl 69.3+55" 681+£13.3%% 709+10.7" 66.5+94"% 573£17.182
60 W7 60.3 £ 2.9 715 £2.1* 581 +£0.78° 495£23°C°
VAP (um/s) 30 Wl 36.1+£51" 391+£65 *° 402zx6.14° 343+£34"  325£6.7"
60 Wl 359+1.1%% 348+28A7° 339+16"% 252+458B°
VSL (um/s) 30 Wi 483+26" 463+37% 473 +4.0" 448 +26"° 412+1.182
60 W 449 £ 344 481 £224 388+3.18° 354+£376B°
ALH (um) 30 Wl 23+£09* 25x07" 27£07" 28+06" 31+078
60 W7 33+04°8 33£07°8 29+05% 33+058

WNBLAg dansInmaingsallngiitanisnnuuandsvastoyaluudazunidianys

mMmasnnueianivaniinnuuandsvaitoyaluudazaasu (P < 0.05)

° Imamm’aﬂﬁ 1.3 mMIAnwINaTadaNs AICAR @iaqmmwmamﬁaqﬁum@a

MYRIINITAZAY TINTIAMNENIID UM IUJausmuuansniny

o ° > ad) vo L% @
NRN1INAN mwa\‘m'ﬁma:a’mmaqﬁmvl,mums AICAR U1 NULY WU

0.5 1Az 2.0 Aaflua1s twIa1 30 WAz 60 WINAAWAIILTLTIN WU 813 AICAR

219 0.5 AR lWaTs AANIINIZEUNNIINUYBINDFT aada 1 (@13190 3)

» Saaranumansalumsiaiauinivuae lasnsdseidnainan (subjective

motility)



> EauvaInNNEInluNsIARaunvasiagd lddanth (progressive
motility)
di dl (o a ] a % a 6
» juuurasmuafauivesmiagiuuudn glasmadsziliudisaaniaaa’
(motility pattern by SCA program analysis)
- curve linear velocity
- straight linear velocity
MuINduissazreIMINamTaIddeunszu: 2 [ad Warhmaisununga

ATLANLAZAI8E 9N IdTUAT AICAR 2w1a 2.0 dafluars (a1 4)

M1319N 3 HaaINILITENT AICAR NwIAANNUNTY 0.5 2.0 uay 5.0 Jadluans (QEEY

nanadN 1 2 uaz 3) dagmnnaragizaduaitnudum 30 uaz 60 WM MURAINIUT

a

w9793 (Mean + SD)

q

qmmwmawﬁaq% I8N NYNAIVAN ﬂq’umaaaﬁ 1 ﬂﬁjumaaaﬁ 2 ﬂﬁjumaaaﬁ 3
Subjective motility 30 Wi 59.3+21" 65.6 + 3.2 60.2 +3.9”B2 503 +24C2
(%) 60 Wl 56.5 £ 4.2 " 59.7 £2.9 B 501 £4.58° 407 £49°C°
Progressive motility 30 w171 3.1+03"8 32+02% 32+0.1"2 2.8+0.3°82
(score 0-5) 60 Wi 3.0+02" 31+01% 2.5+0.368" 240268
Membrane integrity 30 w171 57.7+33%% 591 %5472 56.6+29"% 494+56°
(%) 60 w1 525+28"" 502+32A4P 502 #1.7"" 443 +43°8
Acrosome integrity 30 W1 464 +3.178  495+44°5 437 +56"° 401+38°€
(%) 60 Wl 431 +524° 432+29"8  429+49" 378+158
Acrosome reaction 30 w171 375+44"  412+49%B2 396+58" 453+ 1568
(%) 60 Wl 458 + 377" 473 +564° 404 +23°B 499 + 4.7 4
Mitochondrial 30 Wl 537 £3.7" 55.8 £5.3 4 50.1 £3.9% 441 +£42°8
membrane 60 W 498 £2.24 51.1+46°8 495+ 48" 413+51°8

potential (%)

3 meaamimﬁauﬁmam“'aaqﬁl,mmm 9lasmydsziliudranaufiaiaes (Sperm motility patterns; SCA program

analysis)

VCL (um/s) 30 Wl

582 +22"

657 +44°B

61.3+9.178

487 +11.2°8



VAP (um/s)

VSL (um/s)

ALH (um)

60 U7

30 W
60 W

30 W
60 U

30 W

60 U

574+49°8

307+7.8 "B
311+58"

382 +22"°
39.1+3.8"%

26037
35+06"°

643+51°8

329+624
292 +45"°

439+21°8
429+ 34"

27+09"4
3.0+08"

54.4 + 83"

296 +4.1A8B
284 +6.7 "

39.3+36"°
3474458

31+07"
30+03"

441 +66°

275+388
226+59°8

348+578
308+6.98

33+04"°
37+06"

WiNBLAg danwInmaingsallngiitaniinnuuandsvastoyaluudazunidianys

mMmasnnueanivaniinnuuandivastoyaluudazaasu (P < 0.05)

AN9197 4 WaTaINIIEE1T AICAR NUUwIaaNatuth 0.5 uaz 2.0 dadluans (NguN3

NANaIN 1 uaz 2) @atauRzUBINIIWAWITEIAISaUNTYE 2 LIas MURRINIUaud

MYBANINNY I(ﬂ:J“L%@TUaqﬁﬁmum:mummmﬁaLLa:azmsl (Mean + SD)

qmmwmaaﬁ"saqﬁ LIR ﬂq’umuqu ﬂq’umaaaﬁ 1 ﬂﬁjumaaaﬁ 2
MsRAVITIsauA 30 WIfi 61.1+3.14 68.6+22° 60.3+4.4 4
282 2 LT8R (%) 60 U7 58.3+4.2A 67.4+32° 58.4 + 3.7 A

‘V\N’]UL‘VWJ

wodAN1Iena (P < 0.05)

mmLL@m@hwaa@ﬁé’ﬂmi_iauaﬂﬁammLL@m@hwaaﬁaHa‘LuLWiaxLLmathaﬁ

e lawmidand 1.4 miFnwinalnmarinuzas AMPK/AICAR HudnIeves

InWSiatuaadlUsiu AMPK sfianaann (phospho-AMPKQL) 1Uséusfia Glucose

transporter 1 (GLUT1) wazszauzaInadinwneluaas (intracellular ATP)

NANIINGRI

O n3lt&13 AICAR eyt 0.5 Jadluans tduna 30 wNaINII

nazgumavhauzaslysiu AMPK-oL ludiagd iudinTeweslnWiiadu

(phospho-AMPKOL (Thr172)) agndbsnaiunislaans AICAR uiian 60

=
wWIN

(Thr172)) (3U7 6A)

szpzaanIiuvasdiniowaalwWiiad

(phospho-AMPKQL



O nmIlta13 AICAR Aieuluds 0.5 uaz 2.0 dadluais twinan 30 win

v o & { v QI v ™)
sunIanIzgumhausedldsdiu GLUTT Sundasnumslindanu
20418 (cell metabolism) Liavmufisununguaiugu adslsnaw
myvhauseslusiiu GLUT 1 ludnagdnlaiuans AICAR duaan 60

W flenliuandrnuateiidbddynsdflarnadsuiungy

ALY (gﬂﬁ' 6B)

0 széi'wadwé'dd’mmtﬂmeﬁaﬁaqﬁﬁ@hLﬁmgaqﬂLﬁam”aaﬁﬁvlﬁﬁ'urmm:@ju

@28813 AICAR w81 30 wANauNIZLIRNNIWELTY ot lsAa1w
mmé’amsazmmé’aaqﬁ sm"’maawﬁ'@mumUlutsﬁaﬁaqﬁlumjumaaaﬁ
Agandnguaiuguadadisdayneedd wdlinuanuuandraiung

alidszninnganasasn 1 uaz 2 Tuna 2 129981 (01399 5)

31l11 6 U&AIA" relative protein band intensity 28911381 phospho-AMPKQL (Thr172) (6A)

uaz GLUT1 (6B) ludragifildsuminszdunmisrnuueslusdn AMPK-0L daoans

AICAR finnuidudn 0.5 waz 2.0 dadluas 1duaan 30 uaz 60 Wt (Mean + SD)

Relative Band Intensity
=4 o S S
IS i = T P
= wn bt wn (] Ln ey wn

Aa Ba ABa u Control u Control
| T 0.5 mM AICAR 0.3 Aa Ba Ba 0.5 mM AICAR
2.0 mM AICAR| 0.25 { [ 2.0mM AICAR
0.2

Ab Ab Ab

0.05

Equilibration Time Equilibration Time

30 min 60 min

gﬂ 6A gﬂ 6B

NHLRAG) @T’Jé’ﬂmmmé'dﬂqwé"ﬂmyﬂwaﬂﬁammu@m@hwaﬁagaluu@ia:ﬂéjums

NARBITIANHINIBINOBAUANLIIaNAIANLANGaTayaluLAzTINM (P <

0.05)

30 min 60 min




P> . @ @ & _al v v o A R
M13N 5 ﬂ']ﬁz(ﬂ‘i.l"lla\‘]‘WE‘l\‘ix‘ﬂ%ﬂ']Ul%LTﬂﬂaiﬂﬂvL@iUﬂﬁiﬂizﬁlu@'lElﬁ']ﬁ AICAR MNaNULYNDY
0.5 ez 2.0 ﬁﬂﬁi&lﬂ']ﬁﬂ%na’] 30 ez 60 %’]ﬁﬂ'a%ﬂizﬂ’)%ﬂ’]ﬁLLﬁLLﬂl‘:dLLazﬂ’]U%E{‘]ﬂ’]iaza’]El
(Mean £ SD)

Anszavasnssnumolumadesd (lulasniudesd 1 dudd)

ookl nfejumuqm mjwﬂaaaﬁ 1 mjwﬂaaaﬁ 2
AWM TT WD
30 W 0.09 + 0.02 # 0.18 + 0.03 B 0.17 £ 0.05 8
60 w1l 0.08 £ 0.03 # 0.15+0.04 B 0.11 £ 0.03 *B
MURRINILTUDI
30 Wi 0.05 + 0.009 A 0.11 + 0.03 B 0.09 + 0.02 B
60 W17 0.04 + 0.01 * 0.07 £ 0.03 # 0.08 + 0.04 #

RUELNA ANUNLANGNTRITIENBILILanTIANILANA BBty BT ATY NI

)
80@ (P < 0.05)

A

1 { ° 6 a a
3.2Tassnsgasi 2 msmmﬂmwﬁlﬂ‘l%’asomoﬂgum

NANIINGRI

O lusduzfia  AMPK-00  sansowuldludiegdvesfeaiowe  (ngw
Uszny Winnu 2 an) Lﬁwﬁmﬁ'uﬁ'm&mn@l‘m]wu"l,@”lm‘f’sagﬁmamm
1 lawfidn relative protein band intensity 2841U36% AMPK-QL ¥y
1.03 U8z 1.15 ANs1AU (gﬂﬁ' 7)

0 lold AICAR fienudutu 0.5 Sadluasny twam 30 wifideunisut
WIIg883  &NNIONITTAUNITINIUYBIABFIMURAINIUTUTIUAZNNT
azane asse LU
fosazanumaninlumaadoufinimualasnisyUsziduainan (subjective
motility)
sm"’mam'nummmlumsmﬁlauﬁmaaﬁaaqﬁvl,ﬂiﬁmﬁw (progressive

motility)



laglivhaoanusuysalesniioadaiogd (membrane integrity) uaz
. ¢ L 4
Aanuayatuasazlaslaw (acrosome integrity) (913197 6)

E‘ll‘ﬁ 7 LLammiLLa@aaaﬂmaﬂﬂsﬁu AMPK-QU Imﬁaqﬁmauﬁammum

S— AMPK-QL protein (#1%140 62 Kda)
— Standard protein (Ol-Tubulin) (ﬁﬁ%ﬁﬂ 52 Kda)
\RaansLuw 1 2

AN 6 WAVBINIITENT AICAR MIUM1AANUTNTYH 0.5 war 2.0 Jadluans (Naw

q

nasadN 1 uaz 2) danmnwaegivadFeasiuaiduiig 30 wiinauinnuudIa

883 (Mean + SD)

ATAMINYDIAIBET 1IN NFUAILAY ﬂq’umaaaﬁ1 ﬂq'ammaaﬁz

Subjective motility AawWMIUTUTY  60.3 +£7.17% 659 + 4.2 A2 61.4 £2.3"2

(%) WaINIazaNe 405+ 54~ 492 +298P 445 + 53 ABP
Progressive motility naunisuguds 2.9+027% 32+024° 3.0+02"
(score 0-5) naanNTAzAne 2.1+ 014 26 +0.158° 2.5+ 02ABP

Membrane integrity neaun1sugduds 65.4 +4.6 22 67.9 + 2.4 A2 66.6 + 49"

(%) UAINTAZANE 507 £ 3.1 AP 512 +42AP 482 + 3.7 AP

Acrosome integrity naunTTudLde 504 £ 7.1 4% 535+ 4.3 A2 492 + 36"

(%) MNadnNgazane 408+ 25”° 462 +298%° 401 +39A°P

WiNBLAg danwInmaingsallngiitaniinnuuandsvastoyaluudazunidianys

mMmasnnueanianiinnuuandvastoyaluudazaasut (P < 0.05)

Aa 6
4. a30uazInnsabHan1INAaas
MIANBIB T UNIANBURZINDINWHAATILIN  (first report) D9NTURAIBEN
wazIvinauedlUsdn leur Tusdn AMPK-at uSmlulaneauaiovasaaagily
o & @ o & v oA A A A o .
gadaszpauuy (wnthu uazdadthaszpaunn ldud femeiwe) ildsdusfiaasnan

mmmgnns:@juvlé’l@umsmﬁmﬁ@@m6] 1% AICAR  luwiaanaudutulaziaan



wanzan (M3l asiadsiia AICAR wwaanududu 0.5 Jadluans uszosiian 30
wif) Tasmiheues AMPK-QUAICAR  §aautfigntosfunssuinnisasana s
melweras  dwnszuiumsnealwsiati phospho-AMPKOL (Thr172) nnNs¥inanuaad
36w GLUTT uaz matnszaunasnuneluioss (intracellular ATP) G9ssnaUangs
ANINGDFT (LT tovazanumunsnlumsdaudinonualasmsyUszifivanan sau
maomwmmmlumimﬁlauﬁmamﬁaqﬂﬂﬁwmﬁﬂ EﬂLLuumaamsmﬁ'auﬁmaa@”'aaqﬁ
wuudng 9lasmIlsafindionauiiiaes) anuaTalBININAAGI8a%  (NRAINNT
Ufauineuanivme) laghisinansznuduaudeiasazuesnmidfiavasdiegd 79
AouLAzMENAINITZUIBNNIUTUTI0§T

mnwamsmaaﬂmﬁhmﬂ WU

e nmusadaanvaslisiin AMPK-a ludragindanumuisalunaafeuninnnii
Jowaz 70 Hdgininngundanuiedennieoniniesa: 50 adnldu@mAyNg
ahd (P < 0.05) lasun@luséin AMPK Usznaudas 3 assdsznaunan fa O Y
uaz B subunit TUsdiu AMPK sunsnasianyldniimadsamouazioasfunug

A o 6 t% (o Aa 6 > 6 A 1 1 =
loslwasdfuwuiinay lasdragdvasuysduazdainiadiag (wy ) azlinng
usasaanvaillsdiu AMPK-Q iugafiga (Hurtado de Llere uasAmiz 2012;
Calle-Guisado WazAthe 2017; Nguyen Uazamue 2015) wananh ladseau

= 6 A - o a = ' v . oA
mdnluuywdin Werhnmatuusndregieanidu 2 ngudszainsldun ngud
dagdfiaenumunsalumaedeungs  uaz  ngualegIndanumaninlums
WwRaund wud1 nsuaedeanvasldsdiu AMPK-OL vainguiszmnIfideaegd

A A @ Y A \ @ Ada
sannedeunlddwnihgs  ddwinndt ngudieginianuaannlunis
\ARAUNAN (Calle-Guisado UaLAMME 2017) TINANUREAARBINUNANITNAND

wa o A A o =2 = o . . a
2290198 uananikdarin1idnsian1inizasd (localization) vaslulydin
AMPK-OL 1uﬁaaq$wudw 11561 AMPK-0L 1130329086705 th AIBFIFINNGN
A & o . a ! & o Lo @ A
@ndudunivaslulanawaia) ua: sund (dudwnssdannsaslunng
\ARaWNBIA8§7) (Nguyen WazAL: 2015; Shabani Nashtaei LazAms 2016)
nndoyadindn  sanInawisguldin AMPK-at anaflanuiinidasiunis

FIHIWRIINWAN zﬂumaﬁi‘LLa:miLﬂﬁauﬁmam‘ﬁaﬁﬁ

e mihiuvasldsdiu AMPK-a ludiegd swsanszduldlasmildmaaiiziia
AICAR (ﬁ'mm@mwm‘fuﬁu 0.5 fUadluans) HunszuIuMINaalWIIaTUR
1U361u AMPK-OU (phospho-AMPKQL (Thr172) n3vinuedldsdsn GLUTT uas
maiuszauwasnwnelweas  (intracellular  ATP)  lapmisviowns 3
NY2UIUNT ﬁ@hmsﬁwmgaq@ﬁiwmm 30 Wl MEUWAINMINIZAUIE

815LA% AICAR uazfiinaaadilaniamiuld 60 Wil (4 asaioaldes)



v t:llnl v = n; n‘ AAdAa ~ a ¥ o n:i
ﬂ?ﬂl@lﬂﬂ’ﬂt“ﬂﬂdLL’J@]GQ&I&JQM%Q&J@H a&u%%@lﬁlzuﬂ’ﬁwa(ﬂLLﬂZl‘HWﬂGGW%“ﬂ

' o

aABY 1T MIvhewseseaslszan (glia cell) 2a9nuazaamIltwaiewiie
qmwgﬁ?am@ﬁammzqmmﬁi’mmﬂa@@‘ﬁaa (Donohoe  UazAmke  2000)
wonanit ndnsiaaanaaaifoadasluauaszasuyednudl nIuaaIanal
Tus6u AMPK-0L Senasuwiiidonniuszaunssnuwmelumasiazmsand
V899N (Castro uazAmE 2017) I@UﬂﬂﬁLﬁaﬁwmia@qm%Qﬁﬁaan”au ﬁ'ag
SaNTaULITRRU0IFIITAe asuoRiiFinesdnsruaumnausuasiialtioas s
Fiasea 1w Mmiaamvhouwes lmdsy TWuasdun 14 (Sodium/Potassium
pump) mau’%l,'smlfiaﬁmsma( IRORANIIRIHIUDBINAINT  (Singer  Uas
Bretschneider 1990) %omnﬁaga@”\mmaaﬁuagmmswamaomﬁa’%ﬁmaawm’m
AARI8INTYINU phospho-AMPKOL (Thr172) Uaz seaunadnuwnaluaas
Tugusasniaviheusesldsfin GLUT1 sansnganszduldnanud jisen
agglsienunwuin msvueadldsdn  AMPK Lﬂmﬁﬂuﬁmﬁﬁm:@ums
nuvasldsiu GLUTY 16 (Bertoldo uazAmez 2015) madnmlunuusnwui
lihséiu AMPK fidaulunisnszgunsvhausesdjniuinisaiousaiaa (lactate
production) luLTad Sertoli UBIRUUTN sﬁoﬁmmLﬁ'mﬁaoﬁ'umﬂﬁﬁwmangiﬂa
(glucose uptake) waznsnwuadllsin GLUTY (Galardo azate 2007)
aa@ﬂﬁaoﬁumsmaaﬂuma&ﬁaqmamﬁawﬁ@ bEnd.3 luswaivasnuland
Fawuin MR dupeImMIinIwasnsEERIWS IwLaE NS el sin
GLUT1 unasnannnisnsyinauueslysds AMPK (Cura and Carruthers Was
Atk 2012) LEWALINWNLNITINUWVES phospho-AMPKQL (Thr172) uag v26l
waswmelwaas nsveusesldstin GLUT1 fenaasalianiaiull 60
wIf (‘ﬁlqmﬂgﬁ 4 asenaiBog) nnIdnsludiegivasiewuiwudn ns
nazgunavinuvesllsdu AMPK lasnisldasiaiiziia Rosiglitazone a9l2lu
M lsanng - dnadamItRunsinenuesldsin  phospho-AMPKOL
sraunasnumeluoas  warnvinuwedlds@n GLUT1 (Swegen uasamue
2016)  LHUBNIIANNFNWUTITIVINDBINIINIRBBIT WU NTEN Fafinna
Lﬁmﬁaaﬁ‘un’mﬁua:auwﬁ‘amu‘lu@ﬁaqﬁmammﬁ’m Sadugaianwuuulunms
nanait
mihauzasldsdiu - AMPK-0L ludiegd  Snaiisuandeqmnwadsiegd
MURRINTELIBNITUTUTS LT mmmmmiumsmﬁ'auﬁmaa@”fmqﬁ ph[BRIVLE
msmﬁauﬁmaaé’aaq&mmﬁa 9lasgn1rdsnfiudlionauiiiees waznMINA
PRIGIBUNMENAINITUINNIY JruTaruuansniniy mnwamsmaadﬁvlﬁizq

NTE% MINTzdUMITuIad AMPK-QL dsnaLisunneadfnisnfiiidas



Aumslivsossaunasnuaasoes logiamzmivhonuasldsin GLUT1 @il
m’mLﬁyﬁadﬁ'uﬂg’j‘ﬂ%'m’ﬁaa’]y glucose %38 glycolysis

I@ﬂﬂqwﬁ‘ﬁﬁmﬁaaﬁ'ﬂmimﬁauﬁ'mawﬁaqﬁﬂszﬂauéﬁfJ 2 NQEHRan
Ao MIlTWRINUINNTZVIUANT  glycolysis  UWAZMTFIWRIITUIINATZLINANT
oxidative phosphorylation (OXPHOS) (Ruiz-Pesini uasamiz 2007) f9usi1lugn
waWufazwuilnisn  OXPHOS  anduunsiaiawssnudaydmiuns
Lﬂﬁauﬁmaa@‘i’aaqﬁ (Plaza Daliva uazame 2015) nguindsonguaanayle
ymsansdsoiiudnlasnisguginszuiums glycolysis lasasindsfia 2-
deoxy-D-glucose HIWNTTLIUNNIYNUTadLaw kulaiia hexokinase HANTANEN
Tl mmmmmiumimﬁauﬁmao@ﬁaﬁﬁ gﬂLLuumaoﬂWiLﬂﬁauﬁmaaﬁaaqﬁ
wuudne 9lasnsUsafiudionauiiiaas (A1 VCL, VSL and VAP) fenandnad
(Plaza Daliva uszamiz 2015)  Geflanuseanssnumsdnunlunisduds
NITUIUNNT glycolysis UaId1agavaInywe (Barbonetti Uazams 2010) wananii
midnmluunitu  lesngusinddsanndszsnaanizawinilul 2010 wudn
é’mwﬁam:ijmsﬁmgIﬂaLﬂTﬂ;jmafi (glucose  uptake): NITRINILAALAG
(lactate production) 1%@3’3aaﬁﬂnaaLLmﬁmﬁﬁmmmmmlumsm5auﬁ§aya: 80
ﬁ@hqaﬂiﬁ ﬂéuﬂiz‘*mml,l,mﬁ@”aaEﬁﬁmwmmsﬂumsmﬁauﬁfasm: 66 1197
fsanusaaadaaInIAnmfsanuimdgeInszuumahnglasdngioas
WAZNIZTUIUNT glycolysis @iaﬂ'nummmlumsmﬁauﬁmawﬁaﬁg’?ﬂuumﬁ’m
(Terrell LLazatbe 2010)

ANNEITIvaINTTUIUNINIUJauimouaniiny  Usznaudluasy
fanawlsznig Y9N I wEss I nenvasda S ds 1w AN
Ya9LTas linIelale bud ﬂ%amﬂmaﬁaﬁmiwm&” LT Qmmwmaaéﬁaqﬁﬁw%w
dmsunmstfant annsAnmluuneinui sluusasmaedeuiuesdiesd
wuuad glasnsUsafiudisnauiiiaes  lasawizdl VCL  uar  VSL 4
ANMUFUAUTLIEILINALEAIANNEITIvaInTUfsuTneuansenie (Hirano
LRTA™E 2001) uaﬂmnﬁmzmumm%awé’amm'mﬂg’jﬂ%m pyruvate-glycolysis
ﬁmma%ﬁﬂ”cy@iamsmﬁ'aumaamwawﬁ"aaaﬁ (flagella movement) NIZLIWNIIAN

1N BLaTw (sperm capaciation) LazNITUIVNIT tyrosine phosphorylation (Travis

' '
s =

A | Q L o ' v =)
WazADLE 2001; Hereng Lazamhe 2011) smLﬂuﬂﬁmwaﬂﬁmmym:mwalﬂmaqa

gusnd Jaudnuiwas kinsalale loe e

A A Yo 6 o & a o A o @ 6 v Y A
Lwamaﬂmz@lwﬂ"l,@‘mammmgwugmw"l@mﬂmiwUluam@muuu MWIT"D?G

neljidludaiiharznaunn ldud Feaswe (@@ dthduasesdsziand 1 e

v

=
fl
wiznriygasnuiazduatasdadih  wnsdnne 2535 uazdnegludniduaes

9
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BULEY 1 mwuagaquﬂUWQQﬂﬂﬂiﬂwsz%awaﬂatynﬂmamuﬂamaﬂﬂuaywmﬂﬂwlﬂagm
Wit wia CITES) wunamaaaded U lufiamudsinumafnmludaiduuoy i nawy
AMILEAI08NVaI L UTAUALALITBINUNTEUIBAITRININAIING 170 11361 AMPK-L Tuan

a =3 £% o a a s 1 £% a A 1
GEQ) 3aunaﬂ13ﬂi:@uﬂﬁiwwawumaaiﬂsmumu@@anawa@auaTnﬂumu@ AICAR  RINA
niznuisuINdanmnINaIega 29 IIAANN A2TAINNG MAINRINITD MNNTLALLTAR

1 A 6 A A o v ua 1 =2 o
lainsalalaladaniFaansiuainelde wwl%ﬂtuz@aaﬂiwaWNWSQﬂﬂﬂqwamaanwswwawu
aa4ld361 AMPK-QL @iammmmsnmawﬁaqﬁlumﬂfwé’ammﬁamiﬂﬁaufmwaﬂ
Tnele I@ﬂﬂfu:§ﬁ§bﬂhﬁQQWMQJﬁihdﬁ aaﬁhawujﬁwnnﬁiﬁnwﬂuaz?ﬁﬁﬁhﬂdwaa:
sannih lWlgalaiensndagndadihlesinisnefiinemaasywuiang  (ou
MINFNLNBUEUNERY) tuauwaa be
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5. Dalana ka1 UIIwIalwawIaa

Lﬁaamnﬂa"l,ﬂmsﬁwmmaavl,uimﬂaum%'wiaqmmwéﬁaqﬁ AT VINRIIVWLRE
AMURIIDlnIUJaud maaé’mfiﬁmgﬂﬁ'swwﬂszﬂauﬁ’swmﬂmzmumiﬁﬁwﬁy an
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Activation of 5' adenosine monophosphate-activated protein kinase (AMPK),
present in mitochondria and responds to changes of energy level in cells, has
been reported to either suppress or activate glucose uptake and metabolism in
adipocytes leading to intracellular energy storage or use. This homeostasis
phenomenon can be induced by pharmacological substances such as 5'-
aminoimidasole-4-carboxamide-1-B-d-ribofuranoside (AICAR). Therefore, study
of AMPK/AICAR function has been applied for sperm cryopreservation aimed to
maintain intracellular energy that results in improved sperm quality post-thawing.
However, fundamental knowledge of AMPK and its roles on sperm function is
absent in cat. The present study aimed at (1) investigating presence of AMPK in
epididymal cat sperm and comparing protein level between normospermic and
asthenospermic cats, (2) examining influences of AICAR doses and incubation
periods on epididymal cat sperm function prior to cryopreservation and (3)
investigating phosphorylation of AMPKOL (pPAMPKQ) after AMPK activation by
AICAR. In Experiment 1, epididymal cat sperm, retrieved after routine castration
and divided into two groups (Z 70% sperm motility (normospermic cat; NMS;
n=11) and < 50% sperm motility (asthenospermic cat; AS; n=6), was evaluated
for AMPK quantity (western blot analysis). In Experiment 2, epididymal cat
sperm (n =10) was incubated with 0 (control), 0.5, 2, or 5 mM AICAR for 30 min
or 60 min prior to cryopreservation. Sperm quality (subjective motility, sperm
motility patterns, membrane integrity, acrosome integrity and reaction and
mitochondrial membrane potential) was evaluated. In Experiment 3, epididymal
cat sperm (n=6) was treated as Experiment 2 and evaluated for pAMPKQ
quantity (western blot analysis). AMPK was present in both NMS and AS cats.
In addition, AMPK quantity did not significantly differ between two groups (0.37 *
0.09 vs 0.27 = 0.1). In Experiment 2, 0.5 mM and 2 mM AICAR supplementation

did not affect sperm membrane integrity at both time points whereas 5 mM



AICAR had adverse effects to all sperm quality (P < 0.05). However, subjective
motility and motility patterns (curve linear velocity and straight linear velocity)
was significantly decreased (P < 0.05) after 60 min incubation with 2 mM
AICAR. In contrast, mitochondrial membrane potential did not significantly differ.
In Experiment 3, 30 min-AlCAR incubation (with 0.5 mM or 2 mM) could activate
AMPK via pAMPKQO pathway (control: 0.21 + 0.06 vs 0.5 mM: 0.27 + 0.03 vs 2
mM: 0.26 + 0.05) (P < 0.05). However, down-regulate effect of AICAR to
pAMPKOQL pathway was observed after 60 min AICAR incubation (P < 0.05). In
summary, AMPK was present in epididymal sperm from both NMS and AS cats.
Incubation of 0.5 and 2 mM AICAR for 30 min could activate AMPK via
pAMPKQL pathway without deleterious effects to sperm quality prior to
cryopreservation. These finding can be further applied for cat sperm intracellular
energy storage during cryopreservation. This research was supported by (1)
Thailand Research Fund (MRG-5980231) with joint funding of Grants for
Development of New Faculty Staff, Ratchadaphiseksomphot Endowment Fund
(2) Research Unit of Obstetrics and Reproduction in Animals, Chulalongkorn
University, Thailand and (3) Research Associate Program, Smithsonian

Conservation Biology
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ABSTRACT

Adenosine monophosphate-activated kinase (AMPK) protein is executively
characterized as key regulator of mammalian cell metabolism and energy sensor. Activation
of AMPK by pharmacological substances such as 5’-aminoimidasole-4-carboxamide-1-$-d-
ribofuranoside (AICAR) has been reported to strengthen male gamete cell functions. The
present study, therefore, aimed to investigate 1) expression of AMPK protein, I1) AMPK
regulatory kinase pathway and I11) effects of AMPK activation (AICAR) to epididymal
sperm quality using domestic cats with high proportion of sperm pleomorphism as animal
research model for endangered wild felids and infertile patients. Study I: AMPK protein (a
subunit isoform) expression in high proportion pleomorphic sperm sample with > 70%
motility (n=11) and < 50% motility (n = 6) was evaluated by western blot analysis. Study II:
AMPKa signalling pathways including expression of phospho-AMPKa protein Thrl72 (n =
6); expression of glucose transporter 1 (GLUT1) protein (n = 10) and intracellular adenosine
5’-triphosphate (ATP) level (n = 10) were investigated by western blot analysis and high
performance liquid chromatography technique (HPLC), respectively. Study I11: AMPKa in
sperm was triggered by AICAR (0 mM,; control, 0.5 mM and 2.0 mM) for 30 and 60 min
prior to cryopreservation process and evaluated for sperm functions and fertilizing ability (n
= 10). Total of 53 animals were, hence, included. Our major findings indicated that AMPK
protein (o subunit) dominantly expressed in sperm with high proportion of motility (P <
0.05). The presence of AMPK activator, AICAR, could regulate AMPK function (AICAR-
AMPK regulation pathway) via increase of phospho-AMPKa Thr172, GLUT1 protein
expression and intracellular ATP level. Furthermore, short equilibration of AMPKa protein
with 0.5 mM AICAR for 30 min prior to cryopreservation procedure positively influenced cat
sperm functions (sperm motility, sperm motility patterns and cleavage rate after homologous

in vitro fertilization) without deleterious effects to sperm membrane integrity (P < 0.05). In
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summary, our research group principally points the major findings on expression of AMPKa
protein and its regulatory kinase effects on male cat gamete cell quality leading to worthwhile
influence of fertilizing ability. Additionally, the present study will possibly be advantageous
for further studies in endangered wild felids and infertile patients particularly presenting the

high proportion of pleomorphic sperm.

Keywords: AMPK protein, energy regulation, felids, sperm functions
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1. Introduction

The major biochemical pathway for intracellular energy reservoir, regulating sperm
function in each mammalian species, have been extensively discussed among laboratories
(Ruiz-Pesini et al., 2007; Amaral et al., 2013). In somatic cells, mitochondria are important
organelles which are best known as eukaryotic cell powerful house (Amaral et al., 2013).
These organelles have been generally hypothesized to participate in several important
processes such as adenosine 5’-triphosphate (ATP) production via glycolysis pathway or
oxidative phosphorylation (OXPHOS) pathway (Ruiz-Pesini et al., 2007). In mammalian
male gamete cell i.e. sperm, the mitochondria together with fibrous sheath of flagellum have
been hypothesized to be involved with ATP production leading to sperm flagella movement

and fertilization process (Ruiz-Pesini et al., 2007; Pefia et al., 2009).

Recently, the studies on one of cutting-edge knowledge in the intracellular energy
sensors or regulators, 5' adenosine monophosphate-activated protein kinase (AMPK), were
emerged in various cell types. AMPK is a serine/threonine heterotrimeric protein kinase
composed of three subunits (catalytic a-subunit bound with - and y-regulatory subunit) and
responses to changes of adenosine monophosphate (AMP) and ATP (AMP:ATP) ratio in
living cells (Bertoldo et al., 2015; Shabani Nashtaei et al., 2016). The AMPK function can be
generally induced by pharmacological substances such as 5'-aminoimidasole-4-carboxamide-
1-B-d-ribofuranoside (AICAR) or Metformin (Bertoldo et al., 2015). The activation of
AMPK has been reported to rapidly influence glucose uptake and metabolism in adipocytes
leading to the intracellular energy storage (Gaidhu et al., 2006 and 2009). The previous study
in human aortic endothelial cell culture presented that AICAR treatment could either activate
or down-regulate AMPK function via a signal of ATP generation by OXPHOS (p53
phosphorylation) and glucose uptake pathway (ldo et al., 2012). As in other cell types,

AMPK was identified in mammalian gonadal cells in both male and female; testis, ovary and
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through germ cell maturation stage (Bertoldo et al., 2015). In female, mice oocytes at
metaphase-11 stage demonstrated that the increase of abnormal mitochondria together with a
3-fold lower ATP concentration was observed in a1 AMPK deficient oocytes compared to the
control indicating that AMPK plays a crucial role as gamete cell energy regulator (Bertoldo et
al., 2015). In male, the alteration of tAMPK gene in murine testes induced the abnormal
sperm morphology (Tartarin et al., 2012). The dysfunction of AMPK protein kinase
regulation pathway in male mice was associated with the impairment of testicular junctional
complex and the abnormal acrosome morphology (Towler et al., 2008). In sperm cell, AMPK
mainly presented from mid-piece through sperm flagellum in various species i.e. boar,
chicken and human (Hurtado de Llere et al., 2012; Calle-Guisado et al., 2017; Nguyen et al.,
2015).

Due to the ability to identify the AMPK expression in mammalian sperm, the
application of AMPK function-induction to maintain sperm energy was fascinating. AMPK
activation has revealed its related functions to sperm quality maintenance after long-term
storage (Bertoldo et al., 2015). Besides, AMPK function activated by AMPK activator i.e.
AICAR has been reported to be involved with the increase of the intracellular ATP
concentration, the decrease of reactive oxygen species (ROS) and lipid peroxidation reaction
(LPO) in post-thaw chicken semen (Nguyen et al., 2015). The study in normospermic human
donor with proven fertility revealed the similar results as in chicken study; the AMPK
activation could decrease ROS level, apoptotic like-changes and increase mitochondrial
membrane potential in cryopreserved sperm whereas fertilizing ability related to AMPK
function was absent (Shabani Nashtaei et al., 2016). Until now, although the studies on
AMPK in various topics have been conducted in several animal species, AMPK functions, its
regulatory kinase effects and AMPK activator agents have not been investigated in felid

species, both domestic and non-domestic. Similar to the inbred mice and infertile patients,
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sperm derived from epididymis of domestic and ejaculated sperm from non-domestic cats
always present high proportions of sperm pleiomorphism leading to conception and
pregnancy failure. Furthermore, morphologically abnormal sperm, i.e. mid-piece part, is less
tolerance to cryo-induced-damage leading to the limitation of energy production source (Pefia
et al., 2009). In domestic cat, the sperm mitochondrial membrane potential related to
mitochondrial function was, however, remarkably decreased after cryopreservation
(Thuwanut et al, 2010). This phenomenon could be hypothesized that energy production
might be decreased leading to fertility impairment. From the diverse points of view, the
perpetuation of the intracellular energy storage by AMPK activation during sperm
cryopreservation might be of interest as an alternative tool to improve post-thaw sperm
functions and fertilizing ability in domestic cats as a model for the endangered wild felid
species and the infertile patients.

The present study, therefore, aimed to investigate 1) the expression of AMPK protein
in epididymal sperm, 11) the AMPK regulatory kinase pathway and I11) the effects of AMPK
activation by chemical substance (AICAR) to epididymal sperm quality and fertilizing ability
using the domestic cats as research model for the endangered wild felids and the patients with

infertility problems.

2. Materials and Methods

Experimental design

Study I: The expression of AMPKa protein in epididymal cat sperm (sperm sample with >

70% motility: n = 11; sperm sample with <50% motility: n = 6)

Epididymal sperm from each cat was collected in Tris-base buffer and adjusted to
10x108 as the final total number. Sperm morphology and subjective motility were evaluated

and then divided the cats into two groups; motility > 70% or < 50%. Protein from each sperm
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sample was extracted and finally assessed for the expression of AMPK protein and band

intensity by western blot analysis.

Study 11: AMPKa signalling pathway regulated by AICAR (the expression of phospho-
AMPKa.: n = 6; the expression of glucose transporter 1 protein (GLUT1): n = 10 and the

intracellular ATP level: n = 10)

Epididymal sperm from each cat was retrieved as previously described in Study I,
divided into three groups; control, 0.5 mM and 2.0 mM AICAR treatment and finally
equilibrated for 30 min (short period) and 60 min (long period) prior to cryopreservation
process. The expression of phospho-AMPKa, GLUT1 protein and band intensity were
evaluated by western blot analysis. Furthermore, the intracellular ATP level was measured by
high-performance liquid chromatography (HPLC) technique at two-time points (before and

after cryopreservation process).

Study I1l: AMPKa regulatory kinase effects on epididymal cat sperm quality and embryo

development (n = 10)

Epididymal sperm from each cat was experimentally designed as described in Study
I1. Sperm quality (subjective motility, progressive motility, motility patterns, integrity of
plasma membrane and acrosome including with mitochondrial membrane potential) was
evaluated prior to and after sperm cryopreservation process. Besides, fertilizing ability
(cleavage rate) of post-thaw sperm was also tested by homologous in vitro fertilization (IVF)

technique.
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Research animals

Fifty-three male cats (n = 53) with unknown age were included in this study. They
were subjected to routine castration at the Small Animal Hospital, Faculty of Veterinary
Science, Chulalongkorn University and the Veterinary Public Health Division of the Bangkok
Metropolitan Administration, Thailand. The testes were kept in an isotonic normal saline
solution supplemented with 1% penicillin-streptomycin (Sigma-Aldrich Chemie GmbH,
Steinheim, Germany) and transported to the laboratory at room temperature within 1-3 h. The

testes were randomly allocated for three parts of study as described in experimental design.

For fertilizing ability test; total number of grade 1 and 11 oocytes were collected from female
cats (unknown age) after the routine ovariohysterectomy at the Small Animal Hospital,
Faculty of Veterinary Science, Chulalongkorn University and the Veterinary Public Health

Division of the Bangkok Metropolitan Administration, Thailand.

Sperm cryopreservation and evaluation criteria

All chemical substances were purchased from Sigma-Aldrich (Sigma-Aldrich Chemie

GmbH, Steinheim, Germany) unless otherwise indicated.

Sperm cryopreservation

Sperm freezing extenders and thawing media were prepared according to a protocol
described by Axnér et al. (2004). For sperm collection and cryopreservation, sperm was
collected by cutting the cauda epididymis into small pieces in 0.5 mL of pre-warmed Tris-
base buffer. The total number of sperm was adjusted and centrifuged prior to

cryopreservation process. The sperm pellet was extended at room temperature with 0.65 mL
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of semen extender | (EE-I) with or without AICAR (as described in experimental design).
After 1 h of equilibration to 4°C, semen extender Il (as equal volume to EE-I) was added to
each sperm sample. Extended sperm sample was then loaded into two 0.25 ml straws
(approximately 0.125 mL per straw), cryopreserved in liquid nitrogen tank (Rota et al., 1997),
plunged into liquid nitrogen where the straws were kept until evaluation. For thawing, each
straw was submerged in a water bath at 37 °C for 15 sec and diluted with 0.125 mL of

thawing medium (1/1; v/v).

The expression of AMPKa protein, Phospho-AMPKa protein and GLUT1 protein

Sperm protein was extracted by incubation with protein lysis buffer (CellLytic ™
MT) supplemented with protease inhibitor for 30 min on shaker at room temperature and
centrifuged at 12,000 g at 4°C for 10 min. The sperm pellet was discarded whereas the
supernatant was measured for total protein amount by NanoDrop 100 (Thermo Fisher
Scientific, Waltham, MA, USA). The final protein concentration was adjusted to 15 pg/ul by
dilution in PBS and stored at -80°C until western blot analysis. Western blot analysis was
performed as following; the protein sample was mixed with SDS sample loading buffer (4x
Laemmli sample buffer and -mercaptoethanol; Bio-Rad, Hercules, CA, USA) and processed
on SDS-PAGE (4%-15% Miniprotein® TGX Precast Gels; Bio-Rad) for 1 h. Precision Plus
Protein Dual Color Standards (Bio-Rad) loaded into the first lane were used as the molecular
weight standard. Gels were then transferred to polyvinylidene difluride membranes
(Immobilon-P, Millipore, Billerica, MA, USA.) and blocked with 2.5% skim milk (Bio-Rad)
diluted in washing buffer (Tris-buffered saline plus 0.1% ((v/v) Tween) for 1 h at room
temperature (25°C) and incubated on shaker in the dark at 4°C overnight with one of the

following primary antibodies; (1) alpha-Tubulin Rabbit antibody (1:1000; Cell Signaling



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Technology, Inc., Danvers, MA, USA.); (I1) AMPKa Rabbit Antibody (1:1000; Cell
Signaling Technology) (111) Phospho-AMPKa Thr172 (D76.5E) Rabbit Antibody (1:2000;
Cell Signaling Technology) and GLUT1 (D3J3A) Rabbit Antibody (1:1000; Cell Signaling
Technology). Sample incubated with normal rabbit IgG (1:1000) served as negative control.
After overnight incubation, the blot membrane was incubated with secondary antibody; anti-
rabbit IgG antibody (1:2000; Cell Signaling Technology) conjugated with HRP for 1 h at
room temperature (25°C). The immunoreactivity was detected by colorimetric method (Opti
ACN™ Substrate Kit, Bio-Rad). The volume intensity of each protein band and background
was measured by using Synegen software (Frederick, MD, USA). The relative quantification
volume of was normalized by dividing final volume intensity of AMPKa, phospho-AMPKa
Thrl72 and GLUTL1 antibodies (volume intensity of each protein band minus background) by

the final alpha-Tubulin volume intensity.

The Intracellular ATP concentration

The sperm intracellular ATP extraction method was repeated from protocol
previously described by Thuwanut at al. (2016). In brief, the sperm sample was washed in
ice-cold 0.15 M Sodium Chloride by centrifugation. The sperm pallet was resuspended in ice-
cold Triton X and 10% Percholic acid. The sperm pellet was discarded while the supernatant
was stored at 4°C and finally evaluated for intracellular ATP concentration within 1 h by high
performance liquid chromatography technique (HPLC). The peaks were analyzed by the
absorbance at 254 nm with reverse phase HPLC on Ultrasphere 18 mm column. The
continuous gradient elution was used for HPLC separation. The elution program for mobile
phase A and B was as followed: 0 min 100 % A, 0 %B; 2 min 95 % A, 5 % B; 4 min 80 % A,

20% B; 5.3 min 75 % A, 25 % B and 6 min 100 % A, 0 % B. The intracellular ATP
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concentration was identified by comparison with the external standard method (r? = 0.90).

Data were present as means of two replication test.

Sperm quality
Subjective, progressive sperm motility and sperm motility patterns and sperm morphology

A 5 uL of sperm sample was placed on a pre-warmed glass slide and assessed using a
phase contrast microscope at 200X magnification, the proportion of sperm motile sperm and
progressive sperm motility evaluation (Thuwanut et al., 2015). Sperm motility patterns was
evaluated by Sperm Class Analyzer® CASA system (Microptic S.L, Barcelona, Spain).
Three to five randomly selected optical fields of each sperm sample were measured for sperm
motility patterns; straight line velocity (VSL); average path velocity (VAP); curve linear
velocity (VCL) and amplitude lateral head displacement (ALH)) as described by Thuwanut et
al. (2010). For sperm morphology; head, mid-piece and tail was assessed by dried (William’s

staining) and wet (formol saline fixative) smear, respectively.

Integrity of sperm plasma membrane, acrosome and mitochondrial membrane potential

Sperm plasma membrane and acrosome integrity were determined by the double-
fluorescent labelling techniques (sperm membrane integrity: EthD-1 and SYBR-14,
Molecular probes Inc., OR, USA and acrosome integrity: FITC-PNA mixed with propidium
iodide (PI; Molecular Probes Inc.)) (Axnér et al. 2004). Sperm mitochondrial membrane
potential was evaluated by using the fluorochrome 5,5',6,6'-tetrachloro-1,1',3,3'-
tetraethylbenzimidazolyl-carbocyanine iodide (JC-1; Molecular Probe Inc.) (Thuwanut et al.

2011). For sperm plasma membrane integrity, two hundred sperm were classified into three
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categories: live, moribund and dead sperm. To evaluate acrosome integrity status, the sperm
sample was classified into three categories: intact acrosome, reacted acrosome, and missing
acrosome or acrosomal loss. In addition, two hundred spermatozoa were evaluated and

classified into two categories: high and low mitochondrial membrane potential.

Homologous in vitro fertilization

Oocyte recovery and in vitro culture (IVM) media were prepared as described by
Thuwanut et al. (2015) whereas the in vitro fertilization (IVF) and in vitro culture (IVC)
media were commercially purchased (Nestle et al., 2012). Total of 513 oocytes with more
than two layers of compact cumulus cells and presence of dark homogeneous ooplasm were
collected from ovaries of domestic cats after a routine ovariohysterectomy. The selected
oocytes were gently washed in oocyte recovery and IVM medium. Approximately 8-10
oocytes were cultured in a drop of 50-uL. IVM medium at 38.5°C under 5% CO2. Cumulus
cells were then partially removed at 24 h post-IVM. The oocytes were washed and cultured in
a drop of IVF medium and incubated with post-thawed sperm (0.5x108/mL) supplemented
with or without AICAR. After co-incubation with post-thaw sperm for 18 h, all cumulus cells
of the oocytes were removed. The oocytes were cultured in IVC medium for another 6 h. The

cleavage rate was recorded after 24 h post-insemination.

Statistical analysis

Data analyses were performed using ANOVA with SAS (SAS Institute Inc., Cary,
NC, USA). The statistical models included the fixed effects of time and extenders. The
dependent variables (percentage of motility, motility patterns, percentage of intact plasma

membrane, acrosome, mitochondrial activity, relative western blot band intensity and
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intracellular ATP level) were analysed by using ANOVA (GLM procedure). Differences
between treatments in each evaluation criteria were compared using a Tukey-Kramer test.
The level of progressive motility was compared using NPAR1WAY procedure and a
Kruskall-Wallis test. The embryo development was analysed by a binomial score (1 or 0)
based on the presence or absence in pronuclear formation and cleavage stage of embryo.

Values are presented as mean + SD. The level of significance was set at P < 0.05.

3. Results

The expression of AMPKa protein in epididymal cat sperm

The AMPKa protein expression was observed in epididymal cat sperm with high and
low motility (> 70% and < 50 % motility) (Fig. 1). Relative AMPKa protein band intensity
compared with standard protein (a-Tubulin protein) in sperm with > 70% was higher than
sperm sample group with < 50 % motility (P < 0.05) (Fig. 1).

Noted: The percentage of sperm head normal morphology in all sperm samples
included in this study was 91.3 + 3.7 whereas the mid-piece and tail normal morphology was

57.4+8.1.

AMPKa signalling pathway regulated by AICAR

The preliminary results demonstrated that 5.0 mM AICAR performed the negative
effects to sperm quality (i.e. subjective sperm motility, perm motility patterns, sperm
membrane and acrosome integrity, mitochondrial membrane potential etc. (Table 2-4)). Thus,
AMPKa signalling pathway (phospho-AMPKa Thr172, GLUT1 protein and intracellular
ATP level) including embryo development were exempted in 5.0 mM AICAR group.

Western blot analysis revealed appreciable levels of phospho-AMPKa Thr 172 and GLUT1
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protein band intensity in sperm samples among equilibration time and AICAR concentration
(Fig. 2A and 2B). The highest relative phospho-AMPKa Thrl72 band intensity was present
in sperm incubated with 0.5 mM AICAR for 30 min prior to cryopreservation process (0.27 £
0.11) which was significantly higher than control group (0.21 = 0.09) (P < 0.05) (Fig. 2A).
Although the relative phospho-AMPKa Thrl72 band intensity did not differ among groups
after 60 min equilibration (P > 0.05), the significantly lower expression of phospho-AMPKa
Thr 172 was observed compared to the samples with 30 min equilibration (P < 0.05) (Fig.
2A).

Similar to phospho-AMPKa Thr 172, the equilibration time negatively influenced the
relative GLUT1 protein band intensity (P > 0.05) (Fig. 2B). However, sperm samples
equilibrated with 0.5 mM and 2.0 mM AICAR for 30 min expressed the higher relative
GLUT1 protein band intensity (0.5 mM AICAR: 0.20 £ 0.17 and 2.0 mM AICAR: 0.21 +
0.19) compared to control group (0.13 £ 0.15) (P <0.05) (Fig. 2B).

For intracellular energy evaluation, sperm samples equilibrated with 0.5 mM (30 min
and 60 min) and 2.0 mM AICAR (60 min) had a higher intracellular ATP level compared to
control group (P < 0.05) (Table 1). The equilibration time did, however, affect the
intracellular ATP level (P > 0.05) (Table 1). Similar to pre-freezing process, the intracellular
ATP level of post-thaw sperm significantly increased in 0.5 mM (30 min and 60 min
equilibration) (P < 0.05) whereas the ATP level did not significantly differ between

equilibration period (P > 0.05) (Table 1).

AMPKa regulatory kinase effects on epididymal cat sperm quality and embryo development
The major effects of AMPKa regulatory kinase effects on epididymal cat sperm
quality was obviously observed in post-thaw samples. Supplementation of 0.5 mM ACAR

(30 min equilibration group) as AMPK activator promoted post-thaw subjective sperm
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motility and sperm motility patterns (VCL and VSL) (P < 0.05) (Table 2 and 4). For embryo
development after homologous IVF, the cleavage rate was significantly higher in 0.5 mM
AICAR group (both incubation time; 30 and 60 min) compared to control and 2.0 mM
AICAR group (P <0.05) (Table 5). Focusing on equilibration time prior to cryopreservation
process, the exposure of sperm with AICAR notably reduced sperm quality i.e. sperm
subjective motility (2.0 mM AICAR), sperm progressive motility (0.5 and 2.0 mM AICAR),
sperm membrane integrity (all sample groups including control), mitochondrial membrane
potential (control and 0.5 mM AICAR) and sperm motility patterns (VCL; control and 2.0
mM AICAR) (Table 2-4) (P <0.05). It is, however, interesting that AICAR supplementation
(0.5 and 2.0 mM) before cryopreservation process did not perform any deleterious effects to
sperm membrane integrity when compared during the same equilibration time (P > 0.05)

(Table 2).

4. Discussion

The regulation of sperm energy level, widely investigated in several mammalian
species, has been considered fundamental and essential role for sperm functions, sperm-
oocyte interaction and fertilization ability. The present study demonstrated the first report of
energy and metabolic sensor expression, AMPK protein (AMPKa subunit isoform), in
domestic cat epididymal sperm with high proportion of abnormal sperm morphology. The
activation of AMPKa protein by the pharmacological substance, AICAR or AICAR-AMPK
regulation pathway, appeared to be involved with the increase of phospho-AMPKa Thrl72,
GLUT1 protein expression and the intracellular ATP level. In addition, the short activation of
AMPKa protein by 0.5 mM AICAR for 30 min prior to cryopreservation process flavoured

cat sperm functions (sperm motility, sperm motility patterns and embryo production by
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homologous IVF process) without deleterious effects to sperm viability (sperm membrane

integrity).

The higher protein band intensity of AMPKa protein expression by western blot
analysis was observed in epididymal cat sperm with > 70% compared to sperm with < 50 %
motility groups. The AMPK protein expression studies were initially conducted in somatic
cells (i.e. brain, lung, liver and pancreas) then developed to germ cell (i.e. testis) studies
(Cheung et al., 2000). In rat testis, the AMPK activity was associated with one catalytic
subunit (a subunit) and two regulatory subunits (y and B subunit) (Cheung et al., 2000). In
sperm, AMPK (a-catalytic subunit) dominantly expressed in various mammalian and avian
species (i.e. boar, human and chicken) (Hurtado de Llere et al., 2012; Calle-Guisado et al.,
2017; Nguyen et al., 2015). The recent study in human demonstrated that AMPKa protein
significantly expressed in high motility sperm fraction compared to low-quality sperm
fraction which contained less sperm motility or more immotile sperm (Calle-Guisado et al.,
2017). This is in accordance with our present study which strong AMPKa protein expression
was investigated in high proportion of sperm motility sample. However, the sperm motility
selection process was different between these two studies (sperm selection by density
gradient process in human study and proportion of motile sperm cut-off by subjective sperm
motility evaluation in the present study). In avian and human sperm, the expression of
AMPKa protein markedly localized in post-equatorial or mid-piece and sperm flagellum
regions whereas in boar sperm AMPKa protein mainly presented in mid-piece (Hurtado de
Llere et al., 2013; Nguyen et al., 2015; Shabani Nashtaei et al., 2016). These findings could
imply that the AMPKa protein expression might be possibility related to proportion of sperm

motility (Calle-Guisado et al., 2017).

To assess the effects of AMPK modulators, the AMPK agonist (AICAR) was

supplemented to sperm samples with different final concentration (0.5 mM and 2.0 mM) for
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specified time (30 min and 60 min at 4°C prior to sperm cryopreservation process). Our
results by western blot analysis clearly revealed that AMPKa protein in cat sperm was
phosphorylated at Thr172. In addition, we demonstrated that the kinase phosphorylation
level was decreased by time-dependent manner. In accordance with the activation of AMPKa
protein in chicken sperm by AICAR at 35°C, Thr172-phosphorylated AMPK was detectable
at 10 min and 25 min incubation but then the amount of Thr172-phosphorylated AMPK was
decreased after 40 min activation (Nguyen et al., 2015). However, the present findings in cat
sperm study was in contrast to the study in boar which AMPK protein was mainly increased
during 60 min period and remained detectable up to 24 hr after 38.5°C incubation (Hurtado
de Llere et al., 2012). To date, the research, focused on the correlation between Thr172-
phosphorylated AMPK expression and cell incubation under temperature-dependent manner,
is limited. Nonetheless, lowering temperature of microenvironment related to the intracellular
ATP synthesis should be considered one of factors affecting phospho-AMPKa Thr172
expression. During cooling and cryopreservation process, ATP production in living cell was
decreased due to the thermodynamic effect to cell physiology i.e. the inhibition of sodium-
potassium ion (Na*/K™) pump function at cell membrane (Singer and Bretschneider, 1990).
Corresponding to the study in frog, hypothermia condition could induce the glial cell-channel
functional arrest as an energy-sparing strategy (Donohoe et al., 2000). Furthermore, AMPKa
protein expression was reported to positively correlated with the intracellular energy level or
ATP content which was confirmed by the study in primary human brain capillary pericytes
Castro et al., 2017). We, hence, could hypothesize that the decrease of phospho-AMPKa
Thrl72 expression during sperm cooling ramp and different time-manner might be related to

ATP production level.

In general, the glycolysis pathway and GLUT1 protein activity at cell membrane

could be regulated by the AMPK activation (Bertoldo et al., 2015). For example, the study in
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rat Sertoli cell culture, AMPK could enhance the increase of lactate production which was
related with the increase in glucose uptake and levels of GLUT1 protein expression (Galardo
et al., 2007). In murine brain microvasculature endothelium bEnd.3 cell line, the increase of
endothelial glucose transport capacity was directly caused by the AMPK activation in blood-
brain barrier-derived endothelial cells leading to GLUT1 protein and intracellular energy
triggering (Cura and Carruthers, 2012). According to the present study, GLUT1 protein
expression level in the epididymal cat sperm treated with AICAR for 30 min was higher than
control group. The findings might indicate that the AMPK activation by AICAR could trigger
translocation of GLUT1 protein in the epididymal cat sperm which was similar to other
somatic cell types. After 60 min sperm sample equilibration, GLUT1 protein expression level
was not, however, significantly different among groups but remarkably decreased due to
time-dependent manner. This finding was comparable with the result of phospho-AMPKa.
Thrl72 protein expression level which was decreased after 60 min equilibration. Previous
attempts to stallion sperm study revealed that the AMPK activation by antidiabetic compound
(rosiglitazone) dramatically increased phospho-AMPKa signalling as well as ATP content
and glucose uptake (Swegen et al., 2016) supporting the evidence of the positive correlation
between phospho-AMPKa Thr172 and GLUT1 expression level in living cell homeostasis.
Given the positive role of AMPK on intracellular ATP content in the epididymal cat sperm as
presented in this study, the explanation for this phenomemnon was that AICAR was
converted by adenosine kinase to monophosphorylated nucleotide (ZMP) leading to the
binding between ZMP/AMPK and allosteric activation of phospho-AMPKa Thr172 (Corton
et al., 1995). Glucose metabolism and glycolysis pathway, triggered by phospho-AMPKa
Thrl72, mainly regulated ATP synthesis (Mihaylova and Shaw, 2011). In murine pericytes,
the pharmacological activation of AMPK elevated ATP content by 50% when compared to

control (Castro et al., 2018) which was similar to stallion sperm study (Swegen et al., 2016).
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The intracellular ATP level was 2-time increased by AMPK activator potency (Swegen et al.,
2016). Hence, the present findings supported the previous reports in the correlation between

the AMPK activation and the ATP regulation in gamete and somatic cells.

Up to date, AMPKa regulatory kinase effects on epididymal cat sperm quality and
embryo development have never been conducted. According to the findings from our present
study, the AMPK activation mostly notably emerged post-thaw sperm motility, progressive
motility, sperm motility patterns (VCL and VSL) and embryo development after homologous
IVF. Noted to the potential side of somatic and gamete cells treatment with the AMPK
pharmacological activator, the AMPK stimulation has been considered the energy-regulator
role including glycolysis pathway (Marsin et al., 2002). As previously described from our
findings, AICAR could activate phospho-AMPKa Thr172 leading to GLUTL1 protein
expression and ATP production activation. These findings could be hypothesized that
GLUT1 protein expression and ATP production activation might be related in the epididymal
cat sperm glycolysis. Generally, glycolysis is the process that glucose is converted into
pyruvate following by the release of energy in form of ATP (2 ATP molecules per glucose)
and nicotinamide adenine dinucleotide (NADH). Consequently, the growing hypothesis for
the source of ATP in mammalian sperm was executively focused on either glycolysis or
OXPHOS pathways at the sperm mid-piece region (mitochondria) or at sperm flagellum
(Ruiz-Pesini et al., 2007; Amaral et al., 2013). In stallion, OXPHOS pathway was considered
the main energy source for sperm flagella sliding and movement (Plaza Daliva et al., 2015).
To clarify the role of glycolysis, the same research group inhibited the glycolysis pathway by
glucose analogue (2-deoxy-D-glucose) via its actions on hexokinase enzyme which
performed the negatively effects to stallion sperm motility and sperm motility patterns (VCL,
VSL and VAP) (Plaza Daliva et al., 2015). Similar to human, the decrease of sperm motility

was exhibited after sperm the deprive of glucose or the inhibition of glycolysis pathway
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(Barbonetti et al., 2010). Furthermore, the glucose substrate-free medium incubation for 30
min, mouse sperm was non-motile indicating that glycolysis was essentially acquired for
mouse sperm motility (Mukai and Okuno, 2004). In domestic cat, the glucose uptake: lactate
production ratio in the normospermic cats (mean of sperm motility index: 80) was ~60%
higher than teratospermic cats (mean of sperm motility index: 66) supporting the previous
studies in horse, human and mouse on the crucial role of glucose uptake in sperm flagella
movement (Terrell et al., 2010). To study the effects of AMPK and sperm fertilizing ability,
the homologous IVF by AMPK activated-sperm was investigated in the present study.
Fertilization process is generally known as a sequence of molecular events merging between
male and female gamete cells (sperm and oocyte). In male, several process has been involved
i.e. sperm motility, hyperactivation, acrosomal capacitation and reaction as well as the other
molecular events occurred during sperm-oocyte penetration process; the elevation of the
intracellular pH and calcium levels or membrane potential hyperpolarization (Georgadaki et
al., 2016). However, the most common and important sperm characteristics correlated with
fertility is sperm motility (Hirano et al., 2001). The previous study in at least 130 of in vitro
fertilization-embryo transfer (IVF-ET) cycles in human presented that proportion of sperm
motility and two sperm velocity parameters (VCL and VVSL) before swim-up process
positively correlated with fertilization rate (cleavage stage) which could represent the good
indicator of the fertilization outcome (Hirano et al., 2001). Furthermore, the metabolic
peculiarity by pyruvate-glycolysis enhanced ATP production was revealed to be vital for
human and murine sperm under high energy phase of vigorous flagella movement, sperm
capacitation, hyperactivation, tyrosine phosphorylation leading to the success of fertilization
process ((Travis et al., 2001; Hereng et al., 2011). Hence, these previous informative data
could be supportive for our present findings on the influence of AMPK-AICAR regulation

pathway to fertilizing ability.
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In conclusion, the present study principally points to the regulatory kinase role of
AMPK in the domestic cat sperm with the presence of high proportion of pleomorphism, as
research model for the endangered wild felid species and the infertile patients. Our research
team gradually revealed 1) the AMPK expression in the domestic cat sperm I1) the AMPK
activation pathway regarding to the intracellular energy production and 111) the AMPK
regulatory kinase effects on sperm quality. The major findings suggested that the AMPK
activity could be considered one of male cat gamete cell regulators i.e. sperm which will be
the worthwhile influence of fertilizing ability in the endangered wild felids and the infertile

patients.
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Figure 1. Western blot analysis of AMPKa protein in fresh epididymal cat sperm (sperm sample with > 70% motility: n = 11; sperm sample

with < 50% motility: n = 6)
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* Different letters indicate the statistical difference of the data in the same row (P < 0.05).



1 Figure 2. Relative band intensity of phospho-AMPKa Thr172 protein (n =6; 2A) and GLUTL1 protein (n = 6; 2B) in epididymal cat sperm

2 equilibrated with AICAR (0.5 and 2.0 mM) for 30 and 60 min before cryopreservation process (mean = SD)
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5 indicate the difference between equilibration time (P < 0.05).
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Table 1. Intracellular ATP level extracted from cold stored and frozen-thaw epididymal cat sperm under various concentrations (0.5 and 2.0

mM) of AICAR condition and cold storage time (group I: 30 min and I1: 60 min). Mean = SD. n=10.

Intracellular ATP level (ug/1x10° sperm)

Time Control AICAR 0.5 mM AICAR 2.0 mM
Before freezing

30 min 0.09 + 0.02A2 0.18 +0.0382 0.17 +0.0582
60 min 0.08 + 0.03A2 0.15 + 0.0482 0.11 +0.037B2
After thawing

30 min 0.05+0.009”%  0.11 +0.03B2 0.09 +0.02B2
60 min 0.04 +0.01A2 0.07 +0.03”2 0.08 + 0.04"2

* Capital letters indicate the statistical difference of the data in the same row whereas small letters indicate the difference between column (P <

0.05).
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Table 2. Proportion of motile sperm, score of progressive motility and percentage of membrane integrity in fresh, cold stored and frozen-thawed

epididymal cat sperm under various concentrations (0.5, 2.0 and 5.0 mM) of AICAR condition and cold storage time (group I: 30 min and I1: 60

min). Mean = SD. n=10.

* Capital letters indicate the statistical difference of the data in the same row whereas small letters indicate the difference between column (P <

0.05).

Sperm quality parameter Time group Fresh Control AICAR0.5mM AICAR2.0mM AICAR5.0mM
Subjective motility (%) Before freezing 74.0 + 5.4
Group 1:30 min 68.0 + 457B2 71,0+ 4.2/B2 68.0 + 4,5°B2 63.0 + 5,082
Group 11:60 min 67.0+9.7A% 650+7.1°B2  570+338P 46.0 + 5.5¢P
After thawing
Group 1:30 min 59.3+2.1%%  65.6+3.282 60.2 + 3.9AB2 50.3 +2.4%2
Group 11:60 min 56.5+4.24% 59,7 +2.9Ab 50.1 + 4.5BP 40.7 £ 4.9¢P
Score of progressive Before freezing 3.8 + 0.4
motility Group 1:30 min 3.9+02%%  38+0.3°° 3.6+ 0.5 3.4+05"
Group 11:60 min 35+04%  35+047° 2.9 +0.28° 3.0+0.38°
After thawing
Group 1:30 min 3.1+0.3AB2  32+(0.2M2 3.2+0.172 2.8 +0.382
Group 11:60 min 3.0+ 0.2”2 3.1+0.172 2.5+0.38P 2.4 +0.2BP
Membrane integrity (%) Before freezing 72.2 + 3.94
Group 1:30 min 66.5+1.94%  66.4 + 4,772 64.5+ 1.8 56.8 + 9.082
Group 11:60 min 60.3+2.38° 60.1+6.28° 59.5 + 3.7BP 52.9 +2,9¢P
After thawing
Group 1:30 min 57.7 +3.3A% 59,1+ 5472 56.6 + 2.9°2 49.4 + 5,682
Group 11:60 min 52.5+ 2.8 50,2 +32Ab 50.2 + 1.7AP 44.3 + 4,382




** Sperm quality from fresh samples was statistically compared with sperm samples that were equilibrated prior to cryopreservation process.

Table 3. Percentage of acrosome integrity, acrosome reaction and high mitochondrial membrane potential in fresh, cold stored and frozen-thaw
epididymal cat sperm under various concentrations (0.5, 2.0 and 5.0 mM) of AICAR condition and cold storage time (group I: 30 min and 11: 60

min). Mean = SD. n=10.

Sperm quality parameter Time group Fresh Control AICAR0.5mM AICAR2.0mM AICAR 5.0 mM
Acrosome integrity (%) Before freezing 66.4 + 7.2
Group 1:30 min 54.0 + 4682 556 +265C2 50.6 + 6.3 46.6 +7.2°2
Group 11:60 min 55.7 +2.2BC2 505+ 4,6°2 51.1+4.1%2 41.0 + 4.8PP
After thawing
Group 1:30 min 46.4 +3.17B2 495 + 4482 43.7 +5.6°C2 40.1 +3.8%2
Group 11:60 min 431 £52/% 432+ 2 9AP 42.9 + 4,972 37.8+1.5B2
Acrosome reaction (%)  Before freezing 24.2 +5.2%
Group 1:30 min 32.4+387B2 383+57182 36.7 + 6.6 45.4 +6.2°2
Group 11:60 min 38.2+3.7B°  40.2 +3.982 37.9+3.1B2 45.6 + 6.2°2
After thawing
Group 1:30 min 375+ 4.47% 412+ 49782 39.6 + 5.8 453 + 1582
Group 11:60 min 45.8 +3.7A" 473 +5.6"P 40.4 +2.382 49.9 + 4,772
Mitochondrial membrane Before freezing 67.6 + 3.9%
potential (%) Group 1:30 min 62.8 +2.6"%  63.4+ 4572 55.2 + 4.1B2 51.6 + 4.4B2
Group 11:60 min 54,1 +2.7%° 558+ 4,08P 53.5 + 4,582 47.3 +45CP
After thawing
Group 1:30 min 53.7+3.74% 558 +53A2 50.1 + 3.9A2 44.1 + 4,282
Group 11:60 min 49.8+22°% 511 +46°° 495 + 4,872 41.3+5,182




* Capital letters indicate the statistical difference of the data in the same row whereas small letters indicate the difference between column (P <

0.05).

** Sperm quality from fresh samples was statistically compared with sperm samples that were equilibrated prior to cryopreservation process.

Table 4. Sperm motility patterns (SCA program analysis) in fresh, cold stored and frozen-thaw epididymal cat sperm under various

concentrations (0.5, 2.0 and 5.0 mM) of AICAR condition and cold storage time (group I: 30 min and 11: 60 min). Mean + SD. n=10.

Sperm quality parameter ~ Time group Fresh Control AICAR0.5mM AICAR 2.0 mM AICAR 5.0 mM
VCL (um/s) Before freezing 69.3 554
Group 1:30 min 68.1+13.3%  70.9 +10.772 66.5 + 9.4/2 57.3+17.1B2
Group 11:60 min 60.3+£2.98> 71542142 58.1 +0.7° 495+ 23Ch
After thawing
Group 1:30 min 58.2 +2.2A2 65.7 + 4.4B2 61.3+9.14B2 487 +11.282
Group 11:60 min 57.4 + 4,972 64.3 + 5,182 54.4 + 8,32 44,1 +6.6°2
VAP (um/s) Before freezing 36.1 +5.14
Group 1:30 min 39.1 + 6.5°2 40.2 + 6.172 34.3 + 3.472 325+ 6.7A2
Group 11:60 min 35.9+1.142 34.8 + 2.8°2 33.9+1.6% 25.2 + 4 58P
After thawing
Group 1:30 min 30.7+7.84B2 329462/ 29.6 +4.17B2 275 +3.8Ba
Group 11:60 min 31.1 +5.8°2 29.2 + 452 28.4 + 672 22.6 + 5982
VSL (um/s) Before freezing 48.3+2.64
Group 1:30 min 46.3 + 3.7A2 47.3 + 4,072 44.8 + 2.6"2 41.2 +1.1B2
Group 11:60 min 449 +£3.47% 481 +22A° 38.8 + 3.1BP 35.4 +3.7BP

After thawing
Group 1:30 min 38.2 + 2,22 43.9 + 2,182 39.3+3.6"B2 348+5782
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Group 11:60 min 39.1+3.872 42.9 + 3.478 34.7 + 4.482 30.8 + 6.982

ALH (um) Before freezing 2.3+0.94
Group 1:30 min 2.5+0.7A2 2.7+£0.7°2 2.8 +0.6"2 3.1+£0.782
Group 11:60 min 3.3+£0.482 3.3+0.782 2.9+0.5% 3.3+0.582
After thawing
Group 1:30 min 2.6 +0.372 2.7+0.9”2 3.1+£0.742 3.3+0.472
Group 11:60 min 3.5+ 0.6°P 3.0+0.8% 3.0+0.3” 3.7+0.6"°

* Capital letters indicate the statistical difference of the data in the same row whereas small letters indicate the difference between column (P <

0.05).

** Sperm quality from fresh samples was statistically compared with sperm samples that were equilibrated prior to cryopreservation process.

Table 5. Percent stage of embryo development (cleavage rate) after homologous in vitro fertilization (homologous IVF) with frozen-thaw
epididymal cat sperm (Group I: 30 min and Group II: 60 min cold-storage before cryopreservation without or with various concentrations; 0.5

and 2.0 mM of AICAR). Mean £ SD. n=10.

Cleavage rate

Time Number of oocytes Control AICAR 0.5 mM AICAR 2.0 mM
Group 1:30 min 261 61.1 3.1 68.6 + 2.28 60.3 + 4.4
Groupll:60 min 252 58.3 + 4.2 67.4 +3.28 58.4 + 3.7°

Different letters indicate the statistical difference of the data in the same row (P < 0.05).





