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(HPM, MPM, LPM) »0°1 n¥1ap 92 M2y axtan 995 1y .IBM SPSS Statistics 23.0 nioin nvxnxa
21112 37, TORIPAIPITIRT NN 2271 12 (two-tailed) Spearman 2o »vn9=RY N1PXLMP MN1 v
NI NIPXNRA 111723 N°2°0731797 NIPNYIINT NP 1°2 PTRIPIPITIRT 27917192 2°9727 .Y RN 17 Y17
MNP P N MRN8 Tukey HSD mon 21770019 1722 yx1a 1nk? One-way ANOVA ninw
nmyenRa 1 o727 (ABM SPSS Statistics 23.0 niown my¥nza 19701 0°°00°LLOT 20 210
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MXAIT MX1AP 1°2 "MyRwn 9727 R¥AI XY Y17 9132 031 vI17 °’n2 a3 HPM n¥iapa an moval nmvnwns
12131 NI LM D200 NPNYIAN OY YT ORD 1A (6-ma0IR1 3-702IR 21011 ,0110 202 ,Ne) 1w
PITD XN T DOTRIPAIPITIR 2w AT0I0D KXW WA 3T AN R L(C20:4n-6) NPNTOIRT XN MW
X7 .7721%1 N°2°073179 N1PNYIN oY A9RY axMwna HPM %1202 ¥91 511121 7 °RN2 71 700 ,0000 NIk
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HPM-2 pna ,MPM-2 2012 7m23 an»n innn wR ,(LEA) Linoleoyl-Ethanolamide 7ox11°21217385
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TIMW 290N TN TN MR YOO IR 7777 20IVINRT 77020 PWHNA SMIVAWH VRS NN TR0
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W7 AN M7 mmay (Kathiravan et al., 2011; Morrell et al., 2018) 7nar MK NY°ap 7715
1™ (Li et al., 2016) in-vitro 177 7°7577 72707 2w MVPD NI N°2°0IAID IVIN DOVIT DORNT ID0N I
YN P21 YT RN W 7172912 2070090 2077 12 Wwp R nn7p 1mava L(Kogan et al., 2021) in-vivo
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.(Nielsen et al., 2019) qw&2 »>7°°% *RN TIPON ATINWVAIDO:7 T°2i0 Mo N2 Mw° nawn ECS-17,078 "122
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XN YW 23121 (Mid-piece) *venRa pona ,wR12 xvann CB1 ju»pn o xen1 (Francavilla et al., 2009)
.(Gervasi et al., 2009) “p21 (Maccarrone et al., 2005) o> ,(Rossato et al., 2005) o7& *122 ¥9173
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MNP NWIPW A YT ORN 11972 9727 X3 K7 (P < 0.05) 79171 0020003179 nnyan oy

AVOS -7 wona 17721w 953 7320 7277 5101 .1 Tean

D203 2OV 2NN 201 29N 2o RN "YW
2%pn YT RN 1199 nenyEn
(ums) (%) (ums) (%) (%)
171.67+2.95 | 75.50+1.23 | 164.49+2.03 | *91.48+1.01 | 98.03+0.35 | 1080.34+125.0 mal
176.84+2.93 | 66.35+1.78 | 166.98+3.30 | 88.43+2.34 | 95.47+1.18 |1510.33+284.00 faRhihe)
158.99+4.69 | *47.20+4.28 | 142.57+5.54 | 79.20+3.45 | *90.36+1.02 | 1349.41+126.92 )lakt

PN DROAY =+ YXIA7ID 0°3% 2207V



DT D1 PO ORN2 1AM NIZRINT 2000

1PN N1ON2 MOT RN T DY ANTAVNA WA YT ORND YT 2N 1T MEMIN 2w MR 1T L7100
7890 series 2) gas chromatograph Hewlett — n°ra 799201170 DY DWW 7°Xpon Mo Kb
.(Moallem et al., 2015) na7pi7 1InT2v2 Wnw 53 (Packard

3 YT DT P MIXAINT 2077 .2 D0R 572312 NAXIN YT ORNA PO NIXAIT 2977 SW 1IN NIRYIN
RY M (C18:1n7) moa'sxy mwmn ,(C18:1n9) noRIRA ¥ NNR ,MRT? 1w 95 .3 m9awa
XYM X7 (3,2 "on avaw) yar P12 ox yara k2 a3 HPM nxiapa any mowas nanwnwn 190 (C18:2n6)
NPNYIN QY YT RN 12 (6-731IR1 3= 2011 ,N1NT NP2 ,N1N) 7AW MIXNIT MIXIAP 172 CMmviewn 9730
.(3 "on m7Paw) 7oA NN LT3 N°2°0AD

197431 MO0, 73 N92°00AD NPNYIIN Y YT RN 1 MIXAIN 290119 .2 93w

71293 NS29073195 MNP | NOII°3 NY2°0TND NNYIEN | STIA NY2°0TAND N nYEn
(LPM) (MPM) (HPM) T nEPIn
wn.w yxmn wn.w Uxmn wn.w Uxmn
2.57 7.39P 1.89 8.80P 1.06 13.672 C14.0*
1.52 28.07 2.00 25.83 1.94 27.96 C16:0
0.10 0.37° 0.25 0.58% 0.26 0.99? Cle:1*
0.07 0.59° 0.18 0.38% 0.06 0.06? Cl6:2 *
0.31 0.96 0.29 1.07 0.28 1.19 C16:3
0.74 9.31° 0.18 8.13° 0.22 7432 C18.0*
0.49 2.53P 0.14 1.47%® 0.06 1432 C18:1n9 *
0.28 2.89P 0.08 2.23° 0.08 2.028 C18:1n7 *
0.20 4.44° 0.30 4.12° 0.10 3.34° C18:2n6 *
0.26 0.72 0.25 0.82 0.23 0.82 C18:3n3
0.02 0.16 0.03 0.12 0.04 0.09 C18:3n6
0.13 0.57 0.24 0.69 0.30 0.75 C20:1n9
0.04 0.63° 0.07 0.56% 0.04 0.40? C20:3*
0.14 3.38° 0.13 3.29% 0.18 2.81° C20:4n6 *
0.20 0.65 0.28 0.74 0.72 1.51 C20:4n3
1.20 16.67 2.22 21.13 0.90 16.84 C20:5n3
0.09 0.48 0.09 0.34 0.08 0.37 C22:1n9
1.30 15.04 0.86 14.75 1.54 14.14 C22:5n6
0.27 1.09 0.19 1.04 0.07 0.64 C22:5n3
0.43 4.05 0.57 3.93 0.40 3.54 C22:6n3
3.08 44.77 3.26 42.76 2.64 49.06 M
0.68 6.84 0.56 5.30 0.40 5.57 NN nYa TN
3.19 48.39 3.26 51.94 2.30 45.37 NN °nha 27
1.96 23.18 2.59 27.65 0.95 23.35 -7
1.37 22.86 1.13 22.16 1.63 20.29 6 - 7R
0.08 1.01 0.08 0.83 0.07 0.87 3-T0R \ 6-7amIR

Dpram o972 manon (3,°) yemnn 2y 7% 9y 202 nrmx (%) 1awn memin 995 inn Jom YW on ov3vn
5w (Main effect) *wx17 vpORT %3 NN W NEMIA aw 737 (*) N0 (P < 0.05) "»10°17 MIXIap P2 Nuoouud
.(P <0.05) n°>uo°uud P R¥n1 N1PNYIING NMXIP



1231 NP2 L1235 N°2°0IAID NONYIN OV YT DN 1w MXnIn 20170 .3 fhaw

211 MP2%0T3D NPAYNA | NP3 AV3OTAANE APAYEN | a3 AV39TMANE AAYEn
(LPM) (MPM) (HPM) N XA
wn . v wn . v wn . v

1.55 4.74% 1.27 3.74° 2.64 10.442 Cl14.0*
4.36 51.16% 1.57 45.12° 0.63 50.642 Cl16:0 *
0.07 0.22 0.04 0.10 0.15 0.26 Cl6:1
0.06 0.20 0.09 0.24 0.09 0.32 Ci16:2
0.05 0.64 0.04 0.66 0.06 0.62 C16:3
0.82 17.96 1.01 18.66 0.98 18.88 C18:0
0.82 5.18%® 0.71 6.22° 0.74 3.328 C18:1n9 *
0.10 1.26° 0.12 1.30° 0.21 0.742 C18:1n7 *
1.02 6.34% 0.87 8.40P 1.14 4582 C18:2n6 *
0.02 0.06° 0.06 0.08%® 0.00 0.00? C18:3n3 *
0.02 0.12° 0.04 0.06% 0.02 0.028 C18:3n6 *
0.31 1.18%® 0.14 1.24° 0.14 0.682 C20:1n9 *
0.21 0.92 0.27 1.46 0.21 0.78 C20:3
0.22 0.88%® 0.13 1.10° 0.14 0.542 C20:4n6 *
0.02 0.14 0.06 0.12 0.06 0.06 C20:4n3
0.96 4.84 1.14 6.18 1.02 4.24 C20:5n3
0.14 0.28 0.24 0.38 0.02 0.04 C22:1n9
0.65 3.24 0.60 3.96 0.55 2.34 C22:5n6
0.27 0.44 0.06 0.08 0.07 0.12 C22:5n3
0.17 0.36° 0.27 0.80% 0.17 1.182 C22:6n3 *

Dopram °972 Maon (3°) yEvena 37v 7H 9y an52 NP (%) 1WA MmN 923 T o MW an ovovh
NPNAVIINT M1 YW SWRIT VPRI D NoN0N 1w N¥AIn aw 737 (*) n°2510 (P < 0.05) *10°17 MX13p "2 N°u0 w0
.(P <0.05) n°uoouuo P Kyl

P10 XN T PTRIVDAPITIR OW TI0107 REM T 17 I W L(C20:4n-6) nONTOIRT TXmT MW
[MR) 772793 N0 NPAYIN Y A9R? ARNwA2 HPM 731202 ¥ 919321 Y77 X023 Tl 70,0090 SNtk

(2
cd d
c
- b ab
‘ a ' -
0_0 -
MPM LPM

HPM

Relative percentage
S - -
o w o o o o o

(=]
w

W 7100 7D WYNT RN

(MPM) n>n1rva ,(HPM) 737123 0729073119 N1PNIIIN OY Y77 *RN2Y P77 2112 NPNTOIR 78001 9w .2 R
T2 P2 D720 O ATYR MTAYE Yn MW DPMIR PN DR £ 2vmn 0%8n (LPM) gomn
(P <0.05) "3 mxap



5112 90 Maa 777 DHA-T AR X ,¥77 9802 (22:6n-3) DHA-7 11082 MR 172 "nIvnwns 97257 K01 KD

(3 919R) 10111 N°2°0737D NNYIN oY YT 91112 AIRNWIA 77123 N32°073179 NINYIN 2HYA YT RN W VT

a
ab
' u :
HPM MPM LPM

H''0 7T WMYNT RN

ol o ol
mn o v o

[
o w»n ©

Relative percentage
n

-
o

2 2
o

,(HPM) 7123 n°2°073079 n1nyin oy var °kN21 ya1 Hnia (DHA) nPRuIRI0pIoImT 7800 W w .3 a8
DY ATYN MTAYI OV MW NPMIR PN DRNDY £ 20v3nn 03xn L(LPM) aomn (MPM) nonra
(P <0.05) »0°137 mx1ap 172 P 2727

NPNYIIN Y2 DORNT YW VAT DN N Rl 0 NPT CND2-2M T I MIZN WY RYAl ,A0N13
T MIXAIN W (4 TR) NO111°2 N°2°07A179 NIPNYIIN 7Y DORNT 2w YT D2 ARNWA 723 1723073170
XYM X7 I8 ,MPM (P < 0.05) nx1ap 2w y91 51 axnwna HPM ngiapn 391 5112 71 7397 6 7R 201
YT 5112 3 7AIRY 6 732K 0172 97277 R¥1 R (5 1R) MNP 172 3 AN 207 1w Mt w1 730

) ,(2.160.49) n°111°2 N°2°03D NPAYUN NX1APaAw A2 (1.240.20) 713 027073179 DTNV NXIapa

aHPM mMPM mLPM

Relative percentage

a b ab
== B
SFA MUFA PUFA

NN ona 2 (MUFA) nn onha i L (saturated fatty acid; SFA) nmn ywn mxmin 2991790 .4 2R
%2 (LPM) 7010 (MPM) ponra ,(HPM) 123 n°2°073119 nnyian Hva yar 12 (PUFA)
(P <0.05) »10°37 M¥12p 12 P21 9727 ¥ 3700 MTINY P9n MW DPNIR PN DXL £ 2OV
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aHPM mMPM mLPM

b
ab
a I
0 ". '

Omega3 Omega6

Relative percentage
A @ ® © B B o

r

renra ,(HPM) 7mas 0029093070 nvnyian Sy var 51112 3 aaRy 6 731X 2107 1210 MIXnIn 0w .5 R
9727 DY TR MTNAY S¥n MW DPMR PN DRDwE 2vxmn 203 (LPM) aomn (MPM)
(P <0.05) »0°371 mx12p 12 piam

NPNYIN oY DORN DW YT 9N P2 NP a0l 772p07 .(1.98+0.30) 72171 192007370 N1NYIN NIapa
(P =0.07) 71211 N9 77123 0329073179

PIT B3 SO STORIIITITIR DD

3) 79711 NP2 LTI NP2P0TAD YN V9Y2 21RO MIRANT YW Rl pnnt A mw 72
nra ,LC-MS/MS nwwa o nin®d NIWXAR2 OTRIWANPITIR 010 nyaph (Axaph opn
9AY2 NRIA VAT D12 01 STRIPAIPITIR 201D HW mINCIT MIRXIN .M, YTAY 1A% 11012 AP0
21119 ARNWIA 77123 N32°073179 NINYIN 29V YT RN W 512 P2 19IR2 TN 700 2-AG w4 asen

917 5112 71 82 AEA (6 9198) n°nla 002007109 NnyEn av vt

1931 NP2 7123 102007379 NNYIIN aY YIT 9112 90 CTRIPANPITIR 90110 .4 mhav

N32509M199 NPNYIN N935073195 NNYNN N32509M199 NPNYIN
(LPM) s2v%2 (MPM) nonoa (HPM) s7m13a TORIPAIMITIN
Pn . yxmn PN yxmn Pn . yxmn

6.67E+04 | 7.18E+05" | 5.48E+04 | 8.92E+05® | 2.04E+05 | 1.36E+06 |Lauroyl Ethanolamide *

5.60E+04 | 5.33E+05" | 1.25E+05 | 7.74E+05® | 1.64E+05 | 1.14E+06® |Myristoyl-Ethanolamide *

2.40E+03 | 2.67E+04° | 8.95E+03 | 5.60E+04% | 9.00E+03 | 4.39E+04% |Linoleoyl Ethanolamide *

1.75E+04 | 1.16E+05 | 4.18E+04 | 2.16E+05 | 1.88E+04 | 1.54E+05 |Vaccenoyl ethanolamide

7.34E+02 | 8.51E+03 | 6.33E+04 | 1.15E+05 | 1.92E+02 | 6.11E+03 |Oleoyl glycine

3.48E+04 | 1.04E+05 | 2.92E+04 | 1.09E+05 | 2.54E+04 | 1.03E+05 |Linoleoyl Glycerols (1LG+2LG)

2.29E+04 | 7.38E+04%® | 2.31E+03 | 5.39E+04° | 4.33E+03 | 2.75E+04? |Arachidonoylglycerols (2-AG) *

1.88E+02 | 1.22E+03 | 6.94E+02 | 4.97E+03 | 0.00E+00 | 2.02E+03 |Docosahexaenoyl Ethanolamide

2.30E+02 | 7.35E+02 | 0.00E+00 | 1.38E+03 | 0.00E+00 | 1.17E+03 |Docosatrienoyl ethanolamide
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1.45E+02 | 3.33E+03 | 1.03E+04 | 1.32E+04 | 2.33E+03 | 6.42E+03 |Docosaenoyl Ethanolamide
4.01E+03 | 4.08E+04 | 1.75E+04 | 5.47E+04 | 5.09E+03 | 3.42E+04 |Docosanoyl Ethanolamide
Dihomo-gamma-Lineoyl
7.46E+03 | 4.28E+04 | 8.40E+03 | 3.62E+04 | 5.21E+03 | 2.78E+04 Glycerols (1IHG+2HG)
6.65E+04 | 4.85E+05 | 2.24E+04 | 3.68E+05 | 1.75E+05 | 6.97E+05 |1-Stearoyl-rac-glycerol

YXVANT 22 T°2 027V 2032 MW NPNIR LAA1T2 NIRRT N215700 NIN0Y 222118110101 2¥9nn peak areas o 0°7vi
VPOR;T D N9MON T NN AW TX2 (*) 1°2313 (P < 0.05) 037 MX1ap 12 nPhobud avpnan avh1an maon (3°)
.(P <0.05) n°voruuo pravs R¥n1 nrnyiang Mxap w (Main effect) “wian

DA77 ORN2Y PO DTN SWIITAR 2OTORI2IPITIN NI

on COY /D W ATAYR2 DUTRIPAIMTIRG MY MPLIRI0AR NPMIRD APRIR VXA IpnnT Sw '3 mwa
INTNI R? IR YT ORN2 MM N7 RER1 (5 950m aw) v YMia AEA T XY .1012v 70°002°82

.(6 727 17921) N°2°073107 NPNYINT MXAP 12 AEA nnna oopnam ovh7an

121211 P10, 7123 N32903179 NINYIN OV YT P12 STRIPAIPITIR 2010 L5 mhaw

MO2OOIMND NPAYIEN | NOISOIMID APAYIEN | MOITTIND NN
(LPM) moym2 (MPM) nomas2 (HPM) rmy2a TORIPAIPITIN
ial IR ial IR ial IR
0.38 1.70 0.55 2.68 0.21 1.66 2-Arachidonoylglycerol (2-AG)
0.31 0.44 0.08 0.20 0.06 0.14 Oleoylethanolamide (OEA)
0.54 1.53 0.20 0.87 0.33 1.06 Palmitoylethanolamide (PEA)
19.26 | 108.67° | 1536 | 85.25® 9.29 46.37% | Arachidonic Acid (AA)

mnw PR .(pmol/ml) "% 211p°0 5w MITRP2 DORIM MAAT 1517 29NN LIPN NROAY + YX1AND DAY D0V
(P < 0.05) "10°177 M¥12p 172 N°0oLLD @°pan ovh7an manon (3,0) yxwena 2oy 7% 29y anoa

12111 NP2, 737123 N°29093179 NIPNYIN OV YT RN PTORIAIPITIR 90119 .6 maw

DMUMD NPNYIN | NOISOIMD NPAYIEN | MOITTIND NvnYun
(LPM) moym2 (MPM) nomas2 (HPM) rmy2a TORIPAIPITIN
IR PN . IR PN . IR idal
6.489 1.868 5.760 1.262 3.820 0.324 | 2-Arachidonoylglycerol (2-AG)
0.702 0.483 0.428 0.379 0.062 0.053 | Anandamide (AEA)
0.381 0.357 0.525 0.363 0.051 0.033 | Oleoylethanolamide (OEA)
0.442 0.442 0.949 0.624 0.134 0.060 | Palmitoylethanolamide (PEA)
0.197 0.036 0.239 0.159 0.188 0.057 | Arachidonic Acid (AA)

Mnw PR .(pmol/gr) 2737 H1Ip D B MITR QAR AN 91 22 1PN NROAY £ YN0 DOKIR 0%
(P <0.05) »10°177 NX12p 12 N°LD°0W0 Dpam av72n manon (3, °) yevani 27y 1 9y anaa
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NI290731D NINYIEIN MW P DI NITIRIIDIPITINT NOIWRT 9295972 P2 NPRHIP

MTIWST QY PN DWR IMT KDY ,DOTRIPIPITIRG NWAT P2 ORNA RXAI KD Y77 21112 N1XNR0 N2
HPM, ) n°2°0731797 NP NYINa MIXIapn DR 29 TN 1P mnod (7 99e% 7938) N°2°07379 N Nyian

APT2IW 0009 A 2°PR2M aknn Ak X7 (MPM, LPM

yI171 91112 (PMS) 0220073119 M7 2O PRIPAIPITIRT N9 172 Spearman Mon ¥ aTpn L7 579an

0370 990 —
PMS AA PEA OEA 2-AG a%nwn
-0.093 0.121 0.105 0.277 . 2-AG
(P =0.762) (P =0.666) (P =0.708) (P =0.318)
-0.225 0.397 0.476 o 0.277 OEA
(P =0.459) (P =0.143) (P =0.073) (P =0.318)
0.014 0.374 o 0.476 0.105 PEA
(P =0.964) (P =0.170) (P =0.073) (P =0.708)
-0.330 o 0.374 0.397 0.121 AA
(P=0.271) (P =0.170) (P =0.143) (P = 0.666)
. -0.330 0.014 -0.225 -0.093 PMS
(P=0.271) (P =0.964) (P =0.459) (P =0.762)

MNP TIN2 ARNWAN 27 YW MIPa2ma nn DR g P 7wn

nnawnn MPM P2 2PAAM DPAPA DR DY YOIANT NORNT TPXPID NPEOTIPT MmN LNRT NRwh
791 NYEYTIP MmN L(8 mpen mhaw) 2o 7w (PEA-Y OEA ,AEA) N-acylethanolamines=i
nmoWwHRn MPM P2 QORI P2V QWP DY YNIANT NO20TNOT NIPNYVINT MXEpR DX 90 N2
NPNYINT MXI2Paw 7wa,(9 A50% aARaw) 23T N°2°0IA9 Nnyng n¥1apa N-acylethanolamines-i

PUDLV0 QPR 2R WRENI X7 (MPM, LPM) 19121 noaan

¥71 °8knN2 (PMS) 0200723199 M7Iw M 2 PRIPAIPITIRT NN P2 Spearman 2on 7°X77p nTpn .8 mhaw

0370 990 —
PMS AA PEA OEA AEA 2-AG annwn
-0.214 0.386 0.288 0.358 0.410 L 2-AG
(P=0.482) | (P=0.156) | (P=0.298) | (P=0.191) | (P =0.129)
-0.182 0.072 0.398 0.798 L 0.410 AEA
(P=0552) | (P=0.799) | (p=0.142) | (P <0.001) (P =0.129)
0.066 -0.105 0.671 L 0.798 0.358 OEA
(P=0.831) | (P=0.708) | (P =0.006) (P<0.001) | (P=0.192)
-0.136 0.157 o 0.671 0.398 0.288 PEA
(P=0.659) | (P=0.577) (P=0.006) | (P=0.142) | (P =0.298)
-0.203 . 0.157 -0.105 0.072 0.386 AA
(P = 0.505) (p=0.577) | (P=0.708) | (P=0.799) | (P=0.156)
. -0.203 -0.136 0.066 -0.182 -0.214 PMS
(P=0.505) | (p=0.659) | (P=0.831) | (P=0.552) | (P=0.482)
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yI7 °kN2 (PMS) 0027073110 MTIw M 2P TRIAIPITIRT M7 P2 Spearman on mx2pin nTpn .9 ahaw
(HPM) 1m2377 n°2°0731797 N1Pnyiing nXapa

PMS AA PEA OEA AEA 2-AG ananwn
-0.200 0.900 0.300 0.359 0.359 _ S AG
(P=0.800) | (P=0.037) | (P=0.624) | (P=0.553) | (P=0.553)
-0.949 0.205 0.975 1.000 _ 0.359 AEA
(P=0.051) | (P=0.741) | (P=0.005) | (P<0.01) (P = 0.553)
-0.949 0.205 0.975 _ 1.000 0.359 OEA
(P=0.051) | (P=0.741) | (P =0.005) (P<0.01) | (P=0553)
-1.000 0.100 B 0.975 0.975 0.300 PEA
(P<0.01) | (P=0.873) (P=0.005) | (P=0.005) | (P=0.624)
-0.200 B 0.100 0.205 0.205 0.900 AA
(P = 0.800) (P=0.873) | (P=0.741) | (P=0.741) | (P =0.037)
B -0.200 -1.000 -0.949 -0.949 -0.200 BMS
(P=0.800) | (P<0.01) | (P=0.051) | (P=0.051) | (P=0.800)

MIXN2PT N2 ARNWIT 2T 2w MPR2ma D0 DR Axn P s

pa137 98n2 ECS "a12abm »wa

0012507 w2 nena o7 By ECS-n 20T S mRIR WYX Dwhwm aawn pnnn nuwa

A oxna CB1, CB2, TRPV1, FAAH, DAGLB, NAPE-PLD

1M2%m7 npon .PBS-2wuwn (mp7 10 wna 4000 g) 11070 MyEaRa m1n01an 177917 YT RN 1a%ahn npen

P5726-5ML) mrooiny nIRvIND *20¥7 n21vn nvona (Sigma-Aldrich) RIPA 9912 ooy »7 Hy vl

BCA Assay (QPRO Cyanagen nu wa yapi nwa7a 1abna 1151 .(Sigma-Aldrich ,P8340-5MLA

9'32 SDS-PAGE nu w2 12%ma Hpwn *0% 777017 %95 1220 5w anw ninad ,7n0a7 92 1ay .(Standard Kit

13777 197 MRDY 71707 NN 10N NIRRT L T1219X170°1 NIN2MY 221127777 172V 197 IR, TARIIPR

nann

XY LImageJ (NIH) nioyn mvynRa nna oo12b07 w2

S22 OOIWRY 0217 Ay 4°C-2 79
CB1 (1:200, ab23703, Abcam Biotech)
CB2 (1 mg/mL, ADI-905-820-100, Enzo Life Sciences)
TRPV1 (1 mg/mL, WH0007442M1, Sigma-Aldrich)
FAAH (1 ng/mL, ARP33121_P050, Aviva Systems Biology)
MGLL (1:1000, ab24701, Abcam Biotech, UK)
DAGLB (HPA069377 Sigma-Aldrich; 1:200)
NAPE-PLD (ab246951 Abcam; 1:200)
myynRa v mpe HRP 1mxn smaw AT MDY NKY

171 QY ¢<Inannaa

.Enhanced Chemiluminescence (ECL)

D°2 271 AT 92 M2 9DORHOIT 71277 NAXIY L1271 9D M2V L1TAI 937 IR01H 2N Nyvaph mann mown

DYDY MW7 IR NRI? NP1TA W 10110 NYPAX MVEARA WY NN 127371 ANIR2 N°995:7 112707 Nad»
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9727 .SAS GLM procedure (version 9.2, 2002) npxnR2a W12 MXIAPT P2 MRNWT .RHPIT 237 On°a

P <0.05 2wxo priom awm

A
HPM MPM LPM
1 2 3 4 5 6 7 8 9 101112 13 14
CB2 >0 I £ 3 4055 kDa
CBI1 . F re —~ 8 3 53-64 kDa
TRPVI.‘» q—-—-ﬂ'-——--m—-ﬁﬂ-w-—<85-90kDa
DAGLB , —— = — — .. 350-55kDa
MGLL : < 33kDa
NAPE-PLD & o o : “ <46kDa
FAAH S— — el - —— — — ‘63'67kDa
B
DAGLB MGLL
- 24 - — 15 -
3 Ik — a [ —
S 5] S d mmam #® o
54 @ 51
g 5
= 1.6 - - 1 o
= =
' g 1E
® 12 4 —% = 0.75 4 @
£ £
L P )
2 o8 {2 Z 05 -
= (="
2 04 - £ 025 4
= =
£ 0 £ 0
HPM MPM LPM HPM MPM LPM

1°2°0731757 NTAYIIN 1972W YT ORN2 NYTRIPAIPITIRT NOIWRT 20 11277 Mea .7 K
;P <0.001 —*** ;P <0.01 - **;(P <0.05) n>uo*uwo prav 2727 - *
(P <0.1) mpram? mow1 poxn - #
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NPNYIND 1P72W YT ORN2 DOTRIPAPITIRG NN Sw o100 w2 Hw

IR 010 .10 mhaw

n°2°0731797
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Abstract

Scientific Background: Reproductive management in both domestic and global dairy cattle
farming is heavily reliant on artificial insemination and characterized by the utilization of
cryopreserved semen. Ejaculate quality serves as a major determinant in this intensive
reproductive management system. A decline or impairment in semen quality during
cryopreservation processes can significantly impact fertilizing capacity and conception rates.
Semen quality can be evaluated via physiological and biochemical parameters, as well as the
correlations between them. The number of spermatozoa exhibiting progressive motility (straight-
line forward movement) is widely utilized as an index to determine semen quality. Recent studies
indicate the involvement of the endocannabinoid system (ECS) in numerous pathways associated
with the male reproductive system. Arachidonic acid (AA)—a polyunsaturated fatty acid (PUFA)
that plays a key role in structural cell membrane assembly—serves as both the precursor molecule
and the enzymatic degradation product of the primary endocannabinoids, anandamide (AEA) and
2-arachidonoylglycerol (2-AG). In a previous study, we demonstrated a relationship between the
concentration of PUFAs in spermatozoa and progressive cell survival. Accordingly, it can be
hypothesized that a link exists between the endocannabinoid system, cell membrane composition,
and sperm function. In the current study, we investigated the relationship between progressive
motility patterns and ECS components within bull spermatozoa and seminal plasma.

Research Aims: The general objective of this study was to examine the relationship between

progressive sperm motility and the endocannabinoid system. The specific aims were:
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1. To characterize the endocannabinoid profile in seminal plasma and determine whether a
correlation exists between this profile and progressive motility patterns.

2. To characterize the presence of cannabinoid receptors (CB1, CB2, TRPV1) and the fatty
acid amide hydrolase (FAAH) enzyme in spermatozoa, and to assess whether a
relationship exists between these components and progressive motility patterns.

3. To evaluate the relationship between ECS components and progressive motility survival.

Experimental Design

During the first year of the study, 15 ejaculates were collected from different bulls in accordance
with the seasonal breeding schedule. Ejaculates (5 per group) were allocated into three groups
based on their baseline progressive motility patterns relative to the database at that time:

. High Progressive Motility (HPM): >74\% progressively motile cells.

. Medium Progressive Motility (MPM): $60\% - 74\% progressively motile cells.

. Low Progressive Motility (LPM): < 59\% progressively maotile cells.

Each ejaculate was centrifuged to separate the cellular fraction (spermatozoa) from the liquid
fraction (seminal plasma). For each isolated sample, seminal plasma and spermatozoa were
processed for fatty acid and endocannabinoid profiling. Additionally, an aliquot from each
ejaculate was taken to evaluate the survival rate of progressively motile cells. Extraction,
identification, and quantification of fatty acids in seminal plasma and spermatozoa were
performed following lipid fraction extraction using gas chromatography. During the second and
third years of the study, ECS components were analyzed by evaluating the protein expression of
CB1, CB2, TRPV1, FAAH, DAGLB, and NAPE-PLD in spermatozoa. Statistical analyses were
performed using IBM SPSS Statistics software (v23.0). Two-tailed Spearman non-parametric
correlation analyses were conducted across the total sample and within each experimental group
(HPM, MPM, LPM) to evaluate relationships between ECS components in both seminal plasma
and spermatozoa. Differences in endocannabinoid profiles between progressive motility groups
were analyzed using one-way ANOVA, followed by Tukey’s HSD post-hoc test for pairwise
comparisons. Inter-group differences were further analyzed using independent samples t-tests (P
< 0.05). Protein expression data were analyzed using SAS GLM software (2002).

Results: The proportion of morphologically normal cells and progressively motile cells was
significantly lower in the LPM group compared to the HPM and MPM groups (P < 0.05). The
overall percentage of motile cells was higher in the HPM group compared to the LPM group (P <
0.05). The percentages of oleic acid (C18:1n9), vaccenic acid (C18:1n7), and linoleic acid
(C18:2n6) were significantly lower in the HPM group within both spermatozoa and seminal
plasma. No significant differences were observed in overall fatty acid classes (saturated,

unsaturated, omega-3, and omega-6 polyunsaturated fatty acids) among the HPM, MPM, and
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LPM groups in spermatozoa. The proportion of arachidonic acid (C20:4n6), which serves as both
a biosynthetic precursor and an enzymatic degradation product of endocannabinoids, was lower
in both spermatozoa and seminal plasma of the HPM group compared to the LPM group. While
no significant inter-group differences were found regarding docosahexaenoic acid (DHA,
C22:6n3) content in spermatozoa, the percentage of DHA was higher in the seminal plasma of
HPM samples compared to LPM samples. Furthermore, the total proportion of monounsaturated
and polyunsaturated fatty acids was lower in the seminal plasma of HPM cells compared to MPM
cells. Omega-6 fatty acid levels were lower in the seminal plasma of the HPM group compared to
the MPM group (P < 0.05); however, no differences in omega-3 fatty acid levels were detected
between groups. Regarding the relative endocannabinoid profile, 2-AG levels were significantly
lower in the seminal plasma of HPM samples compared to MPM samples. AEA was not detected
in seminal plasma. In the third year of the study, an absolute quantitative analysis of
endocannabinoid levels was performed at Prof. Joseph Tam’s laboratory at the Hebrew University.
AEA remained undetected in seminal plasma; it was found at low levels in spermatozoa, but no
significant differences in sperm AEA levels were observed between the progressive motility
groups. Correlation analysis within the seminal plasma fraction revealed no correlation between
endocannabinoid levels, nor any significant associations with progressive motility survival. Intra-
group correlation analyses within each individual motility group (HPM, MPM, LPM) showed no
statistically significant correlations among the tested parameters in seminal plasma. In contrast,
correlation analysis within the cellular fraction (spermatozoa) indicated significant positive
correlations between molecules of the N-acylethanolamine family (AEA, OEA, and PEA) and
progressive survival. Disaggregated intra-group correlation analyses demonstrated strong positive
correlations between N-acylethanolamine family molecules specifically within the HPM group,
whereas no statistically significant associations were found within the MPM and LPM groups.
When assessing the impact of semen motility on sperm ECS protein expression, the expression of
the monoacylglycerol lipase (MGLL) enzyme—which degrades the endocannabinoid 2-AG—
was significantly lower in spermatozoa with low motility compared to those with high motility (P
= 0.045). Conversely, the expression of diacylglycerol lipase beta (DAGLB)—the enzyme
responsible for synthesizing 2-AG—was higher in low-motility cells compared to high-motility
cells (P = 0.0002). No differences were observed between groups regarding the expression of
CB1, CB2, or TRPV1 receptors, nor the enzymes NAPE-PLD and FAAH.

Discussion: Evaluation of fatty acid levels and endocannabinoid derivatives revealed several
noteworthy findings. First, regarding arachidonic acid (AA, C20:4n6), which acts as a precursor
for the synthesis of arachidonoylglycerol-type endocannabinoids, reduced AA levels were

observed in both the cellular and seminal plasma fractions isolated from high progressive motility
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ejaculates. This HPM group was concurrently characterized by low levels of the endocannabinoid
2-AG. The low level of AA identified via quantitative endocannabinoid analysis in the seminal
plasma of the HPM group supports the hypothesis that precursor availability for ECS components
is linked to spermatozoal function. Conversely, and in contrast to our Year 1 findings, the lack of
differences in AA levels within the spermatozoa themselves may indicate that the concentration
of arachidonic acid in the extracellular environment (seminal plasma), rather than the intracellular
environment, serves as the linking factor between the endocannabinoid system and progressive
motility. In HPM semen samples, a lower percentage of linoleic acid (C18:2n6), the metabolic
source for arachidonic acid synthesis, was found in both sperm cells and seminal plasma.
Furthermore, the overall proportion of omega-6 fatty acids was lower in HPM bulls. It can
therefore be hypothesized that the lower availability of omega-6 fatty acids in the cells and
seminal plasma of HPM bulls is functionally related to the low levels of the endocannabinoid 2-
AG. Linoleic acid (C18:2n6) also serves as a precursor for the endocannabinoid linoleoyl-
ethanolamide (LEA), the levels of which were highest in the MPM group, intermediate in the
HPM group, and lowest in the LPM group. Because LEA can bind to cannabinoid receptors, we
hypothesize that LEA represents a potential endocannabinoid candidate associated with the degree
of semen motility. Another finding concerns myristoyl-ethanolamide, an endocannabinoid-family
molecule synthesized from myristic acid (C14:0) and ethanolamine. In this study, semen from the
high progressive motility group was characterized by high levels of myristic acid (in both cells
and seminal plasma) and a high presence of myristoyl-ethanolamide in the seminal plasma
compared to semen with reduced progressive motility. This suggests that this molecule may
represent a potential biomarker associated with sperm motility; however, follow-up studies are
required to validate this hypothesis. Furthermore, we confirmed that bull spermatozoa express
ECS components in line with current literature, and we characterized for the first time at the
protein level the expression of the primary receptors (CB1, CB2, TRPV1) and key enzymes
(NAPE-PLD, FAAH, MGLL, and DAGLB) in Israeli bulls. Interestingly, the levels of DAGLB
and MGLL enzymes, which regulate 2-AG levels via synthesis and degradation respectively,
differed between motility groups in an inversely proportional manner. DAGLB protein expression
was lowest in cells with high progressive motility (HPM) and highest in those with low motility
(LPM). In contrast, MGLL protein levels were lowest in the LPM group. We suggest that the
expression of these enzymes, alongside fatty acid composition, can modulate the endocannabinoid
profile within spermatozoa, and that these findings point to the potential involvement of the ECS
in bovine progressive motility patterns. The finding that AEA was undetected in seminal plasma,
alongside its presence at low levels within spermatozoa, may reflect the nature of this molecule

as a short-range endocannabinoid subject to rapid degradation, primarily via the FAAH enzyme.
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The absence of correlation between ECS components in seminal plasma, as well as the lack of
association with progressive survival, may indicate that seminal plasma ECS components do not
necessarily directly reflect the metabolic dynamics linked to sperm motor function—at least for
the molecules evaluated in this study. It is also possible that component concentrations in seminal
plasma are influenced by confounding factors unrelated to progressive motility.

In conclusion, this study demonstrates for the first time a relationship between progressive
motility patterns in bull spermatozoa and components of the ECS. The ECS within spermatozoa
appears to feature a coordinated metabolic organization, whereas the seminal plasma may be
subject to additional regulatory factors not directly coupled to progressive motility. It should be
noted that intra-group analyses were conducted on small sub-samples; hence, these findings must
be interpreted with caution. In light of these results, future studies should continue to elucidate
the mechanisms linking the ECS to sperm motility, and consequently investigate ECS modulation

strategies as an innovative approach to enhance semen quality in bulls.
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