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1. AF=2 241 & 33Fol= of 489 272 SA|EY, o|xd Aoz A%
27t &= wEd vlsto] A o] AdE £ } Z7TE Al x5t e 35770l
= ofelglo]l ARl ¥lgo] xefEH, o5 WA[SHA Al&RAlL &4, o=, A
A} 502 R AldiE otgare olAl
2. ¥ dPYe thdZl GABAZ o|8F in vivo A¥ ATE  stuA
A9 gamma-Aminobutyric acid (GABA)?] L= MAJ} erythropoietin (EPO)
A O g BES FFstL, ZAMEOAIE EPOZE Uttt AFS o] A Rlstye
# oz Ratg o|§3 UFCIME ML EPOS 2R B7lsle AL &
Qsheict.
3. ¥ WA BEE GABASH & (Fe)o WAHol8Y 50 7122 Botol g =
£ 9 Abeo] AbRo] 2RFORA olgAES] WHS oYsts HTe AE AL
of 2mEs £ 9k
1. Oj® LaxeS o] 83k GABA A Mz &y
2. In vivo A&@Ulo] GABA Jofo] QIst EPO Z7F =9l & HEP 3B cell lineoflA]
AL AT |9 GABAS Nlx = (cytotoxicity) ige)|
3. =jA] AMlZojA] Pig EPO ¥alut EPO-Receptor &3l A& Z1ZF Screening &h=.
4. Erythropoietino] EjX|A|xLof O]R]&= HEF Screening & 3.
L 94 FE 57h U wjEAE SAbE HTiE st 478 ALE W oY AEE
ol A} Stof, of 39 AWM E AL 5099 Awe FAEE HE 5
AAIE HiAlShs A1l & Zoloh. 2 A& 4% F7MAQ Zld suEA AhE
o] AME S7t= st HA] ALY 7Pt 7Hssto] HiAl AV = gt &7t
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1-1. d-0E =4

O olfAkE AI719 &84

b o83t AbEO] ALRAAE UM B UMY U 8t @tu mAY AER olf ALEQ] Abz AE
Fst AR 717 F P B3 Al7jolo ALRMA $E6HA] Rob HE Fst AlFA 2
Hlol§ eI olRAE AVjel AEAL AE S HH] FUACIA FE K815
ahststz @S AMESITh SHAIT olAls] we ARIZE Lojuh YelSo] Hoglon], 27
ZAb AERA, ARG A, A81% At WA Alst W@ So| ged, S35 WdL o9 glo]

DE O] QAECN Yot el Habolct,

% Al AR 1RURE Hol =
ZHH, 3?%01]% °F 4uio] 3712 FA|EC. olAH *“EP‘*OE Ae57t == wEd |5t
, _

gore] AT 471 F7tEA Rotel AE 350l W WM WP ATt oS YAlstH
NEUR, BT 9%, A4 SO2 Al AR tgFe ojFct

oAt Y B

olgAHES] AR BE WL cheu Pk Y Al AAES 135 Aol [ro] AW, 554 37}
U7 A S T NW FHS YOI|UA WAL WAL, HA FHHHN A
wAfet 7] = Bk,

AR ALES AR RPFS AT 357 A2/t B2A 300mg FEIF WA Mol AR F 52
goto] 120mg LS E4510 oA 180mge WE2 BES sixofostnl, SrloAL g
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Zojop FU) FE ALROIA o 9ALES] MEBFE A9 95%old ARRAAE AHESIL Yoo,

Opx] BEFAL ol2lol: TFE who] Qi o= AAlHo] A} AZL Fo £x}, A
Il o

APYE PEAT MEFAAZ AL Tk SPAlTE BEFAAE EYA YL Ffsfop T
d = A
e = nn

9t



ey
oX,

&4 ‘%U}Hli SAPE St ol 2ut
chs e EM BEFALE A =Y
i FEA AL =o] Hol 2] 250
e WOW ot

5 5 i

2 == A Y S Pheo] e A2 YEEA] HRsi.

1-3. A7 HY

O A& AA| 0|87 &7} solution
1) 8718} & (B-TRAXIM®)
D= Atz Yol 9718 ojuE2 =2 A0l &
&S S7MAAL A0 AR dY o417
SI1E] ojd|Zo] vls) AestA Mo =1 F
o|7l2 A&o| vtz Ao o|A

’d (bioavailability)o.2 vt2 Aut o o] ojyF
=50 Fastth. /7l ojUlZE2 F27l viet 2ol
of Al o} ABo| 125~185% AL EAET 9lon]

& Axe 7Hs7dS Yuisitt. 2 HiX|of] lojA AE2 Efoid
FUo FAF B Ae Boll A =Y, A9 Aozl o] 7 o =X m]RAS JiAA7] =T
ZQ31t}. Lactoferrino]2f= Fe-binding Glycoprotein 28 uof] tfsF mstr]o] 9)ct

olg A 7t Hx|9 LEO QI SO Ao TFL th Fastct o] 717 2 hx] ArR
Woll 9718 ol (B-TRAXIM)S 302K £ 270 WS 24 713l AR H¥o| of
A 7t SR19) AR 4380l oAl 75k red sking UERIoD 9% AFs Zsisct

=9

£ Aol ALRY §71E) D]UZ B-TRAXIM-Fe®L glycines} Feol 1:19] ulg2 23tel Aol
Hefo) 1ef olZolnl, Thadh A, EaaEolA Hold 715 Al olAe nedt 7l

§4 olggix) neid Sate BeAolct. 2716 Mol 2 R Hake 2ol ol da
890l $45tel W2 pif LA Yste § U RapHoR 54 9 ol
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2) Piperine

Q_QL 5 o=

o [ I i [ele} L A=
e 240, datstavt, YAwy] F4, F459 7tA AA 39 &0l €A A A=
B35, BolEls WY gel, ulgteld, Sue g, WY SO FYEW Sol Budm k.
E31, piperine® ofe] Ze} Zo| ozl BUESL FAst0] 1 o= W US| 42
£ZIA121c}. Piperined] %igre 18] Aol AU §42 371 ATE AT, PO PHL
EX5H= ool At A E9 GABAE S54FX%I5t Erythropoiesis boosterZ A= 0% % Q 3t
2oL & 4 9
© AFAoA Piperine?] Far AT2 fadEsd] S48 o4& SANIHE Jloly,
3 2AS0| oh LRE

S == A= aZt M

— ?nﬂue.nce of Piperine on the Pharmacokinetics of Curcumin Plaiita NAGH: 1008:

in Animals and Human Volunteers.
Polyphenol Piperine Enhances the Bioavailability of the Tea Polyphenol 1 blutr. 5664,

(-)-Epigallocatechin-3-gallate in Mice

beta-carotene

Piperine, an Alkaloid derived from Black pepper increases serum response
of Beta- Carotene during 14-Days of Oral Beta Carotene Supplementation

Mutrition Research.

CoQ10

coenzyme Q10 following oral supplementation.

Piperine derived from black pepper increases the plasma levels of

J. Mutr. Biochem. 2000.
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Beta Carotene

60%

Vitamin C

50%

)
Selenium i

40%

CoQ10

42.6%

31.8%

61.2%

30%
20%

10%

0%

Biopen‘neg is an Effective Bioavailahility Enhancer Across a Broad Spectrum of Water and Fat Soluble Vitamins, Multi-
Vitamins, Botanicals, Minerals, and Other Nutritional Ingredients.
www.bioperine.com é

Piperine®] §454 A& £87 H|gTl, A&/ v|Eql, FAEA], ofu]x=4t, oyl o]
9Jon, o] % Fe, Ca, Zn, Se & trace mineral?] 45 SXAZIth =&7]8Ql
(F)U]RAFEIMLOIM = A AFES &5t0] piperineo] A (Fe)?] AA|0]&ES ST/ 0= AL S
@ Estel 7Yt Ak
Iron

) piperine of 93t SA049] & &4 71 (AHA A&)

O y-aminobutyric acid (GABA) 7]8r9] erythropoietin (EPO) &2 A|
GABA:= AFAA o L*EJ SRS H|HHEA ofow4te] dFor FEO F |, A A4, T
SOIlA HHED Age & Hol dul, =x} oA Wo] AEE 1 9t} GABAE= AA|A
NARGRUEA BRAPA AAREIA B o %2 ARSI e AFRLER] stel o
200-1,0008[9] ns= =2 EXJTITE. GABAE FUdS Al AlFSA, 2 F4d 5 UA
e ARl 7ty Ee] A Hojsts Zow dHA 9, A= FH] 2T
Tojste] SaestlE But 9 o2 FelA o] okejHoz tje FEyre 2ol

GABAL AAMozE NEAMZA 1980d0) FUHRE ol g5
AR o A FY5] AR

A RF5FQ 0, 2001A 72
AXjolt}. GABAE 479 &4 2 LAY o] Qlil, glutamate
decarboxylase (GAD)9] L-glutamate®] &erAl vk2.0f Q5] CO.Q; A AL,
pyridoxal-5'-phosphate dependent Z&2=2 AL 2oz AdeiA Qich

5

S|
o



Z71R1 (F)UAAFAML A AR AL LM = T EZE GABA o]&8t in vivo Y AFE

AedstH A GABAZY EPO A7 FA5h= 25 of2] Ay &Qlstich. £35F, EPO Z7F ¥ 9t
ofe} AdoA e 1 7t F7t6he 212 =Qlshltt. RatZ 0|83t GABAS] S477F A oA]
3537F AFAZE T GABA 7oA fYAQ1 EPO F7HS =16kl Y, Yoyt A pA|E
2715t e =FAstAt. EoE, fAIRE WA at Western blotS ©]-&5F T el oA =
GABA A% Al, EPO 4874 §-%5Atet EPO-Receptore] §-51Ate] Wedul 1of whe Tl
7tk 71 &1ttt AdE29] AR RA0]A immunofluorescnece microscopy
Ak, w0l M= EPOQt EPO-Receptor?] ¥dl 5715 &Rlstltt

et = Ao E GABA AF Al AZAFRNAN {5t EPO £71F RIS, o] fAk=,
EIH 8= SEE A 7R AIZTE GE0Zl GABAE ARl 50ppm F7F Al BE AlFTolA]
% S

o
EPOS] 9ol 3718 sholsigion], 1 Qole AlR &gol AMEE AnNE 9L & Yo,

=

o ok

% Erythropoietin (EPO)
EPOZ Abge] AgolA %2 AMEs 2¥UR2A A7 AL APAR 44 U 2ot
ERAA 45 Adro WS =95 E ITS st s2Ro|0f, A AA AT 5%0] sigst=
b 2@, PUA ol U AIDS A2 A W K22

S
ol
o
far
~
R
ofo
rr

o)

-l'?r‘ l-uOl’
ok

o
=

EPO= THIAIRA xtoflA A7]s AL S A7 1 A8 714 o3t 2o
d o] ¢tatz ANme] 7|Ao] AH-S TAA]Z]AL nephron A4S ¥WA]

) RIEo] wrgol ot AT 3 3
2) AeHd AEL A dar IMHHRSS} oAz oy S st
3) ApoptosisE HA|st AFARI AGHAE BT

)

4) Proangiogenic &1}2 interstitial capillary networkS H3&. 0N &gHo|A] EPO= vascular
endothelial growth factor 9H2 7}aist odrtz JWAPAS Of7).

EPOL Al ulol @A™ AlgfolA 7bg 2A] @7 % ALEln Qe AAolo], 1go] 678 Deio]
Aefsl 217te) ofoFE ARolr).
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Kidneys detect reduced O,-
carrying capacity of blood

Kidneys respond by secreting
erythropoietin (EPO) into the
bloodstream

Kidney releases

o Erythropoietin ¥ | e Erythropoietin (EPO) stimulates
| Stimulus: Reduced e erythropoiesis by the bone
i Ortarrying capacity Deveiaping marrow
Lo erythrocytes |
. i in red bone |
© relievesstimuius marow T\___, i « Fe (@ Addition of circulating

| erythrocytes increase 0,-

olnmmﬂl 0r ¥ | carrying capacity of the blood

carrying capacity

- / e Increase Oo-carrying capacity
relieves the initial stimulus that
triggered EPO secretion

Erythrocyies

(Zd) EPOY| RRAE RAE

O ol A9 BE FEAOIA AL Y
At 2 Aol A /\}35‘ AAIEe] B+5Foq7
29 &% A& 555 fAlske Aol 2715
St 2 Efjold *H”l Ao 7y 2 2B AE HARRAA AEH A SHY
GABA, piperine, 3718} A9 &g AA7} ’%—Er AMA THE0] Erdet RIFoUAIAe] mEe= ofyd,
M7= R]9] oAleE B1ES dod tofl 2] &5t A thigh AEARRE ARg7
staat st

O ¥ Ao 28 GABAQ| EPO Z7} a5 Q7|8 B 9 A
(bioavailability) £7} solution2 o] 835}0], AL WA= Al
=50 A7tsh= 4 Ahe 91 ofdt MlEo] 7idolct.

ARAAA B ARE T 9]
WOl Aol G, At B ;
F7ol2t o yET) SHAIR, QFEARILE 4 A4t o

oh. oA, ® el

-~

mOll

T-IN

5257 AA 59 AR AH0l84

o
 EQBE, O|QRHES] AR BL
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HE dHo|2d
Z 7} Solution

organic Fe
G
o’L\WZ}

Piperine Extract

HEFAZIES gl=
378 A= HEUEE W E

3

AUt #7 APOIA GABAZH Kol nlx: P SD rat olgstel FYsIACL watA, ofolxlt
ATUHZ VPDW S22 A|Astel GABASH piperine, §71e) B2 9 .

ARA] WS @oto] xAo] WA A4S F¥I| FIoA sl o= ‘4%% L EEEX]
of goz oAt erythropoietin (EPO)Z Al A1olA 22 Byst o2 NFP A" A7
AES] 4 W BotE FXAA 44 HEPY PP mAFE o o 52 ow B A 9
T 5% SlFet ARAE, WAUAL B ol ALY, YA

oFgolc}.

2 AFolM=, rate] m2jgMZ F5l phenylhydrazineg Fo{sto] 8378 ¥1¥3 {=s5til, GABAZ
Eostoz A AL AMA ZYQIALY] erythropoietin® AN ZX1L 7|0fst QO0, erythropoiesis
o

oA FAA W A U 53 S5

L) =5

AHESE 529 32 rato|t] 439 2ZZ AMESITH & o 80 E AlSjstgion utisty &
welHdslo] o W&o Tef Aoz AdS Aledst.

GABAS] Eo=F2 (0.5mg, lmg, 2mg/100g body, dayd] & 2 227 BEosigion, Ad &g 4
o FEE phenylhydrazine2 10mg/100g bodyo = %%@f% 6} of. Ao ARgs opF Al CO27}
AE ARGt Rl ow S|AAZIO

it

8

_‘|2_



Ay 182 gEFANC), F8hEHPC). GABA 0.5mg/100g body Fo]i-(G5). GABA 1.0mg/100g
body Fo{w(Gl). GABA 2mg/100g body Foi(G2). F7I&f 2& 30ppm Folx (10). 778 2&

30ppm Fo{FH(0)2& AT,

oot

oh) Zat
-1 848 U 2+ &% R 22AF 3 A=
Iron UIBC TIBC Erythropoietin
(ug/dL) (ug/dL) (ug/dL) (mlU/mL)
NC 237.1 371.6 609.0 52.1
pPC 213.1 412.6 625.8 48.8
G0.5 237.5 405.9 643.3 54.8
Gl 243.5 395.1 638.6 52.0
G2 229.7 403.1 632.7 55.6
10 212.9 421.1 633.9 53.0
0 208.1 396.9 605.0 56.6

ls& 7o d7Fostl, 8 497 phenylhydrazineg e S43A

=S
g2 gmsldt 4g 2 5 AP sto] Iron, UIBC, TIBC, EPO £418 543319ich

J= ZASHAT SHAITE GO.5 IFoAM = 237.5, GloA = 243.5, G20|A = 2292
Sol sk Y53 F7lsIgch @ EPO £Al0JME NC 1804 52.l0]glon], PCOAE 4882 of
6.3%7F dAstgcth sHA|TE GO.5, G1, G2 ZEoAl= Ztzh 54.8, 52.0, 55.60.2 BE= GABA Fo|ofA
chAl Z7lets £A1S SRS, GABAS Folgh 1§ B9t ohe} fle) A Pole) AES Folg
AN E EPOS] 27t SBE|gich ¥ Aub §34 WE w2o|A phenylhydrazine 27374}

| 2445190 72t o=l 1 o GABAZ Fojst 1AM HEA7} gl 2

Dall
N

g9 2o Y BRo| 24
2 Hol g¥H W oo M2 £AKGo| YA odHu], o KWAE F ARo| Aol Foy
W ARARE 53 AOR oabet,

_13_



th-2 HET ¥4 % YT index

RBC Hgb HCT MCV MCH MCHC RDW PLT MPV

NC 7.86 15.59 49.03 62.34 19.80 31.79 9.56 906.57 9.13

PC 6.63 16.06 50.51 76.76 24.28 31.80 18.11 734.63 10.21

G5 6.32 15.58 49.59 78.58 24.69 31.41 18.08 731.13 10.59

G10 6.37 15.64 49.90 78.48 24.61 31.38 18.19 769.75 10.09

G20 6.33 15.67 44.65 78.40 24.75 31.56 18.82 776.09 10.36

10 6.43 15.66 49.50 77.08 24.39 31.64 18.15 761.88 10.43

O 6.39 15.60 49.06 76.54 153.00 31.84 18.03 677.14 10.01
— RFP B4 Au G4 RAAE 7.8602 2 Fao] S A7t Selsglnt stlY NERES
& I8oHE 66302 of 16%7 @Astel o] ST 22 elsteict. Phenylhydrazineg 2735
Abstel 884 MBS fEd 185 JHAE BUEY & 2v 2EHOE WnI wiESYL, o1
D5 FUE gAYo] LA 1 $o] GABAS EAT S22UL Sold 1FoIH PP LA
b slmes e sQlex] etk E3, MCVZE NCol uls) Uoix] Soi2old o5 gojshi 57k
202 mot M@ Rug Flstn @R 47b Zasts APAQ WEY S4S Holxnt of

th-3 ¥ L differential counts

WBC NE LY MO EO BA

NC 11.03 9.46 85.70 3.33 0.47 0.36
PC 8.01 13.01 81.79 3.86 0.65 0.26
G5 7.69 10.85 85.38 2.51 0.46 0.35
G10 9.22 8.84 87.02 2.81 0.40 0.34
G20 8.62 14.80 80.79 3.04 0.41 0.32
10 7.90 12.41 83.09 3.11 053 0.28

0 8.08 10.14 85.50 2.73 0.79 0.33

WP counts Zu 94l NCOIA 11.030]910} PCOlA 8.012 SolshA ZAstATH-27%). A&7
219 M ORIPAR WP 217 S BEA S ok,

2w
2 Uy A7 §3Y YRS =3 YEloA EPOS F7H: s oLt GABA U Jlet BEAAY A
g7 47 %L = & 4 Qorh GABAS A& SH EPOS| Z7} 2ol 9 x¥s)% Hxlojgiont,
89 NERE WY Hegt g0l gEEHol QAU ANE HHUstA G wrEA A
g2 59 = % GABAY| A7 £ojdhe Meistolol @itk SRSt ofeixla] Aol Bas

2 B
o 53 Aoz Fagt BAWY WY 2T AN BY = Udol o 3

v = =
Sfchi ere9ich by, 8384 g 2doXE GABA FojAld] EPO7L Z71ste 28 =Hlstsin,
R

227237 ntes RRoA GABAY =& 7ls R R7IH 229 a5 A+
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rte
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B4 ohes 22 A2 mouse purified diet Yol B2 1/102 Z2FAIAH 2284 VUES

=2 a
=5t GABA 2 /I8 A&, R7I8 AEs woldezA, Ad4 B £FAAY erythropoietin®]

g A& 7|dstal 9lon, erythropoiesis ¥ GAAF 24 53 AA|S o o]t
L) &
—ALESH 539 £2 e Aoln 32y 7S ARESYT I 8ufg]E XIsistion yejoisty

A 782 RAA(NC), 4R ERA(PC), GABA 0.5mg/100g body Fo+(G5), GABA 1.0mg/100g
body Fo{+(G1), GABA 2mg/100g body Foi+(G2), F7|8] HE T+ (10), 718 A2 Fo7(0)
O URthAdE 152 83744 vd w4 Ay 59).

=717k 733 Feerdon] NCIE2 BALRES FootP L, UHAl 1§82 A& &F0] 1/1002
A ARZ4gARE Fooiat. A& Z28AtRe i 2 4.5ppmolt FY AlRY BETES
45ppmolQitt. AF&2 F718, 7718 B+ 2% 4mg/100 body weight/ day® st& 18] &5t
C}. piperine NCe} PC 253 Aot @& T1F0 9ug/day & d+Folsordct. A& AAA] piperine
£o] 252 & {2|sto] Fldgstoiof sHA|TE, FEwe|Hds] el XA U FuhEuto] el ES5ol5h 2
£ O350 Artste] AAsYich G2+0 1§82 G2 180 S7|8] HES Fost 1§02 AmAQ] 3
Z AR 2542 FAE 1Fott

—I1F & NC, PC, G2, G2+O I§9 tjsi4rt 100k (F otg] 371 22 olge 4 s 2

=
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AW Nl SEHALA HIshy] gsiHolct. F AP JIe 75 goul, 4FAL FRHE AR
9 Ul TEAA 2012 st} AR R BREAL AAlstel HAWY WY §9L FAstAr)
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G2+0

e AR E 28 45ppm

H ZEAME E g2 45ppm

S7|Ef, 27|Ef ¥ £0{2k: 40mg/kg/d
G1 : GABA 1mg/100g/d

Piperine 3ppm ALZ : O}2 2 4F%, 24| 209, ALE 3g F|/day

3ppm£ 3ug/g. M2, 3g ALR HF 0= ug Bt SHEOf| ug¥y F A}
GABA : 0.5, 1, 2mg/100g BW/day
Fe : 4mg/100g BW/day

Male C57BL/6
ot A
-1 ¥ f& oujdd At (259 20ta], NC, PC, G2, G2+0)
Iron TIBC
(ug/dL) (ug/dL)
NC 300 638
PC 121 693
G2 158 618
G2+0 336 619

- 2473 NCE 300ug/dL Qo WIBREIEL 1212 F 60%7F Zastel WAWY WBRE
[=13

A7ds] o]RojRl S AU G2 AFM = 1582 F7tste] PCojl H[sh oF 30% = A&
S7tokdet. ghH, GABASL {718 A Al 15Q G2+0 oA 33602 AARE AFS NCHOE
oF
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_ Iron TIBC Iron TIBC
L.D(ZHA}Y) L.D(ZHA}3)
(ug/dL) (ug/dL) (ug/dL) (ug/dL)
NC1 301 726 PC1 193 1146
NC2 407 1765 PC2 160 989
NC3 399 1322 PC3 115 655
NC4 255 770 PC4 97 638
NC5 268 969 PC5H 147 969
NC6 357 1196 PC6 135 890
NC7 396 1248 PC7 155 847
NC8 375 1368 PC8 143 874
G2-1 164 860 10-1 227 713
G2-2 193 697 10-2 210 722
G2-3 248 775 [0-3 257 735
G2-4 231 714 [10-4 224 698
G2-5 241 758 10-5 174 785
G2-6 184 811 10-6 222 667
G2-7 196 786 10-7 196 697
G2-8 180 826 10-8 234 722
LD(3HA}S) Iron TIBC LD(3HA}Sd) Iron TIBC
(ug/dL) (ug/dL) (ug/dL) (ug/dL)

G0.5-1 158 627 G1-1 168 651
G0.5-2 174 1120 G1-2 174 638
G0.5-3 171 754 G1-3 158 701
G0.5-4 148 689 Gl-4 152 637
G0.5-5 168 806 G1-5 167 662
G0.5-6 164 859 G1-6 174 731
G0.5-7 174 809 G1-7 151 758
G0.5-8 159 774 G1-8 169 701
0-1 276 960 G2+0-1 289 680
0-2 268 804 G2+0-2 271 811
0-3 2775 571 G2+0-3 259 732
0-4 224 720 G2+0-4 267 743
0-5 241 950 G2+0-5 271 685
0-6 259 845 G2+0-6 284 758
0-7 239 863 G2+0-7 274 724
0-8 257 802 G2+0-8 243 804
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Iron
TIBC (ug/dL)

(ug/dL)

NC 344 1171

PC 142 876

G0.5 165 805

Gl 153 685

G2 202 778

Inorganic Fe 218 717

Organic Fe 255 814

G2+0rganic Fe 270 742
—AA3F AtaE 9ot uh20] GABA ¥ RY7IH, 7 A2 ol ¢ A U AR = 5
AICh NCOJA] 344, PCOIA 1422 AAWA W0l S=9 2 = & 4 UCh GABA 1504
£ PC 380 Hla) BEEel e SUlshe AP Eeleiich G2 1gAME folah ARl
27t /718 2/ 99 15 015% IAl RIIE A& |59 159 109 vls] @] oF
17% Z71etch. RaAFol /Mg £ 1S 7l BRI GABAZ $A Foigr G2+0 1go|%rk
2 AW dibe ouldd Autet 7Hg 2 Aold2 ARAl Fol IF0] NC 2o @A 549 Al o]
v ARY 45 & Mo GE Atol2tal odEot. ARe 4 Fo o]F 1AJZIAIA 24]1%F 9]
2ol MEe stH oulddat 22 ZAarF dexgh 2 AddMs siE Agd A7 4TS st S
B gddos LB S 51x| ¢}t ®3F 5% AlE9] universal protocolo] TEW SR A €lHE
over nighto.2 FAg A7]7] th2o] FEECIS 3 F oF 12417t AW Aefolch. wad, 9ot e

2R} Ugicha oAbt
£ 2Alg adze Apgstd oheat 2.

400

350

200 -+
250
200 —
150 4
100 4

50 —

0 - T T
& &~

2 Jejmold wel AWA Vo] §
olE) e Ro SUlE] AR AAYS U o o Ao BF MESAES HA T 4 Uk Ed
GABASH 97]F) MBS T ol e A we HBRA S eyt

S

75] =
2 Zutz 2 0 GABAZ ToAl @F AR 5A17F F71st Aol dhaf F7HQl wAlo] Westch WA
RS 2 AL, e g2 # S7IAZI=A B ast
ot E5h o) §E oot @7 Foi¥ piperined] JFol g 72t oAyEIct. Piperine 24,
CoQl0, 71et FF20] F45 57HA12 ¥ ohjet AR 5 odBo F4& F7MA17 ohe o3 Arw
27} 9irk.
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—mepA, & AY 41 GABAZ £71€ EPO 45 ¥ A3t 275 F4, f71H A d5 A
=54 5. piperine®] HF&4 booster AT R3}/F AAS| o] FojFTHAL of =T
-3 424 Axt

RBC Hgb HCT MCV MCH MCHC RDW PLT

NC 9.91 14.78 54.28 54.78 14.90 27.25 13.35 1106.50
PC 10.51 12.08 49.63 47.88 11.50 24.03 16.55 1551.00
G0.5 10.63 13.05 5143 48.53 12.33 25.38 13.90 1043.50
Gl 11.39 13.71 54.43 47.83 12.03 25.17 14.27 1247.00
G2 11.55 13.63 54.90 4775 11.85 24.83 14.28 1084.50
10 11.01 12.30 59.60 54.10 14.60 27.10 13.30 957.00

0 10.89 15.53 57.83 37.47 14.27 26.87 12.70 1117.33
G2+0 10.65 15.63 59.50 55.85 14.68 26.28 13.33 1079.75

Sl

AP BAAT Hbel 2Rk A WA NHSET PCOIN ARG Zastel NEgw
e = F

At GABA FojdtoA= NC 259

= 8
olstgich E3h 2IE) W2 1L Hb %40l s Zojmot gIE) WE 1ge
Hb +A1& Bk 7P 1RAQl Ale G2+0 1804 gdoR 71 & HA12 Slstich. of
At 8% AR A9 012 fr1doR Az Anetn g 3 9o
th-4 2t 24 U 2R g 24 (AAS)
mg/kg
NC 63.95
PC 33.3
G2 36.1
10 98.15
0 142
O0+G2 165.8

_19_



by |

= = e =

] et tst )| s L&
= = A E ke <]
K I :"5‘—.:’4‘&!3 SN
Fh (2T AEREA NBT BHE 1426 1TDES0148

eers imatl T8 (20685068 4840 WA 02-0RB-EREGD

s http:f/asoc_kist re kr

HETHES 170650148 S=YT 2017-06-13
L SIp=ts | ol 2

1= (F)DleTre e

F £ HE W7 S0IS 24373 0TS

Naad

AlED 2017-07-18 ~ 2017-07-26
Algesy BI2WEI|EHE TR THH Y/

FEEE| ARS

AlEzE: 2nEy

ABRTN AISE SE RHE el IE FHE

47 JEHYUT
Wi P C‘%Tl: Ut I.;?-E o l ETer
o) = H= M A HAIS A2 ole 88 U
L =2 ABEs=2 i EE U BEELo ~HOR ABE 2510
CH = S= 4 dsidelo] DESA 22, Tel 0295649482 SRFAIH Selfin =ELICH

=l g —ye B

KIST(AAC)-TP-22-F02(00)

HolZl1)/&(2) A4 (210 mm % 297 mm)

_20_

HIE LY
3 AL 27
o}



thH-5 v|& =& Y ferritin immunostain

Fig. Ferritin storage in the spleen of mice(C57BL/6). Brown colored spots is ferritin, All Samples
were injected Oral administration(40x). NC: Negative Control(Iron content of diet are 45ppm), PC:
Iron-deficient anemia(Iron content of diet are 4.5ppm), G2: GABA(2mg/100g BW/day), 10: In-Organic
Iron(4mg/100g BW/day), O: Organic Tron(4mg/100g BW/day), G2+0: GABA(2mg/100g) + Organic

— 1&} AbS ferriting Al8sto] HAAAS AlAlstECt. Ferritino]] ¥AHEl 2XF AbS DABE AM&s}
il 2 figured] UEhd A4S Aoty JAX|7EA] ZAate} opfhriAlal 48 ferritin WS =l &
2 99t
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thH-6 7t &% H&E stain

Fig. H&E Stained sections from livers of 3-month-old mice (C57BL/6). All Samples were injected
Oral administration(40x). NC: Negative Control(Iron content of diet are 45ppm) , PC: Iron-deficient
anemia(lron content of diet are 4.5ppm), G2: GABA(2mg/100g BW/day), 1O: In-Organic

Iron(4mg/100g BW/day), O: Organic Tron(4mg/100g BW/day). G2+0: GABA(2mg/100g BW/day) +
Organic Iron.

Fig. H&E Stained sections from livers of 3-month-old mice (C57BL/6). All Samples were injected
Oral administration(40x). NC: Negative Control(Tron content of diet are 45ppm) . PC: Iron-deficient
anemia(Iron content of diet are 4.5ppm). G2: GABA(2mg/100g BW/day), I0: In-Organic

Iron(4ing/100g BW/day), O: Organic Iron(4mg/100g BW/day), G2+0: GABA(2mg/100g BW/day) +
Organic Iron.

— 2 a7 A8 B FoI2Mo| UjeAY EYL HrIetnA I A4 HEE staing
oh 747 2% ol 4%, WA 5 Qe AHe selwxl ot
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th-7 H]7\]' Z A H&E stain

Fig. H&E Staining of spleen from CS7BL/6 mice. All Samples were injected Oral
administration(40x). NC: Negative Control(Iron content of diet are 45ppm), PC: Iron-deficient
anemia(lron content of diet are 4.5ppm), G2: GABA(2mg/100g BW/day), 10: In-Organic
Iron(4mg/100g BW/day), O: Organic Iron(4mg/100g BW/day), G2+O: GABA(2mg/100g BW/day) +
Organic Iron.

— 8 2AZ H&E stain ¢F A} 5ol vieh 2332 HolA] it

th-7 2 Wat 57

Duration

NC PC G0.5 Gl G2 10 O G2+10
-months
1 25.59+2. 28.32+2.0 2791+£3.4 26.9+1.14 25.23+2.4 24.4+0.63 25.47+18 25.27+1.4
2 29.58+3.3 32.15+2.5 32.78+4.2 31.32+1.2 27.5+£5.95 29.2+1.78 30.16+2.5  28.95+2.3
3) Aita g vlgdudo|A GABAS 24 7|5 A+
71 8173

— EM ALSH= 7HE2 Fv ¥ U ottt e mESHA BARE EAOIA AR diwol &
& Atart BE5sH "ok &, WdAR hypoxiad =FH EOIA Al HARE o]2fet &Fgo] Ik
A A7 A=A Z5tal, AAsg7iAR deh obget si@Ao] ojH|stet. E8F, hypoxiad] 7|7t =&
AR T o] Adgehs A 22 vheot 2¥7]50] et A@A 7t S0l A2 SHAR
D712 o2 Ao =EHW 24 EPOY 57t R AZ7F SUHEH AU #Fol FuE 4 Sl

- OEpAd, 2 Ao AMita @00 =EAR] AFEE0] GABAZL atkol xRV o]

A= A &QAst7] s Alsdstdnt.

oll‘
rulo
oo

A
e

o
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3 Z=(GABA E0)) 9l it EBHE)

v
A

r
<

:@m 112 i 8 ofa] | sz

S& Y -7¢

HEAEH(EAFA) - 11 (9E29LNH])
Hypoxia =& - 25¢ ~ 29%,

S5 -29¢ & Z 8|7

S.D. rat 400t2|, # O|X| & 80}2].

X AtA BHA - hypoxia chamber, 02 9%, N2 92%. 1h/day (ZF #| 0| X])
GABA: 0.5, 1, 2mg/100g BW/day - A1 50

282
1. E4d 9l FE(plain vacuum tube & EDTA vacuum tube)
2. MZEZE|(PCR & western blot) &2 7|E} assay, 1 & T 60}2|
3. Zh ME ZEZE] (H&E stain & speaal stain), & I'2IZI|-E|
4. 7|E}
ot A}
th-1 &% Y A&, ferritin, EPO £X]
Iron TIBC Ferritin EPO
(ug/dL) (ug/dL) (ng/mL) | (mlU/mL)
NC 277.4 728.0 2.59 1.03
PC 280.9 670.7 3.03 1.61
Gl 277.6 642.6 2.79 1.23
G2 249.4 615.1 3.13 1.30
10 253.9 636.9 2.81 1.40
O 265.6 605.4 2.65 1.27
G2+0 242.9 607.8 2.72 1.37
—AA A g0 w=E% rato] GABA ¥ HEZAAE Fosto] 2

Mgt ¥4 ZAxtolct. Awat TIBC,
femtmow o APl WASHA] X3kt SHAISE EPO 4RJoAl= PC ZFoA] EPO7F 1.681 57t
st} Aira gHAoA EPO7L £71stthte Eo]AQl vhgat dx|shoict. Aita oA = EPOY 57} &
Tt 0j cieeltt & A|ZHC) @& EPO9] 57} 4X|7} ChoFsR 1‘1* 2 A

e of 9] AE Sold Aoz HIGl. GABAIAIE 3718 SAE 97 2ansle AgE Bl
Fou gelHolAls gach /1El HEal GABAE LAS JEIHE EPOS ZAAlE Al 9

o 25 2s1HQl 20| Wasi,

th-2 A¥1 2 AP index BA
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RBC Hgb HCT MCV MCH MCHC RDW PLT MPV

NC 7.23 14.86 50.40 69.79 20.54 29.44 11.41 984.43 9.64
PC 6.76 13.85 47.36 70.13 20.51 29.25 11.53 927.75 10.43
Gl 7.15 14.81 50.76 71.01 20.70 29.16 11.27 987.00 9.93
G2 7.23 14.76 51.19 70.84 20.43 28.85 11.50 | 1053.63 | 10.65
10 7.02 14.49 50.50 72.01 20.63 28.69 11.48 | 1201.63 | 10.53
@) 7.00 14.36 50.11 71.66 20.54 28.66 11.63 | 1233.25 | 10.64
G2+0 7.28 14.76 51.54 70.86 20.28 28.63 11.66 | 1069.75 | 10.71

of =29 PC IgolA MEPIL S5 gastick 4 AR A of
2 U Zastdon], ot gyl kEo] obd st 241714 @Koz
wEA71E GPolet ULt SHAT, EPO £A19Hs ThsA| GABA A2 oMy AATcH 38E s

e HY T 2 dgon], ol2g olgol dhsit Z7bHe AP/t Baskch Hbo 2w HA7e}
A%e oo, o2 79sty] UshAr o @sIte] WaF Zojet A,

th-3 ¥id L differential counts

NC WBC NE LY MO EO BA
NC 8.87 10.43 85.86 2.31 0.94 0.43
PC 4.38 10.11 85.35 2.70 1.30 0.43
Gl 6.79 11.69 84.71 2.27 0.97 0.39
G2 7.33 10.55 85.64 2.59 0.78 0.45
10 7.51 8.65 87.76 2.51 0.78 0.33
O 6.05 10.76 85.58 2.59 0.78 0.30
G2+0 6.34 11.78 84.91 2.31 0.64 0.35
— WA AL PR ABHAY WPRDE 2 Ao] Uehdch PCOlA 50% ofstz
AL dasigiont ool AT O B SReE Aol Gech A2 hyporiad] w5
7 525 &0 2APE A 2 AEYAS WL 21 BAY & UL olefd AEAR sy @
@70l 27 VI BASIUE A0 ATV, AP o] GABA A2 TFIN AEAE A7
7L Folet ol gstAlE, 2% Aed A7rt Wastchn Azt

thH)-4 EPO immunostain
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Fig. Immunolocalization of EPO in hypoxic kidney. Brown staining indicates immunostained
reaction. All Samples were injected Oral administration(200x). NC: Negative Control, PC: hypoxia
group, G5: GABA(5mg/100g BW/day), G10: GABA(10mg/100g BW/day), G10+0O: GABA(10mg/100g
BW/day) + Organic Iron.

Fig. Immunolocalization of EPO in hypoxic kidney. Brown staining indicates immunostained
reaction. All Samples were injected Oral administration(200x). NC: Negative Control, PC: hypoxia
group, 10: In-Organic Iron(4mg/100g BW/day), O: Organic Iron(4mg/100g BW/day), G10+O:
GABA(10mg/100g BW/day) + Organic Iron.

ChH-5 A1% H&E stain
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Fig2-1. H&E Stained sections from kidneys of Sprague Dawley Rats. All Samples were injected
Oral administration(40x). NC: Negative Control. PC: hypoxia group, G5: GABA(5mg/100g BW/day),
G10: GABA(10mg/100g BW/day), G10+0O: GABA(10mg/100g BW/day) + Organic Iron.

areserrfoag o sl NS SRe ROT s A SRE AL e et

Fig2-2. H&E Stained sections from kidneys of Sprague Dawley Rats. All Samples were injected
Oral administration(40x). NC: Negative Control, PC: hypoxia group, 10: In-Organic Iron(4mg/100g
BW/day), O: Organic Iron(4mg/100g BW/day), G10+0: GABA(10mg/100g BW/day) + Organic Iron.
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t})-6 7FAA H&E stain

Figl-1. H&E Stained sections from livers of Sprague Dawley Rats. All Samples were injected Oral
administration(40x). NC: Negative Control, PC: hypoxia group, G5: GABA(5mg/100g BW/day), G10:
GABA(10mg/100g BW/day), G10+0: GABA(10mg/100g BW/day) + Organic Iron.

Figl-2. H&E Stained sections from livers of Sprague Dawley Rats. All Samples were injected Oral
administration(40x). NC: Negative Control, PC: hypoxia group, 10: In-Organic Iron(4mg/100g
BWr/day), O: Organic Iron(4mg/100g BW/day), G10+O: GABA(10mg/100g BW/day) + Organic Iron.

oh-7 A

o]
rE
-E—l"
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Duration(Weeks)

Group 1 2 3 4
NC 83.2+4.44 139.9+3.58 194.9+7.63 233.7+10.25
PC 86.3+£6.15 140.1£10.72 191.8+13.98 227.8+16.53
Gl 86.6+4.51 137.7+£8.79 189.7£10.72 227.2+10.69
G2 88.2+4.8 141.1+£8.5 192.3+11.1 232.7+£14.04
10 83.5+3.33 132.9+5.19 184.2+6.72 221.9+7.63
O 90.7+£5.47 143.8+9.06 194+14.41 238+12.13

G2+10 87.1£6.12 141.1£8.4 190.8+7.8 230.1+7.44

4) Hep3B cell lined]] GABAZ} A8y SA Ao 0]X|=

7}) i

Hep3B cell lined| GABAZ} 2@ SAX

) g

Cell line- E2AIAMAFE-StHuman hepatoma cell

Korea)of| A&
100mm culture dishofA] 10%

—

fetal bovine serum,
Dulbecco's Modified Eagle's Medium(DMEM)&A}8-35to] 37°C, 5% COfEXR 10| A8

Foil o] %]

o2 2t
tH-1 Hep3B cello] tjgt GABAS] J7F
+ MTT assay
120
100 - s S - L B = =
5
£ 80 -
8
2
E 60 A
Z
e 40
=®
20
0 T T T T T T T T
NC 1 10 50 100 250 500 1000

GABA concentration (uM)

Hep3B cell&st=A| x5 238(Seoul,

penicillin /streptomycing3&-5

Hep3B cells were treated with GABA(uM) for 24 h and the viability was measured by MTT assay.

Hep3B cells did not show any significant decrease in viability.

th-2. Hypoxia treatment and EPO gene expression
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<+ Hypoxic treatment and EPO gene expression

Cobalt(1I) chloride(CoCl2)is a chemical inducer of hypoxia-inducible factor. The cells were
stimulated to produce EPO by growing them in the presence of CoC12(50uM). in the absence or
in the presence of the GABA. EPO mRNA level were determined by quantitative PCR(qPCR)

after Sh incubation. 10

c
B -
c ¢ c
) =L
£ 6 b
E
B
5
2
3
g .l
=
2 «
a
0 ' '
DwW 0 50 100 500 1000

CoClI2 30uM + GABA (uM)

thH-3. Hypoxia treatment and EPOR, JAK2, HIFla, HIF-2a gene expression
“* Gene expression — EPOR, JAK2. HIF1a, HIF2a

HIFta gene expression

JAK?2 gene expression

CoC12 S0uM + GABA(uM)

HIF2a gene expression

EPO Receptor gene expression

50 100 500

CoCl12 50uM + GABA(uM) CoQ12 50uM + GABA@mM)
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t})-4 EPO ELISA &4
< EPO ELISA

After hypoxic treatment, culture conditioned media were collected for the EPO production assay.

EPO production was assessed using an ELISA kit from Elabscience according to the

manufacturer’s protocol.
25

204
% 154
2
S
& 10
054
00 - r T
DW 0 50 100 500 1000
CoC12 50uM + GABA@M)
2. A7HE U AT Py (AHAE A
| EETE \ C-04
SRR :
S CECRREREt) AR
o C = AF 3235 ]
05 2010 4 o e oy |OESE Rl HAEtT A
LA QRAA oA b A my
OFE AT U= UY ot el ey oy (®EFEE X AE A2
S Vs = iE
. 7]'73]94' 2T T /\}' o oo 07]' 7&',‘7]‘3]‘0:] 7‘%3%_/?_}\]_94 %%)g
57}
MAFZA A @l gisk R1Q] g o
. e e 25 @ wge e |SITEEAT T UT AE 0E
O] AAF 5 ) @Y7}, BEA S AAtulo] o3t
. @ 3 4tujo] Qs 714 AH
NAE B4 OlE Sx m AME S AF 717 43
serrEE ®0|HAA A& £=
U2, SR ol Salug - olahaty
I QY S04 GABAZ} Rato] £&7]50] U]Al: 4% A7
71817
IR 235t H A7 dlolelo] 271 A2 Alxstel GABA®H £RAIEI] UAUSS AU
ot #2712 A9t &52 RNA microarray?t 2DE T 242 S5 ¥ {AAY] 2GS &
51911, 2DE ©¥iAl 849 E&| protein-protein interactionS 180 24 GABAZ} 2F7]=9] 0]X]
= 9% iAYES RYstan
U
AEYAS FA| 2 Aut &G04 SD ratz AMSSHIITEH GABAE= &40 50, 100, 200ppm-= A7t
stol AAREA HHES SlRon], 3R FoISIYCh AYL 1247 FUIHO, ARH Y LR 22°C
= 9mlelgith BAgrRe Aavs) Al Aleas, @4 U EPO 4A], @Ol U @pRARE g,
Wi ) EPOY® S XA e, EPO, EPO-R confocal microscopy, 7t AAl H&E stain, RNA
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microarray, 2DE electrophoresis, protein-protein interaction °o|t}.

o) 23
th-1 A, A=dRE, Ate 28

Supplementary table 1. Effects on body weight, feed intake and feed efficiency of rat fed various
GABA concentration for 3 weeks

Feed intake Weight gain
FCR
(g/head) (g/head)
NC 386.3+£35.2 119.6+11.5 3.23+0.02
G50 376.7+31.1 118.1+17.19 3.19+0.02
G100 378.6+25.1 118.3+£12.21 3.20+0.01
G200 378.5+40.2 117.9+£26.03 3.21+0.01

—GABAS 540 27} 50, 100, 200ppm2 F7tste] 353 gofA] &2 AESE7tet AA=AFT, At

2a880Ms FY AtolS Holx] ottt

th-2 @& WY erythropoietin %]
Table 1 Effects of GABA on serum erythropoietin in  rats
NC G50 G100 G200

Erythropoietin

(mIU/mL) 599 £ 103 97.2 £ 10.7**  97.7 £ 11.2%* 120.1 £ 14.9%**

— GABAZ 473t 1804 =% 90§ BP0 712 E9lstgirt. S], ABwolq niEErta| 5
& oEAQ FHEAE BQlstrt

t})-3 wid L differential counts

Supplementary table 3. The WBC differential cell counts in rat fed various GABA concentrations for 3
weeks

White tl)IIOOd Lymphocyte Monocyte Neutrophil Eosinophil Basophil
ce
10’ 0 0 0 0 0
sl (%) (%) (%) (%) (%)
NC 11.18+0.86 79.77£5.25 3.49+0.47 6.22+0.91 2.77+1.61 0.35+0.07
G50 11.31£1.17 79.63+2.44 3.39+0.71 6.60+1.72 2.56+1.12 0.33+0.06
G100 10.89+3.06 80.62+4.37 3.33+0.86 6.41+1.40 2.88+2.38 0.39+0.18
G200 11.44+1.54 80.06+4.00 3.73+0.67 6.91+1.45 2.28+0.90 0.38+0.11

*A p-value< 0.05 was considered the threshold for statistical significance.

— Add $8 & EAZ EDTA vacumm tubeo] Rj@sto] 317t ¢
|
-

FEfoll A 5A1ZF o] &
differential counts2 AlAJ5}gict #Mal o} oje} Taigl QIxpS o)A %

+ U
Q0I5 xfol2 BolA] Spotel.

thH-4 A3 counts
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Table 2 The Red blood cell indices counts in rat fed various GABA concentrations

for 3 weeks

Red lﬂood MCV HCT MCH MCHC Hemoglobin PLT
ce
(M/mm?) () (%) (pg) (g/dL) (g/dL) (K/uL)
60.0 + 372 + 22.1 +
NC 59 + 0.23 36.3 £ 142 135 £ 0.25 726.6 £ 74.81
2.57 1.52 0.50
60.7 £ 37.1 22,7 +
G50 6.2 £ 0.13* 37.7 £ 3.08 13.7 £ 0.29 757.6 + 48.57
1.60 0.86 2.07
61.3 £ 374 + 219 + 679.5 +
G100 6.2 £ 0.24 36.1 £ 1.72  13.3 £ 0.32
1.01 1.41 1.12 116.00
60.7 £ 38.2 + 22.1 + 690.3 +
G200 6.3 + 0.28* 372 + 1.66 13.5 £ 0.31
2.33 1.98 0.63 188.65
NC, negative control; G50, 50 ppm GABA; G100, 100 ppm GABA; G200, 200 ppm GABA; MCV,
mean corpuscular volume; HCT, hematocrit; MCH, mean corpuscular hemoglobin; MCHC, mean
corpuscular hemoglobin concentration,  PLT, platelet; *P < 0.05, compared with control  group.
- M7 LHAY gEgol v APRAN 7Pt FFe BHOU G50, G100 TFOIHE Rl
A| orgkon], G200 A& FoHT Qolst 712 Belsieirt. @A 24 AT GABAZ olsj EPOS] 5712
solsigon], o2 9I8] MEP 2A7F 5713 Ao AN, ¥4 EPOME sEolER o 57}
ston, G200014 71 =otew, I At Ao vhgElof G200 Aol [t S7Hd Ao
g2 HoEo
hH-5 AIA oA =& Y O @ EPOR gene expression
25
ok I \NC
1 G50
20 + Kokk I G100
C— G200
S
& o
S 15 - Fokk
K=}
S
g
= 10 -
£
o
=z
5_
O_
EPO EPO receptor
- Hd B2 F NF 542 AF0l] 299 NALEE dollol total RNAT 21 ¥ oPCR ¥
AZ AAstYTh. Target 57dAH= EPO%} EPO receptor®lon, ZF 7jx|E= 2 & gL —‘5:*401] AHE
S9ICE 4 23 GABAY SESIEHOR 2t R4 Wagel S/lstsirt. Sel G100, G200 Aol
A oF 15~208) w0 9AAL WRFo] F7tstoirt.

t})-6 A& ojA =Xl ) PHD2 % HIF-1, HIF-2 gene expression
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— 222 RNAOfA] PHD-2a%t HIF-la, HIF-2a& Zt2F BA519ch. PHD-2a (HIF prolyl hydroxylase)

5| A 73 0A HIF-1a%t HIF-2aS E&843st A7)+ SAAto]¥(hydroxylated by the PHD2a),
AALA gHE0A = o] ArZo] &7 HIF-la(hypoxia inducible factor)?t HIF-2a7t &/4dst=Elc}. HIF-1a
o} HIF-2a+= erythropoiesis 9] key factor@Z A 0% £Q3st dah8 sttt 2 AlFoA = AAPA 710
A Jo] oty A|ut, HIF-1a®ft HIF-2a%] gene expression©] Z£715t% 00, PHD-2a+ otf& Xfo]7t

=22 A
et Solgh M2 GABAR sl A4itaghgo] opddl= HIF family genesol £71sto] 28752 &
ek AZS Folet AEE0, 271 HQl ¥Mo2 1 ARE st
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tH-7. Immunofluorescence for EPO and EPO receptor protein

2ham

Slhum

G100

Ci2(00

S Cham

Figure. Immunofluorescence for EPO and EPO receptor protein in GABA treated rat kidneys. Paraffin
sections were fixed and stained with anti-EPO, and anti-EPOFR. All bars are 50 are 50 um{Magnification 340
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confocal microscopyS X185t 1XF Abx EPO2F EPO receptorS AR5t 00, 2XF Ab= Alexa
Agel Fw AbS BAStel ATt A AW UFAT GABAY 7} kolAAE o GuA nE
WHo] 37 F7ksh: A HIStGO, o] A A = EHOR WHo] Stk

H)-8 GABAQY] AR =4 ofHE=mtstry] 95t H&E stain
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Table3. M3 identification of differentially expressed protein spots in GABA-treated rat kidney

Protein
ipat Protein name aiNO. matc.hed sequence Protein score W MH
NO. peptides {Dalton)
coverage
g Rl Cchyieseise) shple mupcampls 564349208 21 43% 158 12252 2393
subumit § (Ndufa9)
2 DOPA decarboxylase, isoform CRA b (Ddc) 149016961 15 33% 131 35109 2367
3 Leukemia inhibitory factor (Lif) 4233618 ] 23% 70 33344 486
4 isocitrate dehydrogenase[NADP], mitochondnal 62079055 12 20% 99 51391 232
precursor (Idh2) = i g
5 Senum albumin (Alb) 124028612 26 30% 238 70682 43
6 transketolase isofomm X1 (Thkt) 564387908 16 40% 113 68314 57
A G 18426858 17 35% 102 72506 48
subumnit (Sdha)

— DA spot A 2 MALDI-TOFE AREste] EWiAS A9stlct. 48Y WAL 67) et &
7he2 4.88[00A 2398 7HX] FUtshe e BT @A FR=2+ (A F7keE &AW Z) NADH
dehydrogenase, DOPA decarboxylase, Leukemia inhibitory factor, isocitrate dehydrogenase
mitochondria precursor, serum albumin, transketolase, succinate dehydrogenase subunit 0|9}
oo, o] & NADH dehydrogenase?t DOPA decarboxylase:= X ToAE= YPAT spoto] .

Y
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Figure 7. The representative MALDI-TOF-MS maps. (2) PMF of NADH dehydrogenase 1
alpha. (h) PMF of DOPA decarboxvylase.

— NADH dehydrogenase@t DOPA decarboxylase 2] MALDI-TOF maps.

t}H)-11 Gene Ontology classifications

Biologica process (BP) Cell component(CC) Molecular function (MF)

Tﬁm;xmﬁwmmr 1 cofactor binding

tespiratory chain complex IT b sccinate dehsadrogenase aci ivity
small molecule metabelic i BRI

Sl S 4 succinate dehsdrogenase acitivity
process respiratory chain complex {bscione

citrate metabolic process

tricarborylic acideyele

mitochondrial respiratory chain ubiquinone binding
oxidoreductase complex ] oxidoreduc tase acticity
irmer mitochondrial membrane

protein complex ] ion binding
mifochondrial ioner menbrane _:I small molecule binding

mitochondrial ervelope E heterocyelic compound binding

aerchic raspiration

carbomylic acid metabolic |
precess

mecinate matabolic pracess -

dicarboxylic acid metabolic
precess
zinwlz-organism eellular
process

0 2 4 B 8 0 2 4 6 8 E
) ) 0 2 4 6 8 1
-log (p-velue) -log (p-velue) -log (p-velue)

Figure 8. Gene Ontology classifications of proteins differentially expressed between normal rat kidney and treated with 200ppm GABA in
water. The differentially expressed proteins were grouped into three hierarchically structured GO terms; biological process, cellular component, and
molecular function.

— A" TS 7]F02 Gene ontology +A3 AA|stAct ©ERA G5 EA folHY|olAS 7]X
2 #A3%h A1t ontologys AI7HA] ZHE|e]l2 Ui, ZF FtE|ae]ofxe] A2 9Jef ot uh R
B 7ts 75730l =2 A Z(p valueZ7t Y2 &At2) ujdstict.
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t})-12 KEGG pathway
Table 6. Significantly enriched KEGG pathway of differentially expressed proteins

pathway ID Pathway name Gene symbol count Pvalue
20 Citrate cycle (TCA cycle) Acly Idh? Sdha.8dhb, Sdhc, Sdhd ] 2E-13
1100 Metabolic pathways Acly Dde.Idh2 Ndufa® Ndufabl, Sdha Sdhb,Sdhe, Sdhd. Tkt 10 2E-10
1200 Carbon metabolism Idh2,5dha, Sdhb, Sdhe Sdhd, Tkt ] 2E-10
180 Oxidative phosphorylation Ndufa® Ndufabl Sdha,5dhb, Sdhc 5dhd 6 3E09
5012 Parkinson = dizease Ndufa® Ndufabl 5dha 5dhb, Sdhc Sdhd ] 3E09
4932 Non-aleoholic fatty liver disease (WAFLD) Ndufa® Ndufabl 5dha,3dhb, Sdhc Sdhd ] 4E00
5010 Alzheimer & dizeasze Ndufa® Ndufabl, 3dha,3dhb, Sdhe, 5dhd 6 6.E09
5016 Huntington s disease Ndufa® Ndufabl,3dha,5dhb,Sdhc,Sdhd 6 ZED9
1120 Microbial metabolism in diverse environments  Acly,Idh2 Tkt 3 2ED03
1230 Biosvnthesis of ammo acids Idh2 Tkt 2 2E-02
— KEGG (Kyoto encyclopedia of genes and genomes) G|o|EJH|o] A0|A] Z} ¥l gpot A At &
10719] pathway 7} ZAAlo] E]9jon TOP 1 2= Citrate cycle(TCA cycle)o]t}t. B AprAwS £
ol s o, @ fojg #A 3 GABARF EPO=Z QlI5f citrate cycle©] up-regulation A|71th= Z-&09]
o|23100], o] A FWASH] s £71H Aol Wastct
t}H)-13 Citrate cycledt @&d=l Heat map
B
1.0 0.0 = 3.0
= &
] =
& u
Aco2
ldh2
MdhZ2
| dh3B
Sucla2
Pdhat
Mdh 1
ldh3a
— Microarray A4 ZAidE vI&rOC =2 citrate cycle I A¥E SHAE FH55to =7t dA

heatmapO 2 HASIRTH F&FH {HR: 598 Afol7t Y Eiﬁfiéﬂﬁiﬁ,wwl%iﬂfa
F7F 795t 571t o] tlolej2 Qlsl GABAZF 414} W citrate cycle regulationof 4
&S 0 A7 AAE AT

oX,
)
o]
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th-14 mTORCI1, p70S6k, 4EBP1 gene expression

. = - T
P o 114
B =100
20 4 1 s20

Mommnlizzd fold chamgs

mIORC) FHOSSE 4 EBF!

— TCA cycle activation®] $H=2 912 AZHA| FAIAY] TedS F4 2yt g I50A tixdy]
o wio] F7tste S QST

— Gene expression of mechanistic target of rapamycin complex 1(mTORCI1), Ribosomal protein
S6 kinase beta-1 (p70S6K), and Eukaryotic translation inhibition factor 4E-binding protein
(4EBP1). Data were normalized by using actin as a control. Results are expressed as mean SD

(n = 3). *P < 0.05, **P < 0.01, **x* P < 0.001, compared with control group.

th-15 Al &A1 W mitochondria ATP content & NADH dehydrogenase

a 180 b a2
180 '[ 0.z -[ S
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e &0 T Gxo NC @0 [alid G200

Figure 4. Effects of GABA on the content of ATP production and NADH dehydrogenase activity
from kidney mitochondria. (A) ATP quantification assay. (B) NADH dehydrogenase activity assay. *P
< (.05, **P < 0,01, compared with control group.
— A& RAIO|A mitochondrias F&3519 A W ATPE AZFsIt Citrate cycled] AFA Z A7}
2 4 Us ATP A 24 G50 #E seoEfoz Frtstinh
— Citrate cycleo] $7I5HA = NADHZ} A& WolA S7tsHA] =9, Ml W 444z ls at=dt
NADHE E3st7] $si NADH dehydrogenaseS ¥H|5H74] =}t Mitochondria F&=20|4 NADH
dehydrogenase /48 =75t 1, 1 Zut thxof H|s] GABA IFOA F7tekes 2& &Qlshy
o] 2DE spot identification Z1} & NADH dehydrogenase WHuiAlo] v|ZgAIR o2 I A Z7tst 7t
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th-16 2DE protein- STRING analysis

— s oA So] JeArgS FAsH Ay o] Tyt Ao FAo] AREE &2 Search Tool
for the Retrieval of Interacting Gene/Protein database version 10.50|0, BA|® AME9] LA zt
TRl o] Ao Add/d S UERdT
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Th e »
<O/
Ddc
@ i ﬂNdufabl
—f

Ndufa9

Figure 5. STRING analysis reveals protein interaction network. Effects of GABA on the content of ATP
production and NADH dehydrogenase activity from kidney mitochondria. Interactions of the identified
proteins were mapped by searching the STRING (Search Tool for the Retrieval of Interacting Gene/Protein)
database version 10.5 with a confidence cutoff of 0.15. In the resulting protein association network, proteins are
presented as nodes which are connected by lines whose thickness represents the confidence level.

t}H)-17 Primers
2 Aol AHEH primer o2 Hloleat 2ot
Additional file 1. Table S1. Primer sequences for PCR amplification

Gene symbol ~ Descnption Sense (3237 Antisense (3-37)
EFPO Ervthropoietin TACGTAGCCTCACTTCACTGCTT GCAGAAAGTAT CG TGTGAG TGT TIC
EFPOR Erythropoietin receptor AGGTGGACGTGTCAGCAGGC CGTACCTTIGTGGCGTATGCAG
PHD-2 prolyl hydroxylated-2 a CCATGGTCGCCTGTTACCC CGTACCTTGTGGCGTATGCAG
HIF-Ia Hypoxia inducible factor-1 a CACTGCACAGGCCACATTCAT AAGCAGGTCATAGGCGGTTTC
HIF-2a Hypoxia inducible factor-2 a GTCACCAGAACTTGTGC CAAAGATGCTGTT
mIORCI Wechanistic target of rapamvein complex 1 TTGAGGTTGC TATGACCAGAGAGAA TTGAGGTTGCTATGACCAGAGAGAA
p70SEK Ribosomal protein 86 kinase GGAGCC TGG GAG CCC TGATGTA GAAGCCCTCTTTGATGCTGTCC
4EBPI ijl”f‘;g‘;‘i;r‘:;l“ﬂaﬁ‘m initiation factor4E- 1600 CTACCAGCGATGAGCCT GTATCAACAGAGGCACAAGGAGGTAT
Actin Actin CTTTCTACAATGAGCTGCGTG TCATGAGGTAGTCTGTCAGG
N

th-18 GABAZH A S4o] olAl: o

ok

(serum creatinine value)
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Table. Effects of GABA on senum creatimine in rats

NC G30 G100 G200

Creatinine

; 048 + 006 049 + 0.07 049 + 0.06 0.49 £ 0035
(mgmL)

NC, negative control; G30, 30 ppm GABA: G100, 100 ppm GABA; G200; 200 ppm GAEA.

H-19 mRNA microarray ZAiS HIE O 2 3t major categorization, Erythrocyte M& S XA B2

a b .

e T
Erythrocyte differentiation B

59/génes 91 N

% of Total significant
R Inflammatory response(B.62 %) .

Immune espons

MNeurogenesis(s. 67 %)

Secretion(5.47 %)

DMA repair(3,55 %)

Cell proferation(7.12 %) ||

Angiogen

o .
Cell differentiation(5.63 %) Apoplotic process(B, ) Positive regulation of

7 erythrocyte differentiation
. i 17 genes

*  Pie chart representation of Gene ontology for genes differentially expressed in microarray analyses and
summarized according to major categories. A venn diagram displaying overlap of significant genes found in
the erythrocyte differentiation. (a) Gene expression in GABA-treated kidney tissue was compared to normal
tissue, and the criterion for differential expression was choosing the 2-fold change with ad adjusted P < 0.05
of the DEGs. Fifteen of major functional categories were obtained using GO annotation. (b) Diagram
representing the number of genes their expression differed from controls. Gene numbers were obtained by
GO annotation generated by 2-fold. P < 0.05 criterion.
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})-20 AlXF &A1 U HIF-1a, HIF-2a @Y8A ¥a] 9l relative intensity &%

HIF-1a HIF-2a
NC -
. NG *
[ —e]
250 4| G100 .
[ G200
T e
50um g 207
=
= "
£ N
G50 £ w0
il
i
100 4
50
50um
p
G 1 00 HIF-1a HIF-2a
50um
G200

50um

th-21 GABA AF ol st A2 d3+ U SAH

Additional file? Table 52 Effects on bodw weight, feed intake

and feed efficiencv of rat fed vanious GABA concentration for

3 weeks
Feed intake Weight gam o
(ghead) (g'head)
NC 3863352 112.6+£11.5 323002
G330 376.731.1 118.1+17.19 319002
G100 3786251 118531221 320001
G200 37835402 117 02603 321001

FCE., feed conversion ration; NC, negative control; G530, 30ppm in water, G100,
100ppm in water, G200; 200ppm in water
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Adg Aottt 2 A+ 3Rto] AA XIsiE AL, GABAS} 2hojilo] ZAgtE G7|Ef A28 AR&std
AEFAE gAY 2 A= 2AS OFAsELAL sFAT
W g= 2 Ay

LhH-1 1&}F (ofjg] A &)

(1) 7la

- GABA 4 gtojilo] ZAgtd G71ef oy Ze] AHF=2 Qs AF=o] AEFAMA tiA] o 25 &Rlsty]
At AHA. FAA7| = Q7MY Z A=Y Atmof] 7 FGofste], AEFALS AX|ot= A A=
I Al52 vlwot AL & ofge] A9 FAZ AjFsto] A W olet HHH FEI EASIYH S

(2) W9

- Ol &R} D&%

-3 AY 540 2E 3% W REORHE REUEE AEE

- AA Al7] A= 64L ., AE l = 3¢, 27%‘%

- 39 A7 - 2o 10€ A 252 = Atgo]] GABA-Fe &0 @ AH=9] o] SA|7HA] o

- AP ™R (B AR f:ﬂ%— ZAF 0)

AT (B8 FAF X, GABA-Fe 591)

5 u
- ¥ By B

: Fe, TIBC, UIBC, Ferritin

(3) o] D &7 dd 2%
(1) 6443 AR 2t
D =414 ofH| 2= 42 AN 25t
EES H 27 AL X(GABA-Fe)
HE (kg) = 287
64 17.9 17.8

- 1z} Agolog, AT & HEFAIS AMR|SHA| 941 GABA-Fer A7} Zolsx] gfe 122 oX
Moz A Azen, 2ater 3AF ddold ddde F7HE digelds.

Eh AANE dste 2R (Fste 4F) ol 2 4 flen, 9 oo stFo AXNE & 4 9
AZ. 6040l FAIS AL Aot 9 o o7t AWY] HEoll A= 6440l AAE st

- A9 2y diEeY AlE2 17.9 kg olglen], ddw2 17.8 kg ot A9 Al A o=
2 BEFAE oA Y= 5o avE UESlS.

- A2 w80 AR 4 ] "Wedll A9 SUs0 5787E0A AetE shM A AR o
FoF A=l JHIE mofstilS. g £7] Bdd9] Abeol tiade Hisl vt fle mshdey, &
FEiel REo] AS He A B Atkm ARdle 2 Aole /Tl & ARTo] Ago] ot tiEd 2
Atole majlon], njf FME HAF fiEgo] AHEd HI5H Sortttal shls.

(2) @ &4 23

- @AM WA A8 EHAEEAVIR FA5HA oD, Fe, TIBC, Ferriting #A4stith. 24 23
© ot mep ot
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HEZA ST A H(GABA-FE)
Fe (ug/dL) S HEd
3oy 63.7£25.7 83.0£11.2
279 147159 45+38.2
TIBC (ug/dL) = Held
393 373191.1 424+111
274 390£102 670£167
Ferritin (ng/mL) =+ Asa
3ole 0.72£0.1 0.77+0.08
27¢H 0.70£0.1 0.68£0.1

= A 2 39 olM = a0l 63.7 ug/dL, 2¥+to] 83.0 ug/dLez @35]2 tjE+o] ¢
IR Folgt Abol= @il SHAIRH 27d o= tiAETolA 147.0 ug/dL, Aol 45.0 ug/dLoll
o Zatof vls] AP ARo] oF 70% gagh R0l

oA transferrin 02 Hat ARH 4 Qe capacity, & F BY 7Hedolth. TIBC=
golg AN Folo] =P 4 9t M) ironFe olste] WIHOR transferring Atsto]
ZX35t=0|, o]+ transferrin©] most dynamic carriero]”] ©j=Zo|t}. Iron deficiency anemia®l 73-%,
serum Fes= Wi, transferrind} TIBC= =C}. o]= oA Q] gl ironol2t= o] &sh7| sh
transferring @o] AJAdst7] 2. o]et= B2 Anemia of chronic diseaseQl A&+ Fe2 Wi,
Transferrin?} TIBCE W&, o]8X= FUOA] transferrin Al ferriting © o] AA35t=g], o]= A
Ul gelolA A AFESHA] X5t s . ol A9 57HH hepcidin o= &7,

- TIBC (total iron binding capacity) 23} 3YHoA tixFo] 373 ug/dL, AF@Fo] 424 ug/dL
O Fogt Afol= @ilon, 7290l= HEwol 390 ug/dL, EHol 670ug/dLo= IA| S7tsHA
Ct.

- Ferriting iron-free apoferritin 1} Ao] ZAglst A A& ¢uioz fyE 7} v|Ao] AXAZ,

o %]

Y
Az, =43, =99 2A4F Sl 2AHN A= S01FT EAY. Ferritino] AW 2 A4
o

;

o MU

ot guglo] Aaste Aot ZYPONR ferritin] o §HA] P AR NF, 24Y A LA
ferritin o] §elel 7PUS, SHYEY, ALY, HIVE 23S oef /b Zd%, RoAct 2o Abtw

ALY 5 Hdsi
- Ferritin 2 393t 274% 2% 2 Aol= QU

-2 2 BE A
- oA D FAF (5YUE 57)
- e 1A AYY 9 o AN 19939 499F 08, AP 499808 WAES.

D S4 2& 25 19, 4928 AN 23t

HEZA HEFA X(EHT) HETA X(GABA-EPO)
AZ (ko) TE R R

199 6.03 5.56 543

499 = 148 125 148
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=2 a o =2 "1
Total Protein AST T.Cholesterol Fe
Group
{(g/dL) (Us/L) (mg/dL) (ug/dL)
= 5.23 £ 0.84 896.1 £+ 16.03 | 139.72 £ 13.5 | 196.0 + 64.5

HMEZ Y (2EJ) | 543 + 0.5 77.4 + 767 | 164.8 + 204 | 388 + 254
HHZ K (GABA-Fe)| 5.27 + 055 | 627 + 222 | 1631 + 212 | 1241 + 8.1

U ©tulslo]l wsts B7] 9ol total protein (F7% FHH)

3 o o
= LS (o] (o] = = a
URul, 22N So| P02 AU FH AT TS WS WA BAF. 2E LT
¥

I
>
)]
3

aspartate aminotransferease, OIATZH|OJE ot AEg4A) = TRAQ 717]
Alwolt, A= Yo EAlsts 8452 £2 N7t 2442 ¥e 4 o=
zVst 7re *“iﬂOﬂ/\i A e, e I V]E ©astE oAb SBAR AL AR OjAL

o
N |
) or
+
o =T
24y on X oax

U golgt zfol UehbA] %9LS. Az elo] A7t
BEAe UehtAl ergke.

- Feg &9 196.0 ug/dL SR 38.8 ug/dL, GABA-Fe #+2 124.1 ug/dLo|S. 1X}
4@ AN Fedl £x7b ChETT GABA-Fe & U] 2 zlolgout, 21k A@o|H L o]zt 2
A Zastae. 13 A8 AP 2790lglon], 24k A ABL 49%olak: folst ool Aol

Agas AU 220l SrtEe oz &g,

RBC HGB HCT RBC Indices
Group (x10® (@/dL) %) McV MCH MCHC
cells/pL) (i (rg) (g/dL)
=2 6.3 +046 | 131+ 0.37 | 41.1 + 0.91 | 655 + 3.34 | 209 + 0.80 | 31.9+ 0.72
-l_I?I_J'T-AI
E;,‘;f A 54+064 | 78+088 | 260+ 271 | 480 +3.29 | 145 + 1.27 | 30.2 + 1.43
a7h
EETFAX
+ + + + + +
(GABA-Fe) 50 + 046 | 101 +1.23 | 32.8 + 3.94 | 545 + 53.03 | 176 + 1.79 | 310 + 3.51
-2 73 A8 W CBCEA Zat Wido] 7 523 4419 RBC (H@+t) 2 HGB (hemoglobin) =
PeHEzoA 2% UB gste 418 UEHAAS. GABA-Fe 189 At tlagd ¥lag o
= 3% e gastdon, FgdaTl vsiE folshl FUtstele. 1A Adat 2xt Adel At ©
AR TEFAE & 2880 AV Feg AAAIRL 20l AR RBC, HGB £A17F £2 4 Wthe
A BoEt
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WBC Differential Counting (%)
NEU LYM MONO GEANULE BASO LUC
=+ ] 826247 | 336044 | 1402£209 0 1]
4188 7 AbX
ED**T?H} 0 772£241 | 404£034 | 188+2.34 0 0
HETMX N
(GABA-Fe) 0 D1+ 164 41033 (167 £ 1.33 0 0
- At= @ MFEES slide smear 7|¥HS &8s5to] WiE L differential countingS A A|5HS B2

g
Ay}t neutrophil (&%), ATt Basophil (5E7]4L),

LUC (large unstained cell)= ZAEEX] &QrC}.
I vl WAl TR GABA-Fe oA ohA

monocyte (CJAIL)oAE A3 & xlo]=
¥ttt Lymphocyte (FZ)9t granulocyte (1=
]—0]7]- olo%x]]_} JJHT‘] o]]_ﬂoﬂq_

EPO levels in pigs serum EPO levels in pigs serum

2 NC
144 @ Iron X L] 1.4 4 -
#® Iron X + ML-Fe

12 4 el
E 8 104 & g TEJ - | =
=iy g 1o
2 5§

08 E o8

[ ]
* a9
0.6 A [
e . 06 - -
O.. = _ 1
04 . -
OOOOOOOOQO@E}@@O 0000800, 0.4 - +
02 - ‘ : : : : : : : e
0 5 0 15 20 25 30 3 40 45 NC won X jon X+ ML-Fe
sample size
- Ap= @M Y erythropoietin (EPO) 4X]
- EPO™? (Wikipedia) : A&7 Aol Tojste ol 52202 N7 Ao Tojgict. EPO

=2+
oA A3 BAR cytokineo® Mol APAl] FEjz 240l EAACE HutEmolHoRE
1o

=0, A MM dRotdmel IholA ThEofRlt. Efote] Al7]E ot ThollA AJ/dol HA|RE, A
Ale] Al7lolls AN 22 Addt. 27PR oz EPOE thE AAl 71s= At Aldadl digh He
grgol Fast A2 oty A Qlon, HA9 o 2dEcy dHA Qo

QJl’d  EPO  (endogenous EPO)= AAl A2 PPl Tz AHEE 5+ %oy
erythropoiesis-stimulating agent (ESA)2 E2Ljo] TIEHAE EA0]7] % 3t}

EPO = M¥7 A4o] "aAQ s22olch ofzo] gokdl AETE AHT 4 gos, AUt Aas
Fo) gejeby, A EPOZ AJAL Rulstel AE7O AAE LelA itk EPOL Qo] B 9l
H@pol APAMR G Fol xS MmAdz e REsh] Uik €5, hepcidin®] 4% oA
AlA Fol29 F45 F7HIIH.
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3. A&

PgA A1

1. GABAQ] ¢tAA
- GRAS Notice for gamma aminobutyric acid, NO. 595.

Table IL.C.T GABA Stability Fallowing Sterage st Room Temperature [20°C) for 11, 17
and 18 Weeks

Lot Bwmber | Specilication (%] | Inbial5) | Alees sicewdat JC (8] | Diflesence (%)

GARA Content

T ] L AP0 11 wemhs) 18

[ LoA] S0 1 {al 17 wosky) Fi ]

(5] st BT 5 i 10 weales) [F]

oo

TR § 1% E0(ab {1 wewrka] (-4 ]

Lo = 16 1.5 fak 1T weakis] i

[ =4 1! 16 b 18 weenks) an

GABA = pamess-sminciutyrc acid

Bafk stabidy slodes also mdicati that the GABA 20 farmulation = stabile for up o 27 months
umder ambeent conditicas (Tabde 11LC-8) Based on his ihe shel.Be wos sal ot 2 years.

Eigurs 10C:) Buik Sty of GALR Posder (Lot No. 4H11) Urdar Heated Conditions  Figure IDC-2 - Stability of m §% GABA Sciotion Lot Ko 2H11) Under Hested Conditiens
Crwwr i Purind of 60 Mmutes for m Périod of 120 Minstes

e ekl

o —— s L ; oo e ¥ .
L . - i | m
L] . |
o | WoE = i» e
o lame! . i il
F T - 1T
8 . =
L] H n “ ] 8
Sateidoitsmie o % w W
it

- GABA AY A&7 2%
- Frontier in Pharmacology, 2015. November 10: 6:260

Study of GABA in healthy volunteers: Pharmacokinetics and pharmacodynamics.

CABA ing/ml) @ GABA (ng/ml) »

GABA (ngd'ml) 0

GABA (nghlml)

- -A; 39] ¥hEAA], B ©@] A3, C Placebo (£ GABA 2g tablet)
-GABA A+ AFA] oF bAIRE 89 FojiE|o] @55 dEo] orE.

fastng hmnch sugprpet Subject No
e 1
- 2
- 3
- 4
- 3
-~ 0
- 7
-3
- 10
= 11
- 12
& Repeated dose
[ =& Sogle dose
&y * Placebo
- =
---T - ! ,-! - =
]
01234 6 8 10 12 24
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U-4. Az 37 2&9)
1. GABA A4 &
7h Al AAeE] - ookt &

1) Al& 1.0g& A5t IOOm AeFZal A F0

2) sonicatin 30 min, 20°C

19 % mEoo] Wxol 8Astel AFE (814 - 3% D.W.)

45 um ZE 2 ofisto] Algd A

SAE 22 Yo Az

*R L2 | GABA (sigma - 3X} £&842 £4f)

=% 1, 3,5 7, 10 ug/mL (3R} D.W. §]A)
L) F=Alet
1) 10 ul A]l& + 50 ul borate buffer+ 640 ul 3X&F4 + 10 ul O-phthalaldegyde(opa)

solution

ru|ru

S S mess up (3 D.W.)

in

rJ:

=W
=

U1

H
2N

)
)
)
)
)

2) =35loie 1nJectlon
3) ***xOPA ¥F-5 & Injection ¥HE7HA]= 5% o|ujof] Zldg&]ojof eH(A7gh AlZto g Zl°f
xxborate buffer(0.4N in water, ph 10.2

o)

SIE ]

£l

1) HPLC 7]7] : waters

2) FLDetector : Emission 450nm, Excitation 340 nm (OPA)

3) Column : ZOBRAX Eclipe AAA (4.6 x 150 mm, 5um)

4) guj =7
Mobile Phase A : 40mM Sodium phosphate 0.1% phosphoric acid , pH 6.8
Mobile Phase B : 3XIDW / Acetonitrile / Methanol( 10 : 45 : 45 v/v%)

Time Flow Rate Mobile phase A Mobile phase B
0.0 1.5 90 10
1.90 1.5 90 10
18.10 1.5 43 57
18.60 1.5 20 80
22.30 1.5 20 80
23.20 1.5 90 10
26.00 1.5 90 10

4) Injection Volume : buL

5) Column Temperature : 40°C

6) Sample Temperature : 20°C

7) Running time : 30 min
* GABA (A2129)
** borate buffer (sigma 5061-3339)
*x*x*OPA Reagent (sigma 5061-3335)
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L-5. A& A7

HEZAH e M H7H
2 2Hltkg) E7H (ppm) A7} (2/kg)
GABA 10,000 50 0.50
SIE EE 12,000 100 1.20
7+H 25,000 piperine 700,000 0.5 0.35
==, 100 |=2=€H 2 7k2 |  600(/ton) 0.6
mL & 7+3 250 2.65
S0 (mL) | M43z =ZQEE  KE
50 Sl 1 70kg(23=7h 20kg (4F7H) a0
A A7 250 ER 238.9]

- duHo R AjsiAolN AFRAZIAY H7lHR S8 & Qb U 38 /ke olstol
- ¥ AL MBS b AL 2389/kg 02 ALREAL Y A HR7bsE 2
ot

52

U-6. GABAC] ALEU) g7

- Az U 7k GABAY @gA EIAEL Zuimel AIF &4 A ARHYAC B AFY AY 2
gewdd 674U7 B, 1Y 1A 02 MEAstel GABA @S HPLCE ol§dte] BAsteict.
w4 23} 53 pageo] el 9t GABAY| © Ang Fsteck. GABAL AUl Solzt

71 A YJRoME I ol e grEo] qlod, & AF W

N
GABA & We} AddoM = sdet 2

- QAo tigh GABAS] BANE-2 U] =57 BiEY QloH
Iz d =9 JAAY, wE 35, &5 Ut AA &
Bt dytslo=z 13] o]4F 700mge] GABAE AFsHZ o LEhdT
- 2 Ao Ao Foit GABAL 1 T Uon e Q9
AlZl= Zo] ot Atmof F7iste] A AdFH orA A}
717t = GABA:= AUjoA] EsiE]m2 olfoa] e Bx-g o ubAIziA] O
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1. 255 AlE AR

[ )

!@ NZZISEA

34025} AT Fos| 4T H3c2E 10a{RLHE, olHHIA WA 4018, 205X, 411 8)

RO EYS GRET. SEEM EWESHIE «Qgn  gEe SEA FITES
TE umws e BeisTe0  Hawsd e (ousoasres
L*‘Lii—l BT B4 (M) MI018-108508
EEED] BAL

= o (Folbeay =

iz | 2|8 - 633 FEa-l I 20184 Do 28

g%ug [ m?:\-.:m = T d 9w znlagr%h%
R

El
Mz c = o
e = & | M @57 WEE0W 26 DF 5065128 [EEE, sho|Au AU A0
EhdE  02-2r03-7397 Hop s g2-pe03-7398

&Y TWL-Fe
T | EARNEAE
Meds |8 : =
ME ZE gl UEE
EEE] [ | Fggo | mawyg ] ] T
S E(II8E 207 x| 10.52 | AEESEM s |
EEE w 14,58 AR B B ad il
| EREER | % 0.0s AREERAUE =
E s % | 3tz HEEFEURY —
_ =g % 15,65 MEEZEMEY | |
#&iCa) % 021 MBEEEA U |
#Hepk = 0% 0.03 Ademsgaue ||
2ol % 0.08 ___-‘.}EIE#-&IHH
|
I [ o —
= | I ' ]
-~ 1 IJ S
| li———
— | ————

AHBE N7 HSE ALRY O 2L20ls] BRI S SuEH B2 9 HHBA
MEE T g

B Cio|AlE g s AlE e
[ 82 [euze ]

e L

2Hn 2 Tmen [S4 T S00/F (AT R
MEEAD 84X A
TMBEAMS)| 4-18-1016(31-18-1016) al—=2 | &9
SIRIF/IE R | WO /o AR H 108 239 108 75
43X x| 7 [ A+ux | 2018.10.16
AEH ML-Fe | E=mux 2018.10.23
Eags YD BE SEE (GABA)
ot NEA B0 YRE 92 26, DE S06~5128(F &, 0 0l 0] AL A 5 3)
iz 02-2203-7397 IEEE 02-2203-7398
A HPLC Determination of GABA (Agilent)
[E=] DET] I FFHFE %) D ]
4 | ML-Fe | 1111 | 20Bl0a12 @wa |

®iol WEE 22 X7 MIFE AR0]| CfE A" BIH0[0], 0] AlH UFME 8 0|29
HEUHE FD W MP, 22 8 FE EHE 22 ARE 5 BlaUCh

2018. 10.23.

() Oj2j 4

T

I
AT o Aol
MILAE amnzsouncss&‘ AR
Mew Materials and Resources Development Research Center

MEA 27 B2 92 26 DE 506~5123 (2 &, 00| X | X| L 205
Tel: 02-2203-7387 Fax: 02-2203-7398
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2-2. AFNL 2AUE - A3t
1) Piperineof °Jgt Nz =74, Nz5A #

7}) 817

MN|Z+= Porcine Kidney?lt HIANZ2ZEH (2=l LLC-PK1 (ATCC), LLC-PK13 (ATCC),
LLC-PK15 (ATCC)S AFE5td Gamma-Amino Butyric Acid (GABA)2} Piperinegd =t-®HaZ
A2] Al, cell viability, cell proliferation & 2H°l.

L) At

— ABA+ 0.0lug/ml 28 4mg/mI7HA] X2]st § Nz =45 Zlstd=d, Alskel
dmg/mI7HA] &2] Al Nl& 5745 UEUA] 4gten, @3] cell growtho] $7Hs ¥¢.

—Piperine& 0.1uM YE 100uM 7tX] XAg] A] AlZ=AdS &olst Ayt 50uMoAHEE cell
death7} ¥dojyfor 200uMoAlE= 60%°0]At cell death?7}t ¥dojyt2. 728 & Piperine2
50uM ojyl2 dd-5 Zld¥sfof stk HHE|of A .(Figure.1)

100

LRk LLC-PK1

0

Cell wialzility (95

BLC-PK13 BLLCPK3

Cell wialzility2s)

BLLCPKTS

0
BLC-PK15
Wrooial 1 2 4 WTQ1 1 10 25 50 100200

GABA concentration{mg/mi) Piperine concentration(uM)

Figure 1. Cell viability of GABA and Pipeirne in Porcine kidney cell
lines. (LLC-PK1, LLC-PK13, LLC-PK15).

2) Porcine Kidney cell lineso|A] GABA®R} Piperine 7|5 &4 1.

7t) w7

GABA *]2] A] Erythropoietin(EPO) @} Erythropoietin-Receptor(EPOR)2] mRNA I THuiZA]
Levelo|A] ¥3}t RA},

L) Zat

—  GABAS HXA AMN=EZHo =%H(0/0.2/2/20/200/2000ug/ml)= A2t F 12hr
incubation % Erythropoietin(EPO)Q} Erythropoietin receptor(EPOR)2Q] %3 HWH3SH=
RT-PCRE 8015192 GABA =57} =7}sto] wal EPO9F EPOR ghalo] =7} st 1. o|a]st
AtAlo] mRNA leveIO] ofd Protein levelofAl = Z7}st=X] &9lst7] Q5] FACsES XIsist3d

o

a -

—LLC-PK1 cell line?} LLC-PK15 cell lined A= GABA %= depedentdt#] EPOQt EPOR
o gelo]l S7IsHAIRE LLC-PK13 cell lineo|A= EPO= 571 4ol AR EPORE 5710l
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Ho|X] ook (Figure.2)

A
a LLC-PK1
GABA  GABA GABA GABA  GABA
Control 0.2 2 20 200 2000 (ug/ml)
EPO

L e e e S— Sw—

POR e e e G @
GAPDH e o o o o— —

b LLC-PK13
GABA  GABA GABA  GABA BA
Control g2 2 20 200 2000 (ug/ml)
Epg T e — A A S
POR — — —— — —
GapDH [ ————
C LLC-PK15
GABA  GABA  GABA  GABA  GABA
Control 0.2 2 20 200 2000 (ug/ml)
EPO -
EFOR [

a LLC-PK1 b LLC-PK13

: — e
. i ey
0 PRI GABA Jug bl = e Geea 200 m

2 i ;m;;%'i;’% | = Px13.6A8A 20000 i

20

3 P13 GABA 2000ug_ml
=0 PKTGABA 200005 m 2

FITCH

C LLC-PK15
&
g
f = PR oo
Ih et
. \

=0 PKIS GABA g ml
1 PRIS GABA 20005 i
PRI G 200000

Figure 2. GABA upregulates Erythropoietin(EPO) and Erythropoietin
receptor(EPOR) in Porcine kidney cell lines. (LLC-PKI1,
LLC-PK13, LLC-PK15
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3) Porcine Kidney cell lineso|A] GABA®2} Piperine 7|5 &4 2.

71) i 7g
Piperine A|2] A|Erythropoietin(EP0)?} Erythropoietin-Receptor(EPOR)2] mRNA & THeH
A Levelo|A ®Hg} RAF

) 23

— Piperineg& ®jA] AMRZZFo] ==& (1/5/10/25/50uM)= A|2]gt § 12hr incubaion %
EPOQF EPORS] mRNA #dl W3S &9I6t9-3. EPO+ piperine 5/10/25uM A& 5%
dependentsP] Walo] Z71s1 ot AmEHS M S0uMolA s Wlo] UAstAS. olohs
k24 EPOR-E piperine =% dependentst# gr3io] =
St Porcine Kidney cell lineso|4<] EPO2t EPORQ] WdS F7HA7|+= 24 Y
2 (Figure.3)

off Piperine ®

oA

N

[e]]

o

8

=

S

hJ

<]

H-IIO O|-ﬂ'|

A

a LLC-PK1

WT Pip?rine Pip?jrine Pipf(;ine Pipze;ine Pip;;ine(UM}
EPOR y e — —
GAPDH - S s s e --
b LLC-PK13

WT Pipirine Pipesrine Pipfgine Pip;;ine Pipse';ine(UM)
EPO - —

EPOR "= e S S—— ——
GAPDH onms e - S s aaa

€ LLC-PK15
WT Pip?rine Pip:rine Pipréine Pip;;ine Pipsecrline(UM)
EPO —

GAPDH e oy e oo e oo

Figure 3. Piperine upregulates Erythropoietin and erythropoietin receptor
in Porcine kidney cell lines (LLC-PK1, LLC-PK13,
LLC-PK15).

4) Procine Kidney cell lineso|A] GABA®} piperine A|HA| gyt 2ol
71) Hi7g

_57_



GABA%} Piperine?] AlH R g2t o] st Erythropoietin(EPO)2}Erythropoietin
-Receptor(EPOR)Q] ¥tsl =71 BA,

GABAR} Piperineo] A|UA]E Zt=0tH & EAS ¢ W2 =:2 Xgstod= EPO} EPOR
dls 57 Al Ao7]o ©&a 22 AlYA] A2 Al

) At

— LLC-PK1 Cell lineoj GABA(O.Z/Z/ZOug/ml)Q} Piperine(1/5uM)& &A]of *]2]st
EPOQ} EPORQ] W& &H0ls5t¥-S. Piperine 50uMet GABA 0.2, 2, 20ug/ml SA] &A2|3t AR
ZofAl= plus effect7} SHQIE] 912‘34, Piperine 1uMi} GABA 20ug/mlS ZA]of] Xg]st A=
oA = Synergy effect7b &l .

TetA, =HA] Ab=oll GABALL Piperines oA A7IA|l2 AR&RIHHH ZHATE
A BHME VY & AS Aoz wHd. (Figure.d)

4n

a

oA

Aol 374

i)

LLC-PK1
WT GABA GABA GABA Piperine Piperine P1 P1 P1 P5 P35 P5
0.2 2 20 1 5 +G02 +G2 +G20 +G02 +G2 +G20
EPO — — — s e R S E—

EPOR e W e — ——
GAPDH ene s e=v ca- cor cas G5b cav Gor oas eae o= *Piperine-guM

B - LLC-PK1 | : LLC-PK15
EPOR i "[EPOR e

Figure 4. GABA and Piperine synergistically upregulate EPO and EPOR
in Porcine kidney cell lines.

5) GABAS] EPO, EPOR 2& 7|d a1} MAPK pathway®] T AJo]| tfjste] A

1)8173

HlZo] GABAS & 2|8t ¥ Proliferationd} ## 9]l MAPKE Western bloto 2 =Hol.

P38 inhibitor9l SB203580} JNK inhibitorQl SP6001252 A Az2] & GABAZS x2|st H
RT-PCR¥} FACs& EPOR w3 ®3}2 &l
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2) Axt

LLC-PK1 cell linex}t LLC-PK15 cell lineofA]= GABA 2]
JNK phosphorylation©] 7153 01} ERKO|A= w317}
EPO, EPOR ¥32 MAPK?Q] P381} JNK pathway@t Hut

MAPKe}o] #taide msbslA] sHolsls] 9]s] Inhibitor :
GABA ©=x{2] A] EPORQ] wddo] &7161% O P38 inhibitor SB203580x}t JNK inhibitor QI
SP6001252 MA|2|3t & GABAZ A|2]A] EPORS] wraio] Z716tx] iorS. mhebd GABAO| o)
§ EPOR 2@Wsl: MAPKO] P387} INK pathwayel @@elo] Qe 2e & 4 9lgle.
(Figure.b)

7t ool MAPK®] P38,
sl GABA =] &

uu
ofm

]

|1

0

A
LLC-PK1(GABA 2mg/ml) b LLC-PK15(GABA 2mg/ml)
0 15 30 60 (min) L i i i (min)
PP38 i e e — P38 | e —SE
P-INK [ s ’- P-JNK ' — —_—
PERK s - — — PERK (I -
Actin“' b ( i ”
LLC-PK13(GABA 2mg/ml)
0 15 30 60 (min)
B g LLC-PK1 b LLC-PK1
1 2 3 4 5 6 o ER ="
FPOR — - — = — | EEx
GAPDH " e e = = o= i S S AT I
*1:WT .
2 : GABA 0.1mg/ml
3:SB 203580 5uM °
4 : SB203580 5uM + GABA 0.1mg/ml
5:SP600125 5uM s
6: SP600125 5uM + GABA 0.1mg/ml

FITCH

Figure 5. EPOR upregulation by GABA is dependent on P38 and JNK
of MAPK.

6) HHRIA LA ZEAFEof o]
1) ®i73

SIA o= 241 Aol Micro array2 sl LLC-PK1 cell lineof “Control / GABA 20ug/ml

ol

= S AR A%5A Screening

_59_



/ Piperine 1uM/ GABA 20ug/ml+Piperine 1uM’S & 2]st H mRNAZE prepsto] sample2
ofz|st A9l

2) At
— GABA®} Piperine 7|53 #HE {JAAS Screening sH7| sl #AZYLE 7= &
ol (Figure.6)

macroven

Original Sample QC

General Information

(lrdcanmhcrl 1711 140QE-01 Mame of Customer | ol @ ol | Date of Order | 2017-11-14

Final OC Result of DNA sample(s) |

Arrival Date | Experiment Date Sample count Pass. I Fail | Hold |

A | A | WA | wes. | wwn. | s

Final QC Result of RNA sample{s) ]

Arrival Date I Experiment Date

2017-11-14 | 2017-11-14 |

7) HAIA A ZEAR O] Tolste {FAAL ASA Screening

7}) 87

g WAH gARME HFA 22 Screenings $9t Primers Aile=giat 2 IS
3l gxpelet

u) At

R0 2@Argo)] TAE genel primer JEo| tist FuAtgs Ao Qicty Bx f2yst
JEIY. Al 28-S Foll AR primerE PCR test Z18§%0] Q13 (Table.1)

8) Porcine Kidney cell lineso|A] GABA®Q} Piperine?] 7] &

>
re
u

7}) w7

- 2Ad = 93t ZAytZ2 Porcine Kidney cell lineso] GABA®} Piperine X 2]+ Erythropoientin (EPO)
9} Erythropoietin-Receptor (EPO-R) mRNA 23S Z7HA|7]0, o] 52 AJYA| &2 7HKits AS
sl ®3t, GABA x|2] A] EPOR uhalwisl 91olS MAPKS} #alo] 9ltf: S western?} FACsS
=ofo] sl 3t olojd, WaliEol= GABAS} Piperine 2] |3 EPOS} EPO-RO| wglwisls}
MAPKO]| oJsf] RAE=A= el

L) 4

- LLC-PK1& 2x106 cells2 DMEMof vjeFst Sof] XsHA] SB203580 50 uM & SP600125 10 pME
308 A &2l5tyL, oJo] GABA 0.1 mMe} Piperine 5 pM& 2447t A2]5t9-&. 0]& Westerng
10-20 pg9] proteing o] &slo] x84, RT-PCRS 9J5lo] RNAS TRIzolS o]&5lo] %% &, cDNAL
AccuPower RT/PCR PreMix (Bioneer)2 ©o]&35to] AAISH EPOQF EPO-RQ| €318 X ALSHZ| £l8] A&+
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st g2jue or2at Zth EPO sense, 5'-GTGCAAACTTTTCCGCAACT-3" and anti-sense, 5’
-TGTTGTGGGAGTCTCCATGA-3"; EPO-R sense, 5 -AGCTGTGGCTGTACCAAACTG A-3° 2|1
anti- sense; 5'-ACTTGTCCAGCACCAGGTAGGT-3"; Jgl3 GAPDH sense, 5'-
CACGACCATGGAGAAGGC-3" 12]1l anti-sense, 5-GAAGCAGGGATGATGTTC TGG-3'. EPO%}+
EPO-R9] ¥t5]-2 GAPDHO|| B8]} normalized E9-&.

oh) Aat
SB203580% p38 inhibitoro]n], SP600125% JNK inhibitor2 %2j& 9l&. RT-PCRO & EPO?} EPO-R
o] IdZ ZAPNE 2y, co-treatment®® Q= EPOSF EPO-ReQ] T35 7= p38et JNK MAPK &
dofl oJst Zo=z &RIEQlE. (Figure. 1)

Co-treatment’t of® Atgo =z Udoju=Al5 L7] {sll, AsHAlol 2Jsi p38, INK 2] ERKO| Ql4ts}
H3E westerng E5t0] RAF & O A2, MUE GABA =X 2|t X HX] 2, GABA + Piperine
o] AMe& &oll p38xat JNKC ?_‘4_ + U5 S7tEl1, ERKY QlAtel= 5716HA] 9482 o & UAYE.
Tt2tA] GABA + Piperineo] 9t ¥sl #3t= MAPK9] P38} JNK pathway@t Ak of

QIeke 7 HAE 4 9. (Figure 2)

LLCPKI1
- o+ o+ + : GABA (0.1 mM)
- + + + : Piperine (5 uM)
a = + - :SB203580 (50 pMD
= o - + : SPG00125 (10 uND
EPQ —5 e o —
EPOR —» — e —
GAPDH — e e -
-
|: hd O EPO
4.0 = . W EPO-R
=
-% 3.0
E:’ 20
R I_I_‘-
0.0 T T T
1 2 3 4

Figure 1. Effects of p38 and JNK MAPK inhibitors on EPO and EPO-R mRNA expression
induced by GABA plus piperine.
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LLCPK1: GABA + Piperine PK15: GABA + Piperme

0 15 30 60 /min) 0 15 30 60 /min)
P-P.‘s > | — .-.-—I p.p].S —-.I e — 1
P8+ [— | pis —» | — e | Figure 2. GABA
p-INK —» | . - — p-INK *[ - —:] plus piperine
INK -~ | e INK [ — | activates p38 or
P-ERK —» | I pERK — | i | JNK MAPK, but
ERK — | ] ERK —» | ] '

not ERK MAPK.

23, e Qe 2y . . o Do
23, ai Ll p-INK 33 : of Ll p-INK :
g’ - By ERK * 5 ; W pERK 2) Porcine
“‘j; HL m ::J; . - Macrophage
0 Il_l = m . g . - o mTiﬂT WS - i cell line% O]-g‘
1 2 3 i 1 2 i 4 st o

GABA+Piperine©. 2 2glo] &£7}5t EPOQ] 7|54d AL

71) v

- M3 ALz GABA + Piperineg *]2]3st kidney cell lineso|A] EPOQ] wgio] =7t $hS SHOISHY 2
o] Ao 7]52 A#st7] oA =iA1S] moA {2 macrophage cell lineo|A @574 ¥ TES
X QAxte] W@ wal 9 o] receptor protein ZAE.

L) 4

-LLCPK12 DMEMof 12 A]7F 8| & serum-free DMEMO =2 A3HsF & 5 pg/mlL GABAQF 5 uM
Piperine %]|8] & 24 =& 48 A|7F =9 vj¥E]o] conditioned mediumg& 34 . 3D4/31
macrophage cell lined| conditioned mediumg& 10% =2 50% Z3tEl viA|S &X2]st . IL-6, 11-10,
NF-xBO| &g RT-PCRE &QIg A8g ZefojiE2 ohgat 23!

Interleukin (IL)-10, forward 5'-CTCCAAGAGAGGGGTGTCTA-3’ <t reverse 5
-CACAGAGAGGCTCGGTAAAT-3";

IL-6, forward 5'-CTTGAGGATTTCCTGCAGTT-3" ¢} reverse 5'-AAGCCGTGTAGCCATTTTAC-3";
NF-kB, forward 5'-CCCACAGACGTTCATAGACA-3" ¢} reverse 5 -TGCTTCATTCCAGCATTAGA-3".
9r3]. 2. GAPDHY H|w5to] normalization®. Conditioned media®|A] macrophage®] IL-102} NF-xB
o] W38 ZXAsH= Zlo] EPO9l 7L skolsty| sto], 10% conditioned medium, recombinant
human EPO (rEPO) 0.5 ng/mL, 72]1 EPOE &3} A]7]+= EPO antibody (anti-EPO Ab) 1 ug/mL
= A A st%Z. RT-PCRE sdst YHoz 344,

o) 2}
L-62 @54, 1-102 FA5A AolE7loR & AeiA oS, 121 NF-BE @5 £38a §4
A2 & 4 A 9L, EPO7F A= conditioned media™ macrophage cell line® IL-102} NF-xB &F

S
= 3

A2 R A WAz ou IL-69] Heole JTd2 FA AUS. TEtA], conditioned medium U
EPO APo]E7IRIQ] 7|52 TABEE #4AAME WA 7HsAol e AE ¥ 4 AUS. (Figure
3A-C)

Conditioned mediumi}t OpRH7FA|2 rEPO A 2]= IL-1013} NF-xB9] ¥él-& Z7HX]7|H conditioned
medium A2} £& rEPO &2]o] 93t IL-101} NF-xBQ] w3& Z7}= anti-EPO Ab #2]2 Ax|E<S
a5 QS olof] v|§] IL-69] T2 ojmst AZjoNe JFS WA ¢S (Figure 3D). TaA],

=]

[e} s a
porcine macrophage cell lineofA] EPO= E&5A SXA Wl xAT JtsAo] Won, EPO #3&

or &2
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kidney celld] ] GABA Aa]o] ojsf XY & QIrki 253 271 AL,

A D431 L e
5 . O0%
24h 45h T, 1o
GABA-P(%): 0 10 50 0 10 50 s |®
- e e e wew +—[L-6 (318 bp) ;_'l~
_______ w— e IL-10 (305 bp) z
w— < NF-xB (392 bp) i
S == == =» w= e <+ GAPDH (324 bp) ~ N &
¥ ¥ &
1 2 3 4 5 6 N : -
& D SD431 cels

48h = (EPO(0Smgml)

10*s Condtoned medum
anti- EPOAbL (1 pg ml)

e NFB(392 bp)

— o IL.10 (305 bp)
e +— GAPDH (324 bp)

Fold mduction

——

— . +— (L6318 bp)
—

—

D

=
g==
AN EEE
TR

Figure 3. EPO-containing conditioned medium induction of cytokines and NF-xB expression.

9) Porcine Kkidney cell lined|A] GABA *{2]& QIst EPO ¥ XxZAo| Hojst= receptor
proteinof] tst XA}

7}) wi7g

- GABA receptor= F71A] £&5=2, GABAA?F GABABZF 2. GABAAYX bicuculline methiodide
(BMI) oF =9 A= QI3 7150l Ashid — AL, GABAB+
3-amino-propyl-diethoxymethyl-phosphinic acid (CGP-35348) <2Fzof X zjof o5 AdiE 4 A2
o] & 7}X] receptor &% =& x3to 2 EPO o} EPO-Ro| AL =X]E ZAsH

L) o

- LLCPK1 AMNZE GABA 20 pg/mL, 22]31 bicuculline methiodide (BMI, 12.5 pM) F=
3-amino-propyl-diethoxymethyl-phosphinic acid (CGP-35348, 25 pM)Z X|g]gh. 12-48 A|7F o]l=
EPOQ} EPO-RO| a3 RT-PCR¥} FACs AdES Foll RAME. FACsES $oto] 1x105 cells/wello]
six-well plateso] 2 ¥rEo=2 XS 5t¥YLS. Trypsing ©0]8&35t9 ANEZE E2]%, anti-pEPO-R
antibodies®} LLoA st A7t X2 & 2XI FA|S room temperaturedA] 308 *2] & NovoCyte
flow cytometer (ACEA Bioscience, San Diego, CA, USA)& o|&35to] &As5t9on ZF event2 9|5}
1x104 cellso] £71=.

o) 2}

- RT-PCRZ &Qlst An}, GABA & 2]2 QIst EPOQ} EPO-RQ] wd wal BMI A2]o] J3FS
CGP-35348 A2jof] oJsff F&a x| &2 7oz 2l=. (Figure 4A). £ FACsS Eo EPO-R ¢
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S ZARIE A1}, GABAO| °J5t EPO-RO| w3 &71L BMI A2j& Qlste] o4 A Zastos xAf
2l (Figure 4B). ©2tA], porcine cell line LLCPK10A] GABAO] 9]t EPO/EPO-R & xHL2 GABAA
= &3 22He Jloz FHALHAS.
A LLCPK] a B
s & F LLCPK]
R AP .
Ff » 4 5 ¥ 3
& & [oal ¥ ¢ i
EPD —» — -—
EPOR - ] - & {14 1 7% GABAIG) {10

40

GAVDH —» e o o = - -

. —idis, DM & 44
[ ErO !
.H'”F =14 o I
o o e i R ks i vt | LA Y ¥ ¥ ¥ Y
a' nd et 1w? p H A = B
i T\J 1\} 1‘. 1\J ‘lul'l of \\" & .}\' g \'\.
1 l -l FITCH \

Figure 4. GABAA receptor antagonist BMI, but not GABAB receptor antagonist CGP-35348,
reduced EPO and EPO-R expression.

10) Porcine cell line LLCPK19]A- 2] GABAQ} Piperine 7|5 @& 7|A AL

7}) v
- Porcine kidney cell 1'1ne0ﬂ/\1 GABA®} Piperine *|2]= EPOS} EPO-RO] ¥dg& xASHH, o] 52
AYR] aabrt 9le-g =H0lst9l-8. GABACQ} Piperine #|2jo] 95 2AEE GRARESS BAsty & 7]

e d+tshr] Hsi 2rtRles Mlcroarray analysis2 AA] &t9L.

) uhy
-LLCPK1 cellsE GABA 20 pg/mlL &&/% = Piperine 5 pME 24A]7F A2] &, RNAES TRIZOLZ F
% 3F 1~5 pg RNA2 Agilent’s Quick Amp labeling kit2 ©0]83tce] cRNAE A& 3+ o] & 1.65 g2
Porcine Gene expression Microarray (G2519F)o] hybridization . Quality check % filtering&
FlagS o] 83lo] AA]5t¥ o0 probe signal intensityo]] log (base 2)2 #|5t99S. Normalization&
Quantile normalization© 2 AA|gF. = 43,603 probes %0 22,1637§2] probes’t ZF AHZofjA] &30
eolelon, o] & FA12] F+HTh 3158719] probes®] Wddo] wHstd Zloz =HQld. Heatmap AJANZ
3158 probesg ClustVisg ©0]&35to] NIPAL PCAS X835t AR Gene ontology analysis2 3158
719] probes %o control(FA2]+)t normalization & HER1H2] probe intensityZb 2.084> (fold
change, f.c)o]AQl probe2 AH3s}o Gene Ontology Constortium® Enrichment analysis2 AIA]5}
o Ry,

oh) At

GABA, Piperine =& co-treatments & 7320] ds HetE s|EmOo 2 A2 st (Figure 5)
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Figure 5. Hierarchiral Clustering Analysis of LLCPK1 cells treated with GABA, Piperine or both.

Gene Ontology AnalysisS AlA|sto] ZF A2] o] wel GABA WEA2|2 welo] Z71ste SAARIS9]
o 71AS ZARIRTH 1 A3k, GABA ©EA2 R 7Y @o] oiX]= 7]5 %ol metabolic process,
response to stimulus £0] 900 defense?t immune response I3 SAATZ 107 oAt mgt=
Aoz zAbE. (Figure 6) o &, 7Mg =2 ¥y ®gE HQ 53 7I9 /AR & 2y o]4fo]
metabolic processof] ToqstH, o] & Wilms tumor 1 (WT1)= EPO LS Z7IA|7|= AAIQIALZR O]
0] $e{4l vf Q1. (Table 1.) o]2]o] Immune processe} #gio] Q= Aoz A% FHA:= 5 147
2 30lL]9le. (Table 2)
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cellular process {GO:0009987

regulation of biological process (G0:0056788
metabolic process {GC:0008152

primary metabolic process {GC:0044238

cellufar metabolic process {GC-0044237

reguiation of metabolic process {60:0024222
macromolecule metabolic process (GC:0043170
regulation of cellular metabolic process {GCH0031323
celfular response 1o stimulus {60:0051716

negative regulation of biological process {G0:0048519
{

{

{

{

{

{

{

}

)

}

}

}

}

)

}

}

}

anatomical structure develogment {G0:0048856}
reguiation of gene expression {G0:0010468}

ceflular aromatic compound metabolic process {GO.0006725)
heterocycle metabolic process {G0:0046483}

cellufar response to chemical stimulus {GO:0070887;
tissue development (GC:0009838)

reproductive process {G0:0022414}

defense response {G0:0006952}

irsmune response {GC:0006855}

reproductive system development [G0:0062458}

germ cell devalopment (GC:0007281)

carhoxylic acid biosynthetic process (G0:0046394)
tefense response o Gram-positive hacterium {GO:0050830}
spermatid nucleus differentiation {GC:0067288}

DNA topological change {GO:0006265)

nyrimidine nucleobase catabolic process {G0:0006208)

G i) 40 60 50 106 120 140
Figure 6. Gene Ontology Analysis of genes upregulated by GABA treatment in LLCPK1 cell.
] Primary metabolic
ACSL4 | Metabolic Process #N/A #N/A #N/A
process
ACTC1 #N/A #N/A #N/A #N/A Gene expression
~ . Primary metabolic | Nitrogen metabolic Macromolecule
ADAMI15 | Metabolic Process . #N/A
process process metabolic pathway
. Primary metabolic | Nitrogen metabolic
AGK Metabolic Process #N/A #N/A
process process
ALG11 | Metabolic Process #N/A #N/A #N/A #N/A
. Primary metabolic | Nitrogen metabolic| Macromolecule
ASTE1 | Metabolic Process . #N/A
process process metabolic pathway
. Primary metabolic | Nitrogen metabolic| Macromolecule .
ASXL2 | Metabolic Process K Gene expression
process process metabolic pathway
. Primary metabolic | Nitrogen metabolic| Macromolecule .
CCNK Metabolic Process . Gene expression
process process metabolic pathway
~ ] Primary metabolic | Nitrogen metabolic Macromolecule
CDC45 | Metabolic Process . #N/A
process process metabolic pathway
. Primary metabolic | Nitrogen metabolic Macromolecule
CDK10 | Metabolic Process . #N/A
process process metabolic pathway
CYP2C33 | Metabolic Process #N/A #N/A #N/A #N/A
CYP2C49 | Metabolic Process #N/A #N/A #N/A #N/A
. Primary metabolic | Nitrogen metabolic| Macromolecule
DLGAPS5 | Metabolic Process . #N/A
process process metabolic pathway
. Primary metabolic | Nitrogen metabolic| Macromolecule .
EDC3 Metabolic Process . Gene expression
process process metabolic pathway
. Primary metabolic | Nitrogen metabolic| Macromolecule .
FOXH1 | Metabolic Process . Gene expression
process process metabolic_pathway
FOX04 | Metabolic Process | Primary metabolic | Nitrogen metabolic Macromolecule Gene expression
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process process metabolic pathway
. Primary metabolic | Nitrogen metabolic| Macromolecule
G2E3 Metabolic Process . #N/A
process process metabolic pathway
. Primary metabolic | Nitrogen metabolic Macromolecule ]
HMGB2 | Metabolic Process . Gene expression
process process metabolic pathway
. Primary metabolic | Nitrogen metabolic Macromolecule
NMT1 | Metabolic Process . #N/A
process process metabolic pathway
. Primary metabolic | Nitrogen metabolic
PANK1 | Metabolic Process #N/A #N/A
process process
. Primary metabolic | Nitrogen metabolic| Macromolecule
PAPLN | Metabolic Process . #N/A
process process metabolic _pathway
. Primary metabolic | Nitrogen metabolic| Macromolecule .
PCK1 Metabolic Process . Gene expression
process process metabolic pathway
. Primary metabolic | Nitrogen metabolic Macromolecule
PDK4 Metabolic Process . #N/A
process process metabolic pathway
PFN1 #N/A #N/A #N/A #N/A Gene expression
. Primary metabolic | Nitrogen metabolic Macromolecule .
PLAG1 | Metabolic Process . Gene expression
process process metabolic pathway
. Primary metabolic | Nitrogen metabolic| Macromolecule .
PPP1CA | Metabolic Process . Gene expression
process process metabolic pathway
PRNP #N/A #N/A #N/A #N/A Gene expression
. Primary metabolic | Nitrogen metabolic Macromolecule
PRSS35 | Metabolic Process . #N/A
process process metabolic pathway
. Primary metabolic | Nitrogen metabolic| Macromolecule .
SART3 | Metabolic Process . Gene expression
process process metabolic pathway
SERPING1 #N/A #N/A #N/A #N/A Gene expression
. Primary metabolic | Nitrogen metabolic| Macromolecule
TGM1 | Metabolic Process . #N/A
process process metabolic pathway
TMEM173 #N/A #N/A #N/A #N/A Gene expression
. Primary metabolic | Nitrogen metabolic| Macromolecule .
WT1 Metabolic Process . Gene expression
process process metabolic pathway

Table 1. Gene list and related process of the most up-regulated genes by GABA treatment in
LLCPK1.

. complement

Uncharacterized COMPLEMENT C4—A-RELATED .
C4A ) component(PC00078);cytokine(PC00083);

protein;C4A;ortholog (PTHR11412:SF86) . o
serine protease inhibitor(PC00204)
DISINTEGRIN AND
Uncharacterized METALLOPROTEINASE
IADAM15) metalloprotease(PC00153)

protein; ADAM15;0rtholog DOMAIN—CONTAINING PROTEIN 15
(PTHR11905:SF130)

HMG box transcription
HIGH MOBILITY GROUP PROTEIN B2|factor(PC00024);chromatin/chromatin—bi
(PTHR13711:SF181) nding protein(PC00077);signaling

molecule(PC00207)
defense/immunity

Uncharacterized 2'—=5'-=OLIGOADENYLATE SYNTHASE 2 protein(PC00090);nucleic acid

High mobility group
HMGB2 protein
B2;HMGBZ2;ortholog

0AS2
protein;OAS2;ortholog (PTHR11258:SF3) binding(PC00171 );nucleotidyltransferase
(PC00174)
Interleukin—1 INTERLEUKIN—1
IRAK1 freceptor—associated kinase)l RECEPTOR—ASSOCIATED KINASE 1
1, tvl;IRAK1;ortholog (PTHR24419:SF1)
Stimulator of interferon
TMEM17| STIMULATOR OF INTERFERON GENES
enes
3 -8 PROTEIN (PTHR34339:SF1)
protein; TMEM173;ortholog
Phosphoinositide guanyl—nucleotide exchange
i INACTIVE PHOSPHOLIPASE C—-LIKE . .
PLCL2 phospholipase factor(PC00113);signaling
PROTEIN 2 (PTHR10336:SF84)
C;PLCL2;0rtholog molecule(PC00207)
Beta—defensin
DEFB1 BETA—-DEFENSIN 1 (PTHR21388:SF9)

1;DEFB1;ortholog
Serum amyloid

APCS |P—component;APCS;ortholo
g

SERUM AMYLOID P—COMPONENT
(PTHR45869:SF3)

_67_



BPI fold—containing family
BPI FOLD—CONTAINING FAMILY A
BPIFA1 A member

MEMBER 1 (PTHR47015:SF1)
1;BPIFA1;ortholog

Gelsolin non—motor actin binding
GSN GELSOLIN (PTHR11977:SF29) .
(Fragment);GSN;ortholog protein(PC00165)

HMG box transcription
HIGH MOBILITY GROUP PROTEIN B2 (factor(PC00024);chromatin/chromatin—bi

High mobility group
HMGB2 protein

(PTHR13711:SF181) nding protein(PC00077);signaling
B2;HMGBZ2;ortholog
molecule(PC00207)
_ [Interleukin—15;1L.15;0rtholo
IL15
g
Stimulator of interferon
TMEM17, STIMULATOR OF INTERFERON GENES
nes
3 aenes PROTEIN (PTHR34339:SF1)

rotein; TMEM173;ortholog

Table 2. Gene list of genes up-regulated by GABA related to immune response.

LLCPK1 cello] Piperine ©&X2]2 wW¥3alo] ZJtst= SAA= AA 667 For, F==2 cellular
process, metabolic process, immune system process?t & o] 91918 (Figure 7) o] & 71A =2
e "skeZ Bl 19709 {AAF Fof 7717F immune system process@t #§io] %S, (Table 3)

cellular process (GO:0008987}

regufation of celluler process (G0:0050794}

celiular metabolic process (G0:0044237

positive reguiation of hicfogical process (G0:0048518}

regulation of macromoleculs metabolic process (G0:0060255}
regulation of primary metabolic process (60:0080090}

tocalization (G0:0051179}

regulation of macromalecule biosynthetic process (60:0010556}
regulation of maleculer function (G0:0065009}

regufation of gene expression (G0:0010468}

positive regulation of celiular metabolic process (G0:0031325}
positive regufation of macromolecule metabolic process (GO:0010504}
positive regulation of nitrogen compound metabolic process (G0:0051173}
immune system process (G0:0002376}
}

}

}

}

}

)

}

}

}

}

}

}

nositive reguiation of cellular biosynthetic process (G0:0031328
positive regufation of multicellular crganismal process {G0:0051240
regulation of immune system process (GC:0002682
phosphorylation (GO:001631D

response to oxygen-containing compound (GO:2901700

response to external biotic stimulus (80:0043207
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Figure 7. Gene Ontology Analysis of genes up-regulated by Piperine treatment in LLCPK1 cell.
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Uncharacterized

ZINC FINGER MIZ DOMAIN—-CONTAINING

ZMIZ1 protein;ZMIZ1;ortholog PROTEIN 1 (PTHR10782:SEF7) ligase(PCO0142)
Natural resistance—associated NATURAL RESISTANCE—ASSOCIATED
SLCI11A1 macrophage protein MACROPHAGE PROTEIN 1 cation transporter(PC00068)
1;SLC11A1;0rtholog (PTHR11706:SF52)
NFKBIA NF—kappa—B inhibitor NF-KAPPA—-B INHIBITOR ALPHA
alpha;NFKBIA;ortholog (PTHR46680:SF1)
. DNA —binding protein inhibitor | DNA—BINDING PROTEIN INHIBITOR -
D2 ID—2:1D2;0rtholog ID-2-RELATED (PTHR11723:SF5) |ranscription factor(PC00218)
CD46 Membrane cofactor SUBFAMILY NOT NAMED
protein;CD46;o0rtholog (PTHR19325:SF485)
e C—C motif C—C MOTIF CHEMOKINE 5 .
CCL5 chemokine;CCL5;ortholog (PTHR12015:SF82) chemokine(PC00074)
) complement component
C3 Complement C3;C3;ortholog |COMPLEMENT C3 (PTHR11412:SF81)| :cytokine;serine protease

inhibitor

Table 3. Gene list and related process of the most up-regulated genes by Piperine treatment

in LLCPKI.

LLCPK1

=2 18719

regulation of primary metabolic process (GO:0080090)
regulation of macromolecule metabolic process (G0:0060255)

{

regulfation of cellular biasynthetic process (G0;0031326)
{
{

regulation of programmed cell death (G0:0043067}
RNA biosynthetic process (G0:0032774)
franscrigtion, DNA-templated (G0O:0006351)
negative regulation of programmed cefl death (GO:0043069)
response to external biotic stimubus (G0:0043207)

positive reguiation of apoptotic procass (G0:0043085)

defense response ta other arganism (GO:0098542)

positive reguiation of interieukin-a production {GO:0032755)

cellgfA] co-treatment2 AJYA|
process, response to stress 5 CHet 7|40 #ojste oz 2. (Figure 8.). o] & Zddo] 7Hg
AR O ®of J2JE. (Table 4)

regilation of molecular function (G0:0065009)
respanse to strass (GO:0006950)
Untlassified [UNCLASSIFIED)

response to biotic stimulus (GO:0009607)

positive regulation of celt death (G0:0010942)

ceflular response to lipid (G0:0071396)
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Figure 8. Gene Ontology Analysis of genes up-regulated by GABA and Piperine co-treatment

in LLCPK1 cell.

ACTA1 actin, alpha 1, skeletal muscle [Source:NCBI gene;Acc:100154254]
ASS1 argininosuccinate synthase 1 [Source:NCBI gene;Acc:414411]
CHEK2 checkpoint kinase 2 [Source:NCBI gene;Acc:100192447]
CYP2C49 cytochrome P450 2C49 [Source:NCBI gene;Acc:403215]
ENPP2 ectonucleotide pyrophosphatase/phosphodiesterase 2 [Source:NCBI gene;Acc:503658]
HEY1 hes related family bHLH transcription factor with YRPW motif 1 [Source:NCBI
gene;Acc:100157952]
IGF2 Insulin growth factor II
ITM2A integral membrane protein 2A [Source:NCBI gene;Acc:595131]
KLC4 kinesin light chain 4 [Source:NCBI gene;Acc:100157157]
KLF13 Kruppel like factor 13 [Source:NCBI gene;Acc:494563]
MUS81 MUSS81 structure—specific endonuclease subunit [Source:NCBI gene;Acc:100511000]
NPEPL1 aminopeptidase like 1 [Source:NCBI gene;Acc:100144530]
PAQRS8 progestin and adipoQ receptor family member 8 [Source:NCBI gene;Acc:396559]
PPP1R3C protein phosphatase 1 regulatory subunit 3C [Source:NCBI gene;Acc:641349]
SLC38A3 solute carrier family 38 member 3 [Source:NCBI gene;Acc:100156039]
STRIP2 striatin interacting protein 2 [Source:NCBI gene;Acc:100517565]
UTP11L Small Subunit Processome Component
ZNF527 zinc finger protein 527 [Source:NCBI gene;Acc:102165184]

Table 4. Gene list and related process of the most up-regulated genes by GABA and Piperine

co-treatment in LLCPK1 cell.
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Gene Primer sequence (5’ —>3' ) Amplicon length
Forward : GAGCCAATCTCTATTGAGGAGG
IL-3 240bp
Reward : CAATTCAACAGACTCCACAGG
Forward : GTGGATGCCATCAAAGAAGC
CSF1 210bp
Reward : GCTCATAGTGCTTGGCCAAC
Sep Forward : TCCTCTCGTCAGAACTCAAGG {4
Reward : ACTGACAGTTGTTCCACCATT b
Forward : GTGCAAACTTTTCCGCAACT
EPO 324bp
Reward : TGTTGTGGGAGTCTCCATGA
Forward : AGCTGTGGCTGTACCAAACTGA
EPOR 207bp
Reward : ACTTGTCCAGCACCAGGTAGGT
Forward : AGCCAGCATTAAGTCTGAGAA
IL10 394bp
Reward : CCTCTCTTGGAGCTTGCTAA
Forward : TCTTGTGTTGCATTGCACTAA
-2 280bp
Reward | TCAGAGTTTTTGCTTTGACCTAA
Forward : GGACACAAGTGCGACATCA
IL-4 186bp
Reward : GCACGTGTGGTGTCTGTA
Forward : CTCTCCGAAACAATGAGTTATAC
IFN—-r Al 203bp
Reward : GCTCTCTGGCCTTGGAA
Forward : TCAAACCAGAAAACGGAAGC
GATA L 146bp
Reward : GCATCTCTTCACTGCTGCTG
Forward : CAACACAGTCCCCGTTCTTT
GABA 2 122hp
Reward ! TGGTACAGGCGTCAAGAGTG
Forward : GAGACCTTCAACACGCCG
A —Actin 685bp
Reward : GAAGCAGGGATGATGTTCTGG

Table 1. Construction of porcine hematopoietic gene primer

11) =52l == 7
| EETES C-06-01
« A | wey ST «
No = r=X|Y 3 | =% (SCI/Hl| ARY | s5¥H=
A = s
Induction of functional
erythropoietin and erythropoietin
receptor gene Y M ELSEVI 0024-320
. oon- -
- H
1 expression by gamma Lee 215 |v]=r ER SCI 2018.11.12 5
aminobutyric acid and piperine in
kidney epithelial
cells (Life Sciences)
Gamma - aminobutyric acid
increases erythropoietin by o .
2 overexpression of hypoxia - Keun~ta v]= [Nature |SCI j} A
e Park 3
inducible factors in rats (Scientific
reports)
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