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Abstract This study was conducted to evaluate the anti-adipogenic effects of
Maclura tricuspidate twig extract (MTE) in 3T3-L1 pre-adipocytes. 3T3-L1
pre-adipocytes were differentiated with adipogenic regents (dexamethsone,
3-isobutyl-methylxanthine, insulin) by incubation for 8 days in the absence or
presence of MTE. The accumulation of lipid droplets and triglycerides in cells was
dose-dependently suppressed by MTE. MTE caused an increase in the release of
adiponectin and inhibited the release of leptin. Consistent with these results, MTE
attenuated the protein expression of peroxisome proliferator-activated receptor
gamma (PPARy), CCATT/enhancer binding protein alpha (C/EBPe), fatty acid
synthase (FAS) and adipocyte Protein 2 (aP2), all of which are associated with
adipogenesis in cells. Treatment with MTE also dose-dependently increased the
release of free glycerol. Additionally, MTE increased the protein expression of
hormone-sensitive lipase (HSL) and adipose triglyceride lipase (ATGL), which are
associated with lipolysis. These results showed that MTE inhibits adipogenesis by
regulating the expression of proteins involved in adipogenesis. Therefore, the
results suggest that MTE has the potential to be used as a functional ingredient
in the food industry to prevent obesity.
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1. M2
HTRe AMPALE S0k 27]9) ST SOz Qs) ARl vAAH o Skl Z4g
S ofusie, ol ofulx] A% £vl0) 7Y, $HH 29, 45W, £F B Sow
=

oI5 WA Hth(Spiegelmandt Flier, 1996). H|9R A& A3 F7F A&HQA @A
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Anti-adipogenic effects of M. tricuspidata twig

ALY B triglyceride?] TE3E &2Zof 93
FEE, AFAR 59 F7Hs ATATARZTE AGAE
2 Bo}of| o) fHHtHPark 5, 2013). AGHTAZ7}
AN 2 BolE= 31 (adipogenesis)S AARQIASE
qt ofy gt MjatofA B == ofeFst adipokines©] 93l
ojFox= Alow A Stk AFAIE EolHy
peroxisome proliferator-activated receptor y(PPAR
7), CCATT/enhancer binding protein(C/EBPa) 53} Z
2 AARRIAL| oJ8f 2 AHHGregoire 5, 1998; Ntambi
¢} Kim, 2000; Rosen¥ MacDougald, 2006). °|Zst
HAARIAES  fatty acid synthase(FAS), adipocyte
protein 2(aP2), hormone-sensitive lipase(HSL), adipose
triglyceride lipase(ATGL)¥49F ofg} adipokine?! leptin,
adiponectin® ¥d 2EE 5S4 S YA L =
A, A4 AR}, F A SOl Tofste Al ARrEA 3
oA 583 ATE sh= ACE A UtHChawla
S, 1994; Lakota &, 2012; Lowe &, 2011; Rosen}
MacDougald, 2006). WakA AHAEZ B3} Hofsi=
AARIZLY W 28e ol AMFAIZ £315 Aok A
2 vt S Y3t FQ93 7jHAeR AKX Qtk
(Wang¥} Hai, 2015).

TABG(Maclura tricuspidata)= BUEato] 43}
= HYLEOE, 3=, &, S, HAoF TF A9 5ol

ZF2 B3X3517 QtkLee, 2006). A2HE URY, 7] 9
B &2 f24d, v 55, B, 3EY, g 7

A4,

& A, s56A, 7 E AFES 52 A ARE A
(Choi &, 2013; Heo, 1999). #A89] 8 7|54 B&
o= prenylated xanthones, hydroxybenzyl flavonoid
glycosides, prenylated isoflavonoids, kaempferol,
kaempferol 7-0-8-D-glucopyranoside 51 22, &
iz A% e, S, EYHES SYIA
=, Behri Fel3A0lE, BE So] UrkAn 5, 2006:

4, % B, AFRS, T, FFF SOl tigt dF
ZA3}7} HaEe] )ltiAn 5, 2006; Kim 5, 2008; Lee
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5, 2009; Lee 5, 2012). 7|&9 A+ AHoA= A&
U] Ropd oofet YA 2 71548 AR 4 5
gt At Aipso] Halxo] glon, F21E drf 9 9o
A AL £33} A Bto] iofA= B YA FA] %
7HA o i3t A= R 1E 87} ItkDo 5 2011; Kim,
2018; Park, 2018; Park &, 2021). mtebA] 2 Ao A
£ AEES ol &d &3 FAE /A F&E0] 3T3-L1
AATA| . mEo] 7o} 3 ASAof nX= 9IS T
Zotieh. & AAE v R HAE THA Y A US4 9
A BIE gRlskar T 7154 AR AR 78S

AR Bk

2. Mz % diH

21 F=F8 HZ

AetE AANA A A7 FLAFUE 7H] 100 g
o 70% gt 300 mLE 7hstal A=oA 15:97 JA
FZ5t9tt. 9A(Advantec, Tokyo, Japan)E ©|-&3s}
of FENE o3t & FAAXGL FAAXSI I
28 AE9 252 -20C0 Edsty Ao AR
o, FAFURE 712 FE2EL 4.75 g2 2o] 9 4.75%2
&2 YEHRTh

22 ME HF Y 2sf P&

3T3-L1 A2+ American Type Culture Collection
(Manassas, VA, USA)IA EFol ARgstlct. 10%
Bovine serum, 100 unit/mL penicillin, 100 gg/mL
streptomycing X351 = Dulbecco’s modified
Fagle’s medium(DMEM)(Invitrogen, Waltham, MA,
USA) HiX]E AREdH 5% CO,, 37C HiFZ]IONA AIZE
HiFstoict. A2 235 F=57] Hsf seeding?t F,
confluento] E=g3std B3 §% QAXDMI, 2 mM
dexamethsone, 0.5 mM 3-isobutyl- methylxanthine,
1 pg/mlL insulin), 10% fetal bovine serum(FBS)°] &
g=]o] Qli= DMEM HiAZ wAste] vieFstgiet. 2% 3
1 pg/mL insulin® 10% FBS7} E£&¥ DMEM HiA| =2
Asto] wiFstATt. Eoh= 424A o 10% FBS7F 23
DMEM HiAZ wA|sto] AHAZE 8Y 5 £3AIHTH
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2.3. MTT assay

3T3-L1 AIZE 96 well plate?] Z wello] £33 &
FE=2 APst 48A1%F HigstAH. BY & HAE
A ASIL 5 mg/mL 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide(MTT) &S wjX|& 3]
A5ko] 100 pL(FZE 5% 0.5 pg/mL)A Z wellvtct A
2lokal 4A17F Bt Hidstsitt. 4% formazane] A|A
A A MTT &82 LA3] AATT o= 2 welloll 100
¢L dimethyl sulfoxide® H7Fotal A4 10&7t &t
SAA H2 formazang Y5 &ofstqtt. &
formazane microplate reader(Molecular Devices,
San Jose, CA, USA)E ©]-&st] 540 nmolA SFEE
S, Al AEE2 27y B FFEHE T
sto] A= A9 Bt FFEgol g HEEE Y
Wit

24. Oil red O g4

3T3-L1 MZEE 24-well plated] E5F3lo] B3 =7}
2% T AZE PBSZE 23] AlFstal, 3% formaldehyde
|HOoZ NEE 204 30& &% 5. /7S
2 1" AZE 33| AlFskal 60% isopropyl alcohol
< 581 Ay & &Hs] A5 0.5% oil red O &
A AeFo 2 A2oA 3087 AMstATh AA AlekS A
At & SFFE 33 AFHSIH. SRS Ed¢] dx
Al

ok
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o
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520 nmOA microplate reader(Molecular Devices)

g olgdto] BREE ol

2.5. Tryglyceride 2'sf =&

3 27t B9 F ARE Igeote] YAEE(12,000
rpm, 5 min, 4C)ot A5HS AASHAH. Triglyceride
B4 triglyceride quantification assay kit(Abcam,
Cambridge, UK)E AH&-sto], ARAA Al5ot 2AR
Ho @&t microplate reader(Molecular Devices)Z &
BEE Aot A AU

https://www.ekosfop.or.kr

2.6. Free glycerol ggf =&

23 7t Ed & AR uigdS It T free
glycerol reagent(Sigma Aldrich, St. Louis, MO, USA)
9} BRSA1A 2514 0.8 mL free glycerol reagent©]|
353t v 10 pLE g0l 37CollA] 158%F incubation
A7l 3, microplate reader(Molecular Devices, San
Jose, CA, USAYE ©]85t% 540 nmolA FBEE 573
Sttt

27 ELISA 24
23 gmol 228 A7t BY F WK A4E

leptin }\g AgFo

adiponectin % 3=  enzyme-linked
assay kits(Enzo Life Sciences,
Farmingdale, NY, USA)E ©|-&5}of, AXAof|A Al-53gt
EA9k o] w2t microplate reader(Molecular Devices)

2 EYTE Z4stel A0S AUt

immunosorbent

2.8, Western blot assay

MEE 3]45to] PBSE A& & RIPA buffer(50 mM
Tris-HCI, pH 8.0, 150 mM NaCl, 1% NP-40, 0.5%
nadeoxycholate, 0.1% SDS)E A&stal 2087t 4TI
A &3JAIATE 12,000 rpm, 4TOIA 2087 YA1E5}
of A5dE ot
(Thermofisher, Waltham, MA, USA)Z o]-83d}o] th
Ag Aoty 9 @HEAS 10% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis(SDS-PAGE)
ol H71FE sttt A71%5 F DS polyvinylidene
fluoride membrane(Roche Diagnostics GmbH, Mannheim,
Germany)©l Z©oJA]7|1, everyblot blocking buffer
(Bio-Rad, Hercules, CA, USA)E o|&3to] 4204 10
£ &< blockingAlAt. 1& antibody® 1:1,00022
g|Aste] 4TColA SR &t WREAIZ S TBST®
membrane< 33] A& & 22 antibodyE 1:1,000-
1:2,5002.& 3}4sto] 204 2A17F ¥EGA|Z . W3]
ZY% membraneg TBSTZ 33] A& & enhanced
chemiluminescent substrate(Thermofisher, Waltham,
MA, USA) H¥M3-A#H membrane®] AAE protein
bandE image reader(Microchemi 4.2, DNR, Neve

BCA protein assay kit
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Yamin, 192 %9 & 9@ 5 B9l

2.9. &2
BE AYL 33 o4 wHEste] UAslgon], ARA
L EEUAR Yot B4 BAL Qe
1=}

45193, Dunnett's multiple range testE AAIoH]
p<0.05 A FAGS HSIIAH.

3. 2 3 uH

3.1. ME YZES0 0/l J&F

3T3-L1 AEE o]&sto] FAE 7HA] F&&9] FHlqt
B AHETIO] oA, 2559 A E 25| 9
S MTT assays °©]85t] 3T3-L1 AlZo] thFst =9
FEEZ AT T AZ BE2ES SHot] Axs4E 3
7FlAer. 2252 0, 100, 200, 300, 500, 700, 1,000 4
g/mLY FEE 48417t B9t At A3t Ax 2L
101, 102, 103, 100, 101, 100%= El=AcHFig. 1).
Al BELo] FFE HAA g 1,000 pg/mL o5t
SLoA AAISEIT

3.2, X872 2 triglyceride &0 O/il= Z5t
Phospholipid monolayer2 E8&Q1 S4AWoz2 L
AE A AAIRY] 23 3 Foll e, 34

n 100 200 300 500 700

1000 (Mg/mL)
Fig. 1. Effects of Maclura tricuspidata twig extract on cell
viability of 3T3-L1 cells. The cell viability was determined by
MTT assay. The value was calculated as a percentage of cell
viability of the non-treated cells. Values are expressed as the
meanzSD of at least three independent experiments.
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& A= lipoprotein lipase©] &It triglyceride 32
adipose triglyceride lipase & hormone sensitive lipase
of 9J3t triglyceride &0l 9d @K Manickam &,
2010). Oil red O $4A%3} cholesteroldte £0]3
o= FASHIL 11 Qof QAAAE, 77 A4 5 FAEZ|
%7] wizoll, AgA|2e] E3t F=E gelsty] gt W
o2 AREEHMcNeeldt Mersmann, 2003). A& 7}
Al F5E0] 3T3-L1 AlZ7} AgA| 2= E3toh= 1o
A Az W A B rAE Y= ForEr] bl
200, 300, 400 pg/mL HE& 23} §& 7|7t B9t A2
5132, oil red O M o]-&sto] A BA s &l
SHAT. HAE 7] $28-S 200, 300, 400 pg/ml &5
T2 Bl Bt AEet & gIgh A, £3F FEIA
T 29 controltell HIs| A AJ/do] oF 10, 26,
38% HAstAtHFig. 2(4)). A Htriglyceride)y =
TG 3 UA YR AMREH, oJAHOE AMEE
I F2 %2 chylomicron ¥ very low density
lipoprotein Sl 9o AA| ol A= AHA 29
HE fdste] BTk YRlo] Atk(Yano &, 1997). @
ghA] B AoflA= 3T3-L1 AlZo] FAE 7HA] 252
Agsto] AA| L 2o} 3 B9t FAAE = triglyceride
o] A4 AA| RIS SIStk 11 Ad £33 f QAR
A controlzte] Hls FAE 7H] 552 200, 300,
400 pg/mL =& AT oA triglyceride 4/30]
% 10, 17, 28% 4stcHFig. 2(B)).

2 435 3l FAE 7HA FE80] 3T3-L1 A7t A
45 daAd & USS AT & AJH. Park &
(20212 FAE F9d o 553 3T3-L1 AlzEo] A
sto] A A triglyceride 54 A a5 4% 2
I & EH o R YA B35 AAAA A A
o] AT Hilsto], 2 A Aol FARE AFE
B

3.3. Free glycerol 44&0) O/xl= 3

Triglyceride®] Edfl= HSL, ATGLT} &2 Z|=-E3]o]
Ofsff i7h=™, AAE f AFS sk F8% 9
E oAA L Utk AHMAE f SAE Aol A5t

https://doi.org/10.11002/kjfp.2022.29.5.825
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Fig. 2. Effects of Maclura tricuspidata twig extract on intracellular lipid accumulation in 3T3-L1 cells. The lipid accumulation was
measured by (A) oil red O staining and (B) triglyceride assay. Values are expressed as the meanSD of at least three independent
experiments. p<0.05 vs. DMI (2 mM dexamethsone, 0.5 mM 3-isobutyl-methylxanthine, 1 ug/mL insulin)-treated control.

triglyceride’s E3|59 glycerol# AFALOZ 1}5017]
o AL YollA f218 glycerold TR AW W
triglyceride® #3] A=E 7HdF o2 YEllE= Az
JAA T YtHlee 5, 2014). TAE 7}1] 2=&E-E 200,
300, 400 pg/mL E== &3t 27 B A F A
W2 2H|H free glycerol®] & &It A3}, control
2ol B3] Br&H free glycerol©] 30, 60, 104% Z7Fst
AUrhFig. 3). GF AFolM= A= A ) free
glycerol g0 ZAst= Aoz H1E Ht 9l oKYoult
Jun, 2012), & AFofA= FAE 7] FE55 A2

.Jllll

400 (pg/mL)

- -
© n -3
=3 =3 =3

Free glycerol release (%)

'
=)

Fig. 3. Effects of Maclura tricuspidata twig extract on glycerol
release in 3T3-L1 cells. Glycerol release was analyzed by
glycerol assay kit. Values are expressed as the meanSD of at
least three independent experiments. 'p¢0.05 vs. DMI (2 mM
dexamethsone, 0.5 mM 3-isobutyl-methylxanthine, 1 ug/mL
insulin)-treated control.
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3 free glycerol ¥&Fe] F71E Z0& Uyt o=
A& 7HA] 280 o &3t 1Y F AAEE Hiofl A4
9 triglyceride”} glycerol} R840 2 BT 0] free
glycerol S717F Uehd A0 = Ho|w, o|z|3t A%E &
S AGAIE f SEATY Tl Fad o= AlrH
th. Cha 5(2010)2 FAln 0] HEE F&=0] o)
25 glycerol % 54 23, B3t X3t controld
H] =2 e UEith e Barsilon, o] AUA o
At W SA4A Eofol ofsf wigdor fEEH=
glycerol &2 F7to o3t Ao02 HIstct

3.4. Adjponectin 2! leptin 4&0) O0/x/=
A A = Alo]E7O] ARTIQl, T28 A} A9}
22 TRt SR ol 27R1S EH[ot A&, T TjA,
g 5= = §_‘:]'(Wozn1ak , 2009). Adiponectin®}
leptine H[9ty} #HE EZQ] ojfjE7Rlog 1%
adiponectin HlE’T"J 73% ARl H]s Aol 2o
o AW WA 431 vHE BAE Uedle 2=
01'31791 AtHArita 5, 1999). @3 adiponectin HE7}
BF AN S7F IAE, 1EY 59 AgHEt ofy

EP 97555 @ 429 Tt F2 ARSI ot
ole} W= ojt| ZYY w7t o0 IAEF 4
10:2} 2 A% WAE A= AoE IHA
(Pyrzak &, 2010). THA & AoM= 3T3-L1 AlEE

gz
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APAER E3HA7 = 2 et FAE 7] &5 A
2o o]t v W adiponectin 434 WIS 2RIk
o} 1 23y B3 8EIRE o= ATt controltollAl
= adiponectin®] 31 ng/mL& YEH o A 7}
F&E5 200, 300, 400 pg/ml HE2 AT LoA=
49, 67, 81 ng/mLZ adiponectin A4l°] S7}5l90H
27} 63, 73, 83%2 S7He= UEHItHFig. 4(A)).
Az 2 oA EHE AFsHEo] 2-g-5to]
A 8-S AAstaL oA P 9 Gt 5= 2 EstH
HTRE 2F3HCaro &, 1996). AHAIE W A|Ho] &
4= leptm L7t 7kl Ao 2 4 A Ut v
w19 A leptin =7F AR S| B2 FELE
YEUEE | leptin AAWFS Uetd= AEET of
2t et s Hrlelr] fRt ARE AREEI Qlt
(Yang 5, 2004). otetA 2 A4o)A = 3T3-L1 AIZE
APAZR H3HA7|= 2 et FAE 71 2= A
gof oJgt wjFH Y leptin A WIS SQISIATE 1
A7, B3} 92902 = A3 controlitol A& leptin
°] 160 pg/mL& YEtfon, A& 712 252 200,
300, 400 pg/mlL FEZ Aet FollA+= 138, 117, 75
pg/mLZ leptin A4J0] 7‘5\_’3]-533\0@ ZYz}y 14, 27, 53%
9] Z2eS YehllthFig. 4(B). o= A& 7HA F2&
o] ¥3} 34 &9t adiponectin® "@/‘é Z7} 9 leptin A3
d &l 9sf A FFE UH AR AR

Leptin<

154 2o

80

60
40

.jllll

Adiponectin (ng/mL)

20

S, BlgRgt ohje SRR oY A A4S A
o2 7l9gth. Kim 520140 oJ5tel ¥% 2 3522

5} 3 B2t A3t 3T3-L1 AZofA] leptin 34 A
4 adiponectin A4 7 &35 YEYoH, olE E5|
A A ELE FOH o R AAAFIo] Halko] 2 A+t
o FARE 235 YEh it

3.5, Lipolysis #21 EHMYE ES0f O/i/= 5t

ARPAIZ W AHES H% L, ATGLY} 22 AH=sia
40f ofsf /gAYl 7 X]H“}ﬂ} SYUAER 7HrEs]
EH o]FojZAtHDucharme 5, 2008; Gaidhu %, 2010).
HSLZ A|2 djo] EA5h= ”Z] F& wofisto] A|HbAbat
FEAES Aot BA8E SPAES Alx dle g |
HHZechner &, 2005). ATGLZ F/dAWof| Eo|&0o
2 ZE5h= adolH AHEs] A 9AQ diglycerided]
o] Hofot= AoE I#A SItHBamba®} Rader,
2007). A% 7HA] FE20] APrAte] Holst= AHHE

SlE4Ql HSL, ATGL Hddl JF& vXEeA] FRIsH]
S8, AL £BHE Kok T FEES A

western blot& ©]-83Fo] HSL, ATGLY] ¥ ¥H3lE 549]
SI9thFig. 5). I A3, AATA L] ¥ls] 3} GEQ
A} = ZTo] 5 APAEE E5E FE3 controld
o HSL, ATGL ¥do] dAsHA 74AS stolsty
o} AE 2282 200, 300, 400 pg/mlS 23t B4

B)

Leptin (pg/mL)

400 (pg/mL)

160 |
120 | *
80 | *

40 |
*

AN |

NC

Con 200 300 400 (pg/mL)

DMI

Fig. 4. Effects of Maclura tricuspidata twig extract on adiponectin and leptin production in 3T3-L1 cells. (A) Adipgnectin and (B)
leptin were analyzed by ELISA. Values are expressed as the meantSD of at least three independent experiments. p¢0.05 vs. DMI
(2 mM dexamethsone, 0.5 mM 3-isobutyl-methylxanthine, 1 ug/mL insulin)-treated control.
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DMI
NC Con 200 300

HSL (i 0 e s W il

™ ™

P O Sy Sy oy

8.00

400 (ng/mL)

ATGL
-

Fad
o
1=

Relative protein expression level
»
(=3
o

NC Con 200 300
DMI

400 (pg/mL)

Fig. 5. Effect of Maclura tricuspidata twig extract on the
expression of HSL and ATGL in 3T3-L1 cells. The protein
expression levels PPARy and C/EBPa were determined by
western blot assay. Values are expressed as the meantSD of
at least. 'p¢0.05 vs. DMI (2 mM dexamethsone, 0.5 mM
3-isobutyl-methylxanthine, 1 ug/mL insulin)-treated control.

B¢ Ast & &It A3}, controlwtol HIs| HSL=
167, 215, 245%, ATGL 688, 679, 797% Z&o] 37}
5F9ich. o]=st 733’—153 free glycerol A4 S7Fet L%
slgjon TAH sz 2EZEOS xR a4l HSLT
ATGLY] ¥AE foto] APESf o Hojste A= T
GEh Park 5(2019)2 7H4, &= F&54=0] HSL,
ATGLY] s FEsto] S4AYY 7l 2483t
O =2H free glycerol® S S7HA]7]2L A4t
RIS YERiH Y Husiglon, & Ao fARE At
£ gl 5 ATk

2] o]

3.6. AdipogenesisS} ZHETE EHYE BtEiof O/x/= F&F
APAFLA LA A APA2E Eolstes PN A
20| ot A A ST S|, AAIRE E3ket
5 transcription factorg2 W&y} adipokines2] A3
;] W5}l Yebdth PPARy 9t C/EBPes AAIES] &
3} P 2dste HEAQA FARIAR LA Sl o]

.

o

https://www.ekosfop.or.kr

23t AARIAEE S4AH @“34 A 7ol #oish= FAS,
=12 ol= aP2 qu. 71-_9_
L AGAE Z3tof| oishe, A
W2} triglyceride®] A4 9 X8 ofuet A HiANE
FXo 2N APAZS] vt F S ZtHHwang
5, 1997; Lakota &, 2012; Park 5, 2021; Rosen &
2009; Tang¥ Lane 2012). ©]2J8t adipogenesis®} &
= transcription factorg9] & 2E-2 FH|TH A+
A 83 ARE AL Sl
TR 7HA] FEE0] AWEZ o] #ofsks= transcription
factor Tl Y= vIX|=A Est7| Lo AFAIZRE
HIlE Q5= Zot 2552 A5}, western blot2
o]-g3}to] PPARy, C/EBPe, aP2, FASY] ¥ W3S &
ISt THFig. 6). 1L A}, AAFA o] Hlsf 23} F&
AR} T Ao sf| APAEE ESHE K= control
oA PPARy, C/EBPe, aP2, LPL W&ol @XaHA &
7REE gRlsiltt. FAE 252 200, 300, 400 pg/mL
£ 238 g 5 At = SRt A3, control] H]
3 PPARy+= 3.0, 29.9, 70.3%, C/EBPa+ 15, 59, 81%,
FASE 25, 49, 67%, aP2= 26, 52, 63% &alo] 7hAste
t}. o]yt ZH}EL lipid dropletd} AR =2 JA]
Zatet YA i}, webs FAE 7] 552 3T3-11
A LA| LA adipogenic transcription factor®
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Fig. 6. Effect of Maclura tricuspidata twig extract on the
expression of PPARy, C/EBPa, FAS and aP2 in 3T3-L1 cells.
The protein expression levels PPARy, C/EBPa, FAS, aP2 were
determined by western blot assay. Values are expressed as the
meantSD of at least. p(0.05 vs. DMI (2 mM dexamethsone,
0.5 mM 3-isobutyl-methylxanthine, 1 ug/mL insulin)-treated
control.
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