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Improvement of blood glucose control in type 2 diabetic db/db mice
using Platycodon grandiflorum seed extract

Tae Yeong Kim', Seok Joong Kim’ and Jee-Young Imm"*

'Department of Foods and Nutrition, Kookmin University
“Department of Food and Nutrition, Dongduk Women's University

Abstract The biological activities of Platycodon grandiflorum (PG) root extracts have been studied intensively, whereas
there are limited number of studies on PG seed extract (PGSE). PGSE was prepared by ethanol extraction, and its
antidiabetic effect was evaluated in mice with type 2 diabetes (C57BLKS/J-db/db). Results indicated that the administration
of high-dose PGSE (600 mg/kg, wb) significantly stabilized the blood glucose levels, as evidenced by the results of the
oral glucose tolerance test. Mice treated with high-dose PGSE exhibited significantly lower serum hemoglobin Alc,
insulin, and leptin levels after eight weeks of feeding trial (p<0.05). High-dose PGSE administration significantly improved
glucose uptake in the femoral muscle of db/db mice by activating both IRS-1/PI3K/AKT/AS160 and AMPK
phosphorylation pathways. GLUT4 translocation from the cytosol to the plasma membrane increased 1.7-fold in the PGSE
high-dose group. These results suggest that PGSE has potential for development as an antidiabetic agent.
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A7delet st 71AAY, M2 T s57] AE| R ARE-
3 gom mepA] Hele] £9 7% AES titerpenoid AREHS

platycodin D2 B AchPark 5, 2007; Nyakudya 5, 2014).
QuHos B9 FAE WA BLW PuE nE 9

g A=A E TR Jem o] of e Ax, AR 2 =
< = 5-744 2 9 7 24 dF =2 AFES 9%

polyphenol 52 E}%k S5kl ATH(Tsao, 2010). TAF FE2&E 5
7Vd A7 Bel J9E e 2 T4 —?%%i ogst &
9 H7pt Ha=EAeH, o] F Sivaprakasapillai 5(2009) <
Ab FFS ADL AT 404 o ARl 27H S tideR g A
Tl =X T2 FEES sl 150mg ol AF Al

S FoFoE FAANZITE RIS TS WA (Mangifera
indica L) T4 FEEL T3t rAEdd tigt da84S 2
sta Jokal HarE vl JTHEL-Gied T, 2012).

AA7A] mgf A E2r FE2ES] 7154 ool U A=
S Aol FUT %% ZA0R A3 mEpx FAie}
24 ”“FM ek —"E— 7R3 G gk AePA At
29 F2} 3250 “FA FEE vwste] AlEde] ke
AFstSAA 5 °4 o2 22 F ds ¥ FohEkolE TS

2 X EHE

A2 AeS HA3IHTH(Yoon 5, 2018). Hg, palmitic acidES

gt ded APYS F=g C2C12 A2 BHoX FAb
FEE2 YHFEE B 22 X9 I 2 23E YE
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g FAFEES] Tt FEEDNA FUsA UEREA o
5 AFs] fste A% B SERI dbdh vH-AE
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3842 Eaof] A8 Hemoglobin Al, ELISA kit= Bio-
vision (Mountain view, CA, USA) A|#FE AF-3I2 ™, insulin
9 leptin ELISA kit= Crystal Chem. Inc. (Downers Grove, IL,
USA) AES ARE-3SIITE Plasma membrane protein extraction kit
£ Abcam (Cambridge, MA, USA) A1ES T93te] A3t
Western blotol] A}-8-%¥  Chemiuminescene detection kit$} horse
radish peroxidase (HRP)-conjugated anti-rabbit IgG secondary
antibody= Bio-Rad (Hercules, CA, USA) A& A1&3F3A
Phospho-IRS-1  (Tyr*™®), IRS-1, phospho-PI3K (Tyr'”), PI3K,
Phospho-AKT (Thr'®), AKT, phospho-AS160 (Thr*?), ASI160,
phospho-AMPK o (Thr'?), AMPK o, GLUT4, B-actin &3]+
Cell signaling Technology (Danvers, MA, USA)°lA )&% o,
Na'/K'-ATPase= Santa Cruz Biotechnology (Dallas, TX, USA)°l
A FAEATE 8 EX7F AFEHA &2 AoF 2 gvle=
Sigma Aldrich (St. Louis, MO, USA) A &g AF&-3lTh

EE2X| X FE2(PGSE)R| M=

B Ao N8R AN Tk EA= o}#=H (Seoul, Korea)
oA FASAT AlE 1009 1 LY olehES 713t & Soxhlet
FEARE o83ty M7 BT SuFES AAEeH 3
SHEZ7](EYELA N-1000, Sunil Eyela, Seongnam, Korea)S ©]
L3t gulE AAS T FZ2ES FHAAZR(FDSSI2, lishin Bio-
Branch, Seoul, Korea)slo] &% A5 A|ZsITh FHE A&
= AR A7MA —40°cell B

ABSES AMF

AP FEL 55789 FA C57BLKS/J-db/db mouse (Central
Lab. Animal Inc, Seoul, Korea)s T3l dFU7F -5AI &
% YL =E 2 (control), &% *]|E(PGSE-L, 300 mg/kg,
wb), 5% A #Z(PGSE-H, 600 mgkg, wb; n=8)0.% ujx| 3}
877 TEARY AES A FEAEAY AR 2
T 2241°C, FE 50+10%% FAIsIR e, War1eh 45718 12
AN7F Ao s 2HEH. A1EE PBS bufferd] &3] ¥
24 104 FAE Aol zondeZ o]-&3te] ATFE o,
e A %o PBS buffers Folaiaith A&7 B¢t
2]o)(QWrALE, Teklad 2018S, Envigo, UK)%t &S A3k glo] A
FzleE stglom AT AEAHTS wF A A7k 7]
313k SEAPS ARt SEAEE US| (KMU-2018-
Dol e g} Bw gFdx| A wet YTk

ol &7| AFH H SHUSE K|

AR71ZE] FE AR, AFEES 6AZF AT isoflurane
(Hana Pharm, 5 mg/kg, wb)O.Z vl gt & QhopA|d S F3) ©¥
= AFHFAT. ADE 3027 d2ol BAF -, 2,000xgo4 10
7 dalEEst] RS EeEleien 4 A7 -80°Cel
BASAT. 9, SAAE, high-density lipoprotein cholesterol
(HDL-C)3} low-density lipoprotein cholesterol (LDL-C), aspartate
transaminase (AST), alanine aminotransferase (ALT), blood urea
nitrogen (BUN), creatinine®] F=5 AHHEA7|E o]&sle] =74
stk A T A FEY Zhliver), FLFA W (epididymal fat

EH

pad), W= (femoral muscle), 217 (kidney)S NH3IHeH, 7+
Ao FAE 33k, SA AADLE FAAI F -70°Ce]

nBssTh

EhSlaM A =X

HoE gyomiy g9 FFo F93% ulo|ewHel I3}
YA Ax[hemoglobin  Al. (HbA1)]9] X+ Hemoglobin Al
(HbA1.) ELISA Kit (BioVision)g ©|-&3}o] #|ZARS] A|A]| W

of wet FAskiet.

3 insulin ¥ leptin &4

3 ol insulind} leptin®] %=+ ultra sensitive mouse insu-
lin ELISA kit (Crystal Chem. Inc.)®} mouse leptin ELISA kit
(Crystal Chem. Inc)Z o] &3l AZAV} Algsl wiyeg =4
319

X!

T =gk 82351 HAKOral Glucose Tolerance Test, OGTT)
TEAY 87 v 2ol FE 6AIZF FoF AAAZ F 2
g9 glucoseS ZATFF}AL 0, 15, 30, 60, 120, 18022 H3F
< st AT 229 H3) AAME JYsidh AEe e
Jul o 2 BE] Fg=47](GlucoDr. Plus, AGM-3000, Allmedicus,
Anyang, Korea)E ©|-8-ste] At Wgs At w& &
g WkS- W (AUC; area under the curve)S Pruessner 5(2003)
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7+ zA2] AFAL Park 5(2019)¢] WRHoE FEs 7 %
2 100mgell 5% NP-402 200puL 3 7F3ke] bullet blender
(BBY24M, NEXT ADVANCE, Troy, NY, USA)Z &Eajsla
rotatorS ©] &t 50 <t 4°ColA FAEFATE o] 5 4°ColA
1587 A4 (28,500xg)std THA] 137F 4|8k 95°CollA] 5
7 Bole AYS 23] WHESIGITH thA] Aol W7 F 24
oA 1087 AAEF(14,200xg)3te] A5AE EFsnen
triglyceride %27 kit (Wako Chemicals, Osaka, Japan)S ©]-8-3}<]
FRAA s sk

w2 ok
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Zt =% 2|3 =
7F 229 28|37 Hasside} Abraham(1957)2] "Ho=Z
A3tk 7 23 Smgell 1 mLe] 30% potassium hydroxideS
1BF & gefzodA 100°CE 3087 7M. Waskid.
o] 125mLe] 95% ole&-S Hrbstal 714, Wz, daldel &
< 53t pellets 3|53k 10mLe] 0.2% anthrone (Sigma
Aldrich) A9k 373 95% sulfuric acid (Daejung Chemicals &
Metals)S F718le] 100°ColA 1027 7138l 719 ¥ 48
o] WzRAZl & FA] 680 nmolX FEEE SHsAeH FE=
Al S D-glucose (Sigma Aldrich)®] ¥F=33X o 2 HE AlLls}

Atk

Western blotting

] E| Z(femoral muscle)®l] protein inhibitor} phosphatase
inhibitor7} *E3FE RIPA buffer (ATTO)ES F 7}t 5 bullet
blender (BBY24M, NEXT ADVANCE)Z &332 JAEF
(1,500xg)ste] 1587 TldS F=31919W Bradford 3 (1976)
o7 AN 2 oA FEE AT Western blot>
Yoon 5(2018)°] Mo ® v o] st FUt &
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g AS A= AZE 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) gelollA] ¥2] 3k
< polyvinylidene fluoride (PVDF) membrane (Millipore, Biller-
ica, MA, USA)l 02 AZ 90% 59 &7 ¥ 5% BSAS T
gk TBST &l ©@7F AeolA 5027 A2skirt. o] % 4°Cl
Al 5% BSASE 1=} A (EAM]E 1:1,00008 $H-3F TBST £
o2 FFF A28 TBSTZ AlAE & membranes 23
g 234 A(EAHIE 1:3,00003 2ol 147 B¢ AP F o
Al TBSTZ AMF3F3th @& band= chemiluminescence detec-
tion kit (Bio-Rad)E ARE-3te] #2319 2™ Image Lab software
& AMgate] Basc

o F A

MZ8t GLUT4 ®o| 24

=5 AlEZE @lE2 plasma membrane protein extraction kit
(Abcam)Z o|&-3sle] AxALY] ZTREZ wl =3It Plasma
membrane®] A1 2] GLUT4 W& S western blotting® 2 #4519

on Z&A| X ZA8FE Na'/K'-ATPase® 5315193 T

EANEM
o =
B A AYS 33 vk AAEoH B+ EEHAKESD)

@'
Atk A E4& SPSS statistical software (SPSS, ver-
sion 25, Inc, Chicago, IL, USA)E ©]&3le EAI3150H, I
AR OA] fe]xrt BRlEH LSDe| o8] zF X2+ 7He] f
odE p<0.05 FEolA 83T

Zot Y o
PGSE x2[7t MZ, 20| 4F2, AMo|g=0l o0jxl= 1t

PGSE®] Foi7} A|FWHsl B 2lo] HAH, o] v
E9E A A3 Table 13 2t A9 AA] Alole ol
w3 PGSE A2t Zhol] A|F2e] Apol7p AEHA] o2 wbd,
3 8F %8 4] PGSE Z¥% A2 Z(PGSE-HYS thxz4
sto] A YA A7F HREATHp<0.05). 2]0]4
74$- PGSE A5% A 2]Z(PGSE-L)e] tiz<# v]wsled]
o2 Yo} (p<0.05) PGSE-H HzlTolHe 522¢ o
A AU FAFS AolHAFOLR o] A&
EE&(FER)S AFHstel Y IsE AHTolA {9
2 ZHashe AoZ FRIFAL(p<0.05), WA PGSES] I
A= tiAte] ARl o] 38 JEE sk ZeE A
7T}

Lee 5(2004)°] WE=W db/db PF3-220l E2kA] Bzl 3Hf-5
o] Sl AE F triterpenoid saponin *2] 3 A3} H|F0]
HATL BT oekE FE0l ok =ekA] TR B e
FEEY Al S vwe Ay 2Akxd e 7zt
360420, 35020 pg oleanolic acid equivalent/g extractZ 52291
zlol7h fles AR & W PGSE-HA o AFiE &=
PGSEd| ¥&Hd Abxd 3k fde] g Aoz FgHh
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PGSE Xz|7t Ztx=Zo| Xt 3l 22|32 &2l olkl= &1t
F 73 AFe BA, b 2Fe] SR
T2 FFS =43 AFE Table 284 2tk A FANA
BE A2l ZolE depllA] egkont 7+ 2F 9] FA|
PGSE-Hw ol frod g 7F4st o™ (p<0.05), 7+ 574
AAE Zaste ATFS B p<0.05 A FA4A 2
o] YERHA] RUAT p<0.10 FEAME §949 xol2 1}
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db/db P15-2=¢] g7l Aol vl x|= &34 83

Table 1. Effect of PGSE administration on body weight, weight
gain, food intake, and feed efficiency ratio

Control PGSE -L PGSE-H
Body weight (g)
Initial 21484238  21.15£1.59  21.56£0.79
Final 43404323 38.95+4.01®  37.733.75
Weight gain 2184046  1.75£041°  1.80+0.13®
(g/week)
Food intake 45.86+5.02"  40.48+£591"  43.16+4.75%
(g/week)
Food fa;f?g‘ency 4.80£0.53  4.41£0.68°  4.21+0.46°

Control, normal diet; PGSE-L, normal diet+300 mg/kg; PGSE-H,
normal diet+600 mg/kg. The values with different superscripts in the
same raw indicate significant difference at p<0.05.

Table 2. Effect of PGSE administration on liver and kidney
weight, hepatic triglycerides and hepatic glycogen content

Organic weight (g) Control PGSE-L PGSE-H
Liver 1.97+0.25°  1.73£026®  1.65+0.15°
Kidney 035:0.03  032+0.03 0324022
Livertiglyceride 15 500055 16994772 14.5743.63
(mg/g liver)
Liver glycogen contents 1 ¢.r1 700 11 950471 9724201
(mg/g wet tissue)

Control, normal diet; PGSE-L, normal diet+300 mg/kg; PGSE-H,
normal diet+600 mg/kg. The values with different superscripts in the
same raw indicate significant difference at p<0.05.

ERich. gk 7F 2F] eIl SR tlRed) M
PGSE-L73 PGSE-Hol|lX 2%
tH(p<0.05).

oA 7k Ad FH2 e
£ el (Katsanos, 2004), 7+ 23 W X4 =5
Ssle FElAArY] T SRR ofvgt SUhE Uil 7 A
WAk S E3] doldthBrowning Horton, 2004). ¢1<dle

YA M=o e 2] o83 wiglyceride AFIS
23 QleEd Ao e A 2 lA FEIA A W
AL AFHAAL LSS stk (Iwasa 5, 2010). w2k
Al, PGSE &% Ao A vepd 7F 24 W triglyceride 7F
Z2(p<0.05y= A&H AP A Ehet FHo] g F A

PEPCK (phosphoenolpyruvate carboxykinase)= 7+| gluconeo-
genesisoll #oJshs F @47 M 7F T=g AL A2y
Ty FE F 1¥GFY FH Aoz 4EA Utk
(Defronzo %, 1989). Ytz o8 7holA =3k FE|FA L] %7
S Iy B9} db/db PR-ZollA BRIEIYI O M (Seo 5, 2008),
TAMF Ao]Z2 ol C57BLKS/6] mlg-2=o] =2HA] By S 125
7+ Hesk A3 s 7 FA, 2ke] TG7E el oz kAt
$3L EESH PEPCKS] o2l 4 &35 Yt Rarsks
thKim %, 2016). Park 5(2013)° W= dbdb w5220l &
A4 FE2ES AEIRS o AsH 1 A, 2 SR =
S s WEom o33 U9 PEPCK &4 IJAIE F3)
glycogen A4 AFA2HE ZFE|ZA o] 7Asy] el
AL SitkPark &, 2013). B3, 7He] g FYIA F S
7Pt Bad Bl 7F viglE fdsitha B E I ch(Abaci
3, 2008).
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Table 3. Effect of PGSE administration on serum biochemical markers

Control PGSE-L (300 mg/kg) PGSE-H (600 mg/kg)
BUN (mg/dL) 40.00+3.70 42.00+3.92 43.00+4.86
Creatinine (mg/dL) 0.16+0.08 0.200.03 0.140.09
Glucose (mg/dL) 804.00+£127.33 767.00£110.09 779.00498.09
TG (mg/dL) 233.00+52.83° 159.00+29.44° 179.00+44.49°
Cholesterol (mg/dL) 138.00+16.07 132.0040.71 122.004+31.45
AST (U/L) 145.00+33.46° 253.00+103.40° 140.00+43.72°
ALT (UL) 166.00£57.61°° 212.00+82.46° 128.00+64.38°
LDL-C (mg/dL) 14.00+6.68 11.00+4.28 11.00+2.98
HDL-C (mg/dL) 79.00+18.33 89.00+41.03 75.00+£33.42
Leptin (ng/mL) 38.74+8.86" 32.74+4.86° 23.99+5.65
Insulin (ng/mL) 0.91+0.20° 0.6440.62 0.27+0.10°
Hemoglobin Alc (ng/mL) 86.69+27.18" 76.56+£31.09° 48.50+£19.20°

The values with different superscript in the same raw indicate significant difference at p<0.05.
BUN, Blood Urea Nitrogen; TG, Triglyceride; AST, Aspartate Aminotransferase; ALT, Alanine Aminotransferase; LDL-C, Low-density Lipoprotein

Cholesterol; HDL-C, High-density Lipoprotein Cholesterol.

B AT E PGSES AT T A 2+ 278 W $4AEH

2932 FHE F2AE FHE yElon, olde FIe
A& Aol o] FHAoE 488 & YL Ao B
Qe

PGSE *z2I0f| /st db/db OS] X MsIstY X[z Hs)
PGSE"] Fo & A7 %«] dYAsstY A nE BA% 4
= Table 33 QE} g, & Zd&HE, LDL-ZH &H E,
HDL-iEﬂ"Eﬂ o A EH T3} Bt AlE AP BT

Al o] A1 Aol 7} 1%}5111 B%em, PGSE AF% Azl
Al izt vlaste] 83 34 Ade] foXQl ZAAag
elsith, 3, oA A" =4 XFE<Q BUN, creatinine?} 7+
=4 A E AST, ALTE =43 43 A% =4 AE A
3 Blaste] A8 AEE ‘M:L(PGSE L)oA Feldo=
S7heklou 2EHAE A4, Al AP(PGSE-H)OIA &
o]H <l ¥yt 2 ﬂﬂﬂ —3—% 13]% o A58 Fo® <l
sk 548 FA7F gl i bia2l=

PGSE®] Fo7} A28 B TERY] E*:dr =
A3} db/dp w2 o] FH LH HbAl. 5 PGSE Lol A
76.56+31.09 ng/mLOZ 86+27 ng/mLe] thEH HlwsldS w
froldel xpol2 vhehlA] @9kor} PGSE-HS] 73-%- 49+19 ng/
mLOE thEta} Hlasle] folAl 24 g5 UERITHp<0.05).
Zhang 52011y HbAl = T8FF9 FZ=o $23 u}olo
TR HbAl. T2 AETe] 9 B¢ FHE 93 e
wkedaly] el A g 2™ f-89 AxE ARgHECA i
A i 1=

4 H AREE ST T ole $8T B4 A28 3

= ZdolA PGSES] Foi7h dedEee] ded B Y oE

o MAE ZAE F4Y A3ke Table 37 2R 8% W e
[e]

g $25 BA3 A3} PGSE-LTS 0.64£0.62 ng/mLE 0.91+0.2
ng/mL]l thEw} Blwste] o]l xfolE HolA] etort
T2 027+0.1 ngmLE W& vluwste] fojFQd 7t
2895 eIt p<0.05). YRt o=z Ql&dx gt 39l
ﬂg%—% tﬂﬂ&sﬂr LHe Aol Jom Az

rulo oZi i rE il

o]-?_g)/] 730 mzzmoiug 25 qu}o o)yl g

i ol slrc

o) Trge] o)gS AFsty FRFA FAS A
(Kim 5, 2009). ¥utx oz &d A3 ez A&
2Zhgo] BE ZhAhshe Zlo] ofum, ZhollAe XAk Al g}
e 75 AEA ¢al AdEdUATAe FukEle 1dEd

3ol ofell S7HTL dEA IEH(Choi, 2009). ek, T
9 B2 8% ded o= Jded AYYH ded w 2
59 57 AEZ d5S 9nlsH, PGSE ZETA
(PGSE-H)AIA] veRd 21421 9 744 9 Qled & As)
= d&d AFgdo] MAFeEN HAagHRE veRdthe oA
o] A7AHe} FARFATHGuo 5, 2012).

PGSEAZ7} AW ARl 534 vX= d%S 24 25
AMEl L8 38.74+8.86 ng/mLel TZF3} v]w3sle] PGSE-Li-
oA ol Apol7h vhehbA] 29kt PGSE-Hw-ollA] 23.99
£5.65 ng/mLZ F¥ o2 7HA3FtH(Table 3). Sainz 5(2015)
A7 AFFollA tumor necrosis factor alpha (TNF-a)9} Inter-
lukin 18 (L-1B)et 22 9354 cytokineo] B3 HEl T=5 5
ZHAZITAL HALEFAtKSainz §, 2015). ©l= PGSEA 27} 9%
o] AR EFelA gRlE A Zo] BEA cytokineS AR
o224 ARG S sk 71T s s H’E}”“:]' =
o TPRIEFS A2y G g e} H]El AlgtelA] o
W £ T2 EAGT A Uth(Kusakabe 5, 2009). w}
A, AFAF= 7 el w9 {E Ut e B

o] S vERNH Ele] IAEAHFTH AEd I
AAAN TG TS S AS 9wt

2 AellX PGSES] A= iz H]ﬂ st @3 W 2=
3 F%7} PGSE-L, PGSE-H 7+ EFolA ZAstiAT 294
l zpolE JERNA] eodth 2 FEe olf= 1T F glovt
PGSE®] @3 =4 7|22 o] ] ¥3He Fo] FFE Al
= o-glucosidase AT} FHo| e o= et & A

Fo] AATE AW Yoon 5(2018)2] ATIMNE PGSE7F a-
glucosidase ES AAAIZIZL palmitic acid®Z & AL

FE QCIAMEAA e F54E 77 2345 Y
2=

F

PGSE X2|7} db/db O}RA0| HT ZTg
x= &1
PGSE A&

25HoGTTHl O]

Fof 8 F2l OGITE AAg A3= Fig 1394 2
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Fig. 1. Effect of PGSE administration on OGTT (A) and its area
under the curve (AUC) (B) in db/db mice. The values with
different letters indicate significant difference at p<0.05. Results are
expressed as mean+SD.

PGSE-L

th 2= Fo] 308 ¥ dl222 PGSE-Li9| 7zt 777453,
770+85 mg/dLE 7HE =& FFAE vrERA W, PGSE-Hl
AE 158 9o 762462 mgdLeE 7P =kom ESE 308
I 607 oA tiRT vlwste] folAl A a3t
EFtTHp<0.05). =&, OGITO| gk 341814 (area under the
curve)s ANMEE A3tz Blaste] PGSE-LeolXE 9
HQl ztol7k YRR gkert, PGSE-Hw- oAM= w3} H]
ekl felHe) e B ST,

58 A7 el Ageld Tl vl
A £J(GT, impaired glucose tolerance), 33 XY= <4(IFG
impaired fasting glucosey2 2|41 = AT U2l d
o} IGTE 2 A2 =i Add 23] etz 75y
tHFuller 5, 1980). IFGS} IGTE 9l 3
A3l e HDL 53 1894 22 48 =
s gk v dANESS sk AEE & AUtk (American
Diabetes Association, 2003).

Bansal 5(2012)2 STZ micedll Pilea microphtlla L. Z2FR =
ol ®3S Rt & OGITE A3 A3 600, 900 mgkg F
of 2ol Uiz wmalel felree Aol Pase A
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Fig. 2. Effect of PGSE administration on IRS-1, PI3K, AKT, and AS160 phosphorylation in the femoral muscle. The values with different
letters indicate significant difference at p<0.05. Results are expressed as mean+SD.
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Fig. 3 Effect of PGSE administration on AMPK phosphorylation
(A) and GLUT4 translocation (B). The values with different
superscript indicate significant difference at p<0.05. Results are
expressed as mean+SD.
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