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Effects of autumn olive berry on insulin
resistance and hyperglycemia in mice
fed a high-fat, high-sucrose diet
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ABSTRACT

Purpose: Type 2 diabetes mellitus is a metabolic condition marked by persistent elevated
blood sugar levels resulting from insulin resistance. The effective management of diabetes
mellitus involves strict regulation of the blood glucose levels. This study examined the
effects of Autumn olive (Elaeagnus umbellata Thunb.) berry (AOB) on insulin resistance and
hyperglycemia using a type 2 diabetes mellitus animal model.

Methods: Eight-week-old C57BL/6] mice were divided into four groups. The control group
received a basal diet, while the high-fat, high-sucrose (HFHS) group was fed a HFHS diet
containing 27% sucrose and 33% lard for 12 weeks. The low AOB (LAOB) and high AOB
(HAOB) groups were offered a HFHS diet with a 0.5% and 1.0% AOB extract, respectively.
Results: The HAOB group showed significantly lower epididymal fat pad weight than

the HFHS group. The LAOB and HAOB groups showed lower serum glucose levels and
homeostasis model assessment for insulin resistance values than the HFHS group, and the
HAOB group has lower serum insulin levels than the HFHS group. Supplementation with
HAOB decreased serum cholesterol levels significantly compared with the HFHS group. The
consumption of LAOB and HAOB reduced the serum triglyceride and hepatic total lipids and
triglyceride levels compared to the HFHS group. In addition, LAOB and HAOB consumption
in mice fed a HFHS diet increased adenosine monophosphate-activated protein kinase
protein expression. Insulin receptor substrate-2 protein expression in the HAOB group was
significantly higher than the HFHS group.
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Conclusion: AOB can alleviate hyperglycemia in type 2 diabetes mellitus partly by mitigating
insulin resistance.

Keywords: autumn olive berry; type 2 diabetes mellitus; blood glucose; insulin resistance;
triglyceride

ME
Tt (diabetes mellitus)> Qe Ay = Qedo] 28 Aotz Qs ¥
(hyperglycemia)e HFShH= TH tijAbgol]l Agko = (1], Yol A%t Ny =™ AA,
o, =, A 5 o] 7]l &4 Zaliche Al Sl 2HdT A AlAA R
o] FHEL ATEC] AlSA R Frkskal glof, 2 A2 AN7E H AL Sl [2].
S A% vlebAl o] otz Qlgdo] Ay s o] WAYst= Al 13 ST Qled
&4 (insulin resistance) 2.2 Q15 HAY5t= A 29 GO 2 B RE =], G Sx}to
90% ol/Fo] Al 28 GRS 7H Al o2 A A ot [1]. LA AAFE TR g
Al Aol el 2 v|wta A 2°€J %htg—gl S S7H71= 583 aQlo = a4
AT E]. P& A2 A2 A dad soA Qe o] 2-8o] /4 H ot 2|5 AJEH 2
ol [4]. ad A/l —2—7}5}‘?4_ 1**]7*4 H|ERA| Lol A o] 5 HAFst7] 9l dledd
HHIGS S7HIA B @S FASHAT led Aol ded FHl59 S
Foj AW DE g2 UErUH A 28 G o] 2l HH [5).
Aad AFA o= oA S4AE d/dol S7He AL, tezRE ooz
SRS 33t very low density lipoprotein (VLDL)S] H&% 27]-5401 oA AI=
(dyslipidemia)°] Z2E} [6]. Ol FAAE ST Tt SAfoA AduA| dozo
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EZ R4 (autumn olive, Elaeagnus umbellata Thunb.)= =2 Y-S (Myrtales), 2 2|53}
(Elacagnaceae), H 8] 5 UH4 (Elacagnus)©ll &ot= A 22, F2 5= 4 S, d &2 Ot &
o] 5ol Alof A efo] LE o] Yov, Ak o HAT B2 742 o] 48] 7}
5ottt [13]. ESE Y4 = S5 g, gh2u| 2] 53k 22 7S v 2| 7ok fAkeE gt
o] E2ll2 FR54T U0 [14], 2101 T (lyeopene)] E& FAol2 B ek
[15]. EZ R 2|4 G oll= in vitro©l 4] 1,1-diphenyl-2-picrylhydrazyl 2T ZF & 7-50] &45HA U
ehstet [16], E8 EEH e Qole] 100% ANEHE FFEES invinolH F7ERAIA
acarbose THH| 92%2] a-glucosidase A SH&/d S B I AL, in vivo°l| A = a-glucosidase A3l &g
R R R CEREL RN PRt
S ey A AL} $4T A0 AR, Aoj2 R A28 PR SN =2

https://doi.org/10.4163/jnh.2024.57.1.16 17



IJNHS

Journal of Nutrition and Health

https://e-jnh.org

w5 dufel Q14e AgH A ETHE ZARE A ulu|sk Agolch mrebA, AT
ol A Eke Ao] 2 A Tsho] A 28 FiH L fUF ke Loly EEHES
wo) Qg el AaHy 2 A Y FakE skt ek

AP

ESwals guf $HE0| HE

T A AN st AHE & FAHxsL 247]E At
&5to] Z4fistth. ESE g4 Aol 7FRol 108 (wiv)oll 318 5h= 100% ol &HE-2 7F5}od
12A]7F 59 Al 2oj| A &3 & o 3R] (Whatman No. 1 paper; GE Healthcare, Chalfont St.
Giles, UK)& AH&oto] &0} ZhAHS E2] 5kl Tt ZhAtel 108 (wyv)oll sl Bot= ol &&=
7toto] 6AIZE B F 239 T o ahok Qi ol T2 ZhAtel 108l (wyv)oll sl g ot = o2 7o
o] 6A1ZF B &% &, oJ 2HS}AL rotary evaporator (EYELA FDU-1100; EYELA, Tokyo, Japan)
£ o]&stof soccoll A At HFoIith ESE Y4 Aol FEEY 582 36.7%= YE
=

HYUSE M L Ao|=Y

T 728 29] -39 C57BL/6) BF-AE Bio Genomics, Inc. (Seoul, Korea)ol| A -3t A=
AFeEA =, Fa o] et | 7 (n=7) 22 et S (control) B AL
Th=d (high-fat, high-sucrose, HFHS)Ol| Al = ZH2} 712 2] 0] (basal diet) 2 LA ¥ a1 G
g A]o] (HFHS diet)E, A& (low autumn olive berry, LAOB) & 15 %= H 2|4 ol (high

autumn olive berry, HAOB)O| Al = LA 1Tkt Alojo| EZH 2| A 22 ES A5 %
(0. 50/0) 1] _]_.E-:.E (1.0%) 23 7]—0]- Al o]_ 1227]— X]— /\] o7 xﬂ_x_o].orh;]. (Table1). }\]_ 9 Al
O] 2E=2122°C, FEE 55+ 5%= FA5F L, B OP% RAIZFHA 0 2 G251 55

?

Table 1. Composition of basal and experimental diets (%)

Ingredient Group

Control HFHS LAOB HAOB
Corn starch? 65.0 10.1 9.6 9.1
Casein? 20.0 20.0 20.0 20.0
Sucrose? - 27.0 27.0 27.0
Alpha-cellulose® 5.0 - - -
Mineral mixture® 3.5 5.0 5.0 5.0
Vitamin mixture® 1.0 1.4 1.4 1.4
D,L-Methionone® 0.3 0.3 0.3 0.3
Choline bitartrate® 0.2 0.2 0.2 0.2
Tert-butyl hydroquinone” 0.001 0.007 0.007 0.007
Corn oil? 5.0 3.0 3.0 3.0
Lard® - 33.0 33.0 33.0
Autumn olive berry extract - - 0.5 1.0

HFHS, high-fat, high-sucrose group; LAOB, low autumn olive berry group; HAOB, high autumn olive berry group.
YDaesang Co., Seoul, Korea.

2ICN Pharmaceuticals Inc., Costa Mesa, CA, USA.

9Cheiljedang Co., Seoul, Korea.

“Sigma Chemical Co., St. Louis, MO, USA.

9AIN-76 mineral mixture.

9AIN-76 vitamin mixture.

7Fluka Co. Milwaukee, WI, USA.

®Lotte Foods Co., Ltd., Seoul, Korea.
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O A|FT} Al o] A= F335] 23191, Alo] A% & (feed efficiency ratio)= |5 &
J1kg Ao] AAZOR Lo ARHII) SEAYS] RE 3e Aokl 524
AlE] 9] 521 "ol 85ttt (5-91¥1 & 2017-016).

NERSS
127:7k9) ALS7|7b0] AW %, 0h9 A S 1A 7H S H A A7) 3, AR 0.2 3 A
o}, Wole 425}0] 1,500 x goll Al 1557 4l Bl slo] B e Balaisich xR
o 2te 4715l0] BAS 2T, (A S A2l Al A4z AT of A 2 AFRa)
o] 27|12 At AT, £ e 12T B Torcol A AF W7 BTt

Ssix] M

S
e, @4 SR, S AHE 2 high-density lipoprotein (HDL)-ZE|AHE 52+

AEof| o] 5t A 2F-& kit (Asan Pharmaceutical Co., Seoul, Korea) & S5ttt 3 e 2
oft] L dlEl (adiponectin) & =+ 22} mouse insulin kit (Mercodia, Uppsala, Sweden) & mouse
adiponectin kit (Biovendor, Brno, Czech Republic)E AH&35}+0] enzyme-linked immunosorbent
assay = S5 th Q&P A F/d A E 2 homeostasis model assessment for insulin resistance
(HOMA-IR)}& Matthews 5 [18]2] WfHoll uje} -5 Qlad 9 G| 27 ofZa 22
Alxtal o = AFEsk]ITh

HOMA-IR= [Fasting Plasma Insulin (nU/mL) x Fasting Plasma Glucose (mmol/L)]/22.5]
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= St & chloroform:methanol:water (8:4:3, vivlv)
S E 7Hsk ok 2 B YA AT 5152 4351 rotary evaporator (EYELA FDU-1100;
EYELA, Tokyo, Japan)E AH&5}0] 5FA]7]1L, chloroform2 = 10 mL7} H &5 %85}
ARESIATE 2t 2 o] T ARF2 ST R, A v ol T AT kit

(Asan Pharmaceutical Co., Seoul, Korea) 2 =75} %t}

|o

| H}S: x
CHIT W T X3

X9 =i
Z+Z 2o lysis buffer (PRO-PREP protein extraction solution; Intron Biotechnology, Seoul,
Korea)E 7F5to] ket &, 13,000 x g2 4°collA 3027 A 2elshlnt. 45
F|okal TEl A 5% & BCA protein assay kit (INTRON Biotechnology)& AF-8-5t0] 7313t
Insulin receptor substrate (IRS)-2 2! adenosine monophosphate-activated protein kinase (AMPK)
A Bk & =517 9J51H0] 50 pge] TEE A S 10% sodium dodecyl sulfate-polyacrylamide
gel& AH&S5lo] 271958 ¥, polyvinylidene membrane©] ©]-5A|ZitE Tl A o] BabE
membrane= blocking solution (5% skim milk in PBST [10mM sodium phosphate, 0.9% NaCl,
0.1% Tween-20])°ll E70] /20l A 4A]7t 52t blockingS A3 et &, PBSTS AHE-5HA]
1:1,0002 & 5] A8t 12} A 2t 4°col| ] 2417 59 §E-G-A]7] 3L pBSTE 33} Al &5}t
Anti-IRS-2 antibody (IRS-2 rabbit IgG; Cell Signaling Technology, Danvers, MA, USA)2} anti-
AMPK antibody (AMPK rabbit IgG; Cell Signaling Technology)& 12} @A 2 AFE-5I T
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MembraneS- 1:1,0002.2 8] A3t 22} A (goat anti-rabbit-horseradish peroxidase antibody;
Cell Signaling Technology)2t 4°CollA] 3A|ZF &QF HHGAZAT}. Membranes PBSTE 3
2+ A3}l enhanced chemiluminescence -84 (GE Healthcare, Chalfont, St. Giles, UK)
o 2Z A7l &, X-ray film (Fuji medical X-ray film; FUJIFILM Co., Tokyo, Japan)°ll 73 A|#
chal A 8he & 2HQ151AL, Image] software (version 1.49; National Institute of Health, Bethesda,
MD, USA)E o]-&5}o] W& A =Fstal ittt RS2 TEl 2 o] HHH -2 GAPDH 2, AMPK
Shal 2 o] W & pactin WO 2 WA o] Y HAIsheic,

SAMz]

2= Ay A= Ht (mean) + EF 23} (standard error) 2 YEFH AL, 321/ AHE 9
5l A/ BEAHEA (one-way analysis of variance) S A AJSF 2, AL o]l Tukey’s testS A}
S5FA T (p < 0.05). BAEA]L Statistics Analysis Systems (SAS) EAZTZ I3 (ver 9.2; SAS

Institute, Cary, NC, USA)< AH-8-5Fo] A A5G T

23

HZ o 23t x|era |

HFHST9| S A5 S7HS, AlolAdH &a&2 tiztol vls §oJstAl S7FskAH (p <
0.05, Table 2). LAOB % HAOB-9] A5 A5 71, Al o] AdH &-&-2 HFHS I H| 5l
AasHe TS et QLA R E e A ekt HAOBT Q] H 18 A -FA =
HFHSwol| B] 3l §-2J3HA] ZrASHAL (p < 0.05), LAOBT2] F 118k AW 2A| = HFHS T 2
HAOB 2} 1-9] 4 Q1 &}o] 7} gl i Tt

EUE ‘L%EJ, HOMA-IRZ}, ot ZUlE] == 2 AN A2 Table 30 A A5+
th. HFHS T2 €49, 91& 3 5, HOMA-IRZHS tiZFol| H|§) f-9 4oz Z71sict (p
<0.05). 121}, LAOB %! HAOBw-2| 358 -2 HFHSw E.o} 744613 0 1 (p < 0.05), T’H}_
3 5212 Q1 2ho] 7k gl ith. HAOBS] A F = HFHS Ol HI3 l&d =5 HAAH

LAOB 2 HAOBQ] /4 %]+= HFHS O] H|3ll HOMA-IRZHS ZHAAIZ T W] 7+2] ofr]x ulE]
o]z o] x}o]7} 91 iTh. HFHS 2l0] 9] &7|7F A 2= Rs-29} AMPK Tl &l BHal o

E] =
[}
=
=

Table 2. Body weight, epididymal fat pad weight, food intake and feed efficiency ratio in the mice fed the
experimental diets

Group Control HFHS LAOB HAOB
Initial body weight (g) 21.7+0.5"  21.8+0.5 21.8+0.5 21.9+0.5
Final body weight (g) 26.9 + 0.9° 43.1+0.8° 42.3+1.0° 40.1+1.3°
Weight gain (mg/day) 63+ 9? 953 +19° 244 + 14° 917 + 14°
Epididymal fat pad weight (mg/g body weight) 16.1+1.4° 35.1+1.8° 32.7 £1.7* 29.92 +1.5°
Food intake (g/day) 3.33+£0.17" 3.21+0.12 3.18+0.12 3.09+0.06
Feed efficiency ratio® (%) 1.84+0.20° 7.97+0.57° 7.71+0.45° 7.07+0.51°

Values are mean = standard error (n = 7).

HFHS, high-fat, high-sucrose group; LAOB, low autumn olive berry group; HAOB, high autumn olive berry group;
ns, not significant.

YFeed Efficiency Ratio (%) = Body Weight Gain (g/day)/Food Intake (g/day) x 100.

Means in the same row not sharing a common letter are significantly different at p < 0.05.
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Relative expression
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Table 3. Serum glucose, insulin, HOMA-IR, and adiponectin levels in the mice fed the experimental diets

Group Control HFHS LAOB HAOB

Glucose (mg/dL) 121.0+ 7.5 170.0+ 8.7° 141.1+ 7.4 134.9+ 8.9°
Insulin (pU/mL) 16.9+ 0.9 35.2+92.7° 30.1+92.3% 26.9 + 2.6°
HOMA-IRY 5.0+ 0.4* 14.5 £ 0.6° 10.4 +0.8° 9.0+ 1.1°
Adiponectin (ng/mL) 7.48 £ 0.63™ 6.72 £ 0.45 8.18 £ 0.48 8.70+0.78

Values are mean = standard error (n = 7).

HFHS, high-fat, high-sucrose group; LAOB, low autumn olive berry group; HAOB, high autumn olive berry group;
HOMA-IR, homeostasis model assessment for insulin resistance; ns, not significant.

YHOMA-IR = (Insulin [pU/mL] x Glucose [mmol/L])/22.5.

Means in the same row not sharing a common letter are significantly different at p < 0.05.

LAOB HAOB Control HFHS LAOB HAOB

1.5 4

Relative expression

Control

HFHS

b
b
1.0 ab
a
0 : . .

b
b
1.0 | b
a
051 '
0 T T T

LAOB HAOB Control HFHS LAOB HAOB

Fig. 1. Protein expression of IRS-2 (A) and AMPK (B) of the liver in the mice fed the experimental diets.

Eight-week-old C57BL/6J mice were fed a basal or HFHS diet with or without a 0.5% (LAOB) or 1.0% autumn olive berry extract (HAOB) for 12 weeks. Values
represent mean + standard error (n = 7). Bars that do not share a common letter are significantly different at p < 0.05.

IRS-2, insulin receptor substrate-2; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; AMPK, adenosine monophosphate-activated protein kinase; HFHS,
high-fat, high-sucrose group; LAOB, low autumn olive berry group; HAOB, high autumn olive berry group.
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o Z2toll vls f-o] A 0 &2 ZFAA|ZI oL HAOB A]0] 9] H = RS2 HA & F7HAIZAL
LAOB %! HAOB A]0] 9] A% = AMPK 23 =& Z7FA| 2T} (Fig. ).

N X|H Y ZEXE JHM 53

A 4 FHAHE 5= 2ol Hl&) St e, Laos 2
F/9A Y 5 =&, HAOB A o] 9] A H = Zel| AH|E 55 & HFHS
Lol H]3 R-2] 2 0 2 ZFAAIZ T} (p < 0.05, Table 4). Ul 2] @3 HDL-Z|AHE 5=
7oAl 2to] 7} gl ATt HFHS o] 7h2 2] 9] F 2| A3 F/A4 AW 5= o= ool Bls) &
ojF oz Z7tE ot LAOB ¥ HAOB2] A F ol o]3ll -o]Z o2 Zha g Qe

jan)
>
@)
~2]
1>
o
1o
o o
o
rlr
gk
o

1%
2opt 24 oo 4w AP NN BRE 24 9o DAY 14T 3
§ Aol 2 HHBHE the 2ol ESHEl4 A 2222 A= (H0]9] 0.5%) L T
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Table 4. Serum and hepatic lipids in the mice fed the experimental diets

Group? Control HFHS LAOB HAOB

Serum triglyceride (mg/dL) 98.5 + 5.1* 129.2 £ 7.0° 106.1+ 5.9? 101.4 + 6.4%
Serum total cholesterol (mg/dL) 93.4+6.7° 138.8+9.3° 117.3 £ 6.3 111.8 + 6.9°
Serum HDL-cholesterol (mg/dL) 51.5+ 4.4™ 59.1+4.7 55.7+3.4 61.2 + 3.7
Hepatic total lipids (mg/g) 83.3+ 5.5? 149.0 £ 8.6° 121.9 + 6.0° 114.3 + 6.8°
Hepatic triglyceride (mg/g) 16.8+1.3% 49.5+92.7° 34.2+2.1° 29.4+2.7°

Values are mean + standard error (n = 7).

HFHS, high-fat, high-sucrose group; LAOB, low autumn olive berry group; HAOB, high autumn olive berry group;
ns, not significant; HDL, high-density lipoprotein.

Means in the same row not sharing a common letter are significantly different at p < 0.05.

(Al o]g] 1.0%) ~Zo0F xﬂl%]-o:] o] 1-]65]-/\ q al _Ty_%.ezll:ol-y o]/\Px] Zl%ﬂ_z_oﬂ \j] i]b 051601:9_
ZAFSFA T C57BL/6) BH-200 A HEHS 4]0] 9] 7|7 3= v vt A 2 F S =
Qi H A E I [20-22]. & Aol A &= HFHS A o= C57BL/6] HH-200| A A5} 2|5
7t RS AR REAE S7HZALHL ESHE S G| FEES s £T08 1217?
A5t 7-F-, HFHS ol H] 8l WA Q] Fargk A7 A1 S F-o A 0 2 A A 7] AL A &
a7 = dFE UL, ES RS Al FEES AL £F o= A3 %‘T, 7
18 2B EAE A7 = DS HEHRITH

EZHE s Aol 2252 invitol| A H|7 2lotobA] AsiEAd S

AT Foigh ke Ao M AT FHY FAE 529 SIS et ke aE YER
ATk [23]. FH 2lmtobAl = Al o] of FAAE S Aol A 486k Tl Polste B4R,
o] a4F AlsliotH /gAY e] Adket S5 HEE 7]'/\/\]73] H|TF X g g -5 LERHTE
[24]. A g Aol of ot A 2lutolAl] A& /g o] 43 UM S ] FEE2 1hL
0“7-" _L.X] H} Al O]Q]— 71—0] Z-]]_L_o]— 73‘]_}- -—,—_L. ]%]—ZX] oﬂ}\-] Z] l:l]-/\]- o]—/\‘] X«]A]—O]x].o] sterol
regulatory element-binding protein (SREBP)-1c@} fatty acid synthase®] WH S F-o]H o0 2 ZhA
AZ o, A A 2 7] oF B g A v FAE A o 2 tol| H] sl §-o] A o= A Z
ot [25]. LEE £EOE AR EFHE S Aol F5-F 0] HEHS o] H] sl Bagh AR
AE ZAAZ 22 H7% latobA] A s dell 7113 A o 2 AL R Hot. 5 Ad 520l
AAA oot EFH P4 Al FE2ES F7IAAFH A7 AL, 2 ol A1 7 A 5 AR
Al 27], FH o 2 s == 2] &2 S5k, A% EJ”J'OI‘Xﬂ A2 in vivool| A1
T A7 E e sttt Al L)

3

0.
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