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FZE 100g/ml FEoA 7H & FA7F YEgten, A EdFEE 100g/ml F =0l

z =
A= FOF FHZAAA IR O] BPFE
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22 UAboE, EEH, Eld, A}JH OPE/\I J%A Fg gokst dEEo] i35
A AZREH RS, A, 47135, 2235, 4tks), w9 o2 s}, Jd A
A3, AYEs/8A4T Tl 2 ]

37 At

A %‘9] 'eol 4HA A A T, 47
5 o4, dHA tigem AniE 3
(Loganin) &< Wlulste] 7p b

°f 30| A8FT 7hHe).

o X

i mg/g ol d mg/g

H20 ext. 2.99 H20 ext. 4.00
30% EtOHext. 9.73 30% EtOHext. 4.93
70% EtOHext. 9.51 70% EtOHext. 512
100% EtOH ext. 7.27 100% EtOH ext. 2.98
24 mg/g & mg/g

H20 ext. 2.16 H20 ext. 0.86
30% EtOHext. 2.70 30% EtOHext. 1.96
70% EtOHext. 3.66 70% EtOHext. 3.08
100% EtOH ext. 1.93 100% EtOH ext. 2.37
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AFEFESFFEEY 4-hydroxybenzoic acid ¥ Loganin A &S 91% AW A dolA

1) A ESFEE 5 4-hydroxybenzoic acid % Loganin ¢] Chromatogram
4-hydroxybenzoic acid % Loganin o] ¥£F=2d3 H8E 22 E4HoRE 45t A=
H peak & FQlete] TLEALES g EF LY A & 4-hydroxybenzoic acid 7} ©F
16.8 &, Loganin ©] ¢F 21.4 &ol % AL, AF-&H A= 4-hydroxybenzoic acid 7} <F
16.8 &, Loganin ©] °F 21.4 ¢ % AT FEEAF A &Y ARvEIHL T
I} ZE(Fig .1).
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(Fig 1. £F8&Y7 A FELHY F 4-hydroxybenzoic acid ¥ Loganin & ZEZw}E1)

% 4-hydroxybenzoic acid ¥ Loganin ¢ spectrum %1
AZatEIR o] 4-hydroxybenzoic acid ¥ Loganin %8437 &
3l7] fete] TEENT AP &Y spectrum & &g oF 168 &, oF 214
peak ] spectrum & &<I3 A, EFLAI AP AN TS AHH
Uebd S 13k (Fig. 2~3).
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Fig. 3. #8843 ANFEL&Y F Loganin ¢ PDA spectrum

FFEA 4-hydroxybenzoic acid ¥ Loganing 717} 2mg, 3mg AE 33
10mL -§Zek=el gof 50% WHgEz 5 £ Hd3 22 34ste] 7|72 24
gk 1 A3 4-hydroxybenzoic acidv ¢F 10.35 ~ 235ug/mL, Loganin< 1555 ~ 315p
g/mL ® oA AAdde] yebds gRl1gh ol Ao FaAFE e s WA
R2=0.999 ]2 2 UE}(Table 1~2).

Table 1. 4-hydroxybenzoic acid &85 ©o]&3 A 24

13 24
& T (ug/ml) Area ag
10.35 709004
25.875 1749362 20000000
51.75 3545475 15000000
1035 7043317 1000§08%7480x + 26860
207 13976144 R?=1
5000000
7127| 67480
y 2 H 26860 0
0 50 100 150 200 250
R? 1
22 =M
&S = (ug/mL) Area ==l
11.75 795938
29375 2004172 20000000
58.75 4024339 15000000
1175 7943619
235 15746445 'V 288891x + 50944
RI0000
7127] 66891
=k 50944 0
R 1 0 50 100 150 200 250




) A= HAA

ANRE 5 HE Az 13 4% ZAd=z AAAS B9 AEed
4-hydroxybenzoic acid ¢ 35ug/mL, Loganin ¢f 34pg/mL (M=% 500mg)e] F5& &
ZE5E 100% = 27835k 50 ~ 200% HllA H7hE A3 AR ©F250mg ~ 1000mg(Al
H-8&Y F% 4-hydroxybenzoic acid ¢f 17.5 ~ 70ug/mL, Loganin ¢F 17 ~ 68ug/mL)l 4l
A=l Aol FRlHAA, ojuf e AATrE sigE =R lolA R2=0.999 °]do
= UERH(Table 3~4).

Table 2. Loganin 3t A

13 24
&S (ug/ml) Area = =
15.75 472453
39.375 1170676 10000000
7875 2379708 8000000
1575 4737866 SO0 5 9001x + 9306
315 9416918 4000880~ 1
7187 29901 2000000
y2H 9306.8 0
= - 0 50 100 150 200 250 300 350
PEIRCES
& & (ug/ml) Area HEA
15.55 447539
38.875 1129264 10000000
7775 2265486 8000000
155.5 4477800 6000000 Hg416x + 20048
371 8911672 oo
7127 28616 2000000
yxé'zl_.ﬂ 20048 0 0 50 100 150 200 250 300 350
R 1




3}, 4-hydroxybenzoic acid &
2H%RSD) 0.94 & e}, Loganin <
A EFH2H%RSD) 0.33 &2 ER(Table 5~6).

4-hydroxybenzoic acid ¥ Loganin $3e] &4 AAA

OEA st sd EHzHoR S5HkE &
AA F H 34%mg/g, EFT
A g H+t 3.324mg/g,

s AEA, AEe, /‘l‘d’é H|(HPLO) &

Table 3. A|5% & 4-hydroxybenzoic acidell tg HZFH 24
A 22 (mg) HX (Area) A
2555 1208280
379.4 1790877 >000000
505 2385687 4000000
7527 3551019 3000000 ¥ = 4712.9%+ 420}
1001.5 4723628 2000000
71E71 4712.5 1000000
yE2H 4201 0
R 1 0 200 400 600 800 1000 1200
Table 4. A5 % ¥ Loganinol| thdt A& 2H4
Al 22Hmg) H X (Area) FZ 2 2|
2555 517808
3794 768992 200000
505 1025839 2000000
752.7 1531189 1500000 y = 2047 5x - 7275
10015 2045483 1000000 R*=1
7127 20475 500000
y 2H -7275.5 0
RZ 1 0 200 400 600 800 1000 1200
A A




Table 5. 4tF-53FE 52 4-hydroxybenzoic acid +4] A& 4

A B
NP H oo 4 oo
A 2020.06.04 2020.06.08

Al EH| Waters alliance Shimadzu LC-20A

4-hydroxybenzoic acid &&(mg/q)

1 3.454 3.525

2 3.467 3.525

3 3.466 3.524

4 3.463 3.527

5 3.470 3.526

Bo o 3.464 3.525

SD 0.01 0.00

%RSD 0.18 0.03
TN B 2 3.495
HA sD 0.03
MM %RSD 0.94

Table 6. 4HrF54FEE2 Loganin w4 A&

A B
A= X} H oo 2 oo
A 2020.06.04 2020.06.08

Al & Waters alliance Shimadzu LC-20A
Loganin & (mg/q)

1 3.301 3.333

2 3.321 3.333

3 3.323 3.329

4 3.312 3.333

5 3.317 3.335

Ha ot 3315 3.333

SD 0.01 0.00

%RSD 0.27 0.06
N o e 3.324
HA sb 0.01
A %RSD 0.33

=% % 4-hydroxybenzoic acid % Loganin 3¢ ¥HEA4

= ste] A4S #ayg AmFS 27 250, 500, 750 mg o2 o]}

FehaTo] 3 H 50% WEHE 35 mL & HUbste] dAAL Bt 25% FE2 &

3t] AlE 5 4-hydroxybenzoic acid ¥ Loganin & &S AH=% 5 8HE 2431
0

3, 4-hydroxybenzoic acid + A & Bt 3.445mg/g, FEFHUXHSD)

O



)

AH%RSD) 0.75 2 YEFgEaL, Loganin & A $3F %+ 3.300mg/g, EFHZKSD) 0.03,
I EFH 2H%RSD) 0.82 2 UEF(Table 7~8).

0>’

Table 7. AFFfHE5FZE2] 4-hydroxybenzoic acid HHE4

4-hydroxybenzoic acid & (mg/qg)
A2 250mg AlZ 500mg A2 750mg

1 3.411 3454 3454

2 3.406 3.467 3.457

3 3.421 3.466 3.457

4 3.409 3.463 3.470

5 3.404 3.470 3.460

o & 3.410 3.464 3.460

SD 0.01 0.01 0.01

%RSD 0.20 0.18 0.18
A B o 3.445
MM sD 0.03
HH %RSD 0.75

Table 8. At #EFE=2] Loganin WA

Loganin & (mg/g)
AlE 250mg AlZ 500mg AlZ 750mg

1 3.269 3.301 3.315

2 3.274 3.321 3.316

3 3.281 3.323 3.317

4 3.245 3.312 3.328

5 3.256 3.317 3.318

B o 3.265 3.315 3.319

SD 0.01 0.01 0.01

%RSD 0.44 0.27 0.16
TN B 2 3.300
MH SD 0.03
MAH %RSD 0.82

A (Bl8)

A9 ASde FAHspl Al ARE A F =
4-hydroxybenzoic acid 10.35, 20.7, 31.05pg/mL, Loganin 15.75, 31.5, 47.25ug/mL go
T s A WHoR Ieeas AW EEEY A
4-hydroxybenzoic acid & 10.35 ~ 31.05ug/mL HelolA 3] FE 10143 ~ 101.90%, “&dH
FEFHAH(%RSD) 041 ~ 1.24 & JEFLIL, Loganin 2 15.75 ~ 47.25ug/mL H{JollA 3]
& 101.68 ~ 101.98%, tHEFHXK%RSD) 0.33 ~ 1.32 & LE}H(Table 9~10).

4



Table 9. 2FFE4FE52] 4-hydroxybenzoic acid % &2 HA(3]4& &2))
A

NEE: e
oz + | = Ul =S SA O 2=
gxgy | aFg (MY OSSR | BSSR ) S0E ) Twd | s | %RsD
(ng/mL) (mQ) (pgo/mL) (%)
NI 517.5 - - 36.262 - - - -
501 35.106 45.456 45718 100.58
10§|5Eug;mL 506.5 35.491 45.841 47.031 102.59 101.90 1.15 1.13
513.5 35.982 46.332 47.504 102.53
518.5 36.332 57.032 57.581 100.96
20*51'9 /JrrnL 507.5 35.561 56.261 57.258 101.77 101.43 0.42 0.41
511.5 35.842 56.542 57.426 101.56
504.3 35.337 66.387 68.302 102.88
31)(\)';:;9/*” 505.2 35.400 66.450 67.824 102.07 101.79 1.26 1.24
518 36.297 67.347 67.627 100.42
=g Ft 101.43 ~ 101.90%
Table 10. AFFFE4FEE2] Loganin A4 (3+& &1))
ER NE R N L P
=N KH =| 2k CHH| A4 | OlESE HE=sE 22 rL?__;LE 0
gead | A e T ggml) | mo/m) | %) o5 | SD | %RSD
(ug/mL (mg) (ug/mL) (%)
NI 517.5 - - 35.314 - - - -
501 34.188 49938 50.227 100.58
15’;'5%9/*mL 506.5 34.564 50.314 51.696 102.75 101.98 1.21 1.19
513.5 35.041 50.791 52.113 102.60
518.5 35.382 66.882 67.767 101.32
31*519 /jnL 507.5 34,632 66.132 67.439 101.98 101.68 0.33 0.33
511.5 34.905 66.405 67.567 101.75
504.3 34413 81.663 84.218 103.13
47’;'5%9/*mL 505.2 34.475 81.725 83.459 102.12 101.91 134 132
518 35.348 82.598 82.983 100.47
=g F 101.68 ~ 101.98%

Z% % Loganin ¥ 4-hydroxybenzoic acid &] H&& <3l
£ 50% mEEel x4 Agsklen, HPLC-PDA & o] &3t &4
% o

=
% 4-hydroxybenzoic acid ¥ Loganin 33 A ZFgtol] 1o
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Abstract: Natural herbal medicines have been developed for the treatment and prevention of
women's menopausal symptoms. In this study, we investigated the anti-menopausal effects of
Cornus officinalis (CO) and Ribes fasciculatum (RF) extracts in 3T3-L1 preadipocytes, MC3T3-E1
preosteoblasts, and COV434 granulosa cells in vitro and ovariectomized (OVX) ddY mice in vivo.
Combination treatment of CO and RF extract at 7:3 ratio inhibited lipid accumulation via Plinl and
Adipog downregulation in a cocktail of dexamethasone, 3-isobutyl-1-methylxanthine, and insulin
(DMI)-induced differentiated 3T3-L1 cells. In addition, CO + RF treatment significantly enhanced
osteoblastic differentiation, with mineralized nodule formation occurring through the upregulation
of osteoblast-inducing markers in osteoblastic MC3T3-E1 cells. Increased production of estradiol and
mRNA expression of ERx (ESR1) were observed in androstenedione-induced COV434 granulosa
cells treated with the CO + RF extract. In CO + RF-treated mice, fatty hepatocyte deposition and
abdominal visceral fat tissues reduced with OVX-induced uterine atrophy. Furthermore, bone mineral
density and bone mineral content were significantly enhanced by CO + RF in mouse models of
ovariectomy-induced femoral bone loss. Taken together, our findings suggested that CO + RF
promoted estrogenic activity and had anti-obesity and anti-osteoporotic effects in vitro and in vivo.

Thus, a combination of CO and RF extracts may be a good therapeutic strategy for managing women’s

menopausal syndromes.

Keywords: Cornus officinalis; Ribes fasciculatuni; women’s menopause; obesity; osteoporosis

1. Introduction

Menopause is a natural biological stage in women's lives; it is characterized by the stoppage/

discontinuation of menstruation due to the aging of the ovaries and usually occurs between the ages of
40 and 58 years [1,2]. During this time, the ovaries fail to produce ovarian follicles, eventually leading
to an estrogen deficiency [3]. The consequent hormone imbalance leads to an increase in a number
of health problems [1,2,4]. In addition, urogenital atrophy associated with estrogen deficiency may

negatively affect the sex life and quality of life of postmenopausal women [5].

Several types of metabolic dysfunctions are attributable to a postmenopausal state due to estrogen
deficiency, such as obesity, non-alcoholic fatty liver disease, heart disease, diabetes, hypertension,
and an increased risk of osteaporosis and cardiovascular disease [2,6,7]. Generally, estrogen regulates
insulin sensitivity of the insulin-sensitive organs, including liver, pancreas, white adipose tissue,

and thermogenesis in brown adipose tissue, in addition to affecting lipid metabolism [8]. Thus,
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molecules

Article

Antiadipogenic Effects of Mixtures of Cornus
officinalis and Ribes fasciculatum Extracts on 3T3-L1
Preadipocytes and High-Fat Diet-Induced Mice

Eunkuk Park 12, Chang Gun Lee'?, Hyesoo Jeong?, Subin Yeo %, Ji Ae Kim ?
and Seon-Yong Jeong %

' Department of Medical Genetics, Ajou University School of Medicine, Suwon 16499, Korea;
jude0815@hotmail.com (E.P); dangsunsang@naver.com (C.GL.)

www.mdpl.com/journal/nutrients

s
[mDPI|

2 Department of Biomedical Scienices, Ajou University Graduate School of Medicine, Suwon 16499, Korea
3 Nine B Company, Daejeon H121, Korea; jhyesaa92 léigmail.com (H.].); snsnans@naver.com (S.Y.);

ji.ae kimédaumnet (.AK)
* Correspondence: jeongsy@ajou ac.kr; Tel.: +82-31-219-4520; Fax: +82-31-219-4521

Academic Editor: Andrei Mocan
Received: 21 April 2020; Accepted: 14 May 2020; Published: 18 May 2020

Abstract: Medicinal plants have been used worldwide as primary alternative healthcare
supplements. Cornus officinalis (CO) and Ribes fasciculatum (RF) are traditional medicinal plants

applied in East Asia to treat human diseases such as hepa
allergy. The aim of this study was to examine the anti-obesity

osteoporosis, oxidative stress and
fect of CO and RF on preadipocyte

3T3-L1 cells in vitro and hig_h-lal diet (HFD)-induced obesity mice in vivo. Combination treatment
of CO and RF in differentiated 3T3-L1 cells inhibited adipocyte differentiation through

downregulation of adipogenesis

ssociated genes such as CCAAT/enhancer-binding protein alpha

(Cebpa), fatty acid binding protein 4 (Fabpd), peroxisome proliferator-activated receptor gamma
(Pparg) and sterol regulatory element binding protein (Srebp1). In vivo animal models showed that
a mixture of CO and RF inhibited HFD-induced weight gain, resulting in decreased abdominal
visceral fat tissues and fatty hepatocyte deposition. In addition, CO+RF treatment decreased HFD-
induced adipogenesis-associated genes in abdominal white fat tissue. These results suggest that

administration of a CO and RF mixture prevented adipocyte differentiation and lipid accumulation
in preadipocyte cells and HFD-induced body weight in obesity mice. Therefore, combined therapy

of CO and RF may be a protective therapeutic agent against obesity.

Keywords: obesity; Cornis afficinalis; Ribes fasciculatum; high-fat diet; natural product
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4.9, Sratistical Analysis

Statistical analyses were performed with statistical software package SPSS 11.0 for Windows
(SPSS Inc,, Chicago, IL, USA). Statistical significance of differenices was assessed by the Student’s -
test. In addition, multiple groups were analyzed using one-way analysis of variance (ANOVA) with
Tukey’s HSD post-hoc test. A value of p <0.05 was considered to be statistically significant (*p <0.05).
Averages and error bars show standard error of the mean (SEM)

5. Conclusions

This study d an anti-cbesity effect of combined CO and RF through in vitro and in vivo
experimental models, We suggest that combined CO and RF may be a potential agent for aniti-obesity

medications.

Supplementary Materials: The following are available online at www.ndplcom/1420-3049/25/10/2350/s1,
Figure S1: Effect of Corus officinaliz (CO) o Ribies fascicudatun (RF) on cell viability in 3T3-L1 cells. Cells were
treated with CO or RE for 48 h, and cell viability was assessed by WST assay. Figure 52 Anti-adipogenic effect
of combined freatment with €O and RE of preadipocytes. The 3T3-L1 cell ine was treated with several CO and
RF mixtures (10 and 50 pg/mL). Adipogenesis-associated genes (Cebpu, Fabpd, Prarg and Srebpl) were evaluated
by RT-PCR. Relative mRNA was normalized to that of mouse Gapdk. * p < 0.05 vs. none, # 7 < 0.05 vs. CRI0
(Tukey’s homest significant differance post hoc test analysis of variance). Abbreviations: Undiff,
undifferentiated; None, non-treated.

Author Contributions: 5.-YJ., and EP. designed the study; EP., CG.L, H], S.Y. and JAK. performed the
experiments and analyzed the data; EP. and H. mterpreted the data; EP, C.GL., and 5-Y.]. wrote the paper;
S.-Y. edited the manuscript. All authors have read and agreed to the published version of the manuseript.
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