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Study on the Local Fat-Reducing Effects of Plantago depressa Willd (PD)
pharmacopuncture, in Obesity-Induced Mice

Chanwoo Park*, You Yeon Choi, Woong Mo Yang

Department of Convergence Korean Medical Science, College of Korean Medicine, Kyung Hee University, Seoul 02447,
Republic of Korea

Objectives: We aimed to confirm the effect of Plantago depressa Willd (PD) pharmacopuncture, specifically a rich
extract of polysaccharides and flavonoids, on reducing fat deposition in local areas using a mouse model of diet—induced
obesity.

Methods: Obesity was induced in C57BL/6 with a high—fat diet for 7 weeks. The right inguinal fat pad was injected with
100 uL of physiological saline as a control, and the left inguinal fat pad was injected with 100 uL of PD extract at a
concentration of 0.6 mg (equivalent to 20 mg/kg). PD extract was injected a total of 6 times, 3 times a week for 2 weeks
starting from the 5th week of high—fat diet feeding. After treatment, the weight of the inguinal fat pad were confirmed,
and the size of adipocytes was assessed through histological analysis using H&E staining. Furthermore, Western blot
analysis was conducted on enzymes associated with lipolysis to evaluate molecular changes both in vivo and in vitro.

Results: In the inguinal fat treated with PD pharmacopuncture, a significant reduction in the weight and size of the
inguinal adipose tissues was observed compared to the vehicle. The expression of hormone—sensitive lipase (HSL) and
adipose triglyceride lipase (ATGL), factors related to lipolysis, was increased in the adipose tissue in the local area where
PD was injected. Additionally, the formation of lipid droplets was suppressed, and enzymes related to lipolysis were
increased by PD extract treatment in differentiated 3T3—L1 adipocytes.

Conclusion: The PD pharmacopuncture effectively reduced fat mass in the inguinal fat pads of mice with obesity and
promoted lipolysis by increasing the activity of lipolytic enzymes.

Key words :Plantago depressa Willd, pharmacopuncture, obesity, lipolysis, lipolytic enzymes.
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1. 2k okl ol Az

AEA T (A&, )l F98 22 (Plantago
depressa Willd; PD) 200g2 1,500mLe] FHFgollA
100°C 2AIte 2 3{ F=3 F, 308 S 2o
(sonication)& A3ttt 55 &4 EEES
7] 98 A% o] A (quantitative filter paper, NO.20,
185mm) ¥ "t o #A| Z(Filtrox FibraFix49 AF—101H
Filter Sheets AF—101H) Z& %, 7% 5% 45 AA
A 1zt 15g (&1 7.5%)2 % e PD 3%
HE Ak AdA F4HAF FE(voucher specimen:
#PD—2017)2 &#8211;20°Cel|l B3} Qit. s AN xH
PD 39t e AF Ad Aol 5o PD o Ho g
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2. 485 E

7 559 9] C57BL/6 (577, 19~21g, n=6)2 &
vho] & (k=) ol A Fujele], A FU7A] LFALE S B
S T83 Tt &% 2242°C, % 55+15%, 12417t
light—dark cycled] 32 < 7+ A7 & A
ol AMEHAT RE FEAE ¥ NIH (National
Institutes of Health)J ¥ 5 E B2 74 (Principle of
Laboratory Animal Care)¥ A3 tjgtn FE2d 324
A3le] S-S Wol FE & A wel FPEHAT
(Permit Number: KHUASP(SE)—16-145).
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(Vehicle) (PD)

Fig. 1. Experimental design and sample treatment.
Based on when the mouse is lying down, 100 pL of
physiological saline was injected into the right inguinal
fat pad as a control, and 100 pL of PD extract at a
concentration of 20 mg/kg (0.6 mg) was injected into
the right inguinal fat pad.

4. vk-2 Al 54 D A F - (Inguina) A A =
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npo o] HEe AF A|ZRE Zrstx] AxA
< (OHAUS pioneer, PAG214)& AF-&3}o] A A3 A7)

Q1 2 10419 v 1A, F 8 73} vhg-2=9
2 do] AFAS "] AFS 7|Fe] AT LAE
Hasgtelgth, A3 TR 9 HA¥dsES
(tiletamine HCI  and  zolazepam, Virbac Lab,
Carroscedex, France)& H7 Foiste] @Al npH A7 §&
S AA AT NE & vk HREE &3, AT
A AF7F AEE LEF M5 AWH(inguinal fat pad) ¥}
PD ¢ o] Fou A% MIH A3 Faste] 7129
FAE AAAE (PAG214, OHAUS pioneer)S AF-&3}¢]
SRR D=

10% paraformaldehydeol] 24417 =

st 3

A3 28 3 g)F7 (vehicle) 2 PD ¢k Ho] A=
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gofo] ] ek

ZwoHAl FAIAIZ &
7] (automatic tissue processor)Z E3f
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H8E A FES AFtetar detd oz Euj(tissue
embedding) 3tk dHEgw  EBge zz AR
(microtome, Leica, HIS—3368, Germany)Z A3} 5
m FA o 2 ¥ (sectioning)3te] S whE 3 g ug)
A (deparaffinization), @< ¥4 (dehydration; 70% ,95%
100% N&-& =2k A2]) 3 34=(hydration; 100% ,95%
70% olE-% =2k Hg]) $4E& AX th& hematoxylin &
eosin (H&E)9] |AS A A5 Th Hematoxylin 822
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A& o] Fgg nfx gt S
2 W 3T3-L1 AWA Eol A Xz} of o] A7 x
Ao oA fgiate] wAE dTFE
Western blotting assay & AA 8ttt 435 2% 50 mg
S protease inhibitors cocktaile] ¥3+¥® RIPA assay
buffer (50 mM Tris&#8211;HCI, 150 mM NaCl, 1%
Triton X—100, 1% sodium deoxycholate, 0.1% SDS, 2
mM EDTA) 700 pLell ¥of &gk %, 14,000 rpm &=
307 A A dd = FaNds EEsksl
o doj7 @A L phradford methodE AE-3to] 3}
3, @ 30 pg2 SDS 12%—polyacrylamide gel 7] <3
=& =3 2e8ta, Transfer buffer (39 mM glycine, 48
mM Tris—base, pH 8.3, 0.37%(w/v) SDS, 20%(v/v)
methanol) & AH&38te] PVDF membrane 2t o= o] &A1 31
o} gl do] A% membrane H|E0] 2 <] vhul A S o
ol g blockingS 913 5% BSA (in TBS-T)E A&]38}aL,
1%} Al Anti—mouse—B—actin, HSL, ATGL (in
TBS—T, 1:1,000)¢] g5 o] 4°Cell A overnightol] A Hk
SAZAY oY TBS-TE 158 ¢+ 33 AHsa,
peroxidase; HRP7} A3t
goat—anti—mouse 22} AE TBS-TE 3434
(1:2,000) A-ZollA 1A FF AgHALH, oF
enhanced chemiluminescence (ECL) assay kitE AF&3}
o] LAS (Leica Microsystems, Buffalo Grove, IL, USA)
Z M=7} A AT internal control & B—actin®] A&

S At

horseradish

7.3T3-L1 AW AFAxe vt 2 23} f=
3T3—L1 (mouse embryonic fibroblast cell line) ]
UG£+  Dulbecco's modified Eagle's medium
(DMEM, WelGene Biopharmaceuticals, Daegu, Korea)ll

10% Bovine Calf  Serum (BCS, WelGene
Biopharmaceuticals, Daegu, Korea), antibiotics
(penicillin/streptomycin 100 units/ml, Bioshop,

Burlington, Ontario, Canada)& % 7}3kal 37°C , 5% CO2
A E wjE7] ol A v eksl T AlEE 6 well plateo] 5 X
1042 seeding 3+ 3 confluent A Ef7FA] w3 3 o] &
7F W2]8ke] 100% confluent AEIE THE2t} (day 0).
3T3-L1 A%  AFAME(preadipocyte)=  A|HAE
(adipocyte) = w318 4= 9lom, Ak M FAd3 2w
PAF Z2ARAAES AslE Bl E ALE-F a1 9luf22.
AAE #3815 98] MDI (10 pg/ml insulin, 0.1 M
dexamethasone™ 0.5 uM IBMX) 3} vjA] 2 w3tslo] 3

AZF s o™ (day 1-3), 7L F 2 Wt} 10 pg/ml
insulin®] Z &% WX 2 wgstar AEse] JrE &
A3k tH(day 4—10). 10 U3k 3} F= F, 2dA; o3
Mo 0.1, 1, 10 pg/mle] FEE 24A7F S X 3Hgltt
(day 11).

8. #3}l¥ 3T3—-L1 A WA 2] A8 (lipid droplet) &
4
22l of o ME]7h wshE 3T3-L1 AAIEe]
Lipid droplet A4 Aol WA= dFS H7tst7] A3l
Oil Red O A& AAskginh. AW 317 13 3T3-L1
A A ] 2 A kR AL 0.1, 1, 10 ug/ml FEHE A
gsto] 2447 WY 3 QA AF8 o
(phosphate—buffered saline; PBS)2.& A3 & 4%
formalin® 2 1A17F &<k 1 A3HA Y. 1A E AE= 60%
isopropanol& ©]-&3}o] Al#H g th& Oil Red O working
solutiong A gste] A4 1A1ZF 5 AT 4
A 2 0il Red O solutionS A At SFF2 33 AF3
T gbde] Ax:AIA FT dnA o] &3] TEBFFTH(X
100). =gk, AFd 45 9138+ 100% isopropanols ©]
g3te] AWTE &5 F 96 well plated] 200 pLA &
714 ELISA reader® 550 nmoll A &3 =5 A3} t}.

9. ®#3t¥ 3T3-L1 XA xe XHEdqasr 54

=
319 3T3-L1 A HA Fol| o] AHFE&] & 42 HSL
2 ATGLE] #u=Fe &elslr] &, ME A7t gd5d

(day 11) 3T3-L1 Al¥E 1X PBSE A& 3, protease
inhibitor cocktaild ¥3¢&}= RIPA buffer2 o233}
oh. &3 3T3-L1oA dojzl daldeo A ks a s
¢l HSL ¥ ATGL9] Z& S Western blotting assay® %
ZFeFTh A WS A9 Vlsd Wi 5 st

10. SAIA =

B Ao dojz Ay Hit + 2 2 (standard
error of the mean) #C&E FAEINTH EA4F EXe
ANOVA (analysis of variance)< ©]-83}9] Dunnett's
test® )3T (vehicle) T A3 (PD) 1He] Aol & 413
douw p gko] 0.05 v|wkel ZH$- =
2 HAs

1. A% A

A3717F B 0 T2 vf9-2~9] AT 23.11 £ 091 g
o7, uAW Aol = F AF WHIe= 1 FAF 25.95 £
1.37 g, 2 52} 27.20 £ 1.43 g, 3 52} 28.64 + 2.01 g, 4
F2} 30.34 £ 2.79 g, 5 F2F 30.00 £ 2.68 go = <F
29.8.%° AF T7HE st on, AFH A PD
MG Foldt 335 T3t & 6 =49 AT 30.48 £
2.79 g, 63] Fo o]%9 7 Fx}= 30.06 £ 3.00 g &2 A
Z9o §9H S8 AAE A okl (Fig. 2).
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odk

PD 99} & ezt A 240 vXE WaE 3
L BECE E L S E L LS SN ES
(vehicle)?) A4 Q57 Folg A% A ¥ Ay AL
9] 27](260.41 * 70.93 um)oll ¥]a) PD okl ] &

354

AL

Body weight (g)

PD injection
o]  && M A AE A7) 226.61 + 78.35 um=
201 SAHJATGerp < 0.001, Fig. 4A). A w73 vl &
6 (fat diameter ratio) & (vehicle) 1.00 £ 0.255 7]
o1 2 3 4 5 6 7 F0 7 PD Mo A= 0.88 £ 0.33 & °F 12.98 % 9
weeks A E 2719] 72 8T < 0.001, Fig. 4B).
Fig. 2. The changes of body weight in HDF—induced
obesity mice. The PD extract was injected six times over ' 2 g,
two weeks, three times a week, starting from the fifth s R (PP , )€ .
week of high—fat diet supply. The arrow indicates PD ‘,\-:, < ( N L.:/"'; “;"
injection. PD: Plantago depressa Willd. extract. C | { /B AVET
Vehicle PD
A.
2. A epR o] Fa A 24 EoAlo] M A P 2 oo
ARA kR Aol oJF Ta F-9)9] A 249 o
WakE Selsh) e Y T g HRE use] A
AR BEE D FAE ZHSAT (Fig.3A). v # L
e whgzol A A AT T8 o2 (vehicle) A — e
5 A 22 FA = 140.99 £ 30.74 mg, PD ¢Fzl A o]
Fold Aaly AW =29 A= 102.93 + 37.04 mg=
oAl a7 RN oW (Fig. 3B), ti&w(1.00 £ Fig. 4. The effect of local PD treatment on the fat
0.22) & 7]Z 0% PD ekl ol = 0.73 + 0.26 diameter of inguinal fat tissues after six injections.
o7 Az} kAN Eoo A ok 309% o AHF A= PD—injected inguinal fat tissue was histologically
YER 2 tHFig. 3C). analyzed through hematoxylin and eosin staining.
Microscopic examination was observed at 400x
A. ] magnification. (A) The fat diameter of inguinal fat, and
- (B) the ratio of fat diameter in inguinal fat. #**p <
0.001 versus the vehicle group. PD: Plantago depressa
:‘ 9 Willd. extract.
Vehicle
;. c 4. 2=} opzl o] x| ukt ] g Aol WX = F 3
oo o HIRE -5 wh-22ol| A PD ofl el e] =4 2] 7 vt
g b = ook ) AR A AE U A el &4 HSL 2
g e ATGLS] Bvlo] v]A e 92 A ark 44948
Eo Feo, Fol g oz (vehicle)®] HSL Z@%F (1.00 £ 0.24)°]
° o vl PD offl oS Fol gk AR A 22 i HSL 23
Vehicle PD Vehicle PD

g2 3.38 v =718k vH(3.38 + 1.33, Fig. 5A). ATGL2)
wd g w3k )27 (vehicle)ol HI81(1.0 £ 0.11) PD ¢F
NS Folgk AW A A 3.08 vl Z7159TH3.08 +
1.10, Fig. 5B).

Fig. 3. The effect of local PD treatment on the weight
of inguinal fat tissues after six injections. (A) The visual
aspect of the inguinal fat pad, (B) the weight of inguinal
fat, and (C) the ratio of inguinal fat to body weight. *p <
0.05 vs. the vehicle group. PD: Plantago depressa Willd.
extract.
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Bractin > (Y W—_
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Relative intensity
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o 4 N W

o

Vehicle PD Vehicle PD

Fig. 5.
adipose—degrading enzyme protein in inguinal fat tissues

The effect of local PD treatment on

after 6 injections. Protein expression in (A) HSL and
(B) ATGL in the inguinal fat pad was performed by
Western blot analysis. ***p < 0.001 and **p < 0.01 vs.
the vehicle group. PD: Plantago depressa Willd. extract.

5. A A} oFl A
w7}

PD #g]7} ®3}¥ 3T3—L1 AAE U] %ol 1] %]
= 9FS Fsly] 9dste] PD k- AS FEE (0, 0.1,
1, and 10 ug/mL)= 24 h A F Oil red O & 4
Alate] Az W AT Y AEE FA3Ah(Fig.
6A). 3T3—-L1 A AFAxzel 10 L3+ £33} L A A
Ae F= ZHH Y MDI Aol s AEd O A7t
/xgﬂglo{ /H @l. ;qu H]Jﬂ —sﬂx-l ]_oﬂ on:] MDI _,_g;} ke
PD S H F% o|&H o2 Ao o] FA3A ¢
A== Aol A (0.1 ug/mL; 18.71%, 1 ug/mL
;27.39%, 10 ug/mL; 32.00%, Fig. 6B).

Ho] 3T3-L1A2E] g X 23

olf

6. AR} Fho] 3T3—L1 A Ao A HHEa) & A
o M= 93

8tE 3T3-L1 AWAENA PD ofd o] 2k djA}
of #ost= A EA HSL 2 ATGLE #do) n
2= ke selatednl, B2 Gwa A £l MDI
o HS) 1, 10 pg/ml PD k3l o-& A 2] gk ol A= HSLe]
kg o] th & (vehicle)ol W8] 22} 1. 85 v, 3.04 8 =
7}at 4tk (Fig. 7A). ATGLY] &9 -9 10 pg/mlol A7t

1.258) S7hshs &215 3 oh(Fig. 7B).

T

times/weeks) 4185 A ®(inguinal fat pad)ol xpd =} oF

— 22

PD (ug/mL)
0.1 1 10

Fig. 6. The effect of PD treatment on lipid
accumulation in differentiated 3T3—L1 adipocytes.
After inducing adipocyte differentiation for 10 days,
PD was treated at concentrations of 0.1, 1, and 10 u
(A) Representative images of
lipid droplet formation in 3T3-L1
Red O staining. (B) The
intracellular triglyceride content was measured in

g/ml for 24 hours.
intracellular
adipocytes wusing Oil
3T3—L1 adipocytes. All experiments were performed
independently in triplicate. #x*p < 0.001 vs. 0
(non—PD treatment). PD: Plantago depressa Willd.
extract.

PD (pg/mL)
0o 01 1 10

HSL » v'QE-

ATGL » | B8 &4 N
B-actin » | GNED G SN G

MDI

PD (ug/mL)

PD (ug/mL)

0.1 1 10 0.1 1 10

Fig. 7. The effect of PD
>—degrading enzyme protein in differentiated 3T3—L
ytes. Protein expression in (A) HSL and (B) ATGL :
ntiated 3T3—L1 adipocytes were performed by Wester

treatment ¢

1alysis. All experiments were performed independentl
licate.***p < 0.001, *p < 0.05vs.
D: Plantago depressa Willd. extract.

0 (non—treatmer
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geniposidic acid, plantagoside % Iridoid glycosides®
B35 o] 9o polysaccharides®} flavonoidse} &
Aol ol Qu2s. AR Fo g4 A
iridoid glycosides= &31A] ¥ Z (antihyperlipidemic) 2
3} = (anti—inflammatory)S 53 A2 thalx Aol 7]¢]
Hol Hi¥0 26, flavonoidst ZE 3 FikabA = A

AW 4TS BaA7)a, dAS ST BRte 2 Qg At
3t ~EY A 24 @yl the] Kol E 9Tk,

A3 §-(inguinal fat pad) A2 HF o] 9|x]s}
= Ul g, 95 uk2 ofgd ¢ X3k I3k
o2 FHE 554 o] 9lo] Hto] golsto] =
2 59 Aol Bo] & HuYrh2s. sk FH NS A
5 Aol FALeHE Bt ol Whs2 TEF A Yoo,
uhg-2 A frone WaltE BEE A gkth At
R MG A Fo] Al AF Aart BEH ol AT A
of hE2 ok Fo] HR i &9 tALE Afolo] A
H2 AE 7 don, o= FA F9lo] ok 8ol A
2 dh-gofl S H XX S-S AlAMEHTE29.

AX = Al vt (hypertrophy) &} M EF7}F S7F8HA A
+= 2 (hyperplasia) &2 Y= 5 At430. 2}
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