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ABSTRACT

Antibacterial and Antioxidant Activities of Eucommia

Ulmoides Oliver(Duzhong) Saps

Ji—Hoon, Shin

Advisor @ Prof. Yoo, Jin Cheol, Ph.D.
Department of Complementary and Alternative
Medicine,

Graduate School of Chosun University

Background & purpose

Eucommia ulmoides is a Traditional Chinese Medicine that has been
used for longevity, being strengthen the muscles and joints. While
traditional application of Eucommia was more focused with its effects on
muscles and bones, recent scientific evidence supports the immune,
anti—cancer, and anti—hypertensive properties of Eucommia barks and
leaves. In practice, it has been shown that various compounds identified
from Eucommia such as flavonoids, lignans, and iridoids, exhibit the
above medical properties. Furthermore, a new component called

“Eucommicin A” was also shown to suppress cancer stem cells.

So far numerous studies have been conducted on the protective
effects on hypertension, obesity, osteoporosis, safety assistants of
corticosteroids of Eucommia bark and leaves. It was very effective in
animal, but did not in humans, except for the blood pressure reduction.

In this paper, we changed the experimental method and chose its sap

_Vi_
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and its liquamen that were not previously studied to further examine the

health benefits of Eucommia.

Methods

After peeling its bark, we collected the 150 ml of sap, centrifuged it,
extracted with Ethyl Acetate, and then again concentrated by vacuum
concentrator. The liquamen were obtained by the following method.
Without adding any water, to the tree trunk Eucommia 10 kg by heating
at a temperature of 105C for 24 hours, we got the 2.5L and then in
the same as above. If the gutta percha of its bark were to protect the
plants from insects and fungus, there is more expectation in the inner

trunk, its saps.

We measured the following from the collected sap and the liquamen,

1) the DPPH radical scavenging ability and 2) reducing power 3)total
phenol content, 4) the cytotoxicity and the nitric oxide production, 5)
the antibacterial activity throggh the antimicrobial spectrum, and 6) the

component analysis.
Result
Each result is as follows.
1. As to the radical scavenging ability, in the high concentration (0.05

~ 1 mg/ml) showed the effect of 30~80% in comparison to the ascorbic

Acid. But 1t was nearly the same as those in the low concentration

- Vil -
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cases. It is similar to the radical scavenging ability of a—tocopherol.

2. The high concentration of the sap showed 50% performance as to
the reducing power in comparison with the ascorbic Acid. It was nearly
the same in the low concentration. However, very excellent reducing
power was being shown in the case of the liquamen. It is nearly similar
the level like the ascorbic Acid in the high concentration(0.5 mg/ml or
more), but in the low concentration less than 0.1, the reducing power

was shown more than two times.

3. The total phenol content was not so higher than the gallic Acid,
which i1s the control group. The total phenol content in the liquamen
showed a little bit more because of heating for a long time. However, it

1s regarded that compound having the phenol.

4. As to the cytotoxicity test, the survival rate in the sap was high
concentration. However, the cell which becomes extinct was abundant in
the liquamen of the high concentration(0.05 mg/ml or more). It means
that the side effect will be able to follow in case of taking this in the

high—capacity.

5. As the antibacterial spectrum analysis, They are no reaction in the
Gram— negative bacteria — Alcaligenes faecalis ATCC 1004, Salmonella
typhimurium KCTC 1925, Escherichia coli KCTC 1923, ESBL P3, ESBL
U4, Pseudomonas aeruginosa KCTC 1637. But the inhibition zone of the
liquamen are wider than the sap in the Gram—positive bacteria — KCTC

1928, MRSA 4—5, MRSA 693E, the VRSA

- viii -
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6. The ingredient of the sap is similar to the vegetable Sterol line. [3
—sitosterol and Stigmasterol are mainly contained and there seems to be
some influence on the decrease of serum cholesterol and anti—cancer,
antibiotic, and AD. The ingredient of the sap is similar to the vegetable

Sterol line.
Conclusion

When comparing the sap and the liquamen, it came out of the reducing
power and antibacterial activity against super bacteria. But the cytotoxin
problem remained, the supplementary research should be guaranteed

afterward.

The sap and the liquamen were not used in Chinese medicine so far at
all, but this study confirms what the sap and the liquamen extract shows
the effect like the above. It was clarified they have the effects as much
as the bark and leaves through this experiment, and it must be regulated

a reckless abuse of the liquamen.

Keywords : Eucommia Ulmoides Saps, Eucommia Ulmoides liquamen,

Antioxidant activities, Antibacterial activities.
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List of Abbreviations

E.U.S. Eucommia Ulmoides Saps
E.U.L. Eucommia Ulmoides Liquamen
ETAC Ethyl Acetate
DPPH 2,2—Diphenyl picryl hydrazyl
LPS Lipopolysaccharide
DMEM Dulbecco’s Modified Eagle’s Medium.
MTT 3—(4,5—dimethylthiazol—2—yl) —2,5—diphenyltetrazolium
bromide
DMSO Dimethyl sulfoxide
GC/MS Gas Chromatography —Mass Spectrometer
AD Alzheimer’s Disease
MRSA Methicillin Resistant Staphylococcus aureus
VRE Vancomycin Resistant Enterococcus faecium
VRSA Vancomycin Resistant Staphylococcus aureus
ESBL Extended spectrum beta lactamase Escherichia coli
IMP Imipenem resistant Pseudomonase aureus
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Fuld, wE BrlAE Az(EL)® TR AZ

(Eucommia ulmoides Oliver)& AAA o2 F43F 13} 1

FEe PAUE AN Al Al AR Hof gk GBI W=

2 10~15m7H4 A, @e] eddes o FeEvh Ak selxih
AAS He A sulE ZEA AL flom, @) THATE el 2 3hE of
5~16cn Slo] Blel Refo R lam dolef Fdo] &yl QlxpFel &din). 4¢
T3 29 glo] ARl TSR A dd kAT 148 E
B, FEE 6~10 N A= @ &l vk e 10~11€el 3cme]
FEARGOR A7t Sy sye} Qap JHA = ofAleh R ARSehaL
Atk Tl Ade et #vh.(Fig. 1)
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(a) (b)

Fig. 1. The crusted cortex and cross—section of Eucommia

(a) The crusted cortex (b) cross—section of Eucommia(distinguishable)
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Fig. 2. Eucommia under the microscope[2]
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Fig. 3. The gutta percha, stringy
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Fig. 4. Currently used in the oriental medicine

(a) used in the high heat roasting, after peeling off
(b) gutta percha easily cut off
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group)[9][12]1%, &H|vt =89 Asperuloside (13.7—27.8 mg/g)[13][9],
isoquercetin® 24 &2k} F3O] Quercetin (0.27—0.62 mg/g), rutin
(7.6—14.3 mg/g), 18]aL °o]FF2 3—0O—sambubioside[8]1[9], Licoagroside
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(0.19£0.0030 pg/g), Oroxylin A (0.04+0.0004 ug/g), Lignans Syringaresinol
di—0—Gle (275.53+0.99 ug/g)a I et 283 sk phenold 3 &
Pinoresinol di—O0—Glc (384.15%£19.67 pg/g)[6]1[15], Chlorogenic Acid
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Fig. 5. The Chemical Structure of main ingredient

(a) Lignan (b) Geniposidic Acid (¢) Ferulic Acid (d) Aucubin
(e) Chlorogenic Acid (f) Baicalein (g) Quercetin (h) rutin
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Fig. 6. Blackened by the saps

(a) after 2 hours, (b) strained glove, (c) after some days
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(a) (b)

Fig. 7. Peeling off the layers
(a) Cutting the wood and peeling the bark, (b) Sap, flowing on the

trunk
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(a) (b)

Fig. 8. Sap extract

(a) putting the sap in the vial, (b) The sap contained in the vial
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Fig. 9. Liquamen extract
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2. Nk

Farst g B4 AxsAd Aol ARE’E 2,2-Diphenyl  picryl
hydrazyl (DPPH), ascorbic acid, Foline—Ciocalteau reagent®} gallic acid,
Lipopolysaccharide (LPS), dimethyl sulfoxide (DMSO), Griess reagent
and 3—(4,5—dimethylthiazol—2—2, 5—diohenyltetrazolium bromide (MTT)
+ Sigma—aldrich Co,(St. Louis, MO, USA)Z+5-E F3le] A1-&35130H. Al
ZujFo] A}FE3F Dulbecco’s Modified Eagle’'s Medium (DMEM), fetal
bovine serum (FBS), and penicillin—streptomycin< Invitrogen (Grand
Island, NY, USA)ZF-E 331t}
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U4, Pseudomonas aeruginosa KCTC 1637, IMP(Imipenem Resistance
Pseudomonase)120& Algst¥ o, 13k FA wAEE Micrococcus
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Table 1. GC / MS analysis conditions apparatus

GC =32

Injector Split  ratio 10:1, 280°C

Carrier gas He, 1 ml/min

Column DB-5MS (L 30 m#*0.25mm ID*0.25 m)
Oven 50C(2 min) — 10C/min — 320C(10 min)
MS =3

Ion source EI, 230TC

Analyzer Quardrupole, 150C

Mass range 35—600 m/z (mass—to—charge ratio)
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Fig. 10. DPPH radical scavenging activity of extracts in different

concentrations
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Fig. 11. Reducing power measurement
The absorbance (700 nm) was plotted against concentration of sample.

All values are mean £ SD of triplicates.
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Fig. 12. The measuring of the total phenolic content

Total phenolic content was measured using the Folin—Ciocalteu method.

Absorbance values represent triplicates of different samples analysed.
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Fig. 13. The Effect on the cell viability
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3. 7% 79 3 9 ETAC £8&9 A4 &4 vl

7h JAE 24

EU.S. 3 EUL.e a4 mAz o I+t
(Table 2)3 ok 2% &4 3 457 A4
YER Al FRA T, el A WA R EAIVE He s ubE g ol o
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Table 2. Antibacterial Spectrum

T 7 2 A FZ2ES 1 mg/mlY X2 AN F a9 S 2 a9
FA HAAR vA=el g A G S5A
9] (diameter)
Test organisms E.U.S. E.U.L.
(Img/ml) (1mg/ml)
Alcaligenes faecalis ATCC 1004 G(-) 0 0
Salmonella typhimurium KCTC 1925 G(-) 0 0
Escherichia coli KCTC 1923 G(-) 0 0
ESBL P3 G(-) 0 0
ESBL U4 G(-) 0 0
Pseudomonas aerpginosa KCTC 1637  G(-) 0 0
IMP120 G(-) 0 0
Micrococcus luteus ATCC 9341 G(+) 0 0
Enterococcus faecalis ATCC 29212 G(+) 0 0
VRES G(+) 0 0
VRE4 G 0 0
Staphylcococcus aureus KCTC 1928 G(+) 11 13
MRSA 4-5 G(+) 0 15
MRSA 693E G(+) 13 12
VRSA G(+) 0 18

MRSA, Methicillin resistant Staphylococcus aureus

VRE, Vancomycin resistant Enterococcus faecium

VRSA, Vancomycin resistant Staphylococcus aureus
ESBL, Extended spectrum beta lactamase FEscherichia coli

IMP, Imipenem resistant Pseudomonase aureus
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A

5 A3

GS/MS 4] Ay =2 5ode= AES B-sitosterol¥} stigmasterol 7|
deo] 4= g5tk (Table 3.)
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Table. 3. GC / MS

analysis

Pk# RT Library/ID CAS# Similarity
Cholest—5—en—3—ol 113845—-28—-6 99
1 30.543 | gamma.—Sitosterol 000083—47-6 97
beta.—Sitosterol 000083—46—5 97

Collection @ chosun
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Table 4. The comparing the effects of bark, leves and saps

A4

L
T4

Geniposidic acid

Geniposidic acid

(23S) —ethylcholest—5—en—3.beta.
—ol 287275 113845—28—-6 99
Cholest—5—en—3—o0l, 23—ethyl—,

Aucubin (3.beta.,235) —
aglycone— . (CAS).gamma.—Sitosterol
. Asperuloside Stigmast—5—en— 453605
geniposide
Quercetin 000083—47—-6 973—01,
genipin ) (3.beta.,24S8) —
Lignans rutin Stigmast—5—en—3.beta.—ol,
) ) Licoagroside F (245) =
syringaresinol— ] ) Clionasterol
) ) Baicalein Fucosterol. beta.—dihvdro—
}\é dleg'COSlde ) ucosterol, .pbeta. mnydro
Wogonin 24.
T | Li ide F
w 1coagroside . beta.—Ethyl—5—cholesten—3.beta.—
] ) Oroxylin A |
Baicalein ) 0
. ngnans beta.—Dihydrofucosterol
wogonin . . 22,23 —Dihydroporiferasterol
) Syringaresinol
oroxyhn A . . 24S—Ethylcholest—5—en—3.beta.bet
c i y Pinoresinol a.—Sitosterol
aprylic aci . . Sti t—5—en—3 453597
Chlorogenic Acid 18as et
Triterpenoids 000083-46-5 97—ol, (3.beta.)—
] ] Ferulic acid Stigmast —5—en—3.beta.—ol
Chlorogemc acid . . alpha.—Dihydrofucosterol
caffeic acid
beta.—Sitosterin
A @ B g a9,
! MRS, 54 AA, I 3 FHU=HE A3
| wey g Fit, YAt &k, i, AD
.
% [3]~[7] [8]~[16]

Collection @ chosun

_40_




A QoAM= F A AEES A9 Skal genipin®]Yt Licoagroside F,
7+ O 57 o] zi;@oi A= Qo%x]ql.,

Baicalein, wogonin, oroxylin A 53 & & 5
FALE sterol ALE FHAI lon, AAY A e RS a9

ol Wetsta, Aol v=2rz 7d a3 A ztke]7t AAtH(Table 4.).
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