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Lipoxygenases, Hyaluronidase, and Xanthine Oxidase Inhibitory
Effects Extracted from Five Hydrocotyle Species

Seok Hyeon Moon"*, Yong Lim>"* and Man Kyu Huh"™**

'Food Science & Technology Major, Dong-eui University, Busan 47340, Korea
’Department of Clinical Laboratory Science, Dong-eui University, Busan 47340, Korea

Hydrocotyle is a genus of prostrate, perennial aquatic or semi-aquatic plants formerly classified in the family Apiaceae,
now in the family Araliaceae. Lipoxygenases (LOX) are present in the human body and play an important role in the

stimulation of inflammatory reactions. Ethanolic extracts of five Hydrocotyle species (H. ramiflora, H. maritima, H.
nepalensis, H. sibthorpioides, and H. yabei) showed inhibition of 23.5~50.6% at 2.0 mg/mL. Their extracts showed LOX
inhibition in half maximal effective concentration (ECsy) range 15.1~15.7 pg/mL. Hyaluronic acid is a glycosaminoglycan,
a major component of the extracellular matrix Five extracts of these species inhibited less than 23.0% of Hyaluronidase
(HAase) activity at a concentration of 2.0 mg/mL Xanthine oxidase (XO) is a form of xanthine oxidoreductase, a type of
enzyme that generates reactive oxygen species. Five Hydrocotyle species were found to have inhibitory activity of XO
at 2.0 mg/ml, with 65% having greater than 50% inhibition. H. ramiflora exhibited the highest activity with an inhibition
of 80.0%. The results suggested that Lipoxygenases, Hyaluronidase, and Busan 47340, Republic of Korea from five
Hydrocotyle species might be multifunctional and prevent the degradation of allergic reactions and inflammation.
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2] Z-A] AlLkolAl(Lipoxygenase, LOX, EC 1.13.11.-)% ©}
2}7] =4HKarachidonic acid)®ZFE A53} I =7] 4+
it E491 prostaglandin 79} 72 E 2] <ll(leukotriene)
& el #AHS Svll$th(Fan and Chapkin, 1998;
Kim et al., 2007). 73 E 2] (leukotriene) 72 =l Tofsl=
LOXoll+= 5-L0X, 12-LOX 2 15-LOX7} ) 2. (Samuelsson
etal., 1987; Yedgar et al., 2007), FZEzg| o] w=akA] A
g 735 olEy, dElErAd vd, A 2 dEET]
A3he] Y1210] FTh(Lee and Ryu, 2000; Natarajan and Nadler,
2004; Kuhn and O'Donnell, 2006).
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S $CK(Girish and
Kemparaju, 2007). HAQ] &3l &2 Hyaluromdase (HAase,
EC 3.2.1.35)% FvutE]2 #Ee] 22 A5 43 A 24
steal del27] 2, F o] T3e] dAvdo] i
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hyaluronidase, hyaluronic acid, p-dimethylaminobenzaldehyde
(DMAB), Calcium chloride, potassiumtetraborate, sodium
hydroxide, trichloroacetic acid (TCA) 5 Sigma*KSt. Louis,
UsA)ellA -y ak3lth

B AFelA ARE-S 8 7]7]% centrifuge (UNION 32R,
Hanil Science Industrial Co., Korea), CO, incubator (MCO 175,
Sanyo Electric Co., Japan), water bath (C-WB, CHANG SHIN
Scientific Co., Korea)S AF&3}31Tth ELISA autoreader=
VERSA max (Molecular devices Co., Sunnyvale, USA) =22
AHg59ie

15-Lipoxygenase (15-LO) A{sfjetd =A

115-LO A& =742 15-LO inhibitor screening assay
kit (Abnova, CA, USA)®] w7 ell wittt A& 10 pLol
15-LO (220 units/ml) 90 pL9} 1 mM o}l E4F 10 pLe 3

7Vsto] i b Aol Al A1 9 A A (chromogen)
100 pLE 7}sle] 204 5E F9F ¥H-8-A|7]aL ELISA

autoreaderE AF8-38}0] 490 nmo A EFFEE =A319T)
ojuf FANFT S 2 nordihydroguaiaretic acidS AH&-3}
oﬂ;]r
PN .

Hyaluronidase (HAase) A{afjgtd =&

HAase #3242 sodium-hyaluronic acid (HA)Z5-E 3
“d% N-acetylglucosamines glucoxazoline == W A|
71 ¥ p-dimethylaminobenzaldehyde (DMAB)Z -2 A] A
FHEE S5t a4 FAS SH3IS t(Reissig et al.,
1995). 0.1 M acetate buffer (pH 3.5)°l =<1 HAase (7,900 U/
mL) 005 mL9} A& &9 0.1 mLE &ato] 37TolA
20+7P Bk e 12.5 mM CaCl, 0.1 mLE 7}elal &

3 & ohA] 205 7+ weksleih 71" 2 A] 0.1 M acetate
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Table 1. The inhibitory effect of lipoxygenase (%) for five species
of Hydrocotyle

Concentration (mg/mL)
Species

0.1 0.25 0.5 1.0 2.0
H. ramiflora 583 1049 1096 1786 2354
H. maritima 8.62 2541 3436 3576 39.86
H. nepalensis 1235 2634 3571 4415 50.58
H. sibthorpioides ~ 14.69 27.74 3944 41.68 49.65
H. yabei 1422 2121 2601 3380 3520
NDGA 403 506 71.1 75.8 94.3

buffer (pH 3.5)° =91 hyaluronic acid (12 mg/mL)S %7}
ke thA] 40 7F St 0.4 N potassium-tetraborate
0.1 mL % 04 N NaOH &9 0.1 mL ¥hg =0l 3
7hete] 3t b oA THde $ s YA ST
WAAZD 9hg=ol] A2 DMAB A1%F 3 mL< 71ste]
37ColA 2047t MgFeE T 585 nmollA] F3 =&
sto] Aaed-ES AbEsith

e
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Xanthine oxidase Ajsljgtd &3

Xanthine oxidase #3|€d-2 Stirpe and Corte (1969)2]
Wifell wet SAsIleh 9 SR sAg 7 1]
4 5% FFE 0.1 mLol| 0.1 M potassium phosphate buffer
(pH 7.5) 0.6 mL¢} xanthine 2 mM)S <1 7|2 02 mL
Z7VeksdTh. o719 xanthine oxidase (0.2 U/mL) 0.1 mL
7kt 37TCoNA 551 HHEAIZ1 $- 20% trichloroacetic
acid (TCA) 1 mLE 7}ato] Whg-& AXAIZ] v kG-l
o AAE uric acidE 292 nmol| A FFE=E AT
T]2to)d; 5% FFEo| 3 xanthine oxidase A3 A2 A
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=
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Alg E329] 15-Lipoxygenase (15-LO), Hyaluronidase
(HAase), Xanthine oxidase A3N&d-S o} 2oz ALt
sk

Inhibition effect (%) = (IA-As) / IC X 100
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Fig. 1. The 50% inhibition (ECs) of lipoxygenase in five Hydro-
cotyle species on 1.0 pg/mL.

S: Aabsorbance of sample C: Aabsorbance of control

ax B9 50% A3 FE(ECs) RS logarithmic re-
gression analysisS 2 AE3ISITE #2014 HSE A4
(ANOVA)S |33} 3L P<0.05 =54 Duncan's multiple
range testol] W} 295}

2

LOXell thgh A 282 5% BF s SEH o
EF3THTable 1). LOX A e ==
A H ramifloral ¥ 58%= 7V YAl H sibthor-
pioidesO| A 14.7%= 71 =9)Th 025 mgmLY 492
AR 78S YENSITE 1.0 mgmLY 73-%- H nepalensis
oAlA 442%= 71 =3 H ramifloras AL HS- 5
L= 7kl e LOX 2752 Folid2 fISIth(P<0.05).
Egh LoXol gk A A8 2.0 mgmlLY AH5-ol=
50.6% o= A 4] BSkth NDGAS o= AL
432 wl 0.1 mg/mLolAE 2F 40.3%, 2.0 mg/mLol A+
943%°] Asf &35 HERASITh

Hyaluronidase A3l &3+ &+ % 0.1 mgmLY 745
H. sibthorpioides | ¥ 12%% 717 Skl H. ramiflora®)
A 9.7%= 7H4 =9 TH(Table 2). 0.25 mg/mLY 745 H.
yabeidl Al 11.9%%= 714 %94tk 0.5 mgmLy 49 H
ramiflora®l A 16.0%% 7F¢ =Skth 1.0 mgmLY 789 H.
ramiflora®| Al 7V =94t ARVH 02 H. ramiflora®l A
7HE =2 AsEAdS UENNSAL, H. nepalensisol| A 7H:
SO TH(Fig. 2). Hyaluronidaseol] st A3) 2H8-2 5% <
EAO)AATE, 2.0 mgmLY 7-FollE 23%E 22eHA] &
of A&l &/do] AWk o R =4 gk

Xanthine oxidase A3 &= FE5F% 0.1 mgmLY 7
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Table 2. The inhibitory effect of hyaluronidase (%) for five species
of Hydrocotyle

Concentration (mg/mL)
Species
0.1 0.25 0.5 1.0 2.0
H. ramiflora 974 11.64 1597 17.17 2224
H. maritima 1.39 6.16 7.00 13.54 15.80
H. nepalensis 3.63 5.75 6.66 851  12.17
H. sibthorpioides 1.18 7.17 8.18 1145 14.86
H. yabei 8.82 1193 1294 17.10 1892
DSCG 28.88 4328 65.66 76.70 78.43

Table 3. The inhibitory effect of xanthine oxidase (%) for five
species of Hydrocotyle

Concentration (mg/mL)
Species

0.1 0.25 0.5 1.0 2.0
H. ramiflora 9.7 270 403  70.1 80.0
H. maritima 5.7 251 297 460 654
H. nepalensis 4.6 9.8 19.1 40.7 521
H. sibthorpioides 2.6 114 136 353 438
H. yabei 6.7 86 249 273 432
Ascorbic acid 57 152 219 341 375

S H. sibthorpioides?| A 2.6%% 7V Wkal, H. ramiflora
of| 4 9.7%= 7 3= 4THTable 3). 025 mgmLY 749 H.
yabeidl A 6.7%= 7FF Skl 0.5 mgmlY 7S H.
ramiflora® A 403%= 7F¢ =94t} 1.0 mg/mL, 2.0 mg/
mLY A5 H. ramiflora®l X 7V Fdch Ao ® H
ramiflora?| X 7178 =2 A EAAS JEMNSI L, H sibthor-
pioides®} H. yabei7} 2.0 mg/mLol| A 43%UZ 7} Wt
Xanthine oxidase®]] tgt A 2h8-2 5% o2 o] AA|RE
AV 0 2 H. ramiflora®t H. maritima| X1= A3 224
= YeRAIRE & FdA = Tl =4 Z3UTHFg. 3).
Xanthine oxidase *3l&-2 2.0 mgmL 735~ H. ramiflora”}
80%, H. maritima 654%% 327 VFERSTE. Wb ymA] 35
< AA F=A @ob T Aot oS HERAIT

]
1]

LOXE 2H(d, @9, 712, nel, S5 Fo-57
7, S, 5 ), AR Al F-8kth(Baysal and
Demirddven, 2007; Lampi et al., 2020). 23F 2l Y- (Fraxinus
rhynchophylla) F%% 5% 40 mgmLY ™ LOX A|3&

12.8
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H. ramiflora H. maritima  H. nepalensis H.sibthorpioides H. yabei

Fig. 2. The 50% inhibition (ECsp) of hyaluronidase in five Hydro-
cotyle species on 1.0 pg/mL.
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Fig. 3. The 50% inhibition (ECsy) of xanthine oxidase in five
Hydrocotyle species on 1.0 pg/mL.

2 47.3%% UHHuh et al., 2015). Coumarin umbelliprenin®l
Al LOX A 3ll&-2 47.0%% Ch(Iranshahi et al., 2009). 2}t
H(Camellia sinesis), W1 EZE(Rhodiola rosea), Z451-F
(Koelreuteria henryi) 5% =2 LOX A3l&S YEMII
(Chen et al,, 2009). °]E FX=9} Hlaslr] 23] Fulo]e]
FEEEE 80 mgmLE Y 739 LOX A&
A& 55.5%= YERN I tHdata not shown). Apiaceae & 2
ol s+ ECs a2 Sandix pectrn-veneris %= A28}l
20.0~52.0 pg/mLo] $1TH(Loncaric et al., 2021). 3]2}o]& 2]
59| ECyy 32 15.1~15.7 pg/mL O 2 e} Apiaceae <5
AZ Rl oo A o' AN A THFig. 1).

v]uto]& 215E-9] hyaluronidaseol] &k #3282 &
O)FEHOIAAITE, 2.0 mgmLY Aol 21%E 2354
gol HukA o= Agl &/do] HA| eFSTH(Table 2). Hyalu-
ronidase inhibition®] e+ L3 OS2 Garcinia indica® 73
&, SN FEE 500 pgmLolA 957%, oEHe FEE
500 pg/mLel tislA 90.4%%E YEF 2L t(Sahasrabundhe
and Deodhar, 2010). Trametes Lactinea2] 584 FZ5°

A 88.610.11%, M= FEE2 88310.14% = H2 2

!
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E3°] H1%$t(Yahaya and Don, 2012). ©]E2 <&
A eds BAATE widol, A&EAo] it #3ES
10 pg/mLoA] 17.91%, AlEoAE|o]E 852 10 ug/mL
of| A 24.37%, HF-EHe EEES 10 pgmLolA 15.74%, &
&8 10 pgmLol A 8.75%2] As) &37} vebtal,
)22l (+)-Catechin®] 4%, 10 pg/mLolA] 31.61%2] A

&l'sS YERNATHKim et al., 2010).

Hudaib et al. 2011)°] Lavandula angustifolia Mill. (28.7%
inhibition), Helianthemum ledifolium (L.) Mill. (28.4%), Majo-
rana syriaca (L.) Kostel. (25.1%), and Mentha spicata L. (22.5%)
o] X 313} Xanthine oxidasel] thek AsayE Hlom,
ECsy 4k Salvia spinosa L. (ICsy = 53.7 ug/mL), Anthemis
palestina Boiss. (168.0 pg/mL), Chrysanthemum coronarium L.
(199.5 pg/mL), Achillea biebersteinii Afansiev (360.0 pg/mL),
Rosmarinus officinalis L. (650.0 ng/mL), Ginkgo biloba L.
(595.8 pgmlL) S = YERstE o= & A+~ o] 652
A} A& 43.2~80.0%0l H]E W2 gho]th(Table 3).

LOX, Hyaluronidase, Xanthine oxidase®l] tet 3| 9to]&:
Aze] A adhs 2 2dEe] A WE w AE
Bk ofuel FPTolu FLe Aol gk avtE veh
= ARl $HrEol e Ao yeihth 4 Aed
E5olg} she] QIAel = Adwold o 7HdAke el
GIFEE AR Qo] IARELE TS o Aok #
= fgom AREEHA FRth vvels= ol AL F=
2le Wk ofye} Aol HaEA] gkol ofelo A QA
WHew Ade AHE 5 deol 45 dSHII
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