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Abstract

Background and Objectives : Obesity is a lipid homeostasis dysfunction and hyperlipidemia condition, leading to
the occurrence of the other chronic diseases such as cardiovascular disease, diabetes and hypertension. The
enzyme which is importance in lipid digestion is lipase. Inhibition of lipase enzyme decreases the digestion and the
absorption of lipid to the cells, causing in lower level of the lipid in blood. The studies of many natural lipase inhibitors
may help the reduction of synthetic drug which causes long-term adverse side effects. Thus, the objectives of this
research were to assess the lipase inhibitory efficiency, total phenolic content and antioxidant activity in Spirogyra
sp. extract. Spirogyra sp. was the green-fresh water macroalgae with high nutrition values and antioxidants content
such as phenolic and flavonoids compounds. But the phytochemicals containing in algae were variation because
of the different aquatic habitat of algae. It made the unstable quality and productivity of algae from natural sources.
In this study, Spirogyra sp. sample was cultivated from closed-circulating system, which the culture conditions were
controlled for both productivity and quality of algae. Moreover, algae were non-contaminated from any toxic
substances because there was the water treatment process both before and after cultivation. There has been no
previous study on the assessment of lipase inhibitory efficiency, total phenolic content and antioxidant activity in
Spirogyra sp., which was cultivated in the closed-circulation cultivation system.

Methodology : Spirogyra sp. sample was cultured in 1,000 L closed-circulating raceway pond type in transparent
acrylic roof greenhouse. Water treatment was done using precipitation method coupled with the aerator before and
after each cultivation cycle. Algae sample was picked, washed, dried at 50°C for 2 days and blended. Dried powder
sample was macerated with 70% ethanol at a ratio of dried powder : solvent was 1:5 weight by volume for 48 h, and
evaporated to produce the crude extract. Afterthat, crude extract was determined the lipase inhibitory efficiency by
measuring the rate of oleic acid released from triolein breakdown by pancreatic lipase enzyme, compared with the
drug named Xenical (standard Orlistat). Total phenolic content was performed using Folin—Ciocalteu phenol reagent
method. The antioxidant activity was conducted using the DPPH radical scavenging activity method. The enzyme
inhibition kinetic was evaluated using the Lineweaver-Burg plot derived from the Michaelis-Menten equation. The
relationship between lipase inhibition efficiency and, total phenolic content and DPPH antioxidant activity was also

investigated using Pearson correlation coefficient.

830



B AIANTIMENANERFYINT TN 30 (2ATUT 3) Tuenan — SuaAN W.A. 2568

BURAPHA SCIENCE JOURNAL Volume 30 (No.3) September — December 2025 UNAINIRY

BURAPHA SCIENCE JOURNAL
ISSN 2985-0983

Main Results : The results showed that lipase inhibition efficiency increased with increasing the extract

concentration (p<0.05). The inhibitory efficiency of Spirogyra sp. extract and the anti-obesity drug named Xenical
at the same concentration of 40 mg/mL were 23.81+0.97% and 85.71£2.33 %, respectively, and the IC value (the
50% lipase inhibition concentration) were 90.91+1.83 and 16.67+1.87 mg/mL, respectively. In comparison, the
percentage of lipase inhibition of Xenical was 3.59 times higher than that of Spirogyra sp. extract while the IC,,
value of Xenical was 5.45 times lower than that of the extract. The lower IC, value showed the higher enzyme
inhibition. Although the enzyme inhibitory efficiency of Spirogyra sp. extract was lower than Xenical, it is still counted
that Spirogyra sp. extract had the lipase inhibition power. The behavior of lipase inhibition of Spirogyra sp. extract
was non-competitive manner, with considerationto V,__, K, K and Ki' values derived from the Lineweaver-Burg

plot. The V__ values (maximum reaction rate) were significantly decreased (p<0.05), the K values (Michaelis-

Menten constant) were significantly unchanged (p>0.005) and the K value was more than the Ki' value (Inhibition
constant). This inhibition behavior meant that the inhibitor bound to both enzyme or enzyme-substrate complex at
the allosteric sites, resulting in the decrease of the enzyme activity. In addition, the total phenolic content of
Spirogyra sp. extracts was 36.6510.25 mg gallic acid/g extract and the DPPH antioxidant activity was 3.13%0.03
mg Trolox/g extract. The percentage of DPPH radical scavenging was 70.30+0.64. Pearson correlation coefficient
showed that the percentage of lipase inhibition was strong correlation with total phenolic content (r=0.8224), and
moderate correlation with DPPH radical scavenging activity (r=0.7145) of the extract. It indicated that phenolic
compounds and antioxidant activity in the extract play an important role in the efficiency of lipase inhibition.
Generally, natural extract that contained high content of phenolic and flavonoid compounds, and high antioxidant
activity, also showed the high lipase inhibition efficiency.

Conclusions : The results of this research provided that the extract of Spirogyra sp. cultivated in closed-circulating
system, which the culture conditions were controlled for both quantity and quality of algae, was potential used as a
lipase inhibitor. The extract had high content of total phenolic and antioxidant activity, influenced on the lipase
enzyme inhibition capacity. Therefore, Spirogyra sp. extract has the potential development to the heathy product.
However, this study was the assessment of lipase inhibitory potential of Spirogyra sp. extract only in test tube (in
vitro), the studies on lipase inhibitors from natural extract should be done in cultured cells (in vitro) or a laboratory
animal (in vivo) in order to confirm the exactly efficiency, possible side effects and the use safe of the extract.

Keywords : lipase enzyme ; Spirogyra sp. ; antioxidant activity ; phenolic compounds
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wnuule (Figure 1) mugtuunlsasauuazisn1snIslagsa i aLAI 18 Donsuijit et al. (2023) TIdiiunnsas
W A1273T1UTTHY AUTINHATANEATUATNINEINITITNTNF NuTneaumaluladstuipanziuean Inaam

o o a ' d’j % a o 1A o
UNNTE AndaTaLs Uaimizideauuuuszuuiiau (Raceway pond) Hanmauziiug H4unsanans Usuinsaaug
dszanns 1,000 ans nasanlssFeuiuazeianlawasdesiiuaannls Gadaluinldtess 1 90 uyunaNE 12-15

e Yo o - ¥ ¥ g ¥  a Ao
sauseu ienyuwini ludeuazdaaineandiauluiy drnldlussuuduifuaindefunielunmangide
daAnasinaezgiitlannaalas (Polyaluminium chioride, PAC) Aa1uidndu 10 Hadniusedans ivanidnans
waouaesluu sauiunsmuainiAasluly 2-3 dalus Adldanaznau 1 5w andugaindoulasuuudnguasses

a o 1 a

waziinaaasudnduianas 65 Iidanududugaineiiu 15 Hadniuseans wuaniaasluundn 2-3 4alus uRais
Wimnaznaw antugaindoulasuuudguewsonuaringmun wueiniaasluidssunm 2-3 i e linassu

PRV A AT o a ¥ 4 ey X . AU AP
aaesia udanslinnazneu antiugaidouladuuunnlddaiuinuuaaine dmwnzinesavda lutetinou diin

WNZLAENAINI 8 UAR A BIHIBNNIUN TR NSEUAUNISAEAALNTETENUN AL ATLANAINLTUNTAAITBIUNE]
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5211974 7.5-8.0 WiuiRennananaminglenn 10 u d3nsmnziagiianvigazinanisasaiuinegn 246.3 niu

PNUNAAFATL

Figure 1 Closed-circulating system for of Spirogyra sp. cultivation (a) Cultivation pond and

(b) Spirogyra sp. in circulating pond

2. NTATHNAIANANLILYBNAINTIENH

faaeneduieaan (Figure 2a) Mnun1anisaFeunnziaes dnldanesesinldazenn telduiaudaau®

a

U 50 A LTAITEA W1 2 TU undas Tty (Waring blender, USA) 1iilueaaszidan (Figure 2b) ANt
FratneTidunuielatnge R i s  Anviosnmise 9 (Maceration) Aa3an13fidaulasan Abdel-Aal ef al. (2015)
IneldFaegne 100 NFN aiAAfEENIUEaTRaas 70 UTNIMT 500 Hadan3 (SMT149URA1aE19FARAN1aZae = 1:5)
w1 48 F9T0a antunsesuaztin s ive A e LATeI LI 8 TULUARANNAL (Labora 4003 Heidolph, Germany)

walilaansanmueny

Figure 2 Spirogyra sp. sample (a) Fresh sample and (b) Dried and blended sample
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3. nsiAnzignseugueulsslanalugisara
nfugannmnanuaedenlidlailaldigues Sharma et al. (2005), Huerta et al. (2007) was Khatchapuridze

et al. (2023) Taain139mensIN1slanensalawaan (Oleic acid) antmslewads (Triolein) 1V1Lmﬁu,ﬁﬂuﬁum¢mm§m

£
o

aafaauAndelunisdsuiildan Xenical® (Pharmaceutical Standard, CHEPLAPHARM Arzneimittel GmbH, Germany)

dalugnannisgadnlasiununneddsanalidilaalsadan 1 1Wa Ase1easfaauan 120 adnfu nnsatamziinlae

WITENAITHIATFIUEN Xenical® vidagnsatnanuinainiuing 2.5 Haaans iaulnslaiaduluniu 40 (Tween 40)

Y v a a a

Wndudesas 1 adly 3 Radans ausqe lmnaunagwmntwmas pH 8 1dudu 50 Aadaluans 1 Jadans unldiweuay

'
a = =

Unnguund 37 asagaiias w1 30 wii antuldieuladlalassll 1 1adans Gewsenann Pancreatin Porcine

a a o v

enzyme H lipase activity = 6 glinsialaanuNIuA (Sisco Research Laboratories, India) Ysunnuaulasildluwsiay

ANARDINAN lipase activity = 200 giiasaNaaanT e uazLiniguu)i 37 aamgailias Wi 30 Wil WeAILnan
dnenueadndiuienas 95 achl 3 addnaiengaljisen aantinhldnmsadasarsazaelananlansanlas

(NaOH) ud 0.025 Tuans tnaldWuadnni@an (Phenolphthalein) iudumaines nmsnansazansuuasAiag 4

a a

TnnaunadinTines pH 8 Wndu 50 Aadluans AuamFesazaasnisdudaenlasd (% inhibition) uazAIANN

v
o o

dnduresansninsgruuazaesansarinndudusulallaalafasas 50 (50% inhibition concentration; IC,,) ANt

aauAgnfnnstudgaeulasi(inhibition kinetic) iNevnganssunsduetreenlallanla Ineldlnslowndududu 0.5-

a

2.5 Raaluans a1 Xenical® 10-40 fadnsuseladans wazdnsaina a1 20-80 Aaaniureilaaans naannaw

Lineweaver-Burg plot (1) a1n&uN19 Michaelis-Menten (2)

1 = K, + 1 (1

v VoISl v,

v = v, [s] )
K, + 8]

e v Ae dnsdanaifindisengean, K (Michaelis-Menten constant) A ANASTINISWANFRL84NNTLAA

a
eula-duamsn dtuennisduscreaeulal-duainsm, K uaz K’ (Inhibition constant vidasnasiniseiugs) ng

K ldannnisndennsanaauduanans iy Lineweaver-Burg plot fiuaduidudunassindues dou K’ ldainniswden

N3 MqAFALNY Y 284 Lineweaver-Burg plot fiuAsiduduaesdmadues uualidnresr v uaz K Iduennginssy

nnssiusiaanladmasasanalaandunissusauuyle
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4. N1NAzFNna 71 2 ne LR W AN aUNA

AR TuN A ue AN anNAR283E Folin-Ciocalteu phenol reagent 81989210 Wong et al. (2006) Thim
A17ATANENIATFIUNTAUNAAN (0.01-0.10 NAANTUANARARNT)VTRANTANAGININEAN (1 HAANSTNADNARANT)

15u1m3 2 Nadans ldlunaeanaass LAnansazang Folin-Ciocalteu phenol reagent indufesas 10 adld 5 Nadans

Aaald 3 wad anntuinansazatalgeuATuaIuR (Na,CO,) idudufenay 7.5 asll 2 Hadans Aaieldn
grungivias 1 dalu i lddnAnisganaunasiinauenapan 765 wnlwumns AotLAses UV-Visible spectrometer
(Lambda 365 Perkin Elmer, USA) Aruanstiunaansisznauiuednisunnlugilaasdiadaniunsaunadnsaninans

A1m (mg GAE/Q)

-
a = S

5. N1IUANLMNFAIUB LYY ADATZANNIOT

T

v o

NNITAITWENBFAUELYABATEANETE DPPH assay ANNABN197ARLLIAIaN Shimada et al. (1992) vinlag

< & ' a a o

mﬁmwmxmﬂmmgm‘immﬂsn (Trolox) (0.002-0.040 HadNFuAaNadAMNT) VIadN78nAA1UIeLAN (1 NaAnNTNse

'
adaa ¥ k7 o 1 a a o

TaaanT) AUANTAABANNLET LINTW 0.04 RaANTHABNARANT UTN1AT 4.5 NaaamT USUUFHIRIA281NNAUAUATY
5

0 Hadan7 wewazAanialdlundauiu 20 wii drlddnrAinisganaunasiiaaine1anan 515 unluwns wiaum
. o

MisaetieatuAniaglduangl A1uaniA % DPPH inhibition (§eeaz1esayyaANNeangneuds) AUl g nasiu

auyapasziieuiuanINInsguinsdend (mg Trolox/g)

6. ﬁm:mm’um?JW”mrﬂ/mQwﬁﬂ”uﬂ'ﬁmuﬁﬁﬁmﬁmmmMimﬂuﬁmﬁmm:qw?m”mayyﬂﬁmﬂummn”m

-
a

o [ Qrol ?/ o =) a a v a
ﬂQWN@NWHﬁ“ﬂ@QQWﬁHU‘HQL@uvlfﬁlﬂ@Lﬂ@ﬂu@ﬂqm@qﬁ‘ﬂﬁ‘zﬂﬂuwuﬂ@ﬂLL@zqmﬁmquﬂwH@@@‘é‘zIﬁﬂLﬁ]ﬁ‘ﬂﬂ@’ﬁ‘

a o

ATAAINAIMILLATANHLTNTU 10, 20 LAY 40 HAANTNADNAAANT m"l,ﬂ?)mmzu’ﬂ?mmmmizn@uﬁu@aﬂLL@zqw%

a A o

Aueyyadasshnesuargnaduduenladlanla antdumaudniusszudngrsdudueuldlaaiudsunn

arsUsznevuednuazgmasiiuenyagaszluansannlngld Pearson correlation coefficient

7. N33R TRy ANINANs
YFunausing o luansadnldainnimmnaaeadn 3 41 (Experimental triplicate) $18911luglAade +dau

\Deauunnsgu (meanSD.) iFauiauAaAuALEAE Duncan's multiple range test NsvAutizdAny 0.05

Results
o 1 1 dl v ] o £ aa o ¥ v % o U
FaatnaguemMdunawiesnunaiasmedtugae siulae ldeniueadesay 70 usqniazane 1o
gnsanmavauAndufesay 10.49+2.17 Tnaunuinaesanuingwie 39lnaLAsediufesazaeanisdainaed
Peerapornpisam et al. (2009) 34lasaeas 18 Iaginminyesdniawie uisn lda1miedn SFaaazaednisainasm
N91% 1 Phonrin (2017) @@ usneimnan tasasazaadni1sanniies faaay 2.1940.06 tnginmingviaan

P ~ Y - o
LUANAINHUN Lﬂuﬂ\?ﬂﬂizﬂﬂﬂium’]@ﬂqﬂ
]
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- >
o o

1. guaeguauloslala

=

annsAnwgnsdudueulailailaresansainaniemn wudn feraraesnisduduenladlanadiinam

|
o o A

aeelldadAnylaiuanuidudusasasain (0<0.05) Awuanslu Figure 3 IWalfFauinaufasazniadudainulsl

£ 1
a o dsLs; o

lailauazan IC, szndneasainaniteinuazarsuInsgueafaauantelunisideildennenlsndaudve

. ® A | o o LY B | A a o 1 a a S P A |
Xenical® fiannnstiealaduniauiduduriniune 40 Hadaniusediadns (Table 2) wudn HAWANA1STUEENNE
VA Ayn9aA (p<0.05) InsiAn IC., 18481 Xenical® RANAINGNAN IC., TBENIATRA MM UTTINL 5.45 117
A1 IC,, AN91 wanedrdlAnatnnsnluntsdudveulnllannga doufesazanenistudy (%inhibition) 289817

Xenical® fifganinfetazaasniefiudiresarsainameimnlszanc 3.59 i

1000 (a) Xenical® 100.0 - (b) Spirogyra sp. extract
90.0 - 90.0 4
80.0 - 80.0 -
70.0 - 70.0 -
S 600 - & 60.0 A
5 500 4 Z 500 .
<€ 400 A £ 400 -
2 300 o 300 - 3
20.0 - 20.0 -
10.0 A 10.0 A
0'0 T T T T 1 0-0 T T T T
0 10 20 30 40 50 0 20 40 60 80
Xenical® concentration (mg/mL) sample concentration (mg/mL)

Figure 3 Percentage of lipase inhibition of Spirogyra sp. extract (a) Xenical® (Standard orlistat)

and (b) Spirogyra sp. extract

Table 2 Lipase inhibition efficiency of Spirogyra sp. extract and Xenical® at 40 mg/mL (n=3)

sample % inhibition IC,, (mg/mL)
Spirogyra sp. extract 23.8140.97° 90.91+1.83°
Xenical® (standard orlistat) 85.71+2.33° 16.67+1.87°

Different superscript letters in each column (*°) shows the significant difference (p<0.05)
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2. aauAransn2eus ey [l lala

ArpsIngaauAtansnstudvenlsdlanlasesansanna loun v K K uay K Aildannniswdennsiv

max’

Lineweaver-Burg plot a1n&uN19 Michaelis-Menten L&n164 Table 3 a1nna19 Lineweaver-Burg plot (Figure 4 )

waspsnanissusaenladlalasisgnsainainansendunisdugdasuylaingedis (Non-competitive inhibition)

° o

\Wasanan vV anasad9ldtdnAty (0<0.05) usiA K A9 (0>0.005) wazAn K > K Gaiuanmnizaeasnisduds
W X o da

wuvldugedis A K snuansdnsadudeduiueulad [E] iusnnussldn uwsdidn K a0 uansdndodudaduiuanlas-

©

1
o o a g

Fuamsnpaminand [ES] 1HA Al n1afirn K > K Astuannganssunistudeuuuliudedu adglsfinaudinei

1 |
al

FiNg 7 Nuanslunsalald Avpsiiaauranfdnysnl (absolute kinetic constant) iadainanaiinaainesssznay

dd‘ dl 1 o % 53 Y a a o :’/ o %
NNLANDU ) Wﬂqlummﬂmma LLEﬂﬂ@’]N’W?Ol‘H@ﬁU’]EWE}Mﬂﬁ‘ﬁ‘Nﬂ’]iﬂ‘]_IEI\‘iL’ﬂui%ﬁﬂ@m@‘ﬂ@ﬂ@’]i@ﬂmiﬂ

Table 3 Enzyme kinetic parameters of Spirogyra sp. extract (n=3)

Type of inhibition Concentration Vo K., K Ki’
(mg/mL) (mM/min) (mM) (mg/mL) (mg/mL)
20 0.049+0.007° 2.16040.016° 22.0238 19.4908
iy 40 0.030£0.001" 2.19540.091°
Non-competitive
60 0.016+0.004° 2.16040.020°
80 0.015+0.002° 2.14940.039°

a, b,c)

Different superscript letters in each column ( shows the significant difference (p<0.05)

3. uan9AIIsiFuastlsene ulue ANy uNAUAgNE AU Y ABA T lIuaI17aTAuA AN AN TUETI

ansgugunyladlaula

T

PFnuuednyianuaniing1z1iAaeas Folin-Ciocalteu phenol reagent method UWaZfNBA1UELLABATEN
- co  aa “ . . <.z v a
1A WAaeAE DPPH assay wanalu Table 4 uaznisdnwiasinduiusaasgnadudueuladlaaduliunm
arstszneuNuednuazgnidueyyaniiealnelddussAnsanduiugaes Pearson (Pearson correlation
coefficient) Wuqn FasaznrsdusaaulallaadulTuinansdssneuiuedanyanunlugnsannainganndenii
AINANTULTIUGY (r=0.8224) ufillAnudNiusA UGB AiuewyaRiietLuNae (r=0.7145) ufe Ysz@nsninly

nsdudveulmilaauiuiulfunnanslszneuiuednuazgnssinueysagass Tuaisarin
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300 & 10 mg/mL
W 20 mg/mL
250 A 30 ml/imL
T % 40 mg/mL ><
E 00 | @ e inhibitor g
=
“E’ 150
= -

; = o
-W.MSO 0.p0 0.50 1.00 1.50 2.00 250

-50 o .
1/[triolein] (mM™)
(b) Spirogyra sp. extract
370+ & 20 mg/mL
m 40 mg/mL
320 A 60 mi/mL
- 070 |  80mg/mL
E @ no inhibitor
s 220
E
> 170
120
70 47
— = —r T T T T T
1%0 =30 opo 0.50 1.00 1.50 2.00 2.50

80 1/[triolein] (mM™")

Figure 4 Lineweaver-Burk plots of lipase inhibition (a) Xenical® (Standard orlistat)

and (b) Spirogyra sp. extract

Table 4 Total phenolic content and DPPH radical scavenging activity of Spirogyra sp. extract (n=3)

compounds content
Total phenolic content (mg GAE/Q) 36.6510.25
DPPH radical scavenging activity (mg Trolox/g) 3.1310.03
% DPPH inhibition 70.30%0.64
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Discussion
aannsAnegnssuenlaflanauazgnsiueyyadaszresarsainainaininainn (Spirogyra sp.) u

srUUNZRE sz UL aLUUdIMyWRaY wuda fesaraesnistudueulmlinzwiainanududunesasain
(p<0.05) W FaLigusEndNaNTNIRTgIue R FAALAN D Xenical® fuansaina e finnududumiiufe
40 Aadnsusiefiadng Faaazaasnisdudsioulafaecs Xenical® fAgandnarsadnamieinntlszanns 3.59 i

(p<0.05) UALAN IC,, 184811 Xenical® HANANNINAN IC,, 183AN9ATREWMIEIANLITEaN0L 5.45 1911 (p<0.05) B9 IC,,

v
o

AN wansindmnuanunanlunssugaewladlafingn (anududutiasfanunsndudalan) an Xenical® Wugnan

v
o

lasunguamsi (Statin) NAgnadugin1sineuresenladlala annisgadneisainan’lesiu eangnsduda

'
a

wulsdlaaluszuuniafiueiuis adnnsndudenisgainaeseisladuladszunnufessy 30 resarmisladum

Fudsenudnlyl (Lunagariya et al., 2014) Dausan Use@ninmnisdudaeulodlanlaresansainainaiusiemnas

® - 2

ANNIN8N Xenical © wAREaNada1rdninanauseaddnannwlunisdusaeuladlaals atnelsfniu nnsAnen

Anarnnsnluntsdudaeulsdlanlanesansieluana Spirogyra sp. Hilaannn An13Anunae9 Duangjai et al.
(2016) Anudn@nsaines Spirogyra neglecta FifannaTNs s A lLE M AUNS arunsosugaeylmsl HMG-CoA
reductase (HMGR) 55'\1Lﬂumu’l,snmﬁlumzmumiﬁ\iLmﬁw’m@LMmm@@ﬁiﬂw@mm?@m%m@L@mmm‘@@ium@@’
NAa8Y Caco-2 cells 161
AnsAnEaaumansnisfudaeulolailaressnsainannainineinnidunisfudauny g toe
fiansnnannAasiinisaauaans Tdur A vV, 98 dnsndaniafindjitengean, K w3aA"AST Michaelis-Menten

wanansduiuszudnveulnl-duawman, K uaz K’ visariasiniadiud e K ldainnisnaennsnaanuduaensm

v ¥

Lineweaver-Burg plot iumaniduduaesdoduds dou K ldannnismaesnswansnunu Y 284 Lineweaver-Burg

v '
o o ' o o

plot fuA NNt uIadadues wudn AV anaseteiliiiid Aty (p<0.05) udAn K A7 (p>0.005) uazAn K, > K/

o

v
@ o o %

Futudnenizassnisdugauuyliugeiu A1 K Arnansddadudsduiueulasd [E] usiansalean usddian K’ s

v v '
o o o o o =

waneIFagustuAueulmduaimsnaamand [ES] 1o aelunisdugauuulunaeduil frdudias ldauntdnaig
gaqeulay wiardulaiarueuladvieeulal-duainsnaawandnaunuedalaginesn (Allosteric site) 110197
wulgslliannsayinauld dadu nasiidn K > K Astauenngsinssunisdudauuyldudesdu iWanFeuiauiy
a o o ¥ . ® =« o= < a o o | o
woAnssuntsduduaulallaiadaaen Xenical” raa1snInsgIueesaauny TelwgANsINNsdudIuLLLT Ty
e . e =< A . ® Y o o s A a ] . ) ° @ co o
(Competitive inhibition) LAMNININI9NEIN Xenical WnduAueulay [E] nusianukad (Active site) i enlodf&duny
fuaimanlAvianas nstieyladuasanas (Liu et al., 2020; Candela et al., 2021) woAnssuniseudaeuladlanlanes
asannaNanIEmIaInnae luailisenadeiungAnssunisdudueuladuundudsiulnaansainuaaniw

Puanntiast Phaffia rhodozyma (Du et al., 2018) A17810 AN IUT19AS (Ventilago denticulata Willd.) (Srimoon et al.,
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2020) LAZA13aNAANBBIRUIAS (Dendrobium formosum) (Inthongkaew, 2016) fﬂﬂﬁqiiﬁmwwqﬁmmmiﬁuﬁq
eulsdresansainusiazaiindavuuansieiueenly unsiinenalingAnssunistudaenladuuuay daatnagu

arsannannluntunsgiefiauedmainganssunisdudueuladlaauuuuasiuid udsilaseadandaduansn

v

wazazwisiuiududimsnauiueulaiuinansain e ulaivnawldls (Cao et al., 2024) 1wy

o A

AuFuiunuansdezneuuednuazgnisiueyyatassa vt luansainian 36.65+0.25 Hadniunam

wna@ansanii uaz 3.13+0.03 Hadniunsdendsianin Andufesaznisdudauyaniiie wiiufeass 70.30+0.64

£
¥ o o D o o

ANNANFL BWATNUANNANNUT Iz UINFasaznistusaanlallailatuliuinasdsenaufuaansu luansannann

AFELANHAINANRUSTIUGY (r=0.8224) uil A AN US I NEA T ue Ry aRTiTRTLIUNAS (r=0.7145) A
U

v v
o ¥

dse@nsnnlunistudaenladflalaruiuiiuimaisdszneuiuednuazgmasiiuenyagass luatsainainnisdne

o

gHnresaIngnEnARd Aty luamdiemn wouaistsznauiuedn wu nsaunadn wanlouass wnutiy 3¥iu arsngu

o

ANTIL ANINGUURARNADESR BT ueHs uANIWETEA AlRNaTen TNIGLALIIuan s (Peerapormpisam et al., 2009;

'
aaa v a

Wizi et al., 2022; Mohammed & Al-Katib, 2023) Immi”q”Lﬂmmﬁmﬁaammmmsmuﬂ%@famxﬂzﬁu?\luﬂaﬂLL@:W@W
Tauensge  dhamanugratuginsinursseulsllawlagamalldan daaaansgaiuamnssmanlafiiluald
W inldssulasiunazreiadinaseaanadls aenAdeaiun1sAnE1Ued Dechakhamphu & Wongchum (2022)
WUANNANNUSTZI9 LT ua s InaNuea Nanlaues s Lazuean1aas luansainan Phyllanthus chamaepeuce
Ridl. fudasazniadiudaanlallana Wwiaaiy Chater ef al, (2016) Ansnnistudaeulnflanlaannaudiemzia
3a7im lAun Ascophyllum nodosum, Fucus vesiculosus Wae Pelvetia canaliculata Wuqn NAN IC,, t¥infiy 1.932,
0.159 uaz 1.822 AaansuFalanans AmMuaAL H1FunnianstsznauWuedngan winfdu 34.9, 61.3 uaxz 53.2 Jaaniu
NIALNAANFABNTN ATNAAL Lmzwudwqw%‘rﬁué’qL@u"lfnafl,@Lﬂﬂmmﬁmmﬂmué’m%mwmﬁmﬁmmzﬁuﬁuﬁrﬁuﬂ?mm
anstlsznevfuedniing e asafpaminsfifianslsenauftueings - @Zﬁqwéﬂ/ﬂ&\iL'aui‘ﬂﬂi@l,ﬂ@@]\iﬁ'm NUIE
AN3ANAAINATINAETRAN LU A19INQNNIANURAN 111 naaAWEn naarasTsialin nsaLNaAN @1TNguANITY
ansngamanlauess 1y 1re T ATy wazgiiu fumumdrdnylunsdudaueulollaula (Hsu & Yen, 2008;

Gonzalez-Castejon & Rodriguez-Casado, 2011; Oboh et al., 2015)

P2
a v aa '

ﬂ?mmmaﬂizﬂ@uﬂu@aﬂLL@:qméﬁmwga%mﬂuﬁq@ﬂw Spirogyra sp. AnuluAsiiiiaauuansiig
AufinuluamAdeau iesmnanuvannuangesaeiugamig anazuandenteusniiier tinngnseims
luunaern uazgnugiinesi sududesenfiazasuauannzmani Wndleurse Indidey deaatenninimaes
m’méwﬁﬁwﬂ%ﬂizimﬁ(Eseberri et al., 2022) $aNNIIBN1TUATAN19LIUNNTATARQY 19T ELAN (Spirogyra
varians) AFuanginiuaeng Smdadeslue SiBunauanssyneuTiuednamu 44.52+1.08 Tadnsun2ALNAEN

sansu (Tipnee et al.,, 2015) uadueANLALANLHUIEY A9udatu UTunuansdszneuiueansangeda
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a

204.29+0.25 Haaninsenin uazionasueyyadassaniies luglaesen IC, wiail 323.71:0.72 lulasniuluasie

{adans (Phonrin, 2017) Tuanigiauiemanuasin ludsmndndanid JlFunnmuednsnatszndng 11.16-18.43
AaanfunsaunaanmAalaaniy (Sitthivong et al., 2024) aziuladn Lﬁmmmiﬂ?xn@u?\m@anLmzqm%ﬁm’awa

v '

BATTVRIANMIILENANUNAIUSTINT AN AN AT Nsumnziaeatusean lulsaFeuaaiduniadanlunisaugu
AN maasanemn lilAananesanIaasuas i anasng o Tuansainasiiienisudesglifun@nsioued

dsznsdrdnymsmiziaenauie ulssFannuuaszuuimsuiauasymnistuiewlunandanavse s

Conclusions

n1339e lunfuanalfiiindn arsannainausawmn (Spirogyra sp.) MnnziagalulsaFeussuudanuyuuin

vuAsuigagugaeulmdlanlaldd widnlssaniamnnsdudeazsiindien Xenical® dufuenanlafuiunneds

- v
o o o o

anglugihalsndaufinin uazgnsdudueuladfaudniusivansdrAnyney luaisann foediedu arsdszney

Wusdnuaznanlauess arsngumartiazllduliiwenlaivazioulod-duamsnaanmand i lienlasfliaisnsm

o

aule anntsgeanleiuasdasanseivlaiulunaanienld atelefinan nnsddathiduiiaanisdeziiiy

v 1
o o =

1srAnsnnaesansannganiemnlunisdugaenlodlalalunasannaaa (in vitro) Aaiiu wialinsudnanIni

a

'
a

Y a o :I/ = & o ¥ a a a &
LLV]"QN"]J@QT]’W?FLI‘LIE\?L@ubl"ﬁﬁﬂ,@Lﬂ@ﬂ')i‘ﬂﬂ’iﬂmﬂ‘ﬂ\‘iﬂﬂ??&ﬂ@ﬂ51]@\‘1'&Wﬁ‘@ﬂmlmm@’]ﬁ‘ﬂi@%ﬁu@tmm@’ﬂ\iLWNLMNSLMLGIJ@@

X = . o v o~ o .
WNZLAEN (in vitro) 29NN TUERdNAaed (in vivo) WavHasuNEINeN1898nsari e 1
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