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Thesis Title Chemical Components and Biological Activities of Nelumbo nucifera

Flower Extract in GK/Jcl Rats
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Thesis Co-advisor Mr. Chanai Noysang, Dr. rer. nat.
Academic Year 2018
ABSTRACT

This research aimed to analyze the chemical components, to determine the inhibitory effects of
Nelumbo nucifera flower extract on alpha-glucosidase activity and antioxidant activity, and to investigate
the biological activities of the extract on blood glucose levels, blood chemistry, and serum insulin levels.
Moreover, it aimed to study histopathological change of pancreatic tissues in the GK/Jcl rats.

N. nucifera flower extract was obtained by macerating N. nucifera flower powder in 95% ethanol.
Its chemical components were analyzed by GC-MS. The inhibitory effect of the extract on alpha-glucosidase
activity was evaluated by comparing it to acarbose. Antioxidant activity was carried out in vifro using
DPPH assay. To determine hypoglycemic activity of the extract, the rats were equally divided into 5
groups with 6 rats in each group. Group 1 was a control group receiving distilled water while group 2
received 0.25 mg/kg Glibenclamide. Group 3 received 100 mg/kg extract, group 4 received 250 mg/kg extract,
whereas group 5 received 500 mg/kg extract. Blood glucose levels were recorded on day 1, 4 and 8. On day 8,
the blood was collected from cardiac puncture to analyze the blood chemistry and serum insulin levels.

The results revealed that there were 87 chemical components of the ethanolic extract. Five main
chemicals were Nonacosan-10-ol (26.89 %), n-Hexadecanoic acid (14.51 %), 9,12-Octadecadienoic acid

(2,2)-(9.47 %), 9,12,15-Octadecatrienoic acid, (Z,Z,Z)- (6.74 %) and 6a-beta-Aporphine, 1,2-dimethoxy-

©)



(3.02 %) and 82 trace components. The inhibitory effect on alpha-glucosidase was higher than acarbose with
IC,, at 0.07 and 0.32 mg/ml, respectively. At a concentration of 400 pg/ml, the extract exerted a higher
antioxidant activity than Butylated hydroxytoluene (BHT) with a percentage radical scavenging of 87.25 +
1.05 % and 49.57 + 1.22 %, respectively. In addition, the 100, 250 and 500 mg/kg of the extract reduced the blood
glucose levels of group 3, 4 and group 5 rats similar to that in group 2. For the biological activity of the
extract on blood chemistry, it was found that 500 mg/kg of the extract significantly (p<0.05) reduced
Blood urea nitrogen (BUN) and Creatinine (Cr) in group 5 rats compared to the control group. The 100 mg/kg
extract tended to reduce Aspartate Transaminase (AST), Alkaline phosphatase (ALP) and Alanine
aminotransferase (ALT) in group 3, but it was not statistically different from the control group. In addition,
250 mg/kg of the extract slightly increased good cholesterol levels High-density lipoprotein (HDL) and reduced
bad cholesterol levels Low-density lipoprotein (LDL) in group 4 rats, but this was not statistically different
from the control group. Nevertheless, the serum insulin levels of all experimental groups and control
group were not significantly different. Surprisingly, 100 mg/kg of the extract recovered the pathological
change of the Islet of Langerhans in pancreatic tissues similar to the normal feature. The results indicated
that V. nucifera flower extract possesses antioxidant and hypoglycemic activities. The underlying mechanism of
hypoglycemic activity is partially due to the active compounds found in the extract and the inhibitory activity of
the extract on alpha-glucosidase excluding the responsibility of serum insulin. Consequently, N. nucifera flower

extract is feasible for treating people with high blood glucose levels or the early stage of diabetic patients.

Keywords: Nelumbo nucifera flower extract, chemical components, biological activities, GK/Jcl rat
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ALB Albumin

ALP Alkaline Phosphatase

ALT Alanine Aminotransferase

AST Aspartate Transaminase

BUN Blood Urea Nitrogen

CHOL Cholesterol

Cr Creatinine

DPPH Diphenyl Picrylhydrazyl Radical Scavenging Assay
g/dl Grams/Deciliter

GC-MS Gas Chromatograph-Mass Spectrometer
GK/Jel %30 GK Goto-Kakizaki Rat

GLO Globulin

HDL High-Density Lipoprotein

IC,, Half Maximal Inhibitory Concentration
LDL Low-Density Lipoprotein

mg/dl Milligrams/Deciliter

mg/kg Milligrams/Kilograms

TP Total Protein

U/l Unit/Liter

plU/ml Micro International Unit/Milliliter
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(3) NTTAUAIVUAIUINA (Glucose transporter GLUT4) Dulﬂﬂﬁu!%aaiﬁ
A A = 3 Y 1 J
Alaponmeaniman giad

a @ o .
4) NaAMIFIAT 1 Ina lamu (Glycogenesis)
) nanszuIums nalalada

) nanszuIumsaae vy

25



o
glucose Cn

Co o 4 insulin
O o 3

© insulin receptor

glycogen 4 QQQQ Q 6
Qé: Q O\ 7
\5—' \'/\\//\ fatty acids

pyruvate

Y o o a a %l
ﬂ]Wﬁ 2.1 ﬂavlﬂmi‘mﬂuﬁuma’aiTlluaucyauﬂlumiﬂ’mﬁ]uﬁn@amma

fan: https://commons.wikimedia.org/wiki/File:Insulin_glucose_metabolism_ZP.svg [33]
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fan: https://en.wikipedia.org/wiki/Glucagon#/media/File:Glucagon Activation.png [96]
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Kingdoom: Plantae

Division: Magnoliophyta
Class: Magnoliopsida
Order: Proteales
Family: Nelumbonaceae

Genus: Nelumbo Adans

Species: Nelumbo nucifera Gaertn.
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ﬂ\‘]ﬂﬁ"l?]llllﬁwll"liﬂ‘ﬂ"lxﬂullﬂ mimuﬂlgagaaﬁizaaﬂQﬂﬁmuﬂa]lﬂu ]‘lﬂllﬂ f"f’]iﬂizﬂﬂ‘UWUGaﬂ
. ¢ N
(Phenolic compounds) wazasvarTueen (Flavonoids) Wuau [58]
2 ¢ L9 2 Y asaaa . .
MIUATITUYNTAUDYYADATEAIITANNIDY (Diphenyl picrylhydrazyl
I a [

radical scavenging assay; DPPH) 1,1-diphenyl-2-picrylhydrazyl (DPPH) 12 Uer13 ol yaoaITd UNTIEH
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Hddrsawnsoganaunduuddldgegaianiuernnau 517 uluwaslaginmsasivia
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28173049 Spectrophotometer N InMsAALURN3 81 Wem1sOYYadaszilfAsenua1TAIu

40



a 4 [ v o a A < 1 a
pyyaddsyNazawegluanhazasemuea asmueyyadaszazlioanasoulnoyyaddse

DPPH ¥ 11 #129v84 DPPH fine <) 919a9 azi/aswuiludimaesdanini 2.6 [56]

CH3 C
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H
e - HyC CHs
b CHa
" OzN Anti-Oxidant HyC o
N;N.“.ADNO; " H C e
e "
N

3
HiC
CHs
H::[

. HiC
CH3 CHs
CHs i
' HeC ey CHy
DPPH radical Reduced DPPH

v ' e
MW 2.6 nalnmsAueyyaddsz DPPH vosasananiayu lnsilgnsdueyyadase

fan: http://www.damocos.co.kr/damo/language/japanese/lab_paper3.php [99]

Ay d' d' Y
2.5 M HIENINYIUDN
Av A A 9

2.5.1 19N 1TUAZIIUIYNINYIVDI
YR [ Y] A v 9 4
Jeonet al. (2009) 11@1 ANHIF1TANAIINADNUINAINNTNANIY n-Hexane Iﬂﬁlsl"lf
szaznalumsane 48 ¥ 1199101431124 09A1 52N 0 UNMIUATAI81ATOI GC-MS NI
Y
A158719; l I1UIU 4 ¥ AAIY Palmitic acid methyl ester (22.66 %), Linoleic acid methyl ester (11.16 %),
Palmitoleic acid methyl ester (7.55 %) si8& Linolenic acid methyl ester (5.16 %) [59]

Koch, Dommisse and Barthlott (2006) TaAn¥a15@nainlu (Wax) findevegis i
Aa o o a d Y A A 3 4 o a Y 1
"II'E'NW'JGI,‘]J‘]J'JTT'G'N Iﬂﬂu1ﬂ’l')tﬂ'§13ﬁﬂ'§ﬂ!ﬂiﬂﬂ GC-MS WUﬁTiWLﬂu@Qﬂﬂi%ﬂ@UﬁWﬂi‘g 8 HURA Ulﬂl,l,ﬂ
Nonacosan- 10-ol (16.2 + 1.1 %), Triacontan-7-ol (2.4 £ 0.4 %), Nonacosane-4, 10-diol (18.6 £0.5 %),
Nonacosine -5, 10-diol (34.1 £ 1.9 %), Nonacosane-10, 13-diol (12.0 £ 0.7 %), Hentriacontane- 12,

15-diol (1.8 £ 0.0 %), Tritriacontane-9, 10-diol (0.7 £ 0.0 %) t48% Octadecanoic acid (0.7 = 0.0 %) [60]

< d' -7
Gayathn' and Dhevi (2016) llﬁ‘%}ﬁﬂ}nﬂﬂ‘ﬁ VNATTNANADNUINANNAN ﬂﬁ}ﬂﬂl'ﬂﬂTu@a
J Jd 1 @ A .. . a J J
70 wWosisud aen1az luiulwdeaga (Hyperipidemia) Tuwyusn wazwalinsiziesdlsznon
¢ F

MUANUDIFITANA W‘]JTJ”ITJS%ﬂ’E)‘]J@%)’JEJﬁ”Ii’f)i’]ﬂt]ﬂ‘ﬁf?”lﬂigﬂﬂu Hexadecanoic acid-ethyl ester
(37.83 %), 9,12-Octadecanoic acid, ethyl ester (21.64 %), Dimethyl derivative of apomorphine (17.59 %)

11ag 9,12-Octadecanoic acid (2.81 %) tienaaslunyusniiniig lviuialnd Taoflon
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ABNLINAINVUIA 1,000 HaanSuaen lansy d18150aATLALADIATIADTOA LASTLAL

o 1 v o W aa
lasndiwe 56 lwaea ldedeiiisdinameada (p <0.05) [61]
. P = 24} Y o
Ruvanthika et al. (2016) llﬂﬁﬂlﬂ?ﬂin]ﬂ'HLﬂlll‘]JE)\iG]‘Lli‘LlﬁTﬁﬁﬂﬂﬁ”ﬂ
3 o A o 9 sl & ' o 3 o v a
IWAAUIN QNN NANIYDNIUDA 75 Lﬂ@il"lﬂu@l WU ATANANAALINAN ‘]Jﬁgﬂ’f)‘Uﬂ'JfJ LNUUU
4 dAa 4 o A 4
(Tannins) War1lausea (Flavonoids) AT ALLDA Tnalnlaa (Cardiac glycosides) mosiuoen
! o A ¢ 4
(Terpenoids) azWuea (Phenol) Han1nHd 1aIAT Iz oA sEnOUMAUATA81AT 09 GC-MS
4
NUFTAIAY R 1) Hexadecanoic acid (Palmitic acid) ﬁqwﬂumsﬁ'mmms@mﬁu FNYINAN
9
NADU LAZMUMTINAT) (2) 9,12 Octadecadienoic acid (Linoleic acid) 148 (3) Tetradecanoic acid
. . . = £ Y a o A @
(Myrlstlc acid) mmﬂumsmumwuaaﬁix ammummﬁmmaaﬂlumaﬂ LLﬁZﬂﬂﬂﬂQ@U
Aa I
nneyyaodsy 1Wudu [62]
a 4 [ a
Gunasekarana et al. (2013) 183as1eiasana Grewia umbelliferae #1893
1 Q‘{ 1
GC-MS nuIN ﬂiZﬂﬂUﬁﬂﬂﬁWSﬂﬂﬂt]VI‘ﬁ‘I/IN%’JﬂWWUIﬁ}LLﬂ Triterpene, Asarone, Diterpene,
Linoleic acid ester, Flavonoid compound (18i& Steroid Tﬂﬂﬂl“}lli;ll Sumstlouansana Grewia umbelliferae

[ 1T A

{ a A @ I o ' [
ﬁﬂlum 250 itag 500 llﬁaﬂillﬁf]ﬂiﬁﬂiﬂ L“]J‘Lli$ﬂ$lﬂ]ﬁ’l 28 JU WANITNAADINUIT @ITANA

a

{ 1 a o v 9O’
Grewia umbelliferae NV1NA 500 Hadniuaonlansy ansaaaszauiiaiangladluden’la
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1 J ] A o o aa [ R 2
mlﬂmwmﬂqnmnﬂmmmuamﬂﬂgmmammimummaﬂmwwmﬁ'u 280.0 £2.29

a A o 1

HAANSUADIATANT AAANAD 118.8 £ 3.99 HaanSUADIATANT [63]
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57301 (2559) lAnadeUgNTA IO YYADATZVOIATANALINAY 5 a2 TALN
' A W o o s g
dnoou tnas nauaen nuaen wazlunanadlednitazasemuea 95 wlesdud Huszeziia
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77U el umMAgeUgNTNMIATUEYYAdATZAI89D DPPH W11 d15anAnIntInaeaInsn

9 a QId' 9 9 [ 1 A aa [
Aueyyadasy DPPH Tanaumdudugega 250 lulnsnsuaelaaans Taga1sannain
a a 72 o N\ a "o s o Y
navaonl)esiFudnis dugIoyyadaszgaga N0 9544 = 022 lesidua seeaann laun

1 S < o o g’/ [

inas Aneou 11U uazduaen 1o IFUAMTTUTUNIAY 94.37 = 0.23, 91.29+0.82, 39.00+0.46
L 4 o w dyw Y= ~ [ L{w g}/ o L4
e 20.16 + 0.65 WosiFud audwy wenvntide ladnunenugnidudariiauvesou lasl

a [ ' Aa

woa-ngladaa luaisananoniavale wudn Aanududu 0.25 Jadniudeladans
9

1% ' @ I < J VY o
"U@Qfﬁiﬁﬂﬂﬁnﬂﬂa‘ﬂﬂ@ﬂ INET Llazﬂﬂﬂﬂuﬂlﬂﬁﬂ@ﬂﬂﬁﬂaﬁﬁ ﬁlﬂmwuﬁmiﬂummimdm
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WoSeuNeunue19zal1s IuaNaNWUNTUIASINY 8182A15 1ualiloT s uan1sgu e
o o a 1T W A~ 4
msihnuveueu lxitoan-ng Tadiad iy 55.19 +0.16 lo5IFua [64]
F) £ 9 zgzl.l o 4 a
Liu et al. (2013) lanadounns Tumsdugamsiauveseu laiuearh-ng Tngaa
Memsanannluivalnanadisdiriazatsenuea wunasanannluiiraeaInigo
o g’/ L4 a 9 = 3 " = [ A Aa o [
vavou lsiueanh-ng Ingae Tagana 7028 wlofisua Iaslia IC, M 1.86+£0.018 Haansuso
Aa aa { v a3 4 [y A A o 1 A Aaa o g}z
Hanans Tuvaenens Acarbose 3T uenn 195 N ILHNUVINA 2.5 HaanTusnolaaans aNIguea
o 4 a YR s 3 4 A [
mstnuveueu laineavh-ng lndiaa 1d0 4 85.16 1Wefidud tagiing IC, 110D 0.69 £0.047
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A A aa <3 1 LY g}/ 4
Naansudeladans uaaalmifiudl 413 Acarbose Hanuainisalumsdudueu laiuoavh-
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YR 7 1 v A a
Islam ez al. (2017) JasinyInavednan1n luiiivaleseniiz lviuialna
2 ] I J 1 1A o o A o Y
luriynaaes nyusnnavuagnuuseaniu 8 ngu Tuunazngulvysuiu 6 4 itieni 19y
o o . . I [ @
szavvedluiuluidongedie Lab diet: Dalda: Coconut oil = 4:3:1 1luian 10 Tu nazsnuidae
@ A Yy 9 - 4 9 = '
H9910 10 I1a29NANWTNTY 10, 20 Bag 30 1o5IFUA 52821901 21 U HANITANHINL I
AN Yo o A Yy 9 s d 2 q Y '
vyusnnldsuweanluivarsianududu 10,20 uaz 30 1Wosidud ldnananaig
1 A v o w aa o 9 S < 4 [
pgnisdingnisanalunisanszau LDL 14 60 1lodidud anszaunsiadinoson taz
~ PR ) A h) Y= s 3 o A ~ o
lasndwelsananua udramisauszau HDL 18049 49 nlosidud iwenfSsumeuny
NQYUAIVAN [66]
[ ) 4 I a
Sharma et al. (2016) lasnura1sanaainluiiivaruieaaamiuiy

v 2 X A o g \f @ a a 9 s
Elutu@“‘ﬂfaﬁ (Beta-cell) VONIUDLYDAUDDOU Llagﬁlwuﬂ’liﬂa\ia@iiuuﬂumaum@QLU@’”%aa
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A a o 1A o <3| o L4 =1 1
50, 200 tiag 400 Nﬁﬁﬂill@]’t]ﬂiﬁﬂill ﬂauiuwwmmmgﬂuizEJzn’m 4 diavi wamsANEINL N
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= A =~ aa Y A v o W aa A =
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[ U
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finaduusnaudusadiinnenn1snszdudae Interleukin-1Beta 1182 Interferon gamma

anmsade a3 lussneen lod udiiumsvdases uuduganiiwdusadldendae [11]
Sakuljaitrong et al. (2013) 1ﬁ’ﬁﬂHWQﬂ§aﬂizﬁu1§1@1aﬂgiﬂﬁ”lmﬁamm

o o [ ~ ~ o <3 a .
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A ' = . .
3.1.5 1A509gANgasaza1siinla (Micropipette)
3.1.6 195037AAINTAANAULLEN (UV-Vis Spectrophotometer)

! Y 2
3.1.7 IAT0IAATUIHD (Rotary microtome)



3.1.8 ﬂf’fmi}la%ﬁiﬁﬁ (Compound microscope)
3.1.9 9UMQU (96-well plate)

3.1.10 luTastulaiyl (Micropipette tip)
3.1.11 o3 (Beaker)

3.1.12 N3 UBNAN (Graduated cylinder)
3.1.13 973 ‘IJGIﬁJ‘IQl: (Erlenmeyer Flask)
3.1.14 n5200A7 (Glass funnel)

3.1.15 ¥9391/311015 (Volumetric flask)
3.1.16 mﬂﬂﬂiﬁﬂﬁTﬁmuTﬂlaﬂ (Vial)
3.1.17 unauAIAUaT (Stirring rod)
3.1.18 in@aiaa (Dropper)

3.1.19 Wooa (Foil)

3.1.20 ¥OUANAT (Spatula)

3.1.21 Tnaumi5inas 7 ans

3.1.22 N5¢AT¥NT D9 No.1 (Whatman International Ltd.)

3.2 msad
3.2.1 ‘Emé’u (Distilled water)
3.2.2 1amuUda (Ethanol, C,H;OH)
3.2.3 1umuda (Methanol, CH,OH)
3.2.4 TsRoumiuoa (Sodium carbonate, Na,CO,)
3.2.5 laTnunaiouoaua (Di-Potassium phosphate, K,HPO,)
3.2.6 Tnunandon'lalaTasnuleaiila (Potassium Di-hydrogen Phosphate, KH,PO,)
3.2.7 pzAs lua (Acarbose)
3.2.8 1ou lessfioavh-ng InFaa (Alpha-glucosidase)
3.2.9 p-nitrophenyl-alpha-D-glucopyranoside, PNPG
3.2.10 2,2-Diphenyl-1-picrylhydrazyl, DPPH
3.2.11 ﬁaﬁa"lamaﬂmwg%u (Butylated hydroxytoluene, BHT)

3.2.12 lanmBaruudu v3e lodu (Dimethylbenzene or Xylene, (CH,),CH,)
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3.2.13 Wy (Paraffin)

3.2.14 Inawuaa 1u4 (Glibenclamide)

3.2.15 By nenaau (Hematoxylin)

3.2.16 8 lodu (Eosin)

3.2.17 asumivea (Saturated lithium carbonate, Li,CO,)
3.2.18 19@1AU (Gelatin)

3.2.19 Wosuad lagd (Formaldehyde, CH,O)

Aax = w U
3.3 IENIUATYINAITANAVINADNUIYIAIY
< ] AA o = 1 g
muaemitvanlianyuzaengunsuulsirnnlsa uazuuas nUet a5 ITue
a o o % A o @ = Y ! o Y Y
Uinuduanaen sunesyys dwrialnusiil Tagldnndivvesaemimidlidzein
Z 4 og 2 g Y o A a a Y ¥ o 9 A <
nniuiuiuruwan 9 udninneungungd 50 eswwamea auuiadniuduasosuaung
o @ Ay ¥ o v 9 v o J < 4 o 1
Wneaentivalei laaunyimsanaaledlviiazate teniuea 95 1lesisud lusasiaiu
v [ a [ d' v 9 =3 a
HeABNINALONIUBA 400 NPT : 1 8aT (Aamnih 3.D) Taenin 13 luTnaudduas 7 das
3 o ' o @ d o 4
Wuszeznal 1 dUa1 vde1nasy 1 dYe1d ¥1A15n0509828AT2AIBATOS No. 1
Y v [
(Whatman International Ltd.) 91n14391haufinses launvimssamaiierisadiazaisae
4 1 { I [ o
IAi304 Rotary evaporator (Hei-VAP Rotary Evaporators) 13 latnmizauniluaisananeniinmaig

3 o A a = ' o Y
NUITNHINYUHHU -4 DAL AL YT ﬂumwzm‘lﬂiﬂumimam [67]
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—>» muliazon —>  fAwiludwdn 9 —> outigungil —>  UAazdoA

50 °C
AoNiINAN
anadsemuea 95 iediun

ABNLIMAG : 1 MMea
400 N3 : 1,000 3iadans

v ¢

1 ddam

<€ n3od

STIHENIMazawann
% Yield = 4.13 % @15anangy

' v
ﬂTWﬁ 3.1 YUADUNMTANATITIINADNUINAIN

a d Jd LY Y
34 ﬂ]i?!ﬂi'l%?‘i‘l"i'lﬂ\iﬂﬂig’,ﬂfi)‘lJ“YlNlﬂﬁﬂlﬂﬁﬁ1§ﬁﬂﬂ§]1ﬂﬂﬂﬂﬂ’3ﬂﬁ’3\1
ﬁTﬁ”IiﬁfTﬂﬁmiJﬂ’f)ﬂﬂl’JWﬁ’Nhlﬂ3Lﬂi 1315’14 16\1?{1155 noy VlN!,ﬂfJﬁJ’JfJLﬂé’OQ GC-MS

a quilnsesiodnemans uAnodvasraIunuUNs savdadiual

d
o d (Y]
3.5 manageugnsludiumsmnauvesenluinearh-ngladinavesmsanaain

ABNLITAIY
4 a 9 9 a 1 A Aaa
nauaisazatoeu lyueavi-nglagiad awdudy 0.04 glinneladans
311035 50 luTasaas suasadavinaeminvalsnaNUENTY 0.02, 0.03, 0.06, 0.13 LAy
0.25 Haansudeiaaans USuns 60 lulasans uazansazaie 02 Tuan3 vea Phosphate buffer pH 6.8
A g’/ o 1 A VoA a = I =\
51105 50 luTnsaas mmiwhduweani 18 hlquitguvigil 37 esmiwaiBoa Wuszeznat 20 uii
ud 3 uRuasazaeFu@anIN 4-nitrophenyl-OL-D-glucopyranoside (PNPG) A1t 3 ad Tuans
a Y o oA a = <3 =1 9y aan
50 luTnsaas udni llguiguugi 37 evanaaided Wuszezinal 20 wi udrvgalfnien
A28N15IAY Na,CO, AT uTY 212 HaanSuaeiiaaans Ysu1as 160 lulasaasg
4

[ 1 { 4 o 1 J I
mﬂ1mﬁ@ﬂﬂﬁuummmmuwanﬁmmanﬂﬁu 405 W TuuAg Llﬁ}’lﬂ'lu’JmﬁWﬂWLﬂ@ilﬁlflJﬁ

1156189 (% Inhibition) HAZATUIMUNIAT Half maximal inhibitory concentration (IC,,) [74]
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control ~ A sample

% Inhibition = x 100

control

4 1 1 ] 4
W0 A A0 AIMIganauueai 405 w1 luwas vosdsazarowomnaiivines
Agne 19 AIN13QANAUIAIN 405 W1 THINAT VOIATANANINADNIN A
A o
WI0810A13 1Ua

d v

3.6 MINATOUNENIHOUYADAIZVRINIANANINARNI ItadINAN¥IAeI5 DPPH

nATeURNSNMIAIUEYLaBdsz Ve msATAYINANTINA19Tne13F DPPH assay
Tavsuiumsaail

imFeua1sazale DPPH AUt U 60 lulasniuneliadansluteniuea
99 Wedifug Mmiussuasnaaey (M3afANNABNTINAIN LAZas BHT) anududuy
25, 50, 100, 200 taz 4001uTasnSuneiaaansludiiiazatotoniuea 99 1o iFud
MasnaaeuANUTNTHA q 11USUTH8s 750 TuTasaasasluvasanaasy RSVITIEY
a3aza1e DPPH 13113 750 Tulnsans udana 1 udiiiaidlunat 20 uit wasernifunil
ﬁ”ﬂﬁwmsgﬂﬂﬁul,gmﬁ’amﬂ%a UV-Vis Spectrophotometer 1A2131813AAY 517 w1 11115

o ¥ Z ° 1 d 2 o o . .
NINITNADDIKT 3 AT %QﬂWU’Jﬂ!‘HWﬂHﬂ’OSL“]Su@]ﬂﬁﬂi‘ﬂﬂﬂiggaﬂﬁiz (% Radical scavenging)

o 1 g O] A [ 1 o
nngasasae 1l [75] udnhmn s ldwdeansvluin 1, n5euiieuny BHA

4 A control ~ A sample
% Scavenging = x 100
Acontrol
4 A A
WO A A0 AINTAANAULTIVOIYANIVAN
A e 19 AINTYANAULAIVOIFANAT OV
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v d
3.7 ﬂ‘lﬁ!ﬂ%ﬂuﬁﬂﬂ‘nﬂﬁ@ﬁ

I o

BERRRRRNAASS

PALEE -V o'
! ‘.\MH\‘&- \‘
bl —L—:j:-_\_\__\__\,‘,\’%

MW 3.2 HyaIEeRU g GK/icl W30 Goto-Kakizaki

v J @ o a
NYEBUINUG GK/Jcl %30 Goto-Kakizaki (GK) Walunanmani19135d le% e 1nla
a a @ {1 o 3 <
HazAs. W0y AAIN MnuKIae Ialag w1y 1wl .. 1975 vyvaenugited]u

a { 1 o YA [ Y A a o 1 aa
L‘1J1W’J1Ll"]ﬂ!ﬂ°ﬁ ZLLU‘]Julilél’J‘Ll 5$ﬂ‘U°L!']§I1@ﬂgiﬂﬁiula@ﬂlﬂWﬂU 200 HAQANTUADIAKOANT
9

J @ v N Yo A o v Jda 4 .
AAe1g 4 da1d MIWaIEIeRUE IRAAAENNUEINHYVIITIOWUEIAA1S (Wistar rats)

E]

= Y4

[l v o J 13 a o 1 1 1
nlitianuduwusnmedon ludlwaSeananu 09130 31 [22,92] Tagnyuaaewugil

Y
ISY

=\ 1 9 < Y a _ /=N (=1 [

Hanuunwsosweunduraa WuwaldlSmudugdunwaaoonun luiiesne uennniidasy

Y ] g %‘

Wiaranglaa GLUT4 inissiniuanas dawaldszauimialudeage [93] Hs1e91ua1n

1 =Y { % U o S A a

Portha et al. [94] MS1NaNaAavOINIAA LSO LAzMSTUVBLUA ITAaNANNATId UM
v 1 < o a a 1 a a a Aa

WI9NWUFNTTU dHa IHEUAILANMINAL8DS INUBUYAUUNNG B IuMUBATUAALNA AN 1Y
[ %} A Y o Y 1 o 1 1 A o ya A A a g

YBI3ZAVUINATUADAYI A UTAA IUAUDDUAATIUIUAIRENABILBY M HB UG AUNNAAYY

1 v ¥ [ a
Tigmnsoauguszauhaaludealioglunzing 1a
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[

WYIIABW LT GK/Jcl gninsiunn1eeynsuisIu (Taxonomy) il [95]
Kingdom: Animalia
Phylum: Chordata
Class: Mammalia
Order: Rodentia
Family: Muridae
Genus: Rattus

Species: Rattus norvegicus, Inbred GK/Jcl

3.8 MINATBLGNENNTINNYBIANITANAINABNIIINAINDIZAVNIMAngIna

a o d
Twiaeanazauniilafinvesryuimeiug GK/ic

3.8.1 1¥yuaa1owusg G/l (Uszmantlu) mad 91g 11 dda1w s1u7u 30 @7
a 4

90’ o [ ° 9/ { a wa [ s v Aaw
UINUN 200-250 NTU unﬂlaﬂﬁﬁﬁ)ﬂﬂﬂaﬂﬁﬂWiﬁﬁ’Jﬂﬂﬁﬂﬂ ADIVUIVYINYIANITATLUAS

maluladuratszmealne (22.) Famumisusesasesssuludadmon1sIde @un PS- 59004

a

{ [ 1 o I @
TagRnrunuguvgll 23 +2 ssruwados 11 lasuuasadne 12 ¥2lue Wlusveznat 1 §ad

U

v 2 v A qu V(v o Y o v '
Tions uazilmniu e lvvy ladsudadnuanminadeuneumsnaaes
] I 1 1 @ o
3.82 MWAUATINAABIUUY CRD lagutiavyeenilu 5 ngu nquaz 6 47 11IN15Naaed
@ o @ 4
8 11 1/52gnA9INITNIVBI Abeeleh ef al. [76] Akbarzadeh ef al. [77] 146 Anulukanpakorn et al. [78] 431

o U <) o A
Hanenvie vyaeuwug G/l thatlulsannvnulasiuia

[
=

oA ' A9 o
ﬂtjllﬁ 1 HUNAUAIUUN ﬁiﬂu’]ﬂau

Q C)

=
=h.
&}

A o J A a o 1A Y
vy lasven Tnauaan luduuia 0.25 Tadniuaen lansu

a A

¥ 3 vy Idsuasananinaeniianaaa 100 Haansuaen lansy

a o 1

ui 4 vy 1dsuasanannaeniianalnia 250 Haansuaen lanu

=
=h.
w
=~

yndsuasanannaentianaituuia 500 Haansuaen lansu

<3| o ' 3 4 o o 3
pansHYTuna 8-12 5 TIe neurhimamzidon emsnviaszainiema

A o o Y Y ' Y] o A A a
ngInaluwaen Tagnszmmasnnlimsanaunnynaasauduilunm 2 ¥ 1w Aewizi@eansno

@ Y o @ [ %‘ A 9 d‘j t:y
Uaeriavesynnaudnililasaiaszainimang laaluaenais Glucose meter tazilioduga

v o qy ' Yo s @ d 2

m3naaed 8 7u Mlinynaasimeegnasulagldmamiveulasenled vimiwausIusm

o ' =) Y A = 1 =\ a 1 a P Jdo o
@]’J@EJNLE]’E)ﬂi]”lﬂﬁ’ﬂi]ﬂlﬂﬂﬂléﬂﬂa@ﬂ (D erAneIA Al latia Tﬂ&lmmammﬁwwqmﬁmmam

53



Ui wminedeniiaa AN1IATI931A5199 TRURALP (Alkaline phosphatase) ALT (SGPT;
Alanine aminotransferase) AST (SGOT; Aspartate Transaminase) TP (Total Protein) ALB (Albumin) GLO
(Globulin) BUN (Blood urea nitrogen) Cr (Creatinine) CHOL (Cholesterol) HDL (High-density lipoprotein)
1182 LDL (Low-density lipoprotein) 1182 (2) #5297A52AU aaﬁnuﬁucﬁuiu%ﬁ"uﬁ'wm%q
Radio immunoassay kit 1828117110 191A% 09 Automatic gramma counter 7l 159WENNART UAT UNS

T IAveULNY LAz IAUBBUYEINY IANIANYIZMIgameInA

3.9 MINATOUYNENTIMNYBITIIANAVINABNTINAIIADANHUZ VD UM DIHD

1 J
NNAVBBUVBINYUNIMNEWUE GK/Jcl
=) Adal A @ 1 v J A Qy A o 9

M3IAIBNIRIIOAVDDUNYUIIAIIWUE GK/Jcl IIDAUGANIINAAD 1D oY
9 = . . Y ax A o & 1 dy
380 Hematoxylin-eosin #787T Paraffin embedding aaiupauae 1l

3.9.1 dmynaassnnnguuiimsdaniies enwiduseuudeiinnudgen

. y .

Taguxaaluiinnae (Normal saline)

¥ 4 1 % % Bol
3.9.2 dauiioide luiuesnainduseudisanuszinszi ldwasaneaussginnio

] Y o

[ 4 Y {a y 4 o 1 1 Y
Wu o iiede iy uazideanaasdoonaunua udlriuiieedussuadus lurienaann

U

Qy 9 = gi 2K o Qy dy A YA a A 9 X o ]
na 1 szina 5 ua amiusadaruiiae Ivuvuialszunar 8 x 3 Haamas uad9a1iilaues
H 1T & <
lusheasannaoilumal 3 ¥ 1u4
=2 go’ dy A [ dy A A Y
3.9.3 9419111990 1ALUDLHD IAeN1TD 18U DIEBNNIUNITAITAINUAIDI 11
S 3 J 3 < ] a3 o
muea 70 WosiFud wunal 2 %1 Tue 39d1e lurlueniuea 95 Flurnar 2 2714
oA A 3 e &
3.9.4 ;etiiowoadlu Absolute alcohol 2 AS4 s ldnainsias 1 %2 Tua

9 ] v
3.9.5 peniioeadlu Absolute alcohol 5£821a1 12 %2 14

o g A Y N\ ' dy A A
3.9.6 1o 1% 1df (Clearing) oo 1vuiamoad lua1saza1eN U d IHANUDI Absolute

Y ' < =2 1 X A 3 ~
alcoholttag Cedar oil 91319341 1:1 LU 1-2 Glf'ﬂll\i %Qﬂ']fll,u’f]!ﬂf]ﬁ\ﬂu Xylene A 2-3 UM

'
=

1 dy d‘ d‘d a a =
3.9.7 01eooadlu Xylene IR IRERITAY (Paraffin) a2 190YNYUVNN 35 DI H AL

U Ll U

v
TunT1dIU Xylene @0 Paraffin (1114 1:1, 1:2 a2 Paraffin 100 osidud Iasldnavuaeuas 151

¥ ! v
3.9.8 N9 Paraffin Lﬂll’é)’é)ﬂﬂ1ﬂl,ﬁf]l,§ﬂ 114 Pure paraffin lenﬁqmwgn 58 DIFLB AL e

a

Yy H
adlunu Warhind 1 udeviigamail 58 essnuaadoa Wlunat 30 wii

U
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H v 1
3.9.9 1)U Paraffin 11118053 Taenie Paraffin IANPONLAUAN Pure paraffin 11U
vy Y

a v A { a <3|
gamgl 58 ossnaioaas lunuiasna 3 udeungungi 58 esrusaded Wuna 30 wii

9 Y H
[ v A

Y = A 1A 9 < Y A 9 =1
MNAUUINYABY Paraffin 112190 2 59 A599 1 1%0a1 1 2 Tuaazasan 2 lgnar 30 w1

a =

1 [ v
3.9.10 M3#3 (Embedding) 1Ho180A10 Pure paraffin Ngavgh 60 oA usaIFod
@ [ 4 I~ <3 1 H H 4 4
3.9.11 AAU4 Paraffin NHua5v5su5ooudr 19l uunammasn Taeneewliilone
' 9 Y A o 1 9 = [
2190gATINAN Paraffin 1HNNA UV Paraffin NAAUALRITIANWEANINY
' ] '

3.9.12 fia Paraffin NAAUAA NN VUNUTIMTVAAUNG Paraffin 91n0uh lddasun
= A . @ Qs/ dy A YA dy A Ao 9 =\
8AV091AT04 Rotary microtome Ap¥uiioige Tasliianunu 5 luaseu Wiewehda ldazide

a A

AONUANYULIMIOUS LTI

k4
a a A

1w 4 { - J ? { A . J J
3.9.13 Tdynuuazsudwiewen 181 laselus1atiguitan Gelatin 0.5 1o 315

Y i1
A

4 I [ 1 Qy ¥ 4 o
elunsta Paraffin azilowe Tasse 33 11 swiioeniu uazvia
9 ] s Y dy A A 1 9°I 1 ] 2 Y o 1 4
3.9.14 1Hurud laadewiioofasesluo1aigu uruaz 2 - 4 Ju udniwkudlaq
A 1 S A A A 1 [ S a a A Qy dy A ]
Tinauuas osgue laarivoazaeen Paraffin 0on diod laai ugu dunamus uliu Wi oTuilobourng
v s A ] @ < a L yy A
oon udne laguwnsesque ladiszana 1 52T wiona linasanu
Y Y Y
3.9.15 W UTUABUMIEONE (Staining procedures) UsTNoUAWTUADUA 9] AaH]
a dy A o ' . . o J
3.9.15.1 azaneI5 N HeBNIINLLBIBDA 10819 (Deparaffinization) Iaetiie lad
[ 1 1 ~ a Q( { 1 o g’;
Tet 1 Rack 1@ 29 u la@uis g (Pure xylene) Nog 1uTndowe lag (Staining jar) 2 159 9 a2 2-5 117
o s ' ;
39.15.2 e ladns Rack 3011 Absolute alcohol 1NO@19101 Xylene 00N
Y
2A599 ag 2 WM
%’ ' 4 4 4 ! !
3.9.15.3 o1 g givaduaziiiotso (Hydraton) Tnod1e Rack Juislu
- 4 o W y 9 =
MU 95, 70, 50 1Az 35 loT HUA a1y ANUHLTUAY 2 UN
y v ¥ 4 ~
3.9.15.4 19781 ndu sz 2-5 i
Yy 9 : AR g Y A . L.
3.9.15.5 80UA28 Hematoxylin 5-8 UM U1 uMsdonaisn (Primary staining)
y v 3% = 1 2 . .
3.9.15.6 1992811115211 1Marn1una0AIa19U T Harris hematoxylin azany
9 = 9 = a A . d’Q = Yy 9 4
WAL 191981 1-2 W7 YUZAWTATINAOUNMIAAT Hematoxylin NHundeanieldndesganssa
1" Aa = 4 &‘ d' U 1 a A 9 Y dy %’ v A
MANUNLIndgEvRAYadiaEad U ouAnd LA 13191 Rack Yuaniwiui
3.9.15.7 a19@douNuninuoon (Differentiate) 11 1% acid alcohol Taggu

a =

da! = ¥ o 19y 1 4 Y 9 o
YUAI 5 IUIMN @N1!1@'E)ﬂﬁl”lﬂlclfaa11/?11@]’3ﬂﬂ1§N1Uﬁ1aﬂa01ulﬂ%1uﬂaﬁ?ﬂﬂ'J”IiJLGIJN"IJL!ﬁ]”lﬂ@?th

[

2 - 4 o w ] 2 A2 o Y A
ERARY 35,50, 70 L1 95 1losigua auany Tﬂﬂ“lmaawumauaz 2 UIN WNINTIDUT
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. ] A Y o ' s /3 A Y A .
Eosin Y 191721 2-5 u1fi udinseua ladasluteniuea 95 11ledidud 1iiod198 Eosin Y
A a Y} = 2y Yy 9 SR s Y
NurinAuweesnldinal 23 u1i (asragddeunieldandesganssail) e ualanaie

3/ == 1 4 =) a a’ 9 =1
Absolute alcohol 2 159 9 az 2 WNderud lagaslu leduisgns 1dnar 5 i
3.9.15.8 9uua U Saturated lithium carbonate (Li,CO,) Y3119 5-10 Ju1%
A o ya = S ? a . A . ' 07
o 1Ml unaealdu9-U 18U (Blueing) 1130 Neutralize 08195 A101
a\ 4 o Y] a 4
3.9.16 Yaniina'lad (Mount slide) @78 Mounting media aiualenszantlaa'lad

o [ { 4 4 Y]
(Cover slip) tazyimsAnwanyuziiodonslandosganssminazaiufinnm 79, 80]

a Y a d
3.10 aoan1Flumsdinzrivena

U

=1

aa a 4 H v ¥
ananlslumsiangideyafFouiiounsndsunlasvesszaviimaluinon
FENTNRAYUADLNQY HAZNGUAIVAN
aa X Y 1o A 1 A = 1y a
3.10.1 aa@anugiu laun Aunde AnuAaIAAaeNIREY A1308aZ9INNINTTY
o ¥ o 4 a ~ v 4
msdugamshaveseu lmivoavh-ng Indad Tnoals sumsunveezas lua (@1501A591AIAY)
1 J 3 4 o v a = [ Y o
Amloiudmsnivaeyyadass lnanlSeumesunuans BHT ((NsuasgIualugy) nsensiinms
a 4 ' { 3 o ! . .
IATIEHHIAURAY 3 1 ‘%qmmsmmmmuﬂiﬂsm (Analysis of varicance ANOVA), Least
1 @ v
significant difference (LSD), Duncan multiple range test (DMRT) 4asH1A1ANNTUN u‘ﬁﬂlﬂﬂﬂ?@ﬂgﬁiﬂﬂ
o
Tsunsudusogil Spss
a d Y aa 9 1 =~ a o o a a A o
3.10.2 WnsIgrivoyannanavesteyannuaill lafa szavuees Iuuougauluasy
9
uazszauimalu@onsis One-Way ANOVA

= a ] = o @ AaAas ) =
3.10.3 !,’lldiEJ‘UmEl°1JNﬁﬂﬁ@]i’J%ﬁ'@UﬂNM@liﬂuﬂﬂNM'LJEJ’G’H ﬂJUﬂN’c’fﬂGIiNuﬂJﬂﬂdiEmmEm

' ] ' A Y
AITULANA NAURA EJL’]JU'B'WEIE‘]G]HJ’JTUEN Scheffe’s test ﬂ’)EJI“]JiLLﬂﬂJ SPSS
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UN 4

a d a
Nﬁfn3’J!ﬂi13ﬁ%®3&ﬁ!!ﬁ$ﬂ]i@ﬂﬂi1ﬂﬂﬁ

pinmsAnyesflszneumanil wazgnineiimnvesdsatannasntanads
lumygvnmeiug G ldnamsnansdade i
4.1 wams IR Hesdlszneumuniivesansanannaeniianai
4.2 mananageugns lunsdumsiauvesen leduear-ng Tadiadves
A13AAAINABNIIINAN
4.3 HAMINATOUNTAMOYYABATZVRIMITARAYINABNT A TiAnY1 TneTE
DPPH
4.4 HANITNATOUINTNNTINNVBITITASARENTAnateReszAuhaang Tnd
Tuideaneauaii Tatia Lmzﬁﬂymzmmzfim?]emﬂﬁ’uéaumammnm&ﬁuﬁ GK/Jel
4.4.1 HavBAEITARAVINABNTANAReIzAUThaang Tnaluiden
4.4.2 HOVBAATANAINABNIINANABAUAT Tatin
4.4.3 WOURIETANANINADNIIMA NADTZAUFDS Iuudugauludsy
444 naveamsadavinaenianalednyuziieides1ndusouves

WYUNIEOWUE GK/Jcl

4.1 Wﬁﬂ]ﬁ%lﬂﬁ]%ﬁﬂ]ﬂﬁﬁﬂigﬂ@‘]JTI'N!ﬂﬁmﬂﬁﬁ]ﬁﬁﬁﬂﬂ]ﬂﬂ@ﬂﬁjﬁagﬁ
Waﬂ”lﬁalﬂﬁ"lzﬁ’ﬁ'lﬂﬁf’{ﬂﬁgﬂ@ﬂﬂ?ﬁlﬂﬁﬂl@ﬂﬁ?ﬁﬁﬁ}ﬂﬁﬂ'lﬂﬂTﬂﬂ@ﬂﬁ?ﬁﬁ?ﬂﬁ?ﬂlﬂ%@ﬂ
GC-MS WUa15Havua 87 ¥iin TaofluaisdidiiidSuaun $1uau 5 ¥iia 18un
Nonacosan-10-o0l (26.89 %), n-Hexadecanoic acid (14.51 %), 9,12-Octadecadienoic acid (Z,Z)- (9.47 %),
9,12,15-Octadecatrienoic acid, (Z,Z,7)- (6.74 %) Iag 6a-beta-Aporphine, 1,2-dimethoxy- (3.02 %)

= o =
ATNINN 4.1 UATANNINN 4.1
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Extractant froam herb (0953-60N07.0)
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No. RT Name of the compound Molecular % of Total
(min) formula
1 5.0826 2-Butyl-(2-methylbutylidene)-amine C,H, )N 0.01
2 5.1270 N-ethylpyrrolidine CH; )N 0.02
3 6.8133 1-Butanamine, 2-methyl-N-(2-methylbutylidene)- C,H,N 0.03
4 7.3203 Alpha-Humulene CH,, 0.03
5 7.3603 1-Butanamine, 3-methyl-N-(3-methylbutylidene)- C,H, N 0.04
6 13.6725 Tetradecane C, Hy, 0.06
7 15.1810 Acetic acid C,H,0, 0.05
8 16.3103 Pentadecane CH,, 0.04
9 17.0491 1-Pentadecene C;Hy, 0.01
10 18.1598 2-Butanol, 3-methyl-, (S)- CH,,0 0.02
11 18.8658 Hexadecane C,Hs, 0.08
12 19.2270 1-Cyclohexene-1-carboxaldehyde, 2,6,6-trimethyl- C,H,O0 0.02
13 20.6359 3-Methylbutanoic Acid CH, 0, 0.03
14 21.3181 Heptadecane C,,Hy 0.05
15 21.5887 1-Cyclohexene-1-methanol, 2,6,6-trimethyl- C,H,O 0.04
16 21.7139 8-Heptadecene C,,H,, 0.03
17 22.0138 3-Heptadecene, (Z)- C,H,, 0.04
18 22.6504 6(E),8(E)-Heptadecadiene C,H,, 0.05
19 23.3885 2-methylbutylidene 2-phenylethyl amine C,H, N 0.02
20 23.6612 Octadecane C,Hy 0.07
21 25.9049 Nonadecane C,Hy, 0.28
22 25.9934 Benzeneethanol CH,,0 0.11
23 26.1179 "2,6-Bis (1,1-dimethylethyl)-4-methyl-phenol C,H,0 0.04
24 26.5805 Z-5-Nonadecene C Hyg 0.05
25 27.2562 1-Tetradecanol C H,0 0.01
26 28.0435 Eicosane C,H,, 0.08
27 28.4987 2-Pyrrolidinone C,H,NO 0.04
28 28.5864 2(3H)-Furanone, dihydro-3-hydroxy-4,4-dimethyl- CH,,0, 0.05
29 28.9903 Tetradecanoic acid, ethyl ester C,H,,0, 0.04
30 29.6652 Benzenemethanol C.HO 0.50
31 29.7501 1,2 Benzene dicaboxylic acid diethyl ester C,H,,0, 0.01
32 29.9561 n-Tridecan-1-ol C,H,,0 0.03
33 30.1136 Heneicosane C,H, 0.86
34 30.5022 2-Pentadecanone, 6,10,14-trimethyl C,H,0 0.06
35 30.7724 Henicos-1-ene C,H, 0.03
36 31.0543 Pentadecanoic acid, ethyl ester C,H,,0, 0.05
37 31.8602 4 - vinyl - guaiacol CH,,0, 0.01
38 32.0683 Docosane C,H, 0.10
39 32.3249 Hexadecanoic acid, methyl ester C,,H,,0, 0.07
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No. RT Name of the compound Molecular % of Total
(min) formula
40 33.0541 Hexadecanoic acid, ethyl ester C,H,0, 2.15
41 33.2026 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- CH,0, 0.04
42 33.3953 Benzenemethanol, 4-methoxy- CH, 0, 0.03
43 33.7614 Ethyl 9-hexadecenoate C,H,,0, 0.18
44 33.9774 Tricosane C,,Hyg 1.34
45 34.1374 Phenol, 2,4-bis(1,1-dimethylethyl)- C, H,,0 0.06
46 34.6257 9-Tricosene, (Z)- C,,H,, 0.10
47 34.9405 Heptadecanoic acid, ethyl ester C,,H,,0, 0.04
48 35.5715 4-Vinylphenol CH,0 0.03
49 35.7782 Tetracosane C,Hy, 0.16
50 36.7723 Octadecanoic acid, ethyl ester C,,H,,0, 0.13
51 37.0911 (E)-9-Octadecenoic acid ethyl ester C,,H,0, 0.33
52 37.5488 Pentacosane C,H,, 1.21
53 37.9162 Linoleic acid ethyl ester C,,H,,0, 1.46
54 38.1998 1-Pentacosanol C,H,,0 0.24
55 38.4458 Acetic acid, phenyl- C,H,O, 0.07
56 39.0345 9,12,15-Octadecatrienoic acid, ethyl ester, (Z,Z,Z)- C,,H,,0, 1.04
57 39.2307 Hexacosane C,Hy, 0.15
58 39.3225 Phytol C,,H,,0 0.21
59 40.2348 Eicosanoic acid, ethyl ester C,H,,0, 0.09
60 40.7100 Tetradecanoic acid C, H,0, 0.23
61 40.8832 Heptacosane C, Hyg 1.47
62 41.5286 1-Heptacosanol C,,H, O 0.59
63 42.3761 Pentadecanoic acid C,;H,,0, 0.64
64 433103 (2E,6E,10E)-3,7,11,15-Tetramethylhexadeca-2,6,10,14-tetraen-1-yl formate C,H,,0, 0.07
65 43.4900 Docosanoic acid, ethyl ester C,H,0, 0.24
66 44.0647 n-Hexadecanoic acid C,H,,0, 14.51
67 44.7086 Palmitoleic acid C,H,,0, 1.91
68 45.1378 Nonacosan-10-one C,,H,,O 0.17
69 45.3375 Behenic alcohol C,H,0 0.18
70 45.4612 Benzeneethanol, 4-hydroxy- CH,,0, 0.22
71 45.5416 Heptadecanoic acid C,,H,,0, 0.44
72 46.3456 Squalene C,Hy, 0.58
73 46.5224 2-(4-Methylcyclohex-3-en-1-yl)propan-2-yl 2- C,;H,0, 0.80
methylbutanoate
74 47.2028 1-Heptadecanecarboxylic acid C,H,0, 1.20
75 47.7354 Heptadecene-(8)-carbonic acid-(1) C,H,,0, 2.36
76 48.0783 9-Octadecenoic acid, (E)- C,H,,0, 1.33
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No. RT Name of the compound Molecular % of Total
(min) formula
71 48.8000 9,12-Octadecadienoic acid (Z,2)- C,H,,0, 9.47
78 50.3159 9,12,15-Octadecatrienoic acid, (Z,Z,2)- C,H,,0, 6.74
79 50.6422 6-Tridecanol, 3,9-diethyl- C,H;,0 0.56
80 51.6179 Eicosanoic acid C,,H,,0, 0.86
81 52.6977 Z-14-Nonacosane C,oHyg 1.20
82 53.2191 Nonacosan-10-one C,,H,,O 2.03
83 57.0306 Nonacosan-10-ol C,,H,,O 26.89
84 58.5181 Docosanoic acid C,H,,0, 1.82
85 59.6032 6a-.beta-Aporphine, 1,2-dimethoxy- C,,H, NO, 3.02
86 65.9122 1,9-Decadiene, 4,4,7,7-tetramethyl- C, Hy 0.42
87 69.3211 Tetracosanoic acid C,H,0, 2.43
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