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8 oF: B AL HTRNE QA (Cannabis sativa L. seed oil, CSO)} FENE @ A B E (Cannabis
sativa L. seed oil complex, CSOC)9] H|ZEAH-& 53] FFF £AM=EA 9 7S HoIstHh CSOL}
CSOCY g5 &= lipopolysaccharide (LPS)—induced RAW?264.7 RdlS Faf 215yt
Lipoxygenase inhibition activityE 5ol A&t AE g1gt Ax, CSO= AAIEA] tAT COSC=
70% o’ A= LTt MTT assayE &l A25FE SRl 2o, CSO+= MEEYS HolA] gdA
9 CSOCE 200 pg/ml o4 koA ME=AS BT LPSE FE=% RAW264.7914 inducible nitric
oxide synthase (INOS)e] W@} nitric oxide (NO)&] AJ4t2 CSOCZF CSORTE @A oA A5
I3 cyclooxygenas (COX)-29] ®@3}t prostraglandin B, (PGEp) 2] RS ERIs|E Aito A CSOC
7} CSOXRTH @At JA st £ AFE Fall, CSOC7 CSORT 945t a5 a5 7HAH, &
25 22 &8 7FsAel daS FAFh
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Abstract : This study evaluated the potential of hemp seed oil (Cannabis sativa L. seed oil, CSO)
and hemp seed oil complex (Cannabis sativa L. seed oil complex, CSOC) as an anti-inflammatory

material through comparative analysis. Anti-inflammatory effects of CSO and CSOC were confirmed
through lipopolysaccharide (LPS)-induced RAW?264.7 model. As a result of confirming the inhibition
of lipid oxidation through lipoxygenase inhibitory activity, CSO was not inhibited, but COSC was
inhibited by more than 70%. As a result of confirming cytotoxicity through MTT analysis, CSO did
not show cytotoxicity, but CSOC showed cytotoxicity at over 200 ¢ g/ml. In LPS—induced RAW?264.7,
the expression of inducible nitric oxide synthase (NOS) and the production of nitric oxide (NO) were
significantly inhibited by CSOC compared to CSO. Additionally, CSOC significantly inhibited the
expression of cyclooxygenase (COX)-2 and the production of prostaglandin E, (PGE,). Through this
study, we confirmed that CSOC has superior anti—inflammatory effects than CSO and has the

potential to be used as an anti-inflammatory material.

Keywords : Cannabis sativa L., seed oil, complex, anti-inflammation, macrophage
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8 AFFT Aotk [111. whapA], TH
2 o]lojz17] k7] YA o] T2 A=
= ZAo] a5t

tut (Cannabis sativa L)+ 7 (Moraceae)
&ot ghefjio] g2 A= ot ote|tt
[12]. IdiFY Hfeo 9=, ugtaw, A4
SFE R AMgE o] gt} [13]. o] & dZHNE=E= o
ut (Cannabis sativa L) AR ooFE1l A&
o7 gy AgEHY ot YR EoE= linoleic
acid®} « -linolenic acid 51 Z-& "4 EX31HA]
Wito]l FHstal Aol ZHAHE SAE EE
=0 Zgo] HE Aoz A Ao [14]. @A
MM QA (Cannabis sativa L. seed oil, CSO)
= ZAiAr E istel Hast] w2 AU K
Y AT, 71E FZAEQ YUY BFS FUA
7171 96l ot 228 Eoto] AxT FE=
of thet A= &R vt §lok [15] 2 d+E
Foll, 24 fE=Ed2 & 437 curcumin,
quercetin, resveratrol, pterostilbene, lycopene¥}
CSO9] E&ES Axsty AFE FFotet.
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2. & ¥
21, dExiz
Epigallocatechin Gallate (EGCG),
Lipopolysaccharides  (LPS),  Griess reagent,

Quercetine= Sigma  Aldrich  (St. Louis, MO,
USA)A  +49;tt.  Curcumin, Resveratrol,
Pterostilbene, Lycopene= Tokyo Chemical
Industry Co., Ltd. (Tokyo, Japan)ollA Y3}
t}. 2,5-diphenyltetra zolium bromide (MTT)
reagent=  Duchefa  Biochemie  (Haarlem,
Netherlands)ol Al Y43, Anti—-COX-2 |
+ Cell Signaling Technology (Danvers, MA,
USA)OlA e, anti-INOS A=
Invitrogen (Waltham, MA, USA°[A] A3t
Anti- B —actin &A= Santa Cruz Biotechnology
(Santa Cruz, CA, USA)9A FUg e, HRP
17t 22 2% A= Enzo Life Science
(Farmingdale, NY, USA)olA ]3ict,

22 22U F=E U EEE HXE
2 AFolA AME FEMEE @ ZAE

0]2 (Andong-si, Gyeongsangbuk—do)ollA <
stk FZAREeY (CSO)9 Axige o=
I Ao FEMEE AFH & E71E T 9
o ArAAER oF 49T olst Ax7|oA Hx
sttt Axd FmKE= Hujrlold g 9
HEE HeAder ohy 49C ofst Ax7]eA
AxskGoh. OrE 49T olstold fEKEE
YR 2 & 5T ofsh 2&oflA 253 FHA|
0 5 Adol|l AHgotyl. AmAEe Y HitE
(CSOC)= CSO Quercetin
Resveratrol : Pterostilbene : Lycopene = 100 :
1:1:1:04: 19 HEZ AZX & 50C ©]
Stz shestn 23E ol gd) 1087 BAAIZ

A

o
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2.3. Lipoxygenase inhibition activity
Lipoxygenase inhibition  activity
Lipoxygenase inhibitor screening assay kit
(Abnova, CA, USA)9| wirde] whet A3ls 4
Pkt sample 10 #l, 15-LO 90 yl, ImM
Arachidonic acid 10 plE H7lete] A4
58 FoF Wke-A]71 & chromogen 100 uxl& 7}
sto] 5E 7F A2oA §h§AIZIAL plate reader

AN Jpo

Z

oL
rlo

W (Cannabis sativa L)YNEQY E3LRO] gtd= Filto] Tat A 3

(BioTek, Winooski, USA)E AF&5tol 490 nmell
A FBEE ST IHETCE+= non-
selective lipoxygenase inhibitor nordihydrogua-—
iaretic acid (NDGA)S AHg35Fich

2.4, MI=F U HiY =

RAW264.7 A|XZi= American Type Culture
Collection (ATCO)ollA  Ftuiste] 10%  fetal
bovine serum (FBS, Capricorn Scientific GmbH,
Ebsdorfergrund, Germany) 2 1% penicilin/
streptomycin(Capricorn Scientific GmbH)o] H
Z¥  Dulbecco's Modified Eagle's Medium
(DMEM, Capricorn Scientific GmbH)oflA] 2]
k. M= 37CoA 5% COg ZEdste 7t
SH SHolA FAAH

2.5. Cell viability assay

RAW?264.7 HIZZE 96-well plateo] 1x10°C.2
HFOEL 16-24X412F 57t 37CeA 5% COE
Zdohe 7 EA0MA HiFAIRT. OFRt 5
ol ANmE 2447t Bt APkl A9 =
MTT Aokt A 2712 &<t 8 &, F484
formazan crystal& DMSO®] =9 plate reader
(BioTek)& AF85te] 570 nmollA] SEEE &7
SHeIT

2.6. Nitric oxide (NO) assay

RAW?264.7 AIZE 6-well plated] 2x10°02
5okl 1624417 F<t 37ColA 5% CO%E
Edohs 7hsE oA HiFAIZH. AlmE 2
AE F<t AAERE 2, 200 ng/ml LPSE 164
7t B8 Agsteltt. NO A4S 5457 <lsl
F5HE Griss reagent (Sigma Aldrich)Z2 A&
Sth Aol 107 Fet WAl F plate
reader (BioTek)E AFH&3t] 540 nmoA &F=
5 2459

2.7, CHMZEL M2k Al immunoblotting
RAW?264.7 HIZZE 6-well plated] 2x10°0&
EFSI 16-24A17F §3F 37CAA 5% COE
xototE 7hEE A HiGAIRT. Al=RE 2
A B AAFEE F, 200 ng/ml LPSE 164
7F ERt ARsklek vigdRt AlEoA mediaE
A ASELL Triton—X7} Z3HH lysis bufferg ©]§
Sto] TS FE% ¥ Protein Assay Dye
Reagent (Bio-Rad Laboratories, Hercules, CA,
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USA)E o]&ste] wiidS Aotk 10%
SDS—polyacrylamide gel& ©]-g3sto] 7|5
S 9AS F7EE BESkal nitrocellulose
membrane (GE Healthcare Life Sciences,
Chicago, Illinois)Z &F Tt Blotted membrane
2 5% skim milkZ A2 247+ B
blocking@t th2, 12} A (1:1,000)02F A 4C
oA 16-24A17F vt o3 HRP7F H
2 22 A (1:10,000-20,00009F A
membraneg 1A7F ¢t AoA HjY T
ECL solution (Bio—Rad, Hercules, CA, USA)E
AFg-8to]  @AFE T Davinch—-Chemi Imager”
CAS-400SM  (Davinch-K, Seoul, Republic of
Korea)2 ©]&st] AlZgkstdnt. B -actine 4
e 9 FF BAE g ohear|E diE=

&= et

2.8. RNA Eg2| % quantitative real—-time
PCR (gqPCR)

RAW264.7 HJZE 6-well plateo] 2x10°22
B 16-24A17F §3F 37COA 5% CO2
z3hot= 7hed AN HiFAFAT A=RE 2
A &t AAERE T, 200 ng/ml LPSE 164
7F &<t AEstanh. weFet AlEZolA mediags
A|ASEAL Trizol reagent (Takara, Shiga, Japan)
£ AF835le] RNAE FE519130, ReverTra Ace
gPCR RT Master Mix kit (TOYOBO, Osaka,
Japan)E AR&Ste] JHAL 9 cDNA ¥4&
Pt qPCR2 SYBR Green qPCR Master
Mix (Applied Biological Materials, Richmond,
Canada)& AREst £dsiaitt. dades 4
—actin ¥ S AHESE] AtE QAT Primer

Table 1. Priemr sequences used in this study

Journal of the Korean Applied Science and Technology

sequencest= Table 1of Y&= it}

2.8. Enzyme-linked immunosorbent assay
(ELISA)

RAW264.7 AIZE 6-well plated] 2x10°02
B5otal 16-24A1F Bt 37ColA 5% COE
23t 7haE AONA HIGAIRT. AlmE 2
A B AAFTE T, 200 ng/ml LPSE 164
7t ZoF AF3tAk culture medias 475k
PGE, ELISA kit (R&D Systems, Minneapolis,
MN, USA)E Argste] PGE, w2 S5
o},

2.9, SHEAM

BE dolge FSAEAL Microsoft Excel
software (Microsoft office 365, Version 2420)
£ Argste] Fdfotditt. nE A9 A= &
HHo=2 A4 33 §HESHAC BE foide
tolg o] fol4d HAFL unpaired Student’s
t—test® AR O™ pvalue < 0.059014 54
A F94& skt

3. Zm ¥ nd

3.1. CSOC2} CS02Q| cell viability

FE5 a7 Felsirlo] dA RAW264.7 Al
ZolA CSOCeH CSO9l AE=AFe Felstict
(Fig. D. A% A3yt CSOCE 200 gg/mlolA
80% mlRte] ME A& HolFE: ¥hd CSO
£ 800 ug/ml FEAANE AEEAHS Holx
o¥ort}, Positive control®l EGCGE: 400 Mo

Gene name Direction Sequence (5°-3")
Forward CAGCACAGGAAATGTTTCAGC
iNOS (mouse) Reverse TAGCCAGCGTACCGGATGA
COX-2 (mouse) Forward TTTGGTCTGGTGCCTGGTC
Reverse CTGCTGGTTTGGAATAGTTGCTC
Forward TATGGCTCAGGGTCCAACTC
INF~a (mouse) Reverse CTCCCTTTGCAGAACTCAGG
_ Forward TGTCCACCTTCCAGCAGATGT
G —actin (mouse)
Reverse AGCTCAGTAACAGTCCGCCTAGA
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Fig. 1. Cell viability of CSOC and CSO.
RAW?264.7 cells treated with CSOC, CSO and EGCG for 24 h. Cell viability was determined using

the MTT assay. Fach data point represents the mean =+
determined using an unpaired Student’s rtest. **p < 0.01,

by Student's rtest.

140
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Lipoxygenase inhibition activity (%)

0

SD (#=3). Statistical significance was
**%p ( 0.001 vs. non—treatment group

CSOC (100 pg/ml) +
CSO (100 pg/ml) -
EGCG (100 pM) -
NDGA (100 pM) -

+ - -
- + -
- - +

Fig. 2. The inhibitory effect of lipoxygenase of CSOC and CSO.
LOX inhibition activity of CSOC and CSO was determined using Lipoxygenase Inhibitor Screening

Assay Kit. EGCG: Epigallocatechin

gallate,

NDGA:

non—selective lipoxygenase inhibitor

nordihydroguaiaretic acid (Positive control). Each data point represents the mean * SD (#=3).
Statistical significance was determined using an unpaired Student’s r—test. ***p < 0.001.

A AE=GE Bt o% AdoA= CSOCet
CS09] s 100 pg/ml, EGCGE 100 #M

= Aegstert,

3.2, CSOC2t CS09| Lipoxygenase (LOX)
inhibition activity
LOX+ linoleic acid®} arachidonic acid®} 22
CERESTY AShE Znjste] TAIEA

= ek o3l aaoltt [16]. LOXE 4
Z @ 223 de2E A leukotriene

79t prostaglandin®9] AL Fujgdct [17].
CSOCgt CSOL] LOX inhibition activityg &l
sl Ay, CSOCE ¢F 70%< JAE EIATt
CSO= LOXE AAAZIA] 3t (Fig. 2). & <
TE 59, CSOXEL CSOCe &85 a3t ¢
=2 Ao AtSHATt
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6 AN - A7) - Aot - BEA
EGCG (100 pM) - -
CSO (100 ug/ml) - -
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LPS (200 ng/ml) - +

200X
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+
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Fig. 3. Morphological change of CSOC and CSO in LPS—induced RAW264.7.
RAW?264.7 cells were pre—treated with CSOC, CSO and EGCG for 2 h and LPS was added for

16 h. Scale bar: 100, 200 um.

3.3. CSOC2} CSO2| morphology analysis
LPSE macrophage?l RAW264.7 Ao |5
2 do7]= EHoltt [18]. RAW264.7 Az
LPS A=& 9HA =W morphology7t 2ol &
5 FHolA HelE #e JHE Wt "o
[19]. RAW264.7 cellse] CSOC, CSO, EGCGE
A7 B HAE & 16A1%F SR LPS A=S
Tk 71 A3 LPS = A E<+9] morphology
o} vHlwstYS i, CSOC, CSO, EGCG +2o=
nomalit ¥} H|Z=%F morphologyE H &t (Fig.
3). £ A+ ZHE Fa CSOC7F CSOET}H LPS
of ogt dFHtee & AL Aol F5st

ek

3.4. CSOCet CS02| anti—inflammatory
effects

LpSo| o5 fxH tAAZEE ASAH Ea9
COX-2¢} iINOSe]l 23] PGE,2F NOE TctsiAl
ABirete] | BEE-E fEste] ke |58 4
3to] ¢1olo] & == 9t mwakA, COX-28} iNOS
o] @1} PGE,9F NO9| A& AAlst= A2
A58 A oA 9 A=sty] fle Fasit
ELISA assayS =3 PGE, A4S gels|E 4
I, CSOCet EGCGZF LPSefl <Jsff Ait==
PGE,9] & ddsl AAAHTH (Fig.4A). E3h
NO A4tge silsfE a3}, CSOC7F NO A4t
Fe 5] JAAF T (Fig.4B). Immunoblotting
AP 55 INOSY COX-29] thifd =25 oF
ol At LPSol| oJafl Fx% RAW264.7 Ao

Al CSOC INOSeO| I oA7b sk3ith
(Fig.4C). COX-204& EGCG2] &d A7} 7
T Fstgem CSOCe CSOE Hlw H7HsHa
< o, CSOET} CSOC7F COX-29] Tdg o
AAstdct. qPCRE &3 iINOSLH COX-29
mRNA $5& YoiE Ax} LPS- induced
RAW264.7 AHl2of|A CSOCZ} positive control?l
EGCG2} #AFE mRNA T oA & Holct
(Fig. 4. D, B). wr2kA, CSOC7} CSORtE 42t
TS At ASS FsHoich

2
ol
_O'L
kil
ﬁ
F
_O,L
rr
i
o
ol
i)
2
o,
kl
ol
o
2
(o]

oil (CSO)®}F curcumin, quercetin, resveratrol,
pterostilbene, lycopened CSO& o]gste] A|=x
ot dinted EME (Cannabis sativa L. seed
oil compound, CSOC)e] ¥HZ5 &5 Hlw H
7tot7] fIgtoltt.

Lipoxygenase inhibition activitysS 215t
o, CSOCE ¢F 70%% AAZES yetdAgt
CSOE lipoxygenase®] A &A& Holx] gk
o} meEbA, CSOCY 2|EAkst oA &/do] &4
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CSOC (100 pgiml) - + s . CSOC (100 pg/mi) - + - - _—
€SO (100 pg/ml) - s % " B-actin | A — [
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0 E
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& 10 g 1o
S 08 === T o8
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@ x
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Fig. 4. Anti—inflammatory effects of CSOC and CSO in LPS—induced RAW264.7.
(A-E) RAW?264.7 cells were pre—treated with CSOC, CSO and EGCG for 2 h and LPS was added
for 16 h. Produced PGE; are measured by ELISA (A). NO levels in the supernatant were measured
using Griess reagent (B). The relative protein levels was analyzed by western blot analysis (C). The

relative mRNA expression was analyzed by RT-qPCR (D, E). Each data point represents the mean
+ SD (1=3). Statistical significance was determined using an unpaired Student’s r—test. *p < 0.05,

**p < 0.01 and ***p < 0.001.

S Elstylth. CSO%H CSOCe| 45 &t
gelskzl  flsf AREE Y REe
ipopolysaccharide (LPS)-induced RAW264.7&
AFgoFITE CSOCE 200 pg/mlolAl 80% =gt
o Alx AEse UERIAT CSO= 800 «
g/mloAE AEZ 54L& Holx] gt 100 «
g/mle] koA CSOCE nitric oxide (NO)<]

it mok
olN

—_

AAES ForlshA dAolE AL g]lstd e
AEA =842  inducible nitric  oxide

synthase (INOS)¢} cyclooxygenase-2 (COX-2)
o] ST mRNA FFoA L FAE JA5h=
AE gRletatt. X3, PGE, AAE SRIgE
A1 CSOC7F CSORT 43t A4 A
= Hch

el s
B, IL-6, TNF-a 9} e TheF
7RIE fEst] dF
PEol] WEE A2 Ao|Eslelo]
CSO°| ol A=A &t A2 &
@77} 2 Aol

AN FE
T

dEHor, 2 dFE F CSOC= CSOR
o GaF msol Holt 934 e A= 5
o gsely] S1g TRt aAEA B THsA
2 slstect
A AR
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