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Objectives: Despite the pharmacological potential of the roots and stems of hemp based
on literatures, active research has not been conducted for a long time. Comparative ex-
periments were conducted on antioxidant and anti-inflammatory effects and improve-
ment of glucose uptake using Cannabis root and stem extracts.

Methods: Antioxidant contents in Cannabis root and stem extracts were examined with
total phenolic, tannin, flavonoid assay. Anti-inflammatory properties were tested in lip—
opolysaccharides—treated RAW?264.7 cells. Efficacy of Cannabis root and stem extracts
on glucose uptake was investigated using fluorescent glucose analog (2-NBDG) in palmi-
tate—treated HepG2 cells. The mechanism of action on metabolism was examined by
western blot.

Results: Antioxidant and anti-inflammatory efficacy were greater in stem extracts, but
improvements in glucose uptake performed under various conditions were found to be
greater in root extracts. It is assumed that Cannabis root extracts exhibited an improve-
ment in glucose uptake through mechanisms such as AMP-activated protein kinase acti—
vation, not depending on general antioxidant and anti-inflammatory effects.
Conclusions: Further research is needed on the mechanisms and substances that exhibit
the anti—diabetic effects of Cannabis roots and stems.

Key Words: Cannabis root, Cannabis stem, Glucose uptake, Diabetes mellitus,
Insulin resistance, Insulin mimetics
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A} = tiv} (Cannabis sativa L) 23 tiuf £9] | T 414 AE2I delta-8-tetrahydrocannabinol (THC), delta-
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1. OO 2y 520 25

B Aol ARgE o} (Cannabis sativa) Be]e} Z7] ok
L FEEL ZAErlo]4MdATY (GIB, Andong, Korea)
S ZRE Agol ARSI tivt Bejet £7] dAE
= HEA Aol A g s A oA SR o
s 7 4 3]9} 7] FEo g 77 Eeste A
gk & AA 70% ANEHES ]85}
60 °C Tzl 3434 33] HHE 323515
2 A% & dojxl tin} Byl ¥ £7] FEES AY
7 phosphate buffered saline (PBS)®l| =<1 % 20 uM sy-
ringe BE| & of3}sted 20 °Coll st ARE-sITh

0l

L
off
!

2. MIEZZo| ui 3 AH|CH

Q17 7+ AlEZF(human hepatocellular carcinoma cell
line)?! HepG2 A|3E9} vl-2~ T2 M| 3E(mouse macrophage
cell line)?] RAW264.7 M E= =M ZFL23) (Korea Cell
Line Bank, Seoul, Korea) & ZFE EoF wol AL&3}9 T}
HepG2 M Z 9} RAW264.7 M E =
gle medium (DMEM; Gibco, USA)®Y| 1% penicillin-streptomycin
(Gibco, USA)Z} 10% fetal bovine serum (FBS; Thermo
Fisher Scientific, USA)& A7}5kd 37 °C, 5% CO, &7 &}
oAl Al skt

+ Dulbecco’s modified ea-

3. ME 54 =9

HepG2 M9} RAW264.7 MEE 96 well plateol] 5x 10*
cells/well 2 FBSE &+t DMEM< ©] 88
A1ZE Bkl ©] 3 low glucose DMEM (1g/L glucose)

BFsta 24



ol 1% bovine serum albumin (BSA; MP Biomedicals, USA)
7} 0.25 mM == 0.5 mM Z U] EAF (palmitic acid)S ¥
60 °ColA 90 &< WX HiAl 2 w&stIT. o] o,
NEE sEHE Agstal 2443t &<t s sttt EZ-
Cytox (DoGenBio, Korea) Al¢F& ©]83l 7]1Ee| AlFH
T2EZ ngt NE 54 23S 4733+ microplate
spectrophotometer “H] (VersaMax, Molecular Devices, CA,
USA)E 450 nm IZNA FEEE SAsI 274E &
I,

4. Nitric oxide (NO) 44 AHis =%
RAW264.7 A3EZ 6 well plate®] 1 x 10° cells/well =
F3le] 24417 ke & LPS (1 pg/mL)9t AIEE A
g5t 24417k 37 °C, 5% CO, AFFHI o] EJoll 4] wlF3t3A
t}. Griess ARl 5% phosphoric acid, 1% sulfanilamide<}
Griess B! 0.1% N—ethylene-diamine/\] oS FYS HIEE
et 22 ¥ A vhE

5. 2, 2-diphenyl-1-picrylhydrazyl (DPPH) &5}
A SFHE 2715 &0 918 Bondete] WO
DPPHAI kS o]-&3fl 433ttt 0.3 mM DPPH &4
el = FHg F Tt w59 FEE 10
H&2 Egste] deollA 3083t WAs Ao &
microplate spectrophotometerE ©]-83F 515 nm ﬂ"%oﬂ
A FBEE SAHAC ofxF2HAS FEEHR o

4=
g3t 2EHEFRAAE T8 eI

iy

6. & His, S2EL0|E, B B £%
% =9 FFL gallic acidE EF EFAZ AME3}H]
Folin-Ciocalteu reaction®] %ol w2l B3R 70%
offghZel =<l thn} et £71FEES 0.05 mLell 2%
Na;CO; 8- 1 mL< F7Fste] 383 A8t 50%
Folin-Ciocalteu A|9F 0.05 mL< 37}t 3083 HH-g-A]
2 F 765 nmelA FF=E SHEA
F ZRE0|E S (4)-cateching TF EUE ARE
3} aluminium chloride colorimetric assay %
stttk e} Hejol 7] FEES 250 pLol SF5 1 mL

0.

Tlof2l @l CHop 22 2 &

7} 5% NaNO, 0.075 mL-g 713l 5% % 0.3 mL ALC; -
6H,05 713kl 627 =38t TE IM NaOHE 500 pL
7k & 510 nmollAl FEEE 433t

= BhJ o] kL tannic acidE EF EHE ARESHY
Folin-Denis ¢l W&} =45t} tiu} Bie]9} &7]E Folin-
Denis A|2F 100 pLE 70% g0l 7.5 mLe] & wj7}x] ¥
o} 0.5 mLY folin denis regentE 713l ¥ 1 mL]
20% Na,CO;Z 718t} 10 mLo] 2 wj7bA] 70% ollgt
22 #A7E § 700 nmolA EFEE =43P ¥,
ZErolE, EM/I Ay AARE Aol FEE A4S
F A4S 5 F FFoE st eItk

il

=
JH

7. Glucose uptake =9
HepG2 AIZZ 96 well plateol] 1x10* cells/well 5%

E-F3131 48A17F high glucoseZ W oF &, Zu|ELM 4
FAZ 1% BSAT low glucose DMEMBA| 2 w A $k
Z, A58t A 24417 FE Wi St TE. Reference drug
Z metformin 1 mM-S AFE3F3 . MZE 18] Dulbecco's
phosphate-buffered saline (DPBS)Z A &
DMEM#I ] 271 w100 nM Ql&d o] AAY flE %4
Bjoll A 3023t l5FHolEloll A viFAIZITE 100 pME]
2-NBDGE glucose free DMEMH]| 2| of] 3] A]7] vj x| = u}
o] 1AIZE 53t Hﬁok"]ﬁ A7t F8t=E stk o]
DPBSZ M& & F4~ 2 fluorescence spectropho-

- glucose free

&5 glucose
tometer (SpectraMax Gemini EM microplate reader, Molecular
Devices, USA)Z2 Ex/Em=485/530 nm3}gollA F3 H=5
Z7g31ol o AlaEe] 33 ov|AE ¥ TV S = (Eclipse
Ts2-FL, Nikon, Tokyo, Japan) 100x Bj&% #Hgslo 15
Zt Wl alsksit

8. Western blot

HepG2 A|XZE 100 mm plate| 4] 24 A1ZF vllF & low
glucose WA 2 w&alTh 2ol what ellA 7<=k A
I 22 HHOF 250 yM ZH|EARS Ao e
o, divl ey £7] AEE A HUkstar 24413 B1F
HI SIS TE Protease inhibitor2} phosphatase inhibitor”}
Z7}8 RIPA buffer (Thermo Fisher Scientific, USA)E ©|-&
aff MlzollA A S-S FE3Ith FE2E HHEL bi-
cinchoninic acid (BCA) A% WHel w2} 7]E (Thermo Fisher,
Rockford, 1L, USA)YE &-83l Thfgt 552 BSAE 7|
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o2 AMgate] aES
10% gel-S mini protean tetra cell gel electrophoresis system
(Bio-Rad, Hercules, CA, USA)2Z SDS-PAGE ¥ polyvinylidene
fluoride membrane (PVDF, 0.45 um)©2.Z 100VolA 608
B3t T8 Aol o] % tween 202 T3 tris-buf-
fered saline (TBS-T)Z A& 33l 5% BSAE+ TBS-TZ
90 &<t blockingd}Ath. 3% BSAE gf_fg}a TBS-Tol|
3493 12 &A(1000:1)9} overnight <t BES-A|7] AL, 5
231 33] MA 8T 1% BSAE X35 TBS-Tol| 34 ¢
22} &A01(2000: 1) 2413 5 HHSAI7) AL 5EZE 33 A
23} t). ECL buffer (SuperSignal West Pico, Thermo Fisher
Scientific, USA)S *2]3+ & fusion solo (Vilber lourmat,
Collegien, France) &H1E ©| 83l £l on|A|& A =Fa}od
AHEE Thild S EA S TE Western blot ©] A3+
ZF MEEE g Tl o] " FE Bactin®] LHYS
2 AR o] tixTe] #hE VIR FEseke] U
HA

Aerslit, Eako] gulge

o
o

9. SAXE

AR BE HolHe Bk 2FUA 4o 2ol
(meanstandard+deviation) 2 YEFN AT} GraphPad Prism
version 5.0 (La Jolla, CA, USA)E °]-&3te] 72+ #8 A3}
o] 248 one-way analysis of variancell 2|3 ct3}
Rem pgtel 0.05 P A9 FAHCE fFofstrha
HtatTh

au

1. THOt s2iof £710] st 2 Bl U SMsts i
JI17|.
tho} Be), 7] oehe 25| & A, vd 2 &

gtH ol = kst &4 A= the Table 13 2ok of
ol B ogke FEE9 F &2 34.990 pg/mg, F &
UL 4549 pg/mg, & SeH-0]EE 30.675 ng/mglE
Uebgth divl 719 odgE FE2E] #lE2 64.780 p
g/mg, & BL 8327 ug/mg, F FTERLolE TS
48.764 ug/mgoi UEbgT ohEba tivl Belel 2715
Hwe w] 7194 B, g, ST o] A
th= ZH7} 1.85, 1.83, 1.59 ¥ &3S ™ DPPH 2tz 47
T2 1G58 FAE F3A S Wl 2717} 467.36 pg/mL,

+ 74854 pg/mLE =7 A Hojd kst a5
HERH AT

2. RAW264.70j|A2] CHOl Hejet E7| ME SN U g=
tiu} e} 7] e FEES TEEE RAW264.7
Az o] &g vA= Y-S vlasttth Helot 7]
+ 500 pg/mL7kA] th2at#} vlwste] TR HA7E U
ERA] 29T >90%). o1 F BE AL AE 5AL U
B e B Ui A
ol E7]9F ¥ oeg FEE NO A4S gl
A, FEEF LPSE AR = FAETNA L6
uMe| NOZF AN o™, FZE0] A=A FaL LPS
(1 pg/mL)7F A 2E FolA 13.59 pM2] NO7F A = ALt
NO A/de] A& glslr] 918 Helet 7] F2=(250,
500 pg/mL)Z LPS A xg] A tiul e oeks 3=
Eoll A 2+t 924 uM 8.06 pM, thul 7] dlehs &5
ol Z+z+ 8.96 yM3} 629 MO E 557} £SFE NO
o] frofsiAl robxl A #1134 SUTthFig. 1B).
tul el 7] dege FE2E] ¥/ #2575 NO
o] A o] rol gl wal western blot> 2 iNOSe] =
e A3 TH(Fig. 10). LPS (1 pg/mL)E 2|3 +
o] iNOS W3S & Zo g Z713HS Byon #els)

Table 1. Total Phenolic Content, Tannin Content, Flavonoid Content, and DPPH Radical Scavenging Activity of Stem and Root Extract

of Cannabis sativa

Antioxidant contents

Antioxidant activity

. DPPH (ICso)
Variable TPC TFC (ug/mL)
Stem (ug/mg) 64.780+2.013 83.27£0.577 48.764+0.868 467.36
Root (ug/mg) 34.990+0.573 45.49+0.509 30.6750.270 748.54

Values presented as meantstandard deviation.

DPPH: 2, 2-diphenyl-1-picrylhydrazyl, TPC: total phenolic contents, TTC: total tannin contents, TFC: total flavonoid contents, [Cs:

half-maximal inhibitory concentration.
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Fig. 1. Comparison of anti-inflammatory property of Cannabis root and stem extract. (A) Effect of Cannabis root and stem extract on
RAW264.7 cell viability. (B) Inhibitory effect of Cannabis root and stem extract on NO production in LPS-stimulated RAW264.7 cell.
(C) Inhibitory effect of Cannabis root and stem extract on cytosolic iINOS levels in LPS-stimulated RAW264.7 cell. (D) Densitometric
analysis of INOS protein expression. Results of protein levels were divided by B-actin protein levels and normalized to the non-
treated control. NO: nitric oxide, LPS: lipopolysaccharide, iNOS: inducible nitric oxide synthase. "P{0.05 vs non-treated group. TP(

0.05, TTP(0.01 vs LPS—treated control group.

(A) HepG2 Root HepG2 Stem
150 150
F -
=1 é«m
3 g
: g
3" 3%
3
° (g/mL)
° e e WAk e e ° L] 100 200 300 400 500 (pgiml)
24hr 4ghr
( B ) 150 150
g g
5100 !;N]}
H £
: H
= 50 -
© = 50
© 3
0 ol
PA250 2250 o+ o+ o+ o+
. - ;m oy X e
o - - .-
sem - - - - 2@ 50 lBeml)
(C) 24hr 48hr

Cell viability(%)

- Fl ] g
Cell viability(%)

g g g

0
PAS00 - + + o+ o+

PAS00 - + + + + +
Root - - 20 sw - - (emb Root - 20 50 - - Gamy
Stem - - - - 250 500 (wmgiml) Stem - . - - 280 500 (ugmy

Fig. 2. Comparison of cell viability of Cannabis root and stem
extract in different conditions. (A) Effect of Cannabis root and
stem extract on intact HepG2 cell viability. Effect of Cannabis
root and stem extract on (B) 250 uM or (C) 500 uM PA-
treated HepG2 cell viability. PA: palmitic acid.

Z71% 247 500 pg/mLe) F=oA iNOSS] Wde] o
Al AAE S ERlskth(Fig. 1D).

3. HepG20ilA{e| Ciot B2l £7| MESY

HepG2 A Zoj A A= XJEMI o 54 54 A o
o} g} 7] oghg FEELS 500 pg/mL7HA] FE g
40l JeA egke tl%(Fig. 2A), 0.25 mM3} 0.5 mM
o] Fxo| M ELLS A58} A 24413 = 48413
S AgEAE A ole F40] dehA ¥58 &<l
SIS THFig. 2B, C). & A3o= oz F33 A5}
Mool w55 ZAASA

o =

4. tiot $E|2} §7|9-| e &+ 7H+J

ﬂa o= Yy 717} Z7}8)
ZO'S}E'}E}(Fig. 3A). 3 Rle
Ao =2 &G Hr|v) U8t

w©
o
N oo
P
2
>
fr
2
rf

om& F7Ht 2}9}1214(P<0.05) By =7 F2EH
g T vl L g W3k} glATHFig. 4A).
FHEAF 025 mMS A g 270w B Egbe| 9
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3 o1& B F75(P<0.05)0] Bl AZ 2ol ol &
oJ5tAl F7FetdTh ES o] ul, JI&EUS AHY3A e
iz Qlaed Al AlY xS Bl Al v
2ko)7F AR L (P<0.05), 3l =1 WA Hel =
2ol oJa) A Ee WEE BTN FojusA
5ol F7FHS B 3tKFig. 4B).

LU EAE 0.5 mMS AEg 24 e v R g
Egbe) oalf & Fsol FovlsiAl 248t THP<0.05).
ol Lx=o| W} F7) FEENA Folsk T &
ol F7Fe Ao g YRt §, JIEdS A EEHA
-2 Tzl Bl d&d X Al t=
71k A& vRPIAE 1T

Jdede A 24 HollAds e e FEE A

(A) .. . .

Mot M o

NC-ins Met 1mM —ins Root 250 -ins Stem 250 —ins
NC +ins Met 1mM +ins Root 250 +ins Stem 250 +ins

Fig. 3. Effect of Cannabis root and stem extract on glucose uptake
assessed by relative microscopic analysis of fluorescence intensity
(2-NBDG) in HepG2 cell. Representative microscopic images from
(A) non-insulin treated, or (B) insulin treated conditions. Met:
metformin. (100X).

ozt
T Fred TEs M5 E4s8E ®BU) 38 div
a9 F7] F2E2 western blot A4S 53 &I}
(B)
(A) 2
-AMPK( & 2
p(Thr172c)1| - @) =5 e .- | g
earrrrr o ?-
T 0.4
p-AKT 3
(Sera73) | | e LSS
AKT | - - — - — | & & S
2.5-
B-actin |- s G i—| o

NC Root  Root  Stem Stem  pc
250 500 250 500

P-AKT/AKT ratic

Fig. 5. Effect of Cannabis root or stem extract on phosphorylated
protein levels of HepG2 cells. (A) Representative immunoblot
images of key markers of AMPK and AKT with its phosphorylated
form. Metformin was used as a reference drug (PC). (B) Assessment
of phosphorylated protein ratio by densitometric analysis of band
intensities. Results of phosphorylated protein levels were divided
by non—phosphorylated protein levels and normalized to the non-
treated control. The results presented here are based on a
series of experiments conducted independently at least three
times. AMPK: AMP-activated protein kinase, AKT: protein kinase
B. "P<0.05, “P<0.01 vs non-treated control group.

(A) (B) (C)
140+ 1404 +H
140 1 m
s 120+ 1204 120 m
= 1004 g o0l ot
F5 100 F510 £ 100 &
58 ] £ f
22 804 3 g0 B3 Z
= @S g 80 z
82 oo g2 8= 2
Sk S 604 SE e g
© 40+ o 404 ] 0 g
20 204 " g
0- 04 o é
Root (ug/ml) - 259 500 - = = - 25050 - =- - Root(ugm) - - Roottuom) - - 2 @ - - - T ——
Stem (ugiml) - - - 250 500 - - - - 250 500 - StmQum - - - - Stemugim) - - - - 250 500 - - - - - 2% 500 -
MettmM - - - - - + - - - - - %+ MetimM - - - - - - MettmM - - - - - - + - - - - - -+
NS NS 100nM WS- WS 1000M WS- NS 100nM
PA2E0 PAZ50 PAE00 PAG00

Fig. 4. Effect of Cannabis root and stem extract on glucose uptake assessed by relative fluorescence unit of fluorescence intensity
in 2-NBDG HepG2 cells. Metformin was used as a reference drug. (A) Results obtained from intact HepG2 cells or (B) HepG2 cells
treated with 250 uM palmitic acid or (C) 500 uM palmitic acid. RFU: relative fluorescence unit, Met: metformin, INS: insulin, PA:
palmitic acid. "P{0.05 vs non-treated group. TP<0.05, TTP{0.01 vs PA-treated control group (insulin deprived condition). TP{0.05 NC
without insulin vs NC with insulin. SP{0.05 vs non-treated group. "P{0.05, ""P<0.01 vs PA-treated control group (insulin—treated

condition).
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(A) (B) 15
p-AMPKa
(Thri7z) [ e S - - & S |
AMPKa [0 500 B9 B9 o s o |
p-AKT
(Ser473)|. --N--—|

AKT ----—--—l w‘(‘w&w*é‘g‘?é“é’
pactin | N N N N e | & i

P-AMPK/AMPK ratio

Stem  Stem

Root  Root
NCOND Tso  soo 250 s0 O

Palmitic acid 250 uM

p-AKT/AKT ratio

o@‘i@o\‘i&’z«"@ @.,@ ¢

Fig. 6. Effect of Cannabis root or stem extract on phosphorylated
protein levels of palmitic acid-treated HepG2 cells. (A) Representative
immunoblot images of key markers of AMPK and AKT with its
phosphorylated form. Metformin was used as a reference drug (PC).
(B) Assessment of phosphorylated protein ratio by densitometric
analysis of band intensities. Results of phosphorylated protein
levels were divided by non-phosphorylated protein levels and
normalized to the non-treated control. The results presented here
are based on a series of experiments conducted independently
at least three times. AMPK: AMP-activated protein kinase, AKT:
protein kinase B, IND: palmitic acid—induced group, PA: palmitic
acid. "P€0.05 vs non-treated control group. TP<0.05, TP¢0.01 vs
palmitic acid—treated control group.

“E}(Figs. 5, 6).

A B EARS AehA ke 2304 e p-AMPK
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