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ABSTRACT

Nojirimycin (N]) is a structure in which the oxygen of the ring is replaced
with an NH group in the D-glucose structure, and 1-deoxynojirimycin (DN]J)
1s produced when NJ is dehydrated and reduced. NJ, which have similar
structures to D-glucose, are powerful glucosidase inhibitors and are
interesting compounds. However, no anti-inflammatory effect has been
reported. Therefore, in order to investigate anti-inflammatory effect, the
production and expression of inflammatory cytokines as well as inflammatory
mediators such as INOS and COX-2 were measured in LPS-stimulated
RAW?264.7 macrophages. In addition, the mechanisms of representative
inflammatory signaling pathways, suppression of NF-xB (nuclear factor-kappa
B) and MAPKs (mitogen activated protein kinase) activation were studied.
The production of INOS, COX-2, and inflammatory cytokines (PGE,, IL-6,
IL-18, TNF-a) according to NJ and DN]J treatment was significantly
inhibited. In addition, DNJ showed anti-inflammatory effect by suppressing
LPS-induced MAPKs activation, and NJ, DNJ showed anti—inflammatory
effect by suppressing the translocation of NF-kB through the prevention of Ik
Ba (inhibitory factor kappa B alpha) phosphorylation. In addition, only NJ
showed whitening effect, which is implied due to structural differences.
Summarizing the above results, there is a possibility that NJ and DN]J can be
used as anti-inflammatory agents, and it is implied that NJ can also be used

as a whitening agent.

Key words: Nojirimycin, 1-Deoxynojirimycin, Anti-inflammation, Structural

differences
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Toll-like receptor 4 (TLR4)E %3 LPSE <2123}, o]+ nitric oxide (NO)<}
tumor necrosis factor-a (TNF-a), interleukin-6 (IL-6), IL-18, prostaglandinE2
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o. As 2 %4
1. A5 ® A%

Nojirimycin, griess reagent, proteasome inhibitor cocktail, arbutin, acarbose,
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT),
lipopolysaccharides (LPS)¥ Sigma-Ardrich (St. Louis, MO, USA)ol A -3}
At

1-Deoxynojirimycin< Cayman Chemical (Ann Arbor, MI JUSA)olA <3}
At

Dulbecco’s Modified Eagle Medium, penicillin and streptomycin, fetal bovine
serum (FBS), BCA protein assay kit Thermo Fisher Scientific (Waltham,
MA, USA)el A 9433

p—p38, p38, p~JNK, JNK, p~ERK, ERK, p-IkBa, IxBa, p—p65, p65, p—pl05,
pl05, INOS, COX-2, B-actine Cell Signaling Technology (Danvers, MA,
USA)el A 3438kttt

RIPA buffer, dimethyl sulfoxide (DMSO), enhanced chemiluminescence
(ECL) kit, 2X Laemmli sample buffer< biosesang (Sungnam, Gyeonggi—do,

Korea)oll Al 433
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2.1. a—glucosidase inhibition activity

Nojirimycin®©] a-glucosidase &Aool 1A= A3 AL =AHs7] 39
Tibbotot Skadsen®] WH& Wastol FAsAH [19]. a-glucosidase™ &3
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7Fskt}h (Figure 1).

a—glucosidase (0.2 units/mL, in 0.1 M PBS) 50 uL ¢ =% A& 20 pL &
Y 37CoA 5% Fob  HAwjF ¥t 5 mM  p-nitrophenyl-a
-D-glucopyranoside 50 uLE il 37ColA 258 FoF HkgAI7l & o8& =
AA717] 918l 0.1 M sodium carbonate 100 pLE& %2 % 405 nmollA
microplate reader (Tecan sunrise, Austria)S ©|&3dle] SHAE=S A3 & v

& Aol o8 AsEe AW 7 g 33 W) 2yt

Inhibition of a-glucosidase activity (%) = [1—

A AR RAYTY FYE
B AR AL FHE
C AR FAG AN AN AeakA g 2o FRE

D: A& Ageld 7ddS AgshA #2 oo FF=

HO.

W CH:0H
o 0,
OH OH
— o-glucosidase HO NO:
OH 0 @— NO: —_— OH OH + i ;
OH \ /

OH
4-Nitrophenyl-c-D-glucopyranoside (p-NPG) a-D-glucose p-nitrophenol

Figure 1. Mechanism of hydrolysis of p—nitrophenyl-a

-D-glucopyranoside (p—-NPG) by a-glucosidase.
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2.2. Tyrosinase inhibition activity

5 &Aool tyrosinase &30l mIA = A GAS FHst7] 913 Ishihara
etal. WHS W3] ZAHs Tl [18]. Tyrosinase= Wb A Ao 3o

atH, ol& Adlst= AL vUAlE st W T shukeltt (Figure 2).

otassium phosphate buffer 45 pL¢} tyrosinase (2500 units/mL) 5 pL

01 M p
o} TEW¥ Algd 20 uLE Y 37CoAA 5F FoF Auwjdgstt 2 mM
L-tyrosine 70 uL¥ 0.1 M potassium phosphate buffer 60 pLE % i 37CelA

25% FoF WhSAlA 480 nmolA microplate reader (Tecan sunrise, Austria)Z

ol&3te FREE AT F tm Ao g8 Adjes ArdeAdn 4 ke 3

= 1%x100

Inhibition of tyrosinase activity (%) = [1— j Zé

AR FALAA I Ed e AgetA] g oo FEE

9 O ™ »
>
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AL
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o
n‘.ioll
o
oy

AR ARl N e AYsA ge el FRE

o Tyrosinase 'J’ Tyrosinase |
T - G S - “on | — .
i T e I o [ B melanin
[J I IJr-- IJL"- Lo\>
wo”” NF o o~ = o” i
Tyrosine Dihydroxyphenylalanine (DOPA) DOPAquinone DOPAchrome

Figure 2. The simplified scheme of the melanin synthesis in

melanocytes during melanogenesis.
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2.3. MEH|F

Al &

aih

of A}&% ule~ Al AE RAW264.7S St A| L3280 A] Fokuglr

d
o

(Seoul, Korea). AlE+= F% 100%, 5% CO 37C HjE7]o A wjEstslo
109 heat-inactivation FBS®} 1% penicillin % streptomycinE $F-3%F D
A& AREstAth viA = 2dmtth wgsiglom ) Al E7E 80% ol AELE W

cell scraperg AF-&3ste] Altin]F 3+ ok

,12,



24. AX =4 H7t

A AEz MAE dFS Gotrr] 93 MTT7F Sl = WS o] &5t
=4 3Ath (Figure 3). =@kl =84 MTT tetrazoliume Ao =234,
Aol = Ao mEZ=gold e Brihaid 9F tetrazolium® ring T
Z7F BoAAHA Hapd s B H5EA 9 MTT formazan 278 0= $HelF ),

AEZZ wjAo] derzl & 24-well plates (SPL, Korea)ol 1.5x 10° cells/well
o] MESF7F HEE 500 uL¥ ®E53ko] 37T, 5% CO: incubatorol Al 24417+ &
oF wjkdtty. 1 % lipopolysaccharides (LPS; sigma, USA)9} =S FEHEZ
Al Aeste] 2443 Fek widEdtk. ol % MTT &9 400 uLs #7}she]
HiF7loll A 4AIZE b mi S § S AS AAGAY. MTTE A A A4

o

F formazane] & =S ¢ A DMSOE Yo *¥<¢ & microplate reader
(Tecan sunrise, Austria)E AF&3}e] 570 nm oA SF=E SHsATt 2 A

sl oig At FRE e TrIeH, e F3E @t vjaste] A

A
}H\ — ’/_}/ =
ALK A )
oA ANA
\: X Mitochondrial reductase = ,// Nt
/-\ 2 » /'\ e
e _ S
V4 Br > \

| \_/

3-(4,5-dimethylthiazol-2-y1)-2 5-diphenyltetrazolium bromide (MTT) (E,Z)-5-(4.5-dimethylthiazol-2-y1)-1 3-diphenylfomazan

Figure 3. MTT reduction in live cells by mitochondrial reductase
resulits in the formatio of insolub formazan, characterized by high

absorptivity at 570 nm.
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2.5. Nitric oxide (NO) A& =3

Ao s=d ddF 235 457 d8 AlE v
o] g3l =A3Att (Figure 4). 24-well plates

of EAsk= NO2

il
AN

e E 4] Griess reagent=

(SPL, Korea)el 15x10° cells/welle] A
5% CO: incubatoroll A 24A17F vl 1 5 lipopolysaccharides (LPS;
Hg FAlo A sl 2441 7F &<t wikstih. Al

F7F HEE 500 pL® EFske] 37T,

3 O el
MES 55

sigma, USA) <}
E wfokel 100 pLe} griess reagent 100 uyL= &3Hsle] 96-well plates (SPL,
Korea)oll /] 10+ t}S, microplate reader (Tecan sunrise,
Austria)Z AF&3Fo] 540 nm oA FFEE AU 4 A Btol] I H
T e 7o, LPSH Agd e 3% @y vlaste] NO A4

Bob wrg Azl

- r,;,” BN \ // "
5 P - P
RN ~ R

0.’} T + \0 - 0 \‘/ \l e s

Sy
- . N-(1-Naphthyl)ethylenediamine “ [
N: P~ T

Sulfanilamide Azo compound

Figure 4. The reaction of nitrite (NO2’) with Griess assay reagents

forms an azo dye that is easily detected spectrophotometrically to

extrapolate NO concentrations released from the sample.
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(BD bioscience, USA), mouse TNF-a ELISA kit (BD bioscience, USA),
mouse IL-1B ELISA kit (R&D systems, USA), mouse PGE, ELISA kit (BD
bioscience, USA)E A}&3lo] AAlE W] w2k A3k ths, microplate

reader (Tecan sunrise, Austria) 2 &3 52 =AU rh
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2.7. Western blot A3

AEZ 60x15 mm culture dishol 8x10° cells/dishe] AEF7F H2= 3 mL
A FFeto] 2447 EF wj st 95 v o] wEFS A Ey] 9
& LPS¢ Nojirimycin (NJ; 0.05, 0.1, 0.2, 0.4 mM), 1-deoxynojirimycin (DNJ;
0.31, 0.63, 1.25, 25 mM)E FAlol A este] A 157l A 2417 =3 ¥
2 wjgFstdh. vl ¥ A7 phosphate buffer saline (PBS; Biosesang,
Korea)® A2 & RIPA lysis buffer (150 mM Sodium chloride, 1%
TritonX-100, 196 sodium deoxycholate, 0.1%6 SDS, 50 mM Tris—HCI pH 7.5, 2
SFA T
15000 rpm o & 204 &<t dAEE st Asds ATt @A s+ BCA
protein assay kit (Pierce, USA)E o]&3le AZFsstdrt. @ild 30 pgs
laemmli sample buffer (Bio-rad, USA)oll ¥ 100TColA 3% &<t B34435 A

21 % 10% SDS-PAGEZ #7|9&3t9ct. #2ld @l de PVDEF membrane

o

mM EDTA, protease inhibitor cocktai)E #H7}ste] w@alizas =

(Bio—rad, USA)S. % transblotting 3+ %, 5% skim milk & 4A]%} &<t blocking
AAT. 12 FAE Agete] A2elA eHusl A2l $F, membranes
Tris-buffered saline Tween-20 (TBST)Z 6¥H ¢A3 F HRP-conjugate
secondary antibody (1:5000 dilution)® 2A]7F %<¢F Ao A W& At} TBST

2 6 YA)e & WAL Enhanced chemiluminescence (ECL; Biosesang,

Korea)WWH < o] &3] X-ray 505 AF}S Felsit

,16,
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1. nojirimycin® H) gt u®W F% 238y L JAF &7

1.1. a—glucosidase inhibition activity

a-glucosidase= AF 3 B3ES GdFE Fdst=d #os= G40t
o] &4 A3|AZ= acarbose”’} AW, o]= a-glucosidaseES A &l sto] o]

AE AAFoRA Fuy B AF 1FY TS PAT 5 Ya, vwA

A

bt

AZE 22U = dr}. A7 acarboses F7]17F H-&3F H 9
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Figure 5. a-glucosidase Inhibition Activity of (a) acarbose (ICs
0.62£0.015 mM) and (b) NJ (ICs = 0.29+0.005 mM). The data are expressed

as mean * SD (n = 3).
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1.2. Tyrosinase inhibition activity

Tyrosinase:= ¥4 wWatd Ao Fairz ZE3th o] a4tE AA o
FA)et=  L-tyrosine¢]ghi=  ofn|x=AbS 7|A®E 3}e]  L-tyrosineol A 3,
4-dihydroxy-L-phenylananine (DOPA)=, 18] 32 DOPA°| A DOPAquinone o %
AhstE = Bl Sej = AFESth o] F W] AbEnkg $ o] SN2 A
o7 dojupr] Wi, tyrosinase’} #olstE Wbg-o

Al At ol#f gk o] & tyrosinase As| &4 W 25 HFrished a9

2
-_>fl-'z,
T
oo
b
o
Ll
ilh
2
Ol
0

Q2o 2 A= NJ9F ulEA wmAR odex = arbuting MW

=22 39 tyrosinase A3 FAS WAt (Figure 6).

A=t [e] = [e] R4 = O
of 3t A7 sty B o A tyrosinase A3 FAS 7HA = AR E
i 75A 98 dES 93 V| ExAsE d8rtssty e Als A
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Concentration (m"\[]

=

Tyrosinase inhibition activity (%)
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Tyrosinase inhibition activity (%)

(b)

Figure 6. Tyrosinase Inhibition Activity of (a) arbutin (IC5 = 0.44+0.013
mM) and (b) nojirimycin (N]J) (ICs = 0.042£0.001 mM). The inhibition of
DOPA Chrome, a reaction product produced by tyrosinase, was confirmed by

measuring absorbance. The data are expressed as mean * SD (n = 3).
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1.3. A 54 =4

MTT assayZ ©o]&3te] RAW264.7 2 Al F oA nojirimycin (N])] A L%
AL Felsldtt (Figure 7). NJE sE¥Z g3 23 BE oM AX
AEE] 90% ©]de YERNO] RAW264.7 dial 548 YeRA] ekgkoh ot
A F7HARD FdF HAEE ME AEE & IFS vAA fE FEAA

A,

il
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Figure 7. Effect of nojirimycin (NJ) on cell viability in LPS-induced
RAW264.7 macrophage cells. Cells were each treated with nojirimycin (0.03,
0.05, 0.1, 0.2, 0.4 mM) for 24 h. Cell viability was determined by MTT assay.

Data are presented as mean * standard deviation (SD) of at least three

independent experiments (n=3).
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1.4. Nitric oxide (NO) ¥ PGE; B8 % &7

LPS Aol ¢]3 RAW264.7 A4 NO A74de S7k= NJ Aol &
T oEAE gade ewm gelHdvr (Figure 8). NF-kB inhibitor?!
ammonium pyrrolidinedithiocarbamate (APDTC)7} Wiz o & A& E At NJ
o FE7H 04 mMolA NO A4S oF 39% elAlshelth, E3, NJ7b Lol

© LPSE AgsA g+ A4 77k NO A FS UeRgo], 94350 f=
H3S uw NJo| A7 &2 o7 NO S Z2aA71E AL Fad &= I

o,

H
o

g, NJo 5%7F 04 mMolA PGE, 84S oF 34% At webA NJ

2 NO A3 #4 2= INOS [20] ¢ PGE; A3 #do] A= COX-2 [20],
hEA¢ d=235 A Z =22 MAPKs, NF-kB pathway [21]¢] western blot
AHS 283830
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Figure 8. Effect of nojirimycin (NJ) on (a) nitric oxide and (b) PGE;
production in LPS-induced RAW?264.7 macrophages. Cells were each
treated with nojirimycin (0.03, 0.05, 0.1, 0.2, 0.4 mM) for 24 h. Cell viability
was determined by MTT assay. Data are presented as mean * standard
deviation (SD) of at least three independent experiments (n=3). * p < 0.05

and ** p < 0.01 =xx p < 0.001 versus treated control.
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2

A9 APl EFERIQI IL-6, TNF-a % IL-1B+ A5WES wistes E4=2
53] 27] d5ugel ol #osta e e LA Art [22]. NJ7F LPS
E7IQle] BAgA &
ZA4st7] 918 ELISA WS ol&stslth NJj& fF°] ¥ RAW264.71 A4
=7t IL-6, TNF-a % IL-1B¢] AHE 5% o&X o= HAaAHY (Figure
9). NJo] %7} 04 mMollAl IL-69] A4S LPS W= Azl Hl&) °F 76%
AL, TNF-ao] AL oF 52%, IL-1B9 AL < 60% <A
IL-69] AANA 7Hd & AAEH?E e, IL-69 IL-189] 4TS

o

R AL LPSE Aesd 2 ATel he B4 %S noln 9
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Figure 9. Effect of nojirimycin (NJ) on LPS-induced (a) IL-6, (b)
TNF-a and (c) IL-1B production in macrophages. RAW264.7 cells
incubated with LPS (1 upg/mL) for 24 h in the presence or absence of
nojirimycin (0.03, 0.05, 0.1, 0.2, 0.4 mM). Culture supernatants were collected
and analyzed for the presence of IL-6, TNF-a and IL-18 wusing
enzyme-linked immunosorbent assays. Data are presented as mean = standard
deviation (SD) of at least three independent experiments (n=3). * p < 0.05

and *x p < 0.01 *=xx p < 0.001 versus treated control.
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1.6. iNOS, COX-2 2#3d % =3

NJ= LPSZ 93o] = RAW264.7914 &34 o= NO PGE, A4S o
AstAct o83 NJ7F NO AA ¥ #wdo] 9+ INOS, PGE, & o] w7l = &=
COX-2 ©d g Ao Ja&FS 71X =4 Fst7] 98] western blot 23

He B g

LPS A&l <93k INOS, COX-2 A2 F7l= NJ Aol s JE4E
ZHawE Aor eyt (Figure 10). RAW264.7 A gt v okt ] 2] 7ol

M= INOSE] wrelo] yebubA] 8kou LPSYHS A 2]gk dtoll A= INOS9 2d

o FAg ol nlete] A3 FrFekth INOS S NJo| s%7F 04 mMY
, S o)l o] tixatel Hla of 46% A HATE COX-29] TdH> NJO
=7F 04 mM< W, @] o] thztel Bl oF 74 9% A H A

of &
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Figure 10. Effect of nojirimycin (NJ) on the level of iNOS, COX-2
protein in LPS-induced RAW264.7 macrophage cells. RAW264.7 cells
incubated with LPS (1 pg/mL) for 24 h in the presence or absence of NJ
(0.05, 0.1, 0.2, 0.4 mM). (a) iNOS protein level, (b) COX-2 protein level was
validated by Image J. B-actin was used as an internal control. Data are
presented as mean * standard deviation (SD) of at least three independent
experiments (n=3). * p < 0.05 and ** p < 0.01 *** p < 0.001 versus treated

control.
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1.7. @9 d &g AZdg &<l

714 AFE 98] MAPKs ¥ NF-kB Al3ddg Zze duldo] wd g A
s Elsh7] Qs LPSE AlZtgiEE A28ttt (Figure 11). 1 Ay BE
@l o] inductione] 20 E<F A dS W 7HF A @b western blot

APS AP 1 samplest LPSE 202 Sk B4 A9

o
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Figure 11. Time course experiments to monitor protein levels of cell
cycle regulatory molecules after LPS treatment. RAW264.7 cells were
treated with 1 pug/mL of LPS for indicated time periods (0, 10, 20, 30, 40

min).
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)

1.8. MAPKs 238 % &34

A

hig

o
fol

MAPKs¢ NF-kB 22 WA FA WS ZA4S wjrjsts tx 3
A AAlelth o]5L &5 A=) o Wefubgo] wi/fEHA HAME U]
o] AzHeE AAZE &4dstEo] NO, Ate]E7RRl F9o #ul7F Fxdtt [23]
¥4 MAPKs® @A) ERK, JNK, p38 5o Jom, z+ whuldol o143}
ol whel 1 gds shdbett) [24]. ol NJel| og &¥e] B4 71Hg x
AFSEZ] $18Fe] ERK, JNK, p38 wri o] wha @k Ay W 9kt} (Figure 12).

12 B
< M
2 1

o

LPS A& Al ERK, JNK, p389] <Ql4tst7F F7Fe At} shA|vE NJ7F o] &9
Absh zHasel tiafA ojw gk FEAd = Al eFkTh
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Figure 12. Effect of nojiimycin (NJ) on activations of ERK 1/2, JNK
1/2 and p38 in LPS-induced RAW?264.7 macrophage cells. RAW264.7 cells
incubated with LPS (1 pg/mL) for 20 min in the presence or absence of NJ
(0.05, 0.1, 0.2, 0.4 mM). (a) ERK 1/2 protein level, (b) JNK 1/2 protein level,
(c) p38 protein level was validated by Image J. Data are presented as mean
+ standard deviation (SD) of at least three independent experiments (n=3). *

p < 0.05 and ** p < 0.01 *xx p < 0.001 versus treated control.
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1.9. NF-xB &3 % =3
Figure 13¢] YER vle} Zo]l LPS 9% AHg o)A kB-a&

rlo

=i

Aol A el = k. shARE NJ A2l tell A= IkBaol a7k At
2 p-pl05e] WAL LPS A &

g} xkBao 0143l E o A ¥ ).
3 p65st pl05e] EA s FElS)l p-p6s
7]'E]%X]U]— NJ Pﬂﬂoﬂ 94’6‘]] ‘?_I']ZJ]E]%E} NJQ b:1:7]_ 0.4 mMoﬂi\1 D*D659/] 13

& oF 14% A = At

ol mlel oF 49% <A1 % %Al p-pl05e] L&

,33,



LPS (1 pg/mL) = * * * + LPS (1 pg/mL)

NJ (mM) 0 0 0.1 0.2 0.4 NJ (mM) 0 0 0.1 0.2 0.4
TR | L — p-hBa — - —
p-actin — S G SN S— f-actin
300: - 120

g o

; 2 100

< [

£z g2 so

W -

a g a %

= E T e 60

R t%

ag af 40

e 5=

2 2 5

& E

[ &

0
LPS (lug/ml) - + + + + LPS Qugil) - + + + .
Ny O 0 0.1 0.2 0.4 Ny O 0 0.1 02 0.4
(a) (b)

LPS (1 pg/mL) = * ik + + LPS (1 pg/mlL) = + + + +
NI 0 0 0.1 0.2 0.4 NJ (mM) 0 0 0.1 0.2 0.4
(mM)

p-p65s ——— p-p105 . — — —
65 C—— A CE— — 105
e - R e G — — —
120 120
= =
2 100 2
z 2
£ g
S0 80 f g
g £
oy e
= ‘5 60 )
s 2e
=22 a0 =<
'é‘- 2
- 0 - 2
& B

0

LPS (lugml) - + + + + LPS (1 ug/mL) + + 12 b
NI(mM) 0 0 0.1 0.2 0.4 Ny O 0 0.1 0.2 04
(c) (d)

Figure 13. Effect of nojirimycin (NJ) on phosphorylation of IxB-a, and Ik
B-a, phosphorylation of p65 and pl05 in LPS-induced RAW264.7
macrophage cells. RAW264.7 cells incubated with LPS (1 pg/mL) for 20 min in
the presence or absence of NJ (0.05, 0.1, 0.2, 0.4 mM). (a) IkB-a protein level,
(b) p-IkB-a protein level, (¢) p-p65 protein level, (d) p—pl05 protein level was
validated by Image J. Data are presented as mean *+ standard deviation (SD) of
at least three independent experiments (n=3). * p < 0.05 and #** p < 0.01 ***x p

< 0.001 versus treated control.
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1.10. Nojirimycin® ¥ &3 F+x9 &3}

1.10.1. AZ 54 =4

MTT assayZE ©o]&3lo] RAW264.7 2 Al oA nojirimycin (N])e} AR
TZ2E 7F D-glucose®] AX=24dS gFlsttt (Figure 14). NJ¢ D-glucose
5 TEEE AYs Ay, BE FEoA AE AEEC] 90% oS YEY
RAW264.7¢] dj3] =4S YeEllA] &gt webx] F714<] 395 Ad= Al

E AEE 2 9L VA gt TR AW

,35,



120

100 |

ce
=
T

E
=
T

(o]
[—]
T

Cell viability (%0 of control)
(=23
=
T

1]
LPS (lug/ml) - + + + + + + +
NI (mM) O 0 0.03 0.05 0.1 0.2 0.4 -
APDTC (10pM) _ a2 % = " = i +
(a)
120

100 | g - I .

[=-]
=
T

)
=
T

[
=
T

Cell viability (% of control)
S
[—)

0
LPS (lug/ml) - + 5 = + + + +
Dglmcoseugmy 0 0 0.03 005 01 02 04 -
APDTC (10pM) - - - - - = e +
(b)

Figure 14. Effect of (a) nojiimycin (NJ) and (b) D-glucose on cell
viability in LPS-induced RAW 264.7 macrophage cells. Cells were each
treated with (a) D-glucose (0.03, 0.05, 0.1, 0.2, 0.4 mM), (b) NJ (0.03, 0.05,
0.1, 0.2, 0.4 mM) for 24 h. Cell viability was determined by MTT assay. Data
are presented as mean * standard deviation (SD) of at least three

independent experiments (n=3).
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1.10.2. Nitric oxide (NO) A =% =3

LPS Aol ¢3 RAW264.7 AlxEo|A NO B4 F7F= NJ2F D-glucose A
oA FE gEHE HasE AoR FAEdT) (Figure 15). 3HA % NJ <
F%7F 04 mMolA NO ABAS oF 39% A3+ ¥HH, D-glucose? F=7}F
0.4 mMell A= oF 9%E olAlste] 1 @37} wjn| o)
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Figure 15. Effect of (a) nojirimycin (NJ) and (b) D-glucose on nitric
oxide production in LPS-induced RAW264.7 macrophages. Cells were
each treated with (a) D-glucose (0.03, 0.05, 0.1, 0.2, 0.4 mM), (b) NJ (0.03,
0.05, 0.1, 0.2, 04 mM) for 24 h. Data are presented as mean * standard
deviation (SD) of at least three independent experiments (n=3). * p < 0.05

and ** p < 0.01 #=xx p < 0.001 versus treated control.
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2. 1-deoxynojirimycin® ¥uv|gt v 5 2389 € JEF &7

2.1. a—glucosidase inhibition activity

28 o A= DNJ9} acarboseE HlaEAZ do] a-glucosidase # 3] A<
H 23}t (Figure 16). H]lul &2 2 AF&3F acarboseX. Uh= oF 3uf A= 733
A S Holn F& ogEHom ATt FF o] AEFY &4 =4 A

3 g4 7|17 die A7y Bedhy B AT A7E a-glucosidase A 3

2= 7= Y VA 98 EES A% VxARR 8Tt AR
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Figure 16. a-glucosidase Inhibition Activity of (a) acarbose ICs =
0.45+0.017 mM) and (b) 1-deoxynojirimycin (DN]) (ICs, = 0.17+0.002 mM).

The data are expressed as mean = SD (n = 3).
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2.2. Tyrosinase inhibition activity

w Aol =

ko] tyrosinase A3 ZAE vlustth (Figure 17). vHlu =42 AL

arbutin<

R =
[¢}

o wv g,

DNJ¢} tx A<l vwA 2 ddx I+ arbuting HluE2Z

o]& A 0 & tyrosinase? A

,41,
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Figure 17. Tyrosinase Inhibition Activity of (a) arbutin (ICs

0.44+0.013 mM) and (b) DNJ (ICs > 2.5 mM). The inhibition of DOPA

Chrome, a reaction product produced by tyrosinase, was confirmed by

measuring absorbance. The data are expressed as mean * SD (n = 3).
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23. Ax =24 &4
MTT assayE ©]&3Fe] RAW264.7 2 A Eo) A 1-deoxynojirimycin (DNJ])

=48 gl (Figure 18). DNJE w=WE A g3t A3 ZE %

=

B

o

Al
oA ME AEEC] 90% ol Fs vEbHo] RAW264.70 thal =4S YERA]

!

ek wEkA F7HAQl FES AR AR ASEN & TS vAA &

1—- =

fr

of &2

Lo A R3S
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Figure 18. Effect of 1-deoxynojirimycin (DNJ) on cell viability in
LPS-induced RAW 264.7 macrophage cells. Cells were each treated with
DNJ (0.16, 0.31, 063, 125 and 25 mM) for 24 h. Cell viability was
determined by MTT assay. Data are presented as mean * standard deviation

(SD) of at least three independent experiments (n=3).
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2.4. Nitric oxide (NO) ¥ PGE; A4 % &4

LPS Aol ogk RAW264.7 M EZlA NO B4 F7FH= DNJ HewelA &
= oA o A= Zlo® AT (Figure 19). DNJO| ¥%=7F 25
mMell A NO A8 S oF 43% olAlstqitt. E3h DNJO| ilw®eAs= LPSE A
g3t @e AAdel b NO AdFHS dEdo], 9% FEHAS o

DNJol A7 £ om NO A4S AaAss A dad & gt

T3 DNJ9 =7 25 mMolA PGE, 84S 9F 44% At upebA
DNJZ NO A ¥ ## &= iINOS [20] ¢F PGE; A3 #&o] & COX-2
[20], HEA 2 dFAs A 7 22 mitogen-activated protein kinase

-

(MAPKs), NF-kB pathway [21]¢] western blot A &S %83},
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Figure 19. Effect of 1-deoxynojirimycin (DNJ) on (a) nitric oxide and
(b) PGE; production in LPS-induced RAW264.7 macrophages. Cells were
each treated with 1-deoxynojirimycin (0.16, 0.31, 0.63, 1.25, 25 mM) for 24 h.
Cell viability was determined by MTT assay. Data are presented as mean *
standard deviation (SD) of at least three independent experiments (n=3). * p

< 0.05 and ** p < 0.01 *x*x p < 0.001 versus treated control.
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dsHteS st =d=

HA At [22]. DNJ7F LPS

HAAFA cytokine ¥d =A
HASA Aol E7F21Ql IL-6, TNF-a ¥ IL-1B&
53] 7] A5ukge Zo] #ofsta dE Ao &
2 dFo] FEH RAW264.70] Hujst= A5 AbelEFIRIS AAdA EnE
Z7at7] 913 ELISA W< o83kt
DNJ= @%°] #FX=9 RAW264.7°14 F7t4 IL-6, TNF-a % IL-189 44
S E gEHoR ZAAAHT (Figure 20). 5% 25 mMolA IL-62 S
LPS 9% Aol vs) oF 76% A8k, TNF-a2 AL oF 46%, IL-18
o] AL of 28% JAstATE IL-69] A 7Hd =& AAEIHE HERAS
aL, IL-69 IL-1B¢] AA#F2 Ls o= LPSE AgshA &= A8l 7t
AEks wolx gt
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Figure 20. Effect of 1-deoxynojirimycin (DNJ) on LPS-induced (a)
IL-6, (b) TNF-a and (c) IL-1B production in macrophages. RAW?264.7
cells incubated with LPS (1 pg/mL) for 24 h in the presence or absence of
1-deoxynojirimycin (0.15, 0.31, 0.63, 1.25, 2.5 mM). Culture supernatants were
collected and analyzed for the presence of IL-6, TNF-a and IL-13 using
enzyme-linked immunosorbent assays. Data are presented as mean * standard
deviation (SD) of at least three independent experiments (n=3). * p < 0.05

and *x p < 0.01 *=xx p < 0.001 versus treated control.
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2.6. iNOS, COX-2 &3 % =34

DNJ&= LPSE dZo] f%% RAW264.7014 &3 oz NOY PGE, A4S
AAstA . o]l NO A3} #edo] & INOSF PGE, & wi7i7F ¥ +=
COX-2 vma g AA|o] J3Fs 71x=% Feal7] Y] western blot 23

7IMe sl Sl

LPS A 23 iNOS, COX-2 B42] F7H= DNJ HE oA & oEF
o2 HaHE o FAFAT (Figure 21). RAW264.7 A% w4 et
glarell A= INOS®| o] vERA] gokout LPSE A dellAE INOS
dgo] Aol vlste] @A Fratgith INOS ¥ DNJO| FR=7F 25
mM¢Y w, @uide] dge] thztel Hlsl of 76% S AH At COX-29 T
2 DNJO =7} 25 mM4Y o, @wjde] dao] dizrol] Hlsl oF 84% <Al
ATk,

p

1
2
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Figure 21. Effect of 1-deoxynojirimycin (DNJ]) on the level of iNOS,
COX-2 protein in LPS-induced RAW264.7 macrophage cells. RAW?264.7
cells incubated with LPS (1 ug/mL) for 24 h in the presence or absence of
DNJ (0.31, 0.63, 1.25, 25 mM). (a) iNOS protein level, (b) COX-2 protein
level was validated by Image J. B-actin was used as an internal control
Data are presented as mean = standard deviation (SD) of at least three
independent experiments (n=3). * p < 0.05 and ** p < 0.01 =*=xx p < 0.001

versus treated control.
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2.7. MAPKs &3d % =3

L
ro,

MAPKs¢ NF-kB 4 == "dAAZAA W A4S mjrfste
A A Aotk o5 oF Aol s Wukgo] v/ WA
of ANoAY AAZ EGsHUA NO, ALl E7IQl T #H]7t =5
¥4 9 MAPKse @ do]= ERK, JNK, p38 o] 3lon, 7t o] <4l
3 f5o] wel g4S s [24]. olo] NJol <& @yl Bx4 74
AFel7] 918ke] ERK, JNK, p38 @uld o] e g5 Ay B okt}t (Figure 22).
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Figure 22. Effect of 1-deoxynojirimycin (DNJ) on activations of ERK
1/2, JNK 1/2 and p38 in LPS-induced RAW264.7 macrophage cells.
RAW264.7 cells incubated with LPS (1 pg/mL) for 20 min in the presence or
absence of DNJ (0.63, 1.25, 25 mM). (a) ERK 1/2 protein level, (b) JNK 1/2
protein level, (c) p38 protein level was validated by Image J. Data are
presented as mean * standard deviation (SD) of at least three independent
experiments (n=3). * p < 0.05 and ** p < 0.01 *x* p < 0.001 versus treated

control.
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2.8. NF-xB &@%F =A
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T3 p65et pl05e] & st FEQl p-p6d H p-pl0se TS LPS A %
F7hE A ppl05e] MAL DNJ Aol oa] wi oEAor oA AT
DNJ9 H%7} 25 mMol A p-pl05e] W& ok 559 A= ot
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Figure 23. Effect of 1-deoxynojirimycin (DNJ) on phosphorylation of Ix
B-a, and IxB-a, phosphorylation of p65 and pl05 in LPS-induced
RAW264.7 macrophage cells. RAW?264.7 cells incubated with LPS (1 n
g/mL) for 20 min in the presence or absence of DNJ (0.63, 1.25, 2.5 mM). (a)
IkB-a protein level, (b) p-IxB-a protein level, (c) p—p65 protein level (d)
p—pl05 protein level was validated by Image J. Data are presented as mean *
standard deviation (SD) of at least three independent experiments (n=3). * p

< 0.05 and ** p < 0.01 *xx p < 0.001 versus treated control.
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v, &

B Ao A = nojirimycin (NJ)3} 1-deoxynojirimycin (DN])e] &5 235
g3et7] flal RAW264.7 tiA Az Al NO B4 oA &4, A543 Aol &7}
ol 4 PGE, A A &4 AFdS 7dgsRar, MAPKs 2 NF-xkB Alsde

Ao dE MAYS 1t A5 TS

il

frkghot [26]. ®=E INOSE AXEd] EAEHA o dd
A=rell ofsf Fr=7F HH NO A4S S7HAxIH e LPSeh 28 A=
o]

prostaglandine AGA71H ASWES sk, Z4F

I 9tk [29]. NJ&F DNJ&= A2 5490 yelA] &= HE A NO, PGE,
iNOS, COX-22] 23 &S dA35] #FAarzH o o= NJ, DNJ7F &d% a39=
et = EZolgts AS YEiT

=

o

3, AR o)) 2 sk A A= NOE prostaglandin®] 2] 2}
HEo] dE548 Ale]E7FIQI TNF-a, IL-18 % IL-65 X33 thdst AlolE
7hle A skl 9 2714 dSutes SFA1Z o [301. NJ2F DNJ+= TNF-q,
12

P

S

IL-18 ¥ IL-6 27 & o&EXo=Z A

LPS® A= )44 ol NF-kB9 MAPKs A& dw Azt 9zl u

¢

s 2Adss 78 422 dody wepA NJok DNJ7F oW d=25 & &
d5 BIE Hola A=A FAEUT. o] AT HFEELS LPS o s
of IttstE WA A st NJo| 4% MAPKs A3 de F=o thsfjr= of

T dFS mAA XA, kB-a] Q4SS GAAIA NF-kBe €4S A
afstivt. Wk DNJ9 4% MAPKs Al3de A2 FolA ERKeF JNKo <14t
35 AN L, IkB-af] AAFEE AAAA NF-kBe| 243 Asstaitt.
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T35k NJ= D-glucose®t FAMSH F+2E 7HAa1 JAIR dHS5 a9+ & A
o]F Holi Uttt L FxolA NJ= 5% F95 245 7HA L A= v,

n ) gt D-glucose™ 8o AkA7F Q= WHH) NJ+=

rr

D-glucose®] 1 &3}
aEe Ax7F 9k B A Aa= g0 AEs} FxA ol 7]od Ao

FdT 2HrF e Aol oA vEhd Ae dA @ (Figure 24).

T3 NJ¢} DNJi= D-glucose®t FAFSH +x2E 7FAa QAW glucosidases

&

At Aoz dHF FH =R sherEeltt. wEbA a-glucosidase A& &

2 ¢ W 9 dser] & Ade AP Ay vHusdey 2-3v = s

i

S Btk FU7tE g ds ~agdaty]l 918 tyrosinase A &4 A
35 WA Ay, NJ& arbutinBth 723 &4& BAAY, DNJE 1 &37)
mu ol NJ= C-1¢ OH7]dl ¢l&] d& A& e aldehyde BF 9] o] A2
A7F AR, DNJo 45 49 A& Jeizt 2 5 gl o& NJo nju gago
C-1e #o] A= Z&71el og F24 ztolo] 7|A%S At} (Figure 20).

AEH 0% NJsk DNJo| SeHF ALg 434S s

=
S, S o odE A ARe Eol AFHATRL Azw)

-

(a) (b) (c)

Figure 24. Structures of (a) nojirimycin, (b) 1-deoxynojirimycin and (c)

D-glucose
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