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[Abstract] Objective: To explore the pharmacodynamic effect of gramine on 2, 4-dinitrochlorobenzene
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(DNCB)-induced atopic dermatitis (AD) in mice and its potential mechanism. Method: The mice were divided
into the normal control group, model group, dexamethasone (0.05 g-kg') group, and high- and low-dose
(0.12,0.06 g-kg') gramine groups. Mice in all groups except for the normal control group were stimulated with
DNCB, followed by medication 13 d later. The changes in skin lesions were then observed, and the skin
thickness, moisture content, and transepidermal water loss (TWEL) in each group were measured. The
pathological changes in skin lesions were observed by hematoxylin-eosin (HE) staining, and the effects of drugs
on CD4"/CD8"T-cell ratio in the spleen were detected by flow cytometry. The levels of immunoglobulin E (IgE),
interleukin (IL)-4, and IL-6 in serum were detected by enzyme-linked immunosorbent assay (ELISA), and the
changes in serum alanine aminotransferase (ALT) , aspartate aminotransferase (AST) , blood urea nitrogen
(BUN), and creatinine (CRE) by microplate method. The mRNA expression levels of inflammatory cytokines
v -interferon (IFN-vy) , IL-13, IL-17, IL-18, IL-6, and tumor necrosis factor-a (TNF-a) in skin lesions were
assayed by real-time polymerase chain reaction (Real-time PCR), and the protein expression levels of nuclear
transcription factor -xkB (NF-xB) and NF-xB inhibitory protein o (IxBa) in skin lesions by Western blot. Result:
Compared with the normal control group, the model group showed skin edema, erythema, scab, scratch, and
lymphocyte and neutrophil infiltration, decreased skin moisture content, as well as increased skin thickness,
TWEL (P<0.01), spleen index, CD4°/CD8" T-cell ratio in the spleen (P<0.05), mRNA expression of IFN-vy,
IL-13, IL-17, IL-1B, IL-6, and TNF-a in the skin lesions (P<0.05), serum contents of IgE, IL-4, and IL-6
(P<0.05) , and protein expression of IkBa and NF-«B in skin lesions (P<0.05). Compared with the model
group, dexamethasone and gramine at different doses alleviated skin erythema, scale, scab, and inflammatory
cell infiltration, elevated skin moisture content, inhibited skin thickening and TWEL, and decreased spleen
index, CD47/CD8 T-cell ratio in the spleen, mRNA expression of inflammatory factors in the skin lesions,
serum contents of IgE and inflammatory factors, and protein expression of IkBa and NF-«B in skin lesions,
especially in the dexamethasone group and the high- dose gramine group (P<0.05, P<0.01). Conclusion:
Gramine can inhibit the expression of related inflammatory factors and regulate the immune function of AD mice
via the IkBa/NF-kB pathway, enabling it become a potential drug for treating AD.

[Keywords] gramine; 2, 4-dinitrochlorobenzene (DNCB) ; mouse model; atopic dermatitis (AD) ;

immunoregulation; inflammatory factors
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®1 514575 1 h,IkBa(1:1000),NF-xB(1:1000)5 GAPDH(1:
Table 1 Primer sequence 5 000)41’}"[“ 4 °C§@§ﬁﬂi , Yjﬂ\ H TBST b/-lﬁ 4 Yk , @Yj{

514 JFF(5-3") K& /bp 10 min, —#T(1:5000) E M A 1 ho TBSTPE4 K,
GAPDH  b{f TCACTGCCACCCAGAAGACTG 153 £ Y% 10 min, A PUID % 56 W T B2 564X F g% . F
Niif GCCAGTGAGCTTCCCGTTCAG FH Image ] 1—?}’(’{#5‘#%%&2?7’]{&%*& 5
IFN-y ki GAGCCTAGAGACTATCACACCG 147 2.10 @ﬁ *ﬁ ]f *ﬁ YIJ-!U /J\ E{‘ I[l]_ YI%JE ':F' ALT, AST, BUN,
T iif TACCAGAGGGTGTAGTTAGCGG CRE &1t U VR4 69 /0 BUIML TS . 7 4% 4 IR ALT.,
IL-13 -3f AACGGCAGCATGGTATGGAGTG 104 AST. BUN. CRE it 1 £ i B B #: 1E . 5 0.2 1| <7 B
T TGGGTCCTGTAGATGGCATTGC N N N N N .
' TERGFR AL F I 5E A, WIVEAR el 2k, #2e il 26 5 58
IL-17 - f CAGACTACCTCAACCGTTCCAC 130 i ALT . AST . BUN , CRE i i
) ’ s )X o
Fiif TCCAGCTTTCCCTCCGCATTGA N - e
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- i " oo . N .
. AT B DL xs w2 41 ] 480 R One-
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IL-6 -3 TACCACTTCACAAGTCGGAGGC 116 "
i CTGCAAGTGCATCATCGTTGTTC 3 &R .
0 1 ) S8 { N ;
TNF-a  E#f GGTGCCTATGTCTCAGCCTCTT 139 3.1 X DNCB i /I USRI 52 1
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PAGE H1 ¥k 43 85 (80 V, 30 min; 120 V, 60 min) , & %%
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1
h
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Fig. 1 Effect of gramine on skin lesions in AD mice induced by DNCB
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Fig.2 Effect of gramine on histomorphology of mouse dorsal skin (HE, x20)
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3.3 XUNEUBCAR R | B ROK o R 4R ROK o
TRBYFEW 5 IE R 2H A, AR A /)N B R R
E RN, B JROK o3 R WD 2 Bk B
THE(P<0.01) 5 SR 2 O A, M FE AR AR AL/ BB IR

JEE R 2 B K 4 2R W 308D B IR K 43 i T i
(P<0.01) , 7 77 ol o 711) ek 20 B B T2 B I 38 B AIK (P<
0.01), 5 ARG &5k Bz Jik 7K 43 3 & 1 3534 i (P<0.01) ,
2 WK 4y F R D (P<0.05) . WL 2.

F2 FMEMNNREREE KK KDSELEKSERNBM (T£5,1=12)

Table 2 Effect of gramine on skin thickness, skin hydration and transepidermal water loss (x+s,n=12)

4150 FlH /g ke J2 R JE B /mm He WK 53 1% 2K E R g hm?
EH 0.49+0.05 91.70+1.47 10.90+1.02
TR 0.99+0.07 49.50+3.59% 44.77+1.107
Hb 2K A 0.05 0.58+0.07% 69.95+3.16" 27.85+3.69
FEATI 0.06 0.85+0.05 66.67+2.83% 36.53+1.18%
0.12 0.79+0.09" 65.40+£2.19% 36.27+0.67%

5 IE WA U P<0.05,2P<0.01; S5 4] 45 P<0.05,7P<0.01(F 3~7 ) o

3.2 /I BRUWBUIE 5 FIORN IR E CD4/CD8 T bk I 241 Jfd
FEAE RS2 M 55 0 20 Ll A, A 7Y 2 G U s 5
JIE CD4*/CD8T itk B 410 i b Al 8 3 T1 5 (P<0.01) ;5
B A 20 LY A, AT B4 v R A Y R UE T R
CD4'/CDS8 T ik B 41 Jifl 1) HE 5 BH 8 [F A (P<0.05) , 1%
7RI £ 2 MALVE 45 K5 AR (P<0.05) . L3R 3.

3.3 Xf /N B R 45 AR OC 48 E R mRNA R 3A (1 52
e 5 OEHE 2 R, B A N B TR 4 2 TNF-a,
IFN-y,IL-6,1L-13,IL-17,IL-18 i mRNA 7K °F- &g 3
HEIN(P<0.01) ; S5 A1 B, b S K b A1 A0 25 A
25T U5 (19 R AE T mRNA KOEH A R [, Horp
P e 3 S 2 W Sk ARG R 40 P R AE P F TNF-ar,
IFN-vy, IL-13 Al IL-18 f mRNA % ik /K F (P<0.05,

Fz 4 FEIENR B IR % 5E B F IFN-y,1L-13,1L-17,IL-18,1L-6, TNF-a mRNA &%

F3 AN G AR BE HE 2 A0 B2 AE CD47/CDS T i BB 48 1 bb fE Y
2l (x+s,n=12)
Table 3 Effect of gramine on spleen index and CD4°/CDS'T

lymphocyte ratio in mice (x£s,n=12)

CD4"/CD8'T ik

4151 Fl 4t /g kg AR 4 5 0 0 %
W 32.05+3.73 1.54+0.07
T 59.01+6.39% 2.33+0.12%
b FE AR AR 0.05 36.39+4.04% 1.64+0.04"
P 0.06 42.98+1.49% 2.08+0.05
0.12 41.78+1.59% 1.75£0.07"

P<0.01) 5 A7 B 45 57 2 20 34 ]t 28 B A1 J 481 b TL-6
FIIL-17 B mRNA A 7KF(P<0.01), W#E 4,

Y8 (x+s,n=12)

Table 4 Effect of gramine on mRNA expression of inflammatory cytokines IFN-y, IL-13,1L-17,1IL-18,IL-6, TNF-a in mouse skin lesions

(x+s5,n=12)

21 5 il /g ke IFN-y IL-13 IL-17 IL-18 IL-6 TNF-a
IEH 1.66+0.65 1.05+0.15 1.02+0.08 1.73+0.52 1.26+0.75 1.39+0.46
R 1.73£0.527 8.09+0.93% 4.45+0.217 42.67+2.02% 13.47+2.35% 5.11+0.77%
b FE KA 0.05 2.23+0.29Y 2.58+0.12Y 3.78+0.29" 23.81+2.28% 2.54%0.64" 1.70+0.16"
FOATIR 0.06 8.48+0.89 3.78+0.29 1.23£0.07% 35.3142.62 4.76+0.44" 5.35+0.32

0.12 6.15+0.20" 3.25+0.46" 1.15+0.16" 32.18+3.18% 4.76£0.95Y 4.51+0.29"

3.4 XF/NEUMTE IgE, IL-4,IL-6 & H AU 5 I1E
WA LA AR 2 /)N BRI Y P TgE, TL-4 1 IL-6 1) 75
I TR (P<0.01) ; SR AL LA, L ZE K FAFI A
Py 1 4% 70 1 21 135 1gE , IL-4 Fl IL-6 7 & 24 1 2 [%
& (P<0.01). WLFS5.

3.5 /N R IR 41400 IkBa Fl NF-xB 5 [ # ik 7K
FHR R 5 IE R A R, R A A K 5 IkBa Al
NF-«B & 17K F . 2 7+ 5 (P<0.01) s SR LA,

by FE KA ZH K A A 5 B 2H R B 2 2P IkBac R
223K 1 2 BRI (P<0.01) , Hib ZE KA 21 K ™ 477 ik
FI 20 iz 5 4 41 b NF-kB 28 11 #3818 & FR% (P<
0.01). WEI3,%6.

3.6 Xf/NEUIMLYE F ALT,AST,BUN, CRE % # 1Y 5%
M 5 OE H 4L L B, B R AL /N BRI Y P ALT, AST
A ThE %  BUN, CRE & 7 A7 FEAR 3, H 22
FREGE ¥ E X SEAY A, Hb ZE K a4l Je
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x5 AMEX/NRIE S IgE, IL-6 #1 IL-4 B 8501 (F+s,n=12)
Table 5 Effect of gramine on cytokines of IgE,IL-6 and IL-4 in serum of mice (x+s,n=12)
21 51 il /g kg IgE/png L IL-4/ng-L" IL-6/ng-L"
IEH 111.60£41.61 23.48+0.53 73.91+2.34
LY 447.70+45.18 43.27+0.44% 143.30+1.27%
b ZE KA 0.05 259.60+33.79" 30.19+0.29 84.93+3.47"
P, 0.06 296.30+8.51% 32.24+0.56" 117.20+3.99%
0.12 276.50+9.47 28.69+0.24" 83.23+2.31%

o R S o

v - D — . w— s 0
GAPDH it GHEND emwss GNNS SN 57 0:

F6 AMWEIN/NREIRF IkBa T NF-kBEBRIEWFEI (3+s,
n=12)
Table 6 Effect of gramine on IxBa and NF-kB expression in mice

skin tissue (x+s,n=12)

20 5 F4t/g-kg'  IkBa/GAPDH  NF-kB/GAPDH
A B C D E
o o 3 w 0.43+0.01 0.69+0.02
E3 NI [cBa F NF-xB B & R4 8% 1E
= 2) 2)
Fig 3 Electrophoresis of IkBa and NF-«kB expression in mice skin AL 1.45%0.05 1.58+0.06
tissue i FER AR 0.05 1.01+0.02Y 0.62+0.04"
N P B 0.06 1.03+0.029 0.89+0.04
7 Bl 4% 57 41 1l 7% P ALT, AST,BUN, CRE & & 1§
L Lo o 0.12 0.90+0.03" 0.62+0.03"
ARAmad BERAEASg %27, WTE
0.06~0.12 g- kg 7l & & ¥ B 2 71 6%t /N B 5 2 eI WP, Wk,
x®7 BEMWEX/NRIMDEFR ALT,AST,BUN,CRE S EH I (f+s5,n=12)
Table 7 Effects of gramine on contents of ALT,AST,BUN and CRE in serum of mice (x+s5,n=12)
21 5 il /g ke BUN/mmol-L" ALT/U-L" AST/U-L" CRE/pmol- L
EH 6.95+0.32 8.07+1.39 20.55+11.42 190.54+35.52
155 A 5.95+0.73 9.85+1.71 21.50+7.24 174.31+46.21
L FE KA 0.05 7.54+0.31 11.16+1.28 22.40+4.80 183.65+46.34
A B 0.06 8.63+0.57 13.41+1.02 23.11+4.15 179.44+43.15
0.12 8.79+0.63 12.87+1.51 22.59+5.62 177.21+49.13
4 itig R R A O S g S R P AT A T R

ARG R T A0 o R )2 ik
S TS S 0 Al M R RN BT R R 45 T PR
245 by FEOK AN TN [R] e B2 %) 4 A7 B ik 4 25 9 1 93, DA
WLEE AT AT AD /N BRBE Y 52 o 285 58 SR A
B T TS e 8% w035 i DRAE IR, 3 I B Bk K 43 % 4
T g 301 16 R BRI 28 B K 4y & G o R AE HE R
PR S AT UL A B A W I ek 2D 4% RE A0 B R
VLT A AT B A LR AE T . DL Rk — 2P
Uk F& B 25 & i X4 A1 BELIE CD4°/CD8'T bk B 400 Jifd Lt
B, AT AE — A8 B L I N 24 ) R 9 95 T ) R T
[Fi] SC ik 4 18 — B0, DNCB Hl 3075 5 05 /)y BB A0 4 g
HE CD4"/CDS'T #k [ 41 Md te {5 FF ' . 76 AD 1,
CD4' 7= A T ik EL 41 g Th 40 i X F (IFN-y FI TL-2) ,
Th2 4ii Jfg K ¥ (IL-4,1L-5,1L-10,IL-13) A4} Th 40 ity
F (IL-la, IL-18, IL-6 J% TNF-a) '™, IL-17 J&

Th17 40 fd 09 = BN A F , 7 AD H 1 32 38 5 5 9%
. 24 .

fIC Gk CD4/CD8T ik B 48 Jifd Lb fE , T B AR B2 it
o Thl 40§ 43 W6 B4 TFN-y, Th2 40 Jfd 73 i A9 TL-13,
Th17 73 W HY9 IL-17, LA X HE Th 40 f 73 W6 19 4 4 [N 1
IL-18, TNF-a,IL-6 iy mRNA % ik . I3 IgE, 7 AD
F9 4 HL I o B S EEAE T L IgE nl LUdd it 55 IgE &2
45 A (FeeR1) 36 i 5 B K 41 M 386 Jon 5 Bt 39k 2
INE 23k o 1 o BRI 4H T R A RE A BT, DA i — 25
I 8 RE B R L dE I ELISA A, 45 5 R
A ] 8 3 B AR UL T P TgE , Th2 45 5 0 TL-4 A 46
PE I F TL-6 [ K ¥ . NF-wB W J2& e 5 I 4% 4E 1) 5
BRI R I AT T 2 R R E 5 G A O 1Y 28
AT IEH I BT NF-«B 1 1B 45 4 T8 il i — 5
PR AL TR TG AR AR A, AT Bk A 0T 40 A X L 1 M A
T 0 3BT L 05 A S B9 NF-«B R34 1L-18, IL-6,
TNF-o 5 R VEH ¥ 19 3R 35 78 AD 19 &k i #2 v, iX
B 485 P T A FE IS NF-kB Z K45 5, T iUIE = b
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