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Topical Application of L—theanine Relieves Mouse Psoriasis Pruritus by
Inhibiting Abnormal Growth of Skin Nerve Endings
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Abstract: [ Objective] To investigate whether L—theanine exerts anti—pruritic effect on mice with imiquimod (IMQ)-
induced psoriasis and its related mechanisms.[ Methods] We established the psoriasis model by applying the IMQ ointment
topically on mice back skin and oral (10 mg/kg+d) or topical pretreatment (50, 125, 250 mmol/L, twice one day) of L—
theanine was used as the treatment. Spontaneous behavior, such as scratching, was used to detect the therapeutic effect.
Immunofluorescence (IF), Western Blot (WB) and primary dorsal root ganglion (DRG) neuronal culture were used to in-
vestigate the mechanisms. [ Results] Oral administration of L-theanine had no apparent effect on IMQ-induced pruritus,
but topical delivery in the lesional skin significantly improved the spontaneous behavior such as licking or biting and flinch-
ing in a dose-dependent manner. [F and WB results showed that L—theanine not only inhibited the overexpression of TNF-

a in model mouse skin, but also prevented the abnormal growth of B3—tubulin® nerve fibers and the upregulation of tran-

75 B #9:2020-12-14
EEW B : FRALRFFEES (81771204) ;) /8 H R34 (2019A1515011838,2020A 1515010204 )
TEHE B8 BE, AT0F 5 A RS 7 1]« KPR 59508 , E—mail : jieyt@mail2.sysu.edu.cn; B FE  EAGVER , #0852, 14 S0, E-mail .

zhoulij3@mail.sysu.edu.cn



162 HlR AR 2 (R AR ) H42%

sient receptor potential vanilloid 1 (TRPV1), an itch-related molecule. Moreover, the results from the experiments with

primary cultured DRG neurons further confirmed that L—theanine directly reduced IMQ-induced abnormal outgrowth of

CGRP’, B3-tubulin® neurites in a concentration dependent manner. [ Conclusions] Topical application of L—theanine can

relieve pruritus or discomfort in IMQ—induced psoriasis mouse model by inhibiting abnormal growth of skin nerve fiber end-

ings. Therefore, L—theanine could be a potential treatment for chronic itch in psoriasis.
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0 d 0 h represents the day before drug treatment. Left picture: hind paw scratching; middle picture: biting/licking; right picture: flinching. Vehi:
the control mice were only treated with vehicle solution on the back skin twice one day for 4.5 d. Vehi +IMQ: the group was applied with 62.5 mg im-
iquimod (IMQ) once a day at 30 min after the first vehicle solution treatment for 4.5 d. 250 mmol/L. T-THN: the group was topically administrated of
250 mmol/L. L-theanine (T-THN) as the control twice one day for 4.5 d. 50/125/250 mmol/L T-THN + IMQ: 100 wL 50, 125 or 250 mmol/L. L-THN
topical administration twice one day and 62.5 mg IMQ once a day at 30 min after the first L=THN for 4.5 d. 10 mg/kg O-THN + IMQ: the group was
orally treated with L=THN (O-THN, 10 mg/kg-d) and 62.5 mg IMQ once a day for 4.5 d. n = 6 ~ 8 mice/group. All data were shown by means + SEM,
and were analyzed by two—way ANOVA followed by Least Significance Difference (LSD) test for each group. Hind Paw Scratching : F = 1.563, P =
0.158 (groups factor) ; Biting/Licking: F = 10.171, P < 0.000 1 (groups factor). Flinching: F = 17.225, P < 0.000 1 (groups factor). VP <
0.001, 2P < 0.000 1 between Vehi + IMQ vs Vehi; ¥P < 0.01, ¥P < 0.001, P < 0.000 1 between 250 mmol/L T-THN + IMQ vs Vehi + IMQ; P <
0.05, P < 0.01, ¥P < 0.001 between 125 mmol/LL T-THN + IMQ vs Vehi+ IMQ; P < 0.01 between 250 mmol/L T-THN + IMQ »s 125 mmol/L T—
THN + IMQ
E1 L-FZEBRHLENIMQFS/MRIREBHFERBRETARETLZD
Fig.1 The time course for the changes in spontaneous behaviors in imiquimod—induced mouse psoriasis model with or

without L—theanine pretreatment

AT AR I IMQ 5 AR B A 4.5 d 7Y 24 FRBRIHKERFHFSHEMERBET

/NS R B3—tubulin BH P i 28 £F 2 Ktk 3
I, U AR 3R B DA R 3 e B 22 Bk (181 3A B) .
B kR R B Al 25 L-A5 282 (T-THN ) X 22 KA
F AR TCE B . 5 IMQ 4LAH H , L- A3 &R 1
IR (O-THN + IMQ ) R 42 S il #ii 22 £F 4 (1 K & L (H
JRTR L 25 24H (T-THN + IMQ) X #h £ 41 4k S 0 R K
B SCR B3, I o T ORG24, At K
P2 A YA I R R BRI, DL g
F W L- A &R Jm 38 N FH 2 4 o IMQ 5 5 1
ZRKY SR A K, TR L- 2% &R A 5
YEH .

AN, FRATAG I Bz Bk vh TRPV T 36 3k Sk ik — 4
I IE L-AS 2 FR X FE 5 4/E FH o Western blot 45
T 7R 5 0 B8 R PR AT G, TMQ 55 8 R ik TRPV T
Feik W B -4 2R 1R (O-THN) 55 55
25 25 (T-THN) 4B 58 B & 40 & TRPV1 % L 34 (&
3C.D).

HMEFREREEK

T L-AS & R A0 il K2 Bk TRPV 1) Lo 5 ol 3
BRJE R EE B RAT 2R T TOAROCHE Rtk FRATR
FH/NERUEAR DRG #h 2o 4 e b 37 ok it — 20 30 0F L-
AR TR P 2 2 2 S0 A KR 5 BT LM AR
Mo fEDRGH F 2 d R TR P A 0.2 pg/mL
IMQ (Vehi + IMQ) F- 35 % 2 d J5 RE W] 2.5 5 DRG
CGRP BHYE: (& 4A) 1 B3~tubulin FH 1 (& 4B) #i £8
LY ad AR . B4l 500 wmol/L L-A5 & 2 (500
wmol/L THN) X IE F # 28 JU 4T 4 i A= K AT 52
{H 5 IMQ [ B} 25 F 19 50 . 500 wmol/L L-2% & R fig
W A TMQ 5132 A9 CGRP* B3~tubulin “DRG #i £8
AL S A, IR S B B AR M (1 4A~C) o
PRI, L4 2 2 v 3 3o 410 ) A1 ) Jae v i 22 41 4k 1Y
SRR G AR AR R



166 HlR AR 2 (R AR ) $A24

Vehi +IMQ O-THN + IMQ T-THN + IMQ H

B

O Vehi @ T-THN+IMQ
O T-THN @ OTHN+IMQ
® \Vehi+IMQ
2)
s [}
= ] [) 2
g 4 O)
3 (e}
=
i) 6)
&
5 2 of 4
g 000
=
2
=
20 :
TNF-a

_ Vehi O-THN T-THN
Vehi ,ima T™N 1Mo +ImMa

TNE-C h e e e e o -
52 ku

TNF-o
174k ™ - -

B-actin W e W W S W e e S

C

=}

é R 2.0 1) 1) 5)

S = = 3

i 1.5 )

g% 10{ T =

&=

3205

%\_/

Z 00 D

A, B: representative immunofluorescence images showing the expression of TNF-a (red) in mouse lesional skin at 4.5 days after different treat-

ment and statistical analysis of relative integrated density (relative IntDen) of TNF-a in different groups, as compared with Vehi group. Scale bar =

200 wm. n = 3 mice/group, 3 slices/mice. C, D: Western blots show skin TNF—a expression in various groups as indicated (n = 4 in each group). 52

ku or 17.4 ku bands respectively indicate trimer or monomer of TNF-a. Error bars are means + SEM. Welch’s ANOVA followed by Tamhane's T2 multi-
ple comparisons test for figure B, P < 0.000 1; One-way ANOVA followed by Tukey HSD multiple comparisons test for figure D, F = 17.619, P <
0.000 1. "P < 0.001, P <0.000 1 vs Vehi; ¥P <0.01, ¥P < 0.000 1 vs Vehi + IMQ; ¥P < 0.05, ©P < 0.0001 vs O-THN + IMQ.

B2 L-ZSBEHMIMLEMNHE IMQIEZH KK TNF-a §RiX

Fig. 2 Topical pretreatment of L—theanine inhibits IMQ-induced TNF—-a over—expression in the lesional skin
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A, B: Representative images and quantification of immunofluorescence staining showing the expression of B3—tubulin (magenta, a marker of nerve

fiber) in the lesional skin at 4.5 d from different group. Scale bar = 200 pm. n = 3 mice/group, 3 slices/mice. C, D: Western blot analysis of TRPV1 ex-

pression in mouse skin (n = 4 in each group). Error bars are means = SEM. One-way ANOVA followed by Tukey HSD multiple comparisons test for fig-
ure B, F = 66.130, P < 0.000 1; Welch’s ANOVA followed by Tamhane’s T2 multiple comparisons test for figure D, P < 0.000 1. VP < 0.001, ¥P <
0.000 1 vs Vehi; ¥P < 0.001, P < 0.000 1 vs Vehi + IMQ; ¥P < 0.01 »s O-THN + IMQ.
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Fig. 3 Inhibitory effect of L—theanine on the abnormal growth of nerve endings and TRPV1 over—expression in the lesional
skin induced by IMQ
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A-C: representative images and the statistical analysis showing the changes of CGRP (A, red) and B3-tubulin (B, green) neurite length in 4 days—

cultured DRG after various treatment. Application of IMQ (0.2 wg/mL) for 2 d markedly increased CGRP and B3—tubulin positive neurite length. While

the effect of IMQ was inhibited by L-theanine (50, 500 wmol/L). Scale bar = 200 wm. The DRG neurite length was analyzed using Neuron J (a plugin of

Image J) for quantification of total neurite length. n = 10 neurons/group. Error bars are means + SEM. One—way ANOVA followed by Tukey HSD multi-

ple comparisons test. CGRP: F = 11.753, P < 0.000 1; B3—tubulin: F = 32.856, P < 0.000 1. "P < 0.000 1 vs CON; ?P < 0.05, ¥P < 0.01, “P < 0.000 1

vs Vehi + IMQ; 2P < 0.05, 9P < 0.01 vs 50 pmol/L. THN + IMQ.

4 L-ZRBMEIMQESHERDRGHETHMENZEEK

Fig. 4 L—theanine suppresses the abnormal neurite outgrowth induced by IMQ in primary cultured DRG neurons
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