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Abstract: Objective To investigate the potential mechanisms of high-dose methylprednisolone treatment
for immune thrombocytopenia (ITP) by assessing the levels of vasoactive intestinal peptide (VIP) and pituitary
adenylate cyclase-activating polypeptide (PACAP) in the brain, colon, and serum. Methods A total of 18 BALB/c
mice, SPF grade, weighing 18-22 g, with an equal distribution of males and females, were utilized. Blood platelet
counts were measured using an automatic hematology analyzer. Based on platelet counts, the mice were randomly
divided into three groups: a normal group, a model group, and a high-dose methylprednisolone group, each
consisting of 6 mice. The normal group received injections of physiological saline, while the model and high-dose
methylprednisolone groups were injected with anti-mouse platelet serum (APS) to replicate an ITP animal model.
High-dose methylprednisolone treatment began in the high-dose methylprednisolone group on the 8th day after
model induction, while the normal and model groups received physiological saline. Peripheral blood platelet counts
were monitored at different time points: before APS injection, 4 days after injection, the 8th day of the experiment
(day 1 of treatment), the 12th day of the experiment (day 5 of treatment), and the 15th day of the experiment (day 8
of treatment). Following the experiment, enzyme-linked immunosorbent assay (ELISA) was used to measure the
levels of VIP and PACAP in the brain, colon, and serum. Immunohistochemistry was employed to observe changes
in P53 protein expression in lymphocytes of the mesenteric lymph nodes of mice, and the terminal deoxynucleotidyl
transferase dUTP nick-end labeling (TUNEL) method was used to assess the apoptosis rate of lymphocytes in
mesenteric lymph nodes. ELISA was also conducted to evaluate the levels of IFN-y, IL-4, IL-10, and IL-17A in the
spleen of mice. Results Compared to the normal group, both the model group and the high-dose
methylprednisolone group exhibited reduced vitality and developed symptoms such as skin hemorrhage after APS
injection. High-dose methylprednisolone treatment in the high-dose methylprednisolone group led to increased food
intake, body weight, and improved coat condition, with reduced bleeding spots. Comparing platelet counts at various
time points among the groups: (1) Platelet counts at different time points showed significant differences (£ = 20.618,
P =0.000); (2) Platelet counts differed among the three groups (/' = 59.621, P = 0.000); (3) Platelet counts displayed
different trends over time among the three groups (¥ = 7.072, P = 0.000). Compared to the normal group, the model
group exhibited elevated P53 protein expression in lymphocytes of the mesenteric lymph nodes (P < 0.05) and an
increased rate of lymphocyte apoptosis (P < 0.05). When compared to the model group, the high-dose
methylprednisolone group showed decreased P53 protein expression in lymphocytes of the mesenteric lymph nodes
(P < 0.05) and reduced lymphocyte apoptosis (P < 0.05). Furthermore, compared to the normal group, the model
group displayed decreased levels of VIP and PACAP in the brain, colon, and serum (P < 0.05). In comparison to the
model group, the high-dose methylprednisolone group showed elevated VIP levels in the brain, colon, and serum
(P < 0.05), as well as increased PACAP levels in the brain and colon (P < 0.05). Finally, when compared to the
normal group, the model group had higher levels of [FN-y and IL-17A in the spleen (P < 0.05) and lower levels of 1L-
4 and IL-10 (P < 0.05). In contrast, the high-dose methylprednisolone group had lower levels of IFN-y and IL-17A
(P < 0.05) and higher levels of IL-4 and IL-10 in the spleen (P < 0.05) compared to the model group. Conclusion
The modulation of intestinal immune function via VIP/PACAP signaling pathways may represent one of the potential
mechanisms underlying the effectiveness of high-dose methylprednisolone treatment for ITP.
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Jb 5t B 24 R 2 AR 1) R B i Y e R
5 VAT A B S 0F 58 2% B, 2 59 AN IR T TTP Ak 1fi AL 1
5 X5l A 36 MR Y, 0l A TS M BK (vasoactive
VIP) 5- B o6k (5-
hydroxytryptamine, 5-HT) 7K *F- i ] % A7 — & & Bk
PEC, Hor, VIP A S figi g il vb — o R 22
Bt B Y5k 8 A% 388 05 5 b IR Y g i AR
ML T K BR O RR BF L B OIS £ K (pituitary
adenylate cyclase activating polypeptide, PACAP) 55 VIP
AL, AL 2 — i i I, AT LA VR Sy v Ak B8 3 1Y
JOK B Pl 228 T 86 T30 1% P 222 388 J5 s 3R] R A JB kS ) 9
HAUE AR E A A BRAE HI® AR, Bl A Ml i b 2y
BEBFFE TR, BOK # Z2 ) BF 5T 1R 52 VIP/PACAP &
SR RE AT P, ARG 52 SR AR YT
ITP HL i 7T BE 5 VIP/PACAP Sz Ho A 5 1) 7 18 4 328 A
KRB o A AT AH G 52 56 28 WF 580 X — R
P AR ARAE o Ry 3 UE A2 AR B, AN BIF 5 o A2 1
ITP £ R/NBL, LA VIP \ PACAP 4 53 i 38 G 28 3 1 Ay
FL, MEITP K /L5 VIP \PACAP F ik 7K - K Ji i
BB I U B AH G, ARG /)N B % MBS U L &4 Ak L2 4
JiL P53 2 1 28 b L A O T AR R A, A ] 2L
HOVIP, PACAP 1 % 4, DL KB BE Py T3 K
(Interferon—-y, IFN-vy) | 41 i £ & -4 (Interleukin—
4, 1L-4) . A 4 i/ % -10 (Interleukin-10, IL-10) . 4
A % -17A (Interleukin—17A, TL-17A) /K F , #it
S I RATR YT TP (V8 AEVE B o

1 RS

SNrer L)

SPF 2% BALB/c /R, 28 H, Wi Il 452 1A 18~
22 o, 8 G, WA T2 R K FL WY b, T
B R (specific pathogen free, SPF) 2 5 I %
IVC B HP AR 3% , %530 20 ~ 25 °C, AR 509% ~
60% . WKEL, 10 2 i, 3 7§, (8 240 ~ 250 ¢, )
T2 K Ei SEI s W) SR Y, T 8 PR B R
F&, 2 20 ~ 25 °C, MR 50% ~ 60% , 521 54
A PR AT IE S - SCXK (B2 ) 2012-001, T SPF 2% 52 56
F SR, LY A AT IE S SCXK (B ) 2014~
002 , 52 56 sh W) fifi FH/F AT HIES- : SYXK (B2 ) 2017-004

intestinal  peptide,

1.1

A G 25 B V4 48 VY 22 15 2 Bt s A0 38 25 51 25 A AL
(/S BRI 5 . XYLS2019069 )
1.2 EFEHYIAF5NE

SR AN (L BT T A AR R e A R A D
A .1 g, L5 . 28778) o 5¢ 4 [K Ak 7 (Sigma-
Aldrich, £ [ , it 5 : SLBF2619V ) , A 5¢ 42 3 [C Ak 771
(Sigma—Aldrich, 32 [E , #it 5 : SLBH7317V ) , W iR +h 2%
1% Wi (phosphate buffered saline, PBS) (b 5% H1 2 45
WA EARA R A A #LS  ZL1-9062) , /N F VIP
I A 93 T B 328 56 (enzyme linked immunosorbent assay,
ELISA ) 6 W32 550 &0 (1 v g 10¢ A= P Bk 2 A BR A W)
5 :mlo01911) , 7N L PACAP ELISA K57 & (
Vg i K R W) BB RN AL 445 - ml002234) |, /N R
IFN-vy ELISA 6 9328 7 &7 (Proteintech Group, £ H,
#t 5 . KE10001) , /) B IL-4 ELISA # i iz 77 &
(Proteintech Group, 3 [E , it 5 : KE10010) , /N 1L-10
ELISA # i i 57 & (Proteintech Group, EH,HS .
KE10008) , /I Bl IL-17A ELISA # il i #| &
(Proteintech Group, EH,H#5 :KE10020) , DAPI 4 {7,
W (AL 50 F5 AR AE W R A FR 2 | L 4iE45 DA0001) ; %
Pt P53 2 v BEPT AR (2T B 1 28 we A B A BR A
A] L 4IE5 A3185) , L EHT e AR (At iz &t 2B
Y AR A BR A | L 45 SP-9001 ) , #e 4 %! DAB i 7
Gt EemAEMHEARERA A, #S
K135925C) , TUNEL i 7 & (Roche Group , i1, it %5
11684795910) .
Tl v O AL O i R U SRS T 3 2 A R
, S D H1650-W) , 42 i A A (6 [E FE 3R |
BHE AT, S Multiskan GO no. 51119300) , 4> [ 3l
B IE 53 A A (A6 5038 B B AR A IR F] L S
XFA6130) , TSJ- [T #1 4= [ 8l & A LA UK AL (rh
] T R R AT BR A R ), BM- T R 44
BIL R MBI g f A8 ), PHY =TI 76455 B 21 41
BEHEACC M g AR A BR A )
Pannoramic 250 B4 571 i H AL (B g 15 R
AR, TDZ4-WS 2 5 AR 250 AL (K VP RAY
B UL A B ), BA400 VB = H 345 2
B8 (BRI 22 v Wit S0l 45 AT A7 BR 23 &), Multiskan GO
4 0 K AR Y (3E [E Thermo Fisher 23 ] ) , eytoflex
AU A 4B A (€ [E Beckman 23 7] ) .
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S HT A 28 L BALB/e /N FUH B 18 H R i ik B
(N7 3 o = e 11 s IV UL 1 AN % 4 G £
HEL /N AT B8R X T 43 A i B AL 40 4, 43 51
IEHY ., BRYL . SR, Hde R/, BRIE
HEAN, A P A /N BUEE T K BT /0N Bt /N AR o
I APS VE 5 & ) e v ITP BE RN, AP BR
o ORI 4y 10 H BALB/c /)N BURR BRI SE 4 1, B
BB O (CF R 1100 t/min 5.0 10 min, 3 000 r/min &5
> 10 min, B02EAE 6 em) 15 2 /M, ] PBS %
W BE 2 2.5 x 10° A /mL, 43 5 45 o 58 42 3 [ 4K 7
AR 58 2 85 [UAE FNR SR DL, T80 52 i JF 4
T ot gk IR R PR TIKEUR % . 5 8T,
W5, At mL; 00 TERAEHISE 1.2.4 4
iz 1R A TR B AN 5 a5 B0 S N 8 4 b AR R T
Ji o AR A A AR S TR A BRC IESBOAS e 88 4 il 29
L CH 1000 t/min 250 10 min, 25072 6 em) B
B, B IK BB/ B R I (GP-APS) o
B F 56 COKIE 30 min K G #MA, A5 & BALB/c /)N
FRET A MM Bt 2= 2 9k, fe e P A BRER K AR B AR 1 -
AL APS F5 Hl o ZJ5 BRIE 8 2414 100 p1/20 ¢ 5l i
T S A BRER K AL, AR P4 4% 100 wL/20 g
)£ B H ] 2 0s BRUSEJEE PR TE SR APS A T O 2 S
SO, JLYR IR 8 UK. MRE G IR 2 5 A HE R bR vfES
) RS R S O D o APS I VE 4% % E
(optical density, OD)F-J°4 0.300, =5 [14L OD {EF
Y1k 0163, MEL 245, BRI H R
1.4 YBHFHE

B8 R Ml M) 5, LA HIFIRA 2.
R b B BN H 0 SR I /AR e > 12T B R A
POPE Al FWE B BT IR 7 TP Gl 3 47 1
gy, AIEFIR RS 1 me/(kg-d) . $&ME AR 25 &
ARG EA N, A 0.1 mL/10 g (K254
HEE T, 1kd, G258 d, IEWA., BRI
T A ELER K 5 BRI P AL 45 T 5 Y AL R 2 mg/mL
B et
1.5 $EHRKEN 57 %
1.51 A @83t o puem ot d 4 0T
TS APSHT EST RS 4 K LB S K (A HE
1R) LB 12 R(BAHSR) CERE 15 K (4
25558 K ), &4l 6 H/NER 4 il B kB , R FH 4>

FI 3l L8 05 [ 0 A ASCAGE I A ) ot /AR

1.5.2  ELISA # M| i 20 2% . % % B o 75 F VIP.
PACAP 4% (DipAHl s . LKL R, S

/NG, U, 252 s bkain, PBS whik
Wi 5B Sy, He s 9 Hlhin A Ti¥s 1) PBS B
A1 . G5 AH S, 4 CES.C, 5 000 r/min, 15 min,
WA BVEWR . PRAF R A DUTE IR B, FRIRE L
WA LMW . @KW Dy ik H BN BRVIP f
PACAP ELISA #2500 & 8 FH 30 W 4520 3%, i XL
PO e 0 15 W A AR N BRI 2 2L 25 i K it i
HHVIP, PACAP K F. F4li iy /NE VIP, PACAP
ST N T L D £ 1 N € S 5 K )
AL R i A VIP. PACAP, 5 HRP #RiCHY
VIP. PACAPHUIARZS A, BRI BT - B bR P A
BEY, WK VeSS ncY TMB & . TMB
7E HRP f AL T 354k i 6, JFFERIERT
Ak B B W B R I A R R R B P Y VIP
PACAP KPS IEAH G o HE AR AL 7E 450 nm P KT
W€ OD A, 38 Ao A o il 22 3 584 o vp /)N B 241
AU 45 Kl i e VIP . PACAP % .

1.5.3  ELISA #il B2 #k & fm i A8 55 4m i B F & ik
ObrA il g . LIEE T, A9 /MR, Bl
HE1, PBS LML ZY, 4 1:9 H B A T4 1 PBS
WA AL, 4 °CF 5 000 t/min &> 15 min,
WS M ZH AR - IE W . DR AT AR rh A TUETE
PR B OISR I . QR 71 e B IFN—y [ IL—4 |
1L-10. 1L-17A ELISA £ 3 7] & (6 B3 45, h
FH OB AR e o 5 6 DU s A% vl /0 BB O oy TFN=y
IL-4. IL-10, IL-17A 7K. 41k r9 /N IFN- |
IL-4. IL-10. IL-17A HiAR G w AL AR , il A [ AH
oA, A B BT L TP K O A TFN =y (114
IL-10, IL-17A, F§ 5 HRP #5ic /) IFN-vy, IL-4,
IL-10. IL-17A$UAREE &, T SbTiR -0 5 - B bn 41
w2 EY, W IE V%S g Y TMB & @
TMB 7 HRP i i fi fb T # Ak b it , IR 7E R 1
FHF ¥ Ak i e 20 0 B 68 o 7068 9 TR TR FRE o v 11
IFN—y . IL-4, IL-10, IL-17A K ESFEAHE .
FRACAE 450 nm P T I0 2 ODE, 3l i A i th 231
SARE SN UL b IFN—y . TIL-4 . IL-10. IL-17A

HHKF
154  HREALZALFELEMNG R IR LEHRE 80

P53k @ gk /NS 23 B G B AR IO I 45 4
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21, 4% Z R EEREE . [BE HA LA H KL
oK, MR, PIh, BiS; PBSUE3 SN AR
15 IR 6 28 vl AT P 2, B S R N LU SE 13
HEAT 3] 20 min; H IT—HL R EE 1:50) ,4 Cid 7 ;
WA R ST (K1 :200), 37 CHATHE
30 min; PBSPEWE 3 UK, M A DAB & o5 ZE18 K o
Ve, MHGAKERES Y, Bk, THERERE R
BT WA T EMECR A, TR EMR A OD fH AN
AR, Tk R 724 OD L.
155  JRAL K 3H#H A5 B4R T % (TUNEL ) 4 B & B2
Hesmemian g Rk AL R
K, HFFERMILIESE S min, K5 PBSTE3IK;
AL H] TUNEL R B (A : B =1:30), 37 CHF
B 1h; PBSUE3 WIS M DAPI A% 15 min, PBS ik
Je, HIMA R E A, B A 20 CUKR R HRTT s
Ja R BCE U R A T R S, IR E &
By oD MR, HEMEET- T (e
TR =4 FREME 1 OD {H /18 A2 x 100% ) .
1.6 Sit=FHiE

Bt o0 % FH SPSS 26.0 e it 4k 4k . Ok
DI + b2 (xxs) Fon, HWERHBHEE £

el EE W E TR o E S, IR E A
LSD-: Ko %, P<0.05 N 2ZRA 5= L,

2 #R

21 INBR—RETER

IEH /NN R, BE65, B ;
R 20 % 3 B A AL VR B APS TR 5 4 K, /N RUR N R
B, RETA, WSS BRI LR 8 K, A
RIS SR E AR T IE R4, ke R
TR, KRB MENL ., LR 15K, mMHA
ST HE, NRIKEEAKE RN, £
RIS, B S R
2.2 ANEIMm/NRITE L

LU AN ST APS T HERTR SR 4 KL K
BESR(AAHE1IR) LRE 12 RAHHESK) .
S 15 K (L2555 8 K) N [l B[] A Ay &1 J] i /)
Mot B, SR B 2 W e h 19 5 22508, 45 R
A [F] Bsf 1] 2550 F i /A T i 25 5% (F =20.618,
P =0.000) ; @3 41 5F & i /N AR I ECAE 25 5 (F =
59.621, P =0.000) ; @3 £H & J& it /I b 45 i st 7] 2
fhah 25 (F=7.072,P=0.000), WFEI1MEI1,

®1 EEHERAFRHMARERESHME MR (1=6, x10/L, x+5)

45 TEST APS ERH 4R B e RPN SERER 12K B e RPN
IEH 4 366.83 +50.67 379.67 +39.40 361.17 +43.75 371.83 +£45.30 357.50 +44.02
FREIRIZH 367.83 +46.42 228.50 + 51.64 175.33 +35.60 179.67 + 61.55 181.33 +47.56
TRATAALL 367.50 + 48.22 229.17 +40.31 178.00 + 50.65 260.00 + 45.59 288.33 +40.37
g — i LM I 205tk L 20 M PR S A TE AL M
< o | S L. RN 3 2L/ B 2R MK 1 2 i 1L 40 Ps 3
x — MR 1 % 3k KT 4 318 (0208 £0.009) | (0.252
B 0 0.028) . (0.219+0.025), ZJ5 %4007, 25H Gt
gzm EESL(F=3.834,P=0015)., SIE#ALE, B

1 2 3 4 5
L: RS APSHI; 2: FES RS 4 K5 3: 50058 8 K5 4: LI 12
K 5L 15K,
B1  FENRIMNE MR B R E

23 MRENRESEHEMEPS3ERRIZNTN

SR A AR, /N U B 23 B I 2R O L 2
ML, R fe AU 1k LB I &% IRk 12 45 i 12
A0 P53 2 AR IA Y AR L s TUNEL i AG I/ U 3

ZH /N BRI 2R T O EEL 45 06 B 40 it PS3 R 1 R A T
(P<0.05), IEH ., BB | SRAFAL 3 4/
F Mk A0 M R T R 4 G R (0.67 £0.43)%
(21.69+5.38)% . (556 +2.07)%, 49570, 2
SR G E L (F=65.107, P=0.000); #fx%4
MR R EAEE TR TIEFH (P<
0.05); SEARIZ AL, WGP ALANH IR T 5% T %
(P<0.05) . 421/ P53 7 22 M5k 0 45 W 1ol 4% ik
N, B MR A, KR A6, FHMEgE R
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WODARE M, PS3MHME Y R EAMMEE . PR AR B AL, ER AR L. IEE
20 B ST B A MR BT o TR R 2 PR R AR A, LT R LR T A A0 A A 2 T D0 — s B
BERVZH [AVE =Y R B L, MBI gupe, smaoRsgial WA RE T a0 (WK 3) .
BRI (LR 2) o 45 2H /0N Bk B2 40 i 0 1 P 4%

sy SR
BP0 S RS 2 1, PRI 2 5 b i 2 (BB TSk TR )
2 HBHPMRPSIFGRBEHELERHESR (x400)

IEH 4L HEAIZH SR AP
EFAMECT ) Wr-gn )
3 FBAMRHKEHMEATES (TUNEL X 400)

2.4 fN.%5P7. . MiFH VIP.PACAP LL% *3 &R &8 MiEH PACAP RikKFELE
R, BURAL . 3R IORAAL 3 4D BUR . % (n =6, pg/ml, x5)

W . I S VIP . PACAP Rk KT B, & 257 415 fiti 45 L3
Mr, Z2R¥HGEIT¥EL(P<0.05). SIEW4L EHA 4523 +3.74 3153283 42514361
By, BERUZHNEN . S50 . iE S VIP . PACAP 7K AR ZH 22933437 11.87+2567  16.26 +4.54"7
TR (P <0.05); SEIRIL LR, B8P/ SR RAL 3205£230%  20.69+297% 2026241
Eﬂﬂ@ R %% . Iﬂl‘?%a EF' VIP 7J(E|Zigﬂf% (P <0.05) ; F{H 72.964 74.655 91.164
B AR AL/ UG . 45 th PACAP KT b (P< PIH 0.000 0.000 0.000
0.05), {F 3 ) Fis 41 /1N BRI T PACAP 7K - 15 64 80 41 t: (DERALE. P 0.05; DERRHKE, P <0.05.

rs (S R Y T i, N N
i, ZR L8 FE X (P>0.05), WE2. 3 05 & uNERERE S R E Tk T b

£2 BHANRE. G ED VIPRIAKFELLER SCHGEE S ELISA K 25 R o, IEH 4.
(16, pg/ml.. xs) T A A A/ BURLE T TEN—y . T4, IL-10.
415 T 7 1 IL-17A K W, 20 2200 M, =R ¥ A Gt
EHA 28.75 3.58 1640 £2.49  13.82+1.95 B (P<0.05). 5IE % ¢ bk, 4w 20 6k op
FERIZH 12.08 + 1.827 8.67+1417  864+1.13"Y .
N / N IFN—y . IL-17AKF ¥ FHE (P <0.05), 1L-4, IL-
SR AP 22.30 +3.16% 13.56 £ 1.48%  11.57 £ 1.62%
NS =y =1 T A AN
Pl Py 6511 15,706 10 KR RE (P<0.05); SHBIRIA LA, 58 AgHS
P 0.000 0.000 0.000 ZH L ME T IFN=y . IL-17A KB FBE (P <0.05) ,
T DIERALILES, P <0.05; @ SHR4] HA%, P <0.05. IL-4. IL-10 KF3 EF (P<0.05). W4,
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5521 W B, 4 JET VIP/PACAP A S A8 G5 SR8 A JAFRIT 0 AR TAT T S ie M /IR A RE AR 2857 #L
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