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Abstract: Objective: This study evaluated the efficacy of donkey-hide gelatin (Ejiao) in alleviating microcirculatory disor-
ders in mice and explored its underlying mechanisms. Methods: Female ICR mice were randomly divided into four groups:
Healthy control, model, Ejiao mid-dose (1.5 g/kg), and Ejiao high-dose (3 g/kg). A microcirculatory disorder model was
established by injecting dextran into the tail vein. Real-time blood perfusion in the auricles was continuously monitored
using a laser speckle flowmetry system. The number of functional capillaries was assessed under a stereomicroscope, and
hemorheological parameters were quantified using a hemorheometer. Enzyme-linked immunosorbent assay was used to
measure levels of vascular activity- and metabolism-related factors, neurotransmitters, hormones, and inflammatory
cytokines to elucidate the potential mechanisms. Additionally, histopathological changes in the liver and kidneys were as-
sessed. Results: In the mid-dose Ejiao group, auricular blood perfusion levels at 15 and 30 minutes increased significantly
by 36.76% and 36.02%, respectively, compared to that at baseline (0 min) (P<0.01). Furthermore, at 30 minutes, both the
mid- and high-dose Ejiao groups exhibited significant increases in the number of open capillaries by 34.61% and 38.46%,
respectively, compared to that in the model group (P<0.01). Hemorheological analysis revealed that the model group had
significantly elevated levels of whole-blood and plasma viscosity, hematocrit, and fibrinogen (P<0.05 or P<0.01), along
with a reduced erythrocyte sedimentation rate (P<0.05). In contrast, the mid-dose Ejiao group showed significant improve-
ment in these parameters (P<0.05). Both mid- and high-dose Ejiao treatments significantly decreased the level of plasmino-
gen activator inhibitor-1 (PAI-1) (P<0.01) and markedly increased the level of 6-keto-prostaglandin Fla, a stable metabo-
lite of prostacyclin (P<0.05), compared to that in the model group, suggesting a potential role of Ejiao in modulating vascu-
lar function. Additionally, both Ejiao-treated groups showed increased levels of Ca’*/Mg”* ATPase and cyclic guanosine
monophosphate, indicating that Ejiao might alleviate microcirculatory disorders by enhancing energy metabolism. The
levels of the neurotransmitters acetylcholine and norepinephrine, as well as the hormones estradiol and luteinizing
hormone, were closer to those of the healthy group in Ejiao-treated mice, indicating regulatory effects on neuroendocrine
imbalances. Inflammatory factor analysis demonstrated that mid-dose Ejiao significantly reduced the levels of tumor
necrosis factor-a and interleukin-14 (P<0.05), thereby mitigating inflammation associated with microcirculatory disorders.
Histopathological observations further confirmed that Ejiao treatment alleviated tissue damage and promoted structural
recovery in the liver and kidneys. Conclusion: Mid-dose Ejiao effectively alleviated microcirculatory disorders by modulat-
ing vascular activity, correcting metabolic imbalances, restoring neuroendocrine homeostasis, and suppressing
inflammatory responses. These findings provide strong scientific evidence supporting the therapeutic potential of Ejiao
for the treatment of microcirculatory disorders.
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Fig.1 Effect of Ejiao on body weight changes in mice with
microcirculation disorders
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Fig.2 Effect of Ejiao on blood perfusion in mice with

microcirculation disorders
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Table 2  Effect of Ejiao on blood rheology in mice with
microcirculation disorders
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0 HIEW4IAH L, *P<0.05, **P<0.01; SHEIZHAH L, #P<0.05,

2.5 PIRHMIEEARERS /)RR IS E M E F IR
M4 N B2 2B KB T (VEGF) 8.2 5 4521 il
PR RAE I SE R, HA R 145 W i T
Jin . A T AR, SAE P E A 2 S s R S i
VEGF 5 i,; PAI-1 4RI 41 % Bl IR 30 A il 4 -
1, HOK ST ] S8 T 4E 88 A is R REAIS, Ay
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Table 3  Effect of Ejiao on vasoactive factors in mice with microcirculation disorders

T H 45k IEHH T2 bl e 72
VEGF(ng/L) 1364.14+206.34 1455.38+206.57 1328.52+204.47 1364.36+303.67
PAI-1(pg/mL) 793.14+52.37 852.95+48.74" 771.88+42.02* 782.27+51.91%

ET(ng/L) 393.83+32.03 427.89+43.91° 422.59+29.07 445.93+41.50
TXB2(ng/L) 373.27+63.13 426.30+57.32° 419.88+67.65 402.15+61.82

6-keto-PGFla(pg/mL) 180.30+14.15
TXB2/6-keto-PGFla 2.08+0.38

161.51+14.57"
2.63+0.55™

187.37+25.87"
2.26+0.62

183.09+18.93"
2.34+0.34

i SIEW AL, *P<0.05, *¥P<0.01; SHRILH AL, #P<0.05, ##P<0.01,

S0 g I G 1 AE PN B2 2R (ET) J&—Fh 4 1 45 B+,
HIKF- 38 T2 S B S W s . R At 2 ;
TXB2(IMA R B2) M3 TXA2(MAMER A2) R
i r= ), AR 2E MU ICAE , T BUHE 2R S ; 6-keto-
PGFla &R ZE (PGL) MF R =%, = 514
19 A B A L F R A ST LA e g AR B
R, ELER M A RS A LT e b R B A
1 JH; TXB2/6-keto-PGFla L H FF & 5 T S 30l /)
MR | MUARTE W, SRR TG PR 2, 3k 3 mf
I, AR IR H 4H, AR Y P PAL-1. ET. TXB2.
TXB2/6-keto-PGF 1 o 7K 2 kT8 (P<0.01 8§ P<
0.05), 6-keto-PGF 1 o 7K -4 2P R (P<0.05), Bl
R A AR AR AR ZH T SRR AR PAT-1 KSF-
(P<0.01), BEIESY 5 9.50% F1 8.29%, Ji- i & MH:TT

= 6-keto-PGF la /K32 13.36%(P<0.05), X VEGF,

ET. TXB2. TXB2/6-keto-PGF 1o FNFETE— & B3 5%
RO, BTG EE2E 5 (P>0.05) . LI L 4h S50, ]
J62 AT 3 i BRI PAT-1 A2 TF 7 6-keto-PGFla 7K -k
G IS PN R DI RE, DTS iG A R
2.6 PARIHMIBIARERS /N R A B E F RIS

PGP AT, 125 H N L SRS T B A& A ek
A%, SRS B, IR RE R e, 2
FEUMEG AT T B GRS T B S IR
J&, B RERARIHERL, s | A2 BH, FEIC A fHY
W, FLIR A B 2, T ATP A= By /b, 4 B 1 i
Na'/K' ATPase. Ca?'/Mg*" ATPase &322 FNH|7,
HBERR AR T (cAMP) . FABEIZ 21 (cGMP ) 24U N
Z: 5987 W AN A A D RE ) Y I, TR
A AN AR B, 0 i B 11 - P T 405, cAMP 5 BRI
n, cGMP Zrimpdi/br¥, R 4 ATHN, H5IEE HAHL,
AR ZH /N FRA LT Ca® & i . Ca®>*/Mg™ ATPase i
P L B AR 18.50% FiT 77.27%(P<0.05, P<0.01),
cAMP i 2 PEFHE 8.02%(P<0.05), Ifl. KA I
FH#aF, Na'/K" ATPase 5 FFRAK 4 FY, (H1500 B 257
2£5(P>0.05) . SHERIZH AR L, Hr7RlEgd nT i 2Tt
= Ca>'/Mg®" ATPase Wity 2.25 £5(P<0.05), =77l
E2H A i EFRE cGMP BYHREE (P<0.01), B4l Fy
32.38%; Ak, BT e 2H A FH15 Na'/K™ ATPase i
PERRAT, I BRI AR B, T S v B 1 a4,
(B IC REM2EF(P>0.05) . DL 4550, BlikhE

R4 PP EAGER RGN U R 5
Table 4 Effect of Ejiao on metabolic factors in mice with mi-
crocirculation disorders

i H 44 5% IEH i R Sl N e

K*(pmol/mL) 8.29+0.79  9.42+1.33  8.5240.67 8.75+0.85
Ca*'(umol/mL) 55.07+7.48 44.88+6.63" 50.94+6.76 46.75+8.16
Na'/K" ATPase(U/mL) 4344298 1.80+£0.68 2.83+1.62 2.55+1.43

Ca*’/Mg*" ATP. .
e B 3304095 0.75£0.35" 1.69+40.16° 1.14+0.41

(U/mL)
cAMP(nmol/L)  103.12+7.26 111.39£9.65" 106.95+4.54 109.05+9.88
¢GMP(nmol/L)  39.63+5.43 38.23+3.94 44.19+5.60 50.61+9.48"

e HIEW A EL, *P<0.05, **P<0.01; SHAEIZHAH L, #P<0.05, ##P<0.01,

TE—E R UGS R K. Ca> 7K, K
& Na'/K" ATPase fll Ca**/Mg*" ATPase i 1, -8
cAMP Fll cGMP ZK3#4F1E &, M B2 5006 B0 5
it FIORE RIS H .
2.7 PR IABERS N FR AR S5 R R B R K S B
Al

ZEARGR(ACh) 2 —Fh it JiT, il 5 BAT &7 9K
IMAE BVEF, TG B BEASET, X A /e FH B RAR 19
IR E R AR AR R, XS] BE NS a2
FEfis., 2R FIRZR(NE) & —Fh a SZAK8sh7), (e
W4 ML, TERIE IR FEAS F, NE PRt —2 N
THAERBEATE 5T 3 BHMERLEE RBNE A AR D A,
AR FH T 0 A RE YRS P9 S AH i T RE, FelZa 28 B Lo
A PE B (E2) 7K S5 MR 5 A 6B i #4A
A ER (LH) AR IR WA — PR R IR, X4
PRI UL L B AR S 2 EH, AN RS 2
SE M PSR A A LR, SR THE LH B9 15 53 A s
RN, fER 5 ATAL AR T IE R A, BRI/ NEL ACh
1 NE & 7 45 25 M FH s 4.75% 1 18.90%(P<
0.05, P<0.01), BATJisz v 551 i 21 7T i 35 PR AR ACh K2
NE 7 1 (P<0.05) , &g 53 501 28 4.25% Fil 13.19%.
PRI 25 SR B, BT o g 70 2 T L G A
FE A7 2 A9 B2 7K R [ (P<0.05, P<0.01), 34 1E A
18.94% F11 29.19%, [FRTPFIEFIKE LH 2601
TEHAE(P<0.05) . LI 2553, Brfie ek a2 e
TEIHLH = — AT e am i A 24P ACh Fil NE 7K-5F
SRSZEL, [T fi /N BRMENZR E2 Fil LH # T 1ER 7K
S, BEm A S A AR
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Table 5 Effect of Ejiao on neurotransmitters and hormone levels in mice with microcirculation disorders
W H AR IEHA A2 rpi f=prilis e

ACh(pmol/L) 748.32484.43 783.83+65.45" 750.46+62.97" 778.06+65.45
NE(pg/mL) 184.78+12.00 219.70+18.48"" 190.73+13.65" 199.21422.92
E2(pmol/L) 298.54+38.80 250.24+46.26" 297.64+12.44" 323.28+36.99"
LH(pg/mL) 4297.22+423 47 4596.88+661.89" 4009.72+519.96" 4080.56+355.73

i SIEW AL, *P<0.05, *¥P<0.01; ‘SHRLH AL, #P<0.05, ##P<0.01,

2.8 PAREIHIEIARERS /N R A TEE F RIS

PEAEIR AT 0 AS TR TE T~ 40 18 5 T 7 1 75 33t
AN JE A T = i BREAS, iR M AaE A S i
T AR 280}, TR UELH U8R B KA SORE IV,
T HEIE SN AS B tH A B0 1) B R B L], —
FHIE BOEEIE IR . WFoT 2 BH 28 5iE 7 TNF-a. IL-
18 A5 S 1MAS PN A2 A 2R 3R R 43 (A ICAM-1 .,
VCAM-1), S 3 4l Can =P 40 . 2Rk 4 i)
Zoh B T 0014 R, i A T M S R SO, S S R Ak
B MBHAE, ST R G ER 1 it . 255 aniE s
N, SIEHE A L, BRI R SE R 7 TNF-a F1 IL-18
S e TR 8.73% Fll 23.76%(P<0.05, P<0.01),
Ui A TE AT HENH T T B i PG R B AR R T, /)N
ERAA P HH B — 2 R 3 S R g 5 SR ZH AH L, BT
FIEE4H 9 TNF-a F1 IL-18 04 & & B FEAK, BB R
3] i 2H fd TNF-a F1 IL-18 5 35 M F B 7.75% Fi
18.12%(P<0.05) . LA &% 52 15a A, BT ke mT 38 1< 410 il
SENE RN GBS
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Fig.5 Effect of Ejiao on inflammatory cytokines in mice with

microcirculation disorders
A *P<0.05, **P<0.01,

2.9 PR IEMRERS R R R IR F RIS
o 2L LA AL R, 4% L S B Y 2

wir OFF B L 8L BEBR R U ) $49 2R A2 B A IR P UL Fg
ML GAFIE S BB PRSI, AT a RE A it
22 B PHAT, SEACEHS R T W T, R WL
TERPIE NGB B SR, BE—2E s 1 AT am i ro 454550
I XL R UL A TS A B (18] 6): IEH 2/
BT/ N BRSSP SE B RS, AL
(6] 9 1A 51 T ml B, AR MAS SR Tak, IR A B/
LERAT PR B3GR, TR ST P G S Y I 2 A5
FRUZH /N BT DU 52 80 S B2 SOBRAE A, A2t A A8
THERALITCHY, S SO, PERESRRE R AR A B S 5
R ZH I 255 TR W LT, T/ N4t
SEEE, [RIREAR BT PN A LA 1S O, RIS PERAE
UNCEGENETE e
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Fig.6 Effect of Ejiao on pathological structures of liver
and kidney in mice with microcirculation disorders
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A WL AP KGO, BB NS SR Y L, oA
P IRFERIERGR ; BERILEL/ N BRI B R 50 AR I o ]
B, BT 25 A, i ELAERS S M) B X e, i HEUL
SRR JAE AR AT O0; 7R LA s SR 2L A
IINBREEAARXT SERE, (A FAERR BE A 2= VAR PR L (8] )5
RYEANIZE, BAME AR BUH Y 5 DA ESR
VW, AEERBEAT T, /)N B P H1 B B
AR, BRI XS PRI B U g B2 S5 R 31—
SERRE RO E R, DNIMTAESFIE # IEGR TIRE o
3 Wit54ie

ASWITFER R 8 DR S A e AL S T B e
itk IS BV RY,, BT FEAN [ L BT R X A BB A
R, S5 A B, Arssl T ] 2B 3TN R
- A ML R e A TB A ML TR, 35 LS
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RPN ZE R —3 . B ML & B, BTk
G PA R ARIE o 22 Yk BE PR R AR, S5 vy
MM THPER T (K PAI-1. 175 6-keto-PGFla) | 3
5 BE B A0 (T B Ca?*/Mg?" ATPase. Na'/K™ AT-
Pase N cGMP) | “PAfif i 25 - PN 433 (P85 ACh., NE,
E2. LH) . MR GE S (B TNF-o F1 IL-18), [A]
BsHARP B A . (AT A, AR T e A A
M HE A . B0 MU TT R S 2 L e bR R
i =5 WS | = WP W) e 3 i el N 1) sl RN
F RSB MR RS ARRE | st B a5 | UL
EPEYETT, D3 ah, dh R RERG MEVETE PAI-1/6-keto-
PGFla P15 2 cGMP {5538 i 1135 BE B0 , e g
i R I B SR AN T BEEEAL, 12
G 5 p 2 XUm A T AR B TR 7 A — 3R,
715 AT JE CAL S AT AN ) i AR e T A ik 5 28 4
PR

WrFE R, Z2Fhrp 24 sl 2 & R 2H 53 X g 20
FEA HLAT AT VE o B NP2 25 i 114 1953 7R AR 22 il 508
i FE 200 mg/kg/d F R AT A3 R0 A7 BENH T
PTG IR BEAT N, T2 IR PR IR ES A E A B X
R, 0t 245 ) e RS TV A R 14 T PR B FH 2450, 7E
100 mg/kg/d ¥ AT LA RUR A SHAAE B E
HAE VLR RGN AW EY T . SORE R s
BEIMTRESS, AL T Bl e IG5 AL
il 5 AR TR SIS, DR T BB 5 SRR R A AT AH
LR AR, AR AR A 2V E R 1.5 g/
kg/d, FR LR BB B AE S — PR G4, R HAEH
BB S3 1 AA S B SR A RN, DT E = F—zh
P ROFIE  MAAVE R, 1250 S e A H HERE R
AHE(3~9 g/d)PY —3, FORTEIZGIEL T, i FEHEA R
AERKINTEABTIRE, AT AE— 2 2B o8 R 6
o ASHRSEIERD T B AEAE B ST E TP L A5
S L, A T S ] e A G 25 BRI P o 2L T Sk ath,
[ s, Ay AL S AT PR B i A H S T B £ i 800 ) - 2
R FHEEAE T BRI

ASWIFGE A7 FE— 2 SRy B, — T SR FH PR /)N
FRF A PR AR IR, A AR /)N BRAEA 1 BEAUT
5, HEME /N B DY 3 K SPGB YA 93 38 AN [,
ISR i et gl /N BRI 28 32 T 8OCR A e SR IE P A
YERT AT B S MEM:/NBRAFAEZE 57 55— 7 I, AWF9ER
FHRF KA S A e BRI EE A TG PR B AR TR, & T
SRS ZEARRY, O P S22 A i 7 R
RIS E00 SO AT S I i AN 2, SR
H UL AR PRI PR TG B A R I i A A A e
SR PR D B IEAFTE I 3 25 57 . TEASRIISE
r, RIS TR /IS BREA 79256, Xt EBRT A X AR [H]
PERINEBAEER | 53 . A TE PR T A RERACIAY
Va2 5 [RIR T XA E ) e 5 S [RGB IpahE
FAAE R, TR PRI PSR PR RRENS: . il i PR fA)E B
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