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[Abstract] Objective: To explore the effect of oleanolic acid (OA) on water metabolism in mice with

water-dampness retention caused by spleen deficiency and the mechanism. Method: The 60 SPF Kunming
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(KM) mice were randomized into blank group (n=10) and modeling group (#=50). Through long-term living in
damp place and irregular diet, water-dampness retention caused by spleen deficiency was induced in modeling
mice. Then the model mice were randomly classified into model group, natural recovery group, and low-dose,
medium-dose, and high-dose OA groups. The mice in the blank group, model group, and natural recovery group
were given (ig) 10 mL-kg'+d"' normal saline, and mice in the low-dose, medium-dose, and high-dose OA
groups received 50, 100, 200 mg-kg'-d' OA, respectively. The intervention lasted 7 days. Before and after
modeling and administration, the general conditions of the mice were observed and body weight of mice was
measured. The water content in feces and tissues was detected with the oven-drying method, and water load
index and organ coefficient were measured with the weighing method. Enzyme-linked immunosorbent assay
(ELISA) was employed to detect the urinary D-xylose excretion, serum gastrin (GAS) , total protein (TP),
albumin (ALB), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C) , interleukin-6 (IL-6) , antidiuretic hormone (AVP) , aquaporin 1 (AQP1) in renal
medulla, and liver Na'-K'-ATPase. At the same time, OA was docked with ALB, IL-6, AQP1, and Na'-K'-
ATPase. Result: Compared with the blank group, the model group showed withered hair, emaciation,
laziness, bradykinesia, slow weight growth, infrequent spontaneous activities, high water content in feces and
tissues, low weight loss after water loading, high coefficient of each organ (P<0.05, P<0.01). Moreover, the
model group had less urinary D-xylose excretion, lower serum levels of GAS, TP, ALB, and HDL-C, higher
levels of TC, LDL-C, AVP, and IL-6, lower expression of Na'-K'-ATPase in the liver, and higher expression of
AQP1 in renal medulla than the blank group (P<0.05, P<0.01). The three OA groups demonstrated better
general conditions, faster weight gain, more frequent spontaneous activities, lower water content in feces and
tissues, larger weight loss after water loading, and lower coefficient of each organ than the model group (P<
0.05, P<0.01). Moreover, compared with the model group, the three OA groups had high D-xylose excretion,
high serum levels of GAS, TP, ALB, and HDL-C, low serum levels of TC, LDL-C, AVP, and IL-6, high
expression of Na™-K*-ATPase in liver, and low expression of AQP1 in renal medulla (P<0.05, P<0.01). The
recovery in each OA group was better than that in natural recovery group. Molecular docking results also
confirmed that OA had high binding affinity with ALB, IL-6, AQP1, and Na'-K'-ATPase. Conclusion: OA can
alleviate the abnormal water metabolism in mice with water-dampness retention caused by spleen deficiency,
which lays a basis for its potential clinical application.
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Table 1 Effect of modeling on body weight gain in mice (x+s) g
4151 n 1d 5d 10d 15d 20d
4l 10 21.21+1.40 24.89+2.20 27.78+1.93 30.53+2.25 30.62+2.48
TR 41 50 20.84+0.93 21.53+1.21% 22.37+1.47" 26.38+1.26 24.40+0.86%
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Table 2 Effect of OA administration on body weight gain in mice
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Table 3 Effect of OA on autonomous activity, fecal and tissue water content of mice (x+s,7=10)

41 51 Fl /g kg 7 5% SRR F AU K% LK%
2 H4 96.13+20.85 50.75+2.71 57.26+2.70
e 57.63+11.25” 78.90+3.85% 68.52+8.57%
SR/ F-K 74.00+£15.58 58.56+2.20 63.72+2.20
OA LI 4 50 95.50+16.47" 48.71+3.77% 60.23+3.41%
OA Il it 41 100 95.25+18.98" 59.57+4.10" 60.05+3.17
OA & Il it 41 200 94.63+18.75" 60.68+4.30" 58.16+2.21%

.80.



%29 5 4 REXEGTHFERE Vol. 29.No. 4
20234E2 H Chinese Journal of Experimental Traditional Medical Formulae Feb. ,2023
x4 OAXMNRAKGHEERETHENFI (X+5,2=10)
Table 4 Effect of OA on weight loss of mice (x+s5,n=10) g
ZH 51 F 4 /g kg 0~1h 1~2h 2~4 h 4~6 h it
ZFHA 1.10+0.19 0.62+0.21 0.42+0.17 0.40+0.14 2.53+0.44
HERIZH 0.86+0.08" 0.39+0.11" 0.31+0.11 0.26+0.09" 1.82+0.16”
1SR 52 21 0.88+0.35 0.49+0.15 0.29+0.06 0.34+0.15 1.99+0.38
OA IR 4 50 1.08+0.13 0.49+0.22 0.58+0.27" 0.45+0.12Y 2.60+0.33Y
OA I 4 100 1.10+0.26> 0.59+0.18 0.43+0.11 0.29+0.06 2.40+0.43Y
OA 7 4l 200 0.98+0.28 0.68+0.40% 0.50+0.16> 0.44+0.14" 2.61+0.39Y
3.5 XU/NEAESE RE I B A ] BLOAKS AN & NESS R W EFFEAL, 2R H

Ja s 5 S EAL TR R 2 A DR A AR RO A A [
JETHR, 26 5 A G 3 L (P<0.01) ; 5EE L4 1L

F*5 OAX/NRBESREREMFM (x+s5,n=10)

H 41125 L (P<0.05,P<0.01), B & 508 WAL T
HARRIZ A, WS,

Table 5 Effect of OA on changes of organ coefficients of mice (x£s,n=10)

415 Flt/g-kg! L JF i e Jii e B e
S HUA 52.61+5.49 452.64+29.92 28.54+4.28 72.39+5.58 127.35+23.20
R TR 4] 65.44+5.60% 586.10+32.70 40.87+7.21% 105.43+6.40% 169.31+14.15>
SR A 21 61.46%7.77 519.11+35.92 35.03+5.40 99.95+3.59% 157.02421.13
OA 5 441 50 50.78+3.55" 469.74+37.89" 28.31+2.63" 81.54+11.77" 127.42+12.27Y
OA Pl ik 4 100 58.16+2.87" 470.76+20.89" 30.37+6.18" 77.48+8.77" 143.44+23.58
OA 141 200 58.03+4.45" 464.78+34.96" 28.25+6.67" 80.79+5.51" 138.86+27.30"

3.6 XF PR D-AHE HE it it 55 0 W GAS & i 1 5 i
Hoas a4/ BRUR T T D-AOBE S i 5 1l
5 GAS & 5 35 W AL (P<0.01) . SHIAIA 4L,
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0.01), Hel B RO M T A AR E 4 ; OA K L
4117 GAS & & B B JF & (P<0.05, P<0.01) .
W6,
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Table 6 Effect of OA on urinary D-xylose excretion and serum

GAS of mice (x+s,n=10)

215 /g kg R D-ARHEM R/ mg  GAS/pg-L”
sk 19.84+2.51 85.84+8.79
R 41 13.18+0.87> 65.63+5.07%
ERSUS-K 14.48+1.81” 66.87+7.08%
OA Ik &4l 50 17.23+2.21% 73.31+5.70%
OA "h I &4 100 14.44+1.85 75.57+3.25%
OA B Ml &4l 200 12.91+1.06 66.99+5.25

3.7 %I A AR A8 A5 5 IE Na™-K-ATP i i 5% i)

Ha g g B4 /N B TP ALB .HDL-C /K
S H7 R 5 A (P<0.05, P<0.01) , TC .LDL-C 7K - 1]
8 F+ 1 (P<0.05,P<0.01) . SHEIRIZ LE, OA (K

20 4548 bR 3 B k3 (P<0.05, P<0.01) ;0A 5
Ht 41 HDL-C 7K °F 5. % F+ % (P<0.01) , TC .LDL-C
K- 3 B AR (P<0.01) ; OA 75 ) &8 41 TC \LDL-C
B 7K S B i B AIR (P<0.05, P<0.01) . 525 14 %L,
FLRVZH 1) Na'-K'-ATP i 7 f i 2 FE R (P<0.01); 5
BRI ZH L85, OA IR L /&5 7 Jat 4 1) Na'-K'-ATP i 3 W]
WTHRE (P<0.05), W17,
3.8 XTiiE AVP 5 B 88 AQP1 fys¥my 575 (4l
B, A5 Y 41 ) I T AVP FIEF B8 AQP1 Y & w1
E b (P<0.01) 3 5 BIRLZ] L #, OA IR | =i A7) i 4
AVP & 5 3 i 3 AR (P<0.01) , OA MK . & ) &=
20 AQP1 & I 3 PR IK (P<0.05,P<0.01) ., L3 8.
3.9 XP/NEUIMLYE IL-6 BY52 525 A T B
ZH /N B Y TL-6 Y &5 & 35 T (P<0.01) 5 5 1 AU 24
oA, OA G . 5 77 42 21 19 TL-6 7 & 24 B 3 FAIC (P<
0.05). W39,
3.10 g3 TR HESS R k48 A5 ALBLIL-6,
AQP1 Jz Na'-K'-ATP filf 5 OA X # 45 & 6& 7 %I
H-11.9.-7.8.-7.3.-8.9 kcal-mol' (1 cal=4.1861J) , 4
MHEHE OA M4 4 HE ¥ <-7.0 kcal-mol ", iX Uit B4
OA 54N HARMALE G WM. X2 i
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F£7 OAXNMRIMEENWIEIRREAFAE Na™-K-ATP B M (x£5,n=10)

Table 7 Effect of OA on serum biochemical index and Na*-K"-ATPase in liver of mice (x+s,n=10)

13 ) TP ALB TC HDL-C LDL-C Na'-K'-ATPase
ZH 0!

/g kg’ /g-L! /g-L! /mmol-L" /mmol-L" /mmol-L" /mol-L"!
EEEi 49.21+7.88 29.69+1.75 13.21+3.87 2.24+0.10 6.37+0.67 22.46+1.39
IR 2 38.70+7.01% 25.37+2.84" 15.49+1.08" 1.76+0.10” 7.39+0.36 17.87+0.53%
SRS /- 40.70+4.90 27.55+6.02 14.84+1.20 1.81+0.10 6.61+0.64% 17.4142.16
OA IR 21 50 45.09+6.27> 31.50+2.07% 12.78+2.27% 2.16+0.12Y 6.48+0.84" 19.34+1.16%
OA I 21 100 42.56+3.68 29.64+5.05 12.31£2.019 2.14+0.17Y 5.85+0.37 18.3240.91
OA &l 21 200 44.55+4.38 29.07+2.79 12.70+1.00% 1.87+0.06 6.43+0.97" 19.50+1.00%

#=8 OAX/MNRMEAVP 558 AQP1IHFIE (¥+s,n=10)

Table 8 Effect of OA on serum AVP and renal medulla AQP1 of

mice (x+s5,n=10)

21 5 Flh/g-kg'  AVP/mg-L’ AQP1/pg-L"
e 59.69+5.11 7.93+0.80
R 2 67.85+8.24% 9.36+0.91”
F SR A 21 64.13+4.21 8.73+0.69
OA K i 4 50 57.13+3.90" 8.03+0.81%
OA il it 4l 100 65.58+3.32 8.16+0.60"
OA = il i 4 200 59.60+4.12% 8.26+1.13%

£9 OAXP/NRIME IL-6 ISME (X+s5,n=10)
Table 9 Effect of OA on serum IL-6 of mice (x+s,7=10)

215 il /g kg IL-6/ng-L"!
Rk 107.14+11.57
R 4] 120.78+15.40”
ER R /3-K 110.96+8.06
OA KA &4 50 99.17+7.20%
OA Th il &4l 100 106.53+6.37
OA &l 41 200 96.82+7.00°
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£ :A.ALB;B.AQP1;C.IL-6;D.Na'-K"-ATPase
E1 HFNEER
Fig. 1 Molecular docking results
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