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Abstract: Objective Exploring the therapeutic effect of Scrophularia ningpoensis aqueous extract (SNAE) on edema caused by
kidney yin deficiency in rats and its impact on substance and energy metabolism in the body. Methods Forty-eight male SD rats
were randomly divided into control group, Yin deficiency group, Yin deficiency recovery group, Yin deficiency edema group, SNAE
(2.7 g'kg™") group and furosemide (positive, 3.6 mg-kg™") group, with eight rats in each group. Except control group, which was
given 0.9% sodium chloride solution by ig, the other groups were ig given the mixture of thyroxine and rexepin injection intragastric

for 10 consecutive days to replicate the model of kidney-yin deficiency in rats. On the 11th day, the edema group, furosemide group
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and SNAE group were ip given puromycin aminonucleoside (PAN) solution to replicate the model of nephrogenic edema, and the
Yin deficiency recovery group and the control group were given 0.9% sodium chloride solution via ip. Administer ig once a day
starting from 12 days. On the day before sampling, fasting and uncontrollable hydration were performed for 12 hours. Administer ig
once a day starting from 12 days. The Yin deficiency group was sampled on the 11th day, while the other groups were sampled on
the 18th day. Taked kidney tissue for hematoxylin eosin (HE) staining and observed under light microscopy and transmission
electron microscopy for renal ultrastructural pathology. The automatic biochemical analyzer detected serum creatinine (Scr), urea
nitrogen (BUN), total protein (TP), plasma albumin (ALB), and urine protein (UP) levels. The kit method detected serum
testosterone (T), estradiol (E,), triiodothyronine (T,), thyroxine (T,) levels, as well as cyclic adenosine monophosphate (cAMP)/
cyclic guanosine monophosphate (cGMP) levels. Applied UPLC-Q-TOF-MS technology to analyze the urine of rats in each group,
screen potential biomarkers through multivariate statistical analysis, and combined with the human metabolomics database (HMDB)
to search and literature identification of important biomarkers. Imported the identified biomarkers into the Kyoto Encyclopedia of
Genes and Genomes database (KEGG) to speculate their possible metabolic pathways. Results The pathological results showed that
compared with the control group, Yin deficiency group, and Yin deficiency recovery group, the kidney pathological damage in the
Yin deficiency edema model group was more significant. Compared with the Yin deficiency edema group, SNAE and furosemide
had a significant improvement effect on the degree of pathological damage in model rats. In terms of pharmacodynamic indicators,
compared with the Yin deficiency edema model group, SNAE significantly downregulated the levels of Scr, BUN, and T, (P < 0.05),
and significantly upregulated the levels of T, E,, cAMP/cGMP, TP, and ALB (P < 0.05, 0.01). Metabolomics results showed that
SNAE can improve the deviation of metabolic trajectories in rats of various yin deficiency groups. By predicting changes in
metabolic products in rat urine, a total of 14 biomarkers were obtained that meet the requirements, including citric acid,
phosphoenolpyruvate, 6-phosphogluconic acid, uric acid, succinic acid, 2-isopropylmalic acid, etc. It involves 15 related metabolic
pathways, with key metabolic pathways mainly enriched in the tricarboxylic acid (TCA) cycle. Conclusion SNAE exerts therapeutic
effects on kidney yin deficiency and edema by regulating energy metabolism related pathways, such as nourishing yin and
promoting diuresis.
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urine metabolomics; pharmacodynamics indicators; tricarboxylic acid cycle
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1.7 pm) ; AR A B 0.4 mL-min™" s A3 25 °C s i )
AH:0.1% B R IE W (A)-0.1% B IR 2 5 W (B) s B
BEVEMGRE T L3 1. MS 644 L3 2.

*1 UPLCHE%MER
Table 1 UPLC gradient elution procedure

t/min PRFUAL L/ (mL-min™) A% B/%
0 0.4 98 2

8 0.4 60 40

10 0.4 2 98
12 0.4 98 2
15 0.4 98 2

xR2 MS%#H
Table 2 MS conditions

1 ESI* EST

IIHTAX W Mode W Mode

BYIE IRV 1300.0 1 500.0
RAEHER £V 40.0 70.0
Jt A 7R /oC 350.0 350.0
P/ C 110.0 110.0
HEREHE SRR E/(L-h D 20.0 20.0
Wi 7R SR AR B/ (L-h D 750.0 750.0
BT IR RV 35.0 34.0

AR 731 ot 55 100~1500  100~1 500

2.9 KERGHABERSIHNRHEEZ SR
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Fig.1 Photomicrographs of kidney tissue of rats in each

group (x200)
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Fig.2 Electron microscopic sections of renal tissues

[l AR B2 iy Bt SRR 3 pron , B R AL .
FF R Pk 52 20 1fi 3% Scr BUN 7K °F 5 5t J8 4 Th #%2
7o R R, R R B ORE IR K BRI 2D RE
HEASE®KRAREENZES, 'S Y E
E AR EThRE BA SRR i, 5B
BRI S Y S . S A H R B R
K i 5 A 40 ff) Ser« BUN 7K “F 35 & 2 TF & (P <
0.050.01) , 2 W B K 7K b A6 2 41 1) K B ) g
RAET B0 B s 5 B RE K R R A B
B, K FE K A1 SNAE ¥ 7] DL A% Ser . BUN /K °F &
#F [\l (P <0.05) , Jf H T IE# K.

SNAE 2.7 gkg™

%3 SNAE X XFRIM% Ser.BUN 7k F i 840 (xts, n=8)
Table 3 Effect of SNAE on serum Scr and BUN level in
rats (;:I:s,n=8)

s/ Ser/ BUN/
50

(g'kg™ (mmol- L™ (mmol-L™")

papiist — 26.1843.54 7.04+0.70

9 5 — 24.64+1.39 6.38+0.64

B 2 — 25.28+2.04 7.02+0.86

I i 7K e A 74 — 37.31+4.85"  12.85+3.25°
SNAE 2.7 29.61+3.33*  7.63+0.63*

US 3/ 3.6X107  28.64+2.99"  7.52+0.99"

5% AL - TP <<0.05 TP <<0.01 5 15 B Az K i B AL 4L LL
#:*P<0.05
"P<0.05 P <0.01 vs control group;*P < 0.05 vs nourishing Yin

and improving water model group

33 SNAE X AR IME T E, . T, T, & 5 80 £ 1

PN vk =l Nl T Y NG ER N S =
DN BEFE AR TV B, Ty T AE AR MR 52, FH K 15 B AL
PRI R UE 7 IRAS B FEAR Y, 25 SR WK 4. [FIRR2H B
WMEH T BT, T, 5 A B B EMZ R (P<
0.01), 3R I B R IERL Y 33804 2 S s ST IR L
5 IR K I B 20 T 2.2 R (P<0.05), T, B 3% I
W (P<0.0 ;s SRR L SNAEZA TN T JEbrK
PR ERIEP<0.05.0.0D. 45HEFE SNAENGHH K
PR B A HR I A hRE R i B S

%4 SNAEFARIME T E, T, T, 2K EHIBSM (xs,n=8)
Table 4 Effect of SNAE on serum T, E,, T, and T, level in rats (;:i:s,n=8)

2H 5 HF/(g-kg™ T/(ng-mL™") E,/(pg'mL™) Ty/(ng-mL™") T,/(ng-mL™")
papit — 63.36+5.60 9.03+0.26 1.74+0.09 70.41+6.73

[ K — 20.04+2.63" 16.94+1.37™ 4.54+0.28" 97.16+5.75"

[ K 2 — 34.89+4.29™ 17.30+0.40" 2.23+0.07" 92.38+3.39"

I K 7K i A 7R — 35.0243.68" 8.78+1.69 1.92+0.34 90.62+4.48"
SNAE 2.7 61.38+3.29" 10.85+1.53 2.06+0.21 68.48+4.81%
US ' F/S 3.6%107 24794231 14.50+2.74 1.26+0.13% 78.84+6.79

SR L - P<<0.01 5 15 B BE /K I B 41 Lh 7% - "P<<0.05 #P<<0.01

P <0.01 vs control group;“P < 0.05 *P < 0.01 vs nourishing Yin and improving water model group

3.4 SNAE X 'BAEN A s E R IFEFRNE 0
cAMP/cGMP 7% {1, /& Jz B L 44 A ) 2% Th RE 1
BB RS Fron, 53 BA S B
RE e BH R 24 T R K i 5E AY 2H cAMP/cGMP
& #FH T (P<0.05.0.01), & W HL1& &R 48 Th fg
AREHZ R T —E W, R AKFA R 5
I3 R 7K i A5 28 20 BE B, Wk 2E K AT SNAE fiE W #

[ i cAMP/cGMP /K *F- (P<<0.05) , £ ] ¥ & A

A — € WAL RE B AR K E S BEAR AR

WK

3.5 SNAEXTILE TP AN ALB, UP 7K FAIE M
5 A 7K i R AL ) b BT AR B T

it 2 R T 51 62 1) 0L 2% A4 V23 R B, L2 1 .

UNERAR JE I TR R IR R o AR R A I A R IR 2 f
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%5 SNAE Xk B0 cAMP/cGMP 7K FHIEM (xks,n=8)
Table 5 Effect of SNAE on serum cAMP/cGMP level in

rats (x+s, n=8)

2H 5] FlE/(gkg™ cAMP/cGMP
oyl — 0.52+0.04
91 — 0.38+0.07"
I R 5 — 0.18+0.16™
9 K 7K e 45 7Y — 0.26+0.06™
SNAE 2.7 0.44+0.12"
W ZE K 3.6X10° 0.51+0.12*

SRR LR " P<<0.05 " P<<0.01; 5B /K B LA " P<0.05
"P<0.05 7P <0.01 vs control group;“P < 0.05 vs nourishing Yin

and improving water model group

KEE (EEE ALB) K& IR E R B UP & s
#A ARSI 0 3% ALB . IfL3% TP PA & UP ()& & AE NV
M LA B 7K bR B0 1 B B4R AR g Rk
6 FiT 7, 5 0 B B %8, I R 7K i 455 L 2 1) I
TP #1 1 2% ALB /K °F ¥ & % § & (P<<0.05.
0.01), UP /K-F & # L F+ (P<0.01), & B HLIL
ST KM R s 5 BT 8 K R B2 T A,
Wk %€ 2K Fl SNAE X I i& TP Al ifil 3 ALB 7K ~F 3
A B AE ] (P<<0.05.0.01) 5 {H A& X} UP 1
A S DL R R B B . 4R R W, R 4
BE 5 22 f /K P AR R SNAE (19 R K 18 FAS Je
i R PR 770 R ZE K

#®6 ESWARIMEALB. TP UP KT HIFNE (x+s,n=8)
Table 6 Effects of SNAE on serum ALB, TP and UP level of rats in each group (xs, n=8)

2H 5] FE/(gkg™ ALB/(g-L™") TP/(g-L™) UP/(mg-L™")
i HR 37.28+1.59 51.31+1.81 486.7+112.4
9 k& — 38.67+1.40 53.41+2.08 498.9+110.5
1 R 52 — 38.11+0.94 55.38+2.01 487.5+109.6
9 K 7K e 45 7Y — 24.29+3.11" 41.27+5.87 550.0+£102.5"
SNAE 2.7 35.42+2.99° 49.63+4.98" 514.2+106.4
BRIEK 3.6X107 38.13+2.46" 50.98+4.51 542.8+111.2

AL E "P<<0.05 T P<<0.01 ;5 [ kK B 4 LK - P<<0.05 7P<<0.01

"P<0.05 "P<0.01 vs control group;“P < 0.05 *P < 0.01 vs nourishing Yin and improving water model group

3.6 KERRGKIHBIEN S
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Table 8 Biomarkers identified in positive ion mode
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