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Effects of walnut paste on kidney-yang deficiency mice

and their gut microbiota

WANG Liping ZHAO Shenglan YANG Rui CHEN Yanling WANG Xiaoyan

(Yunnan University of Chinese Medicine, Kunming, Yunnan 650500, China)

Abstract: [Objective] To investigate the effects of walnut paste on kidney-yang deficiency and the gut microbiota. [Methods] Using
hydrocortisone [25 mg/(kg*d)] to establish a kidney-yang deficiency mouse model, the experiment is randomly divided into a normal group,
a model group, a positive control group, and low-, medium-, and high-dose walnut paste groups. The mice are continuously administered
walnut paste via gavage for 14 days. Changes in body weight, autonomous activity, and organ indices are analyzed. Serum levels of cyclic
adenosine monophosphate (¢cAMP), cyclic guanosine monophosphate (cGMP), corticosterone (CORT), testosterone (T), and estradiol (E2)
are measured. Pathological conditions of the kidney, testis, and spleen are examined using HE staining, and the composition of the gut
microbiota is analyzed. [ Results] Compared to the model group, walnut paste restores the body weight of mice to near-normal levels,
mitigates changes in organ indices, and increases autonomous activity. It significantly elevates serum levels of cAMP, T, and CORT in
kidney—yang deficiency mice (P<C0.05) and markedly reduces serum levels of ¢cGMP and E2 (P<C0.05). Additionally, walnut paste
alleviates pathological damage in the kidney, testis, and spleen tissues. 16S rDNA sequencing reveals that walnut paste counteracts the
reduction in gut microbiota richness and diversity in kidney-yang deficiency mice. It significantly increases the relative abundance of
Bacteroidetes, Lachnospira, and Lactobacillus (P<<0.05) and significantly decreases that of Firmicutes, Actinobacteria, and Staphylococcus
(P<C0.05). [Conclusion] Walnut paste has beneficial effects on kidney-yang deficiency and on the diversity and composition of the gut
microbiota.
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Figure 1 Changes in body weight of mice
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Table 2 Effects of walnut paste on organ indices in mice
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Figure 3  Effects of walnut paste on serum cAMP and cGMP in mice
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Figure 4 Effects of walnut paste on serum T, E2, and CORT in mice

95 A5 21 SR 43 W B IR (P<C0.05, P<<0.01) , Ut A WS FREA RS /NE S NI ol 0, B8 £ . 5 Control
3% T3 3 B R /N BRIV O 4 A £ ZIAR L, Model 21708 BRLS2 LI A K /N P 1% 25K 40 il A

A1 S R 7 A] 1, Control 41 /1N BUSEAUZE ARG/ SE I 2L, 40 M I 2 A0 I L 66 M3 o, 2 A /N8 14 i) o B
SERE R MR AN AR 5] B aF M BUE R IER o AR RSB, SR A0 B A — 2wl b, 52 L SUR S T4
YA B H AR AN AR S B RIS A R IERCRE R BE TS (P<C0.000 1), 5 Model 414 L, PD 41 /N RS2 AL

w
1
IS

1

i
= 3 i

Hll ] **
17 ll
JLE l A AN
Control PD WS-M Contml WS- M Control PD WS-M

Model WS-L WS-H Model WS L Model WS-L WS-H
4151 415 45
Groups Groups Groups
(a) B WELHLUR B4 (b) SEALHLUR B (o) FRELH SO A 53
5 Control 41 #H Hb , #### 8 P<<0.000 155 Model 4 A Eb , *** 5 P<C0.001, **>h P<C0.01,* 2} P<C0.05
B 5 Az sy ORI B R DE L0 R R R 40

Figure 5 Effects of walnut paste on tissue lesion scores of kidney, testis, and spleen in mice
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Figure 6 Effects of walnut paste on the histomorphology of mouse kidney (100x)
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B A DT A M 3l IR 0 Y TR AR Y 24 Firmicutes/
Bacteroidetes U {H 55 I, 23 51 S0E | B 5052 95 93 Al
I A 2 R . Model 41 R RE T 1] 15 1 TF nl BE M
g HAT 2 P DR, 7R B AT R Z 5 AE TR O R i
A, BN 5 2R A D POURT A R I A e B B2
8 1Y R 22 TG B, AT DL O TR R 09 A= K R ) i
HEWI, 53R B woK A&, BOE Sk RGP R
FH S 5 5 A A R K A A AR, HEK O 7E R
FE AR v ] AR, 5 4 — B R R R A R
PR T EVRYT RO A . 28 b #h 78 WS TT D) — i A i Wk &2
i 308 Tl HE Wy 1 < BE R 2 AR

2.7.5 BIKEWE A ARt R E 20, E R
A b R BATE s A 9L R AT 1A 8 (Muribaculaceae) |

0371
021 * 15 T & (Rikenellaceae) 4 % BR T8 (Staphylococcaceae) .
0.11 @q W5 K )& (Prevotellaceae) . W2 & (Lachnospiraceae)
§ _g.?— . AT B )% (Bacteroidaceae) . 5 Control 41 #H Lt , Model
% oal ¢ 1 /AN B i T R A R A A X R R B3 TR (P<20.001) ,
S o3t ) Model 410 L, % 75 W'S Ji5 % 2 2R B 19 A 6E = 8 1 35 IR
—04F ® Control (P<<0.01) ;5 Control 20 Lt , Model 41/ B i 9% & 1 18
05| * - el B (P<<0.01) . 3C# B J& (P<<0.05) . % 4 iK i Ji (P<
i i i W 01 a W o 0s 0.05) . #2 B & (P<<0.05) HUFF 14 J& (P<<0.05) A A% =
PC1(19.81%) BB EREAL, 5 Model 4148 L , b 78 WS J&5 AT LA 3 46 1
B 10 Beta % M54 JE BRI . Model AL 40 BAT B & SCH W & B 1R 8
Figure 10 Beta diversity analysis B AR S B BEAR, P gl AT TR S TR A 1], BB AEAE
&3 Alpha ZHEEMERE
Table 3 Alpha diversity index
2159 Ace 54 Chao f8 5k Shannon #§ % Coverage 5 #(
Control 835.29+156.15 825.97+155.79 4.71+0.25 0.998 8£0.000 2
Model 748.23+134.2 737.154+134.21 3.83+0.29" 0.998 4£0.000 2
WS 776.32+143.17 770.58+149.37 4.54+0.32° 0.999 2-0.000 2

5 Control 41 M Lt , #4 P<C0.05; 15 Model A # Lt , * > P<C0.05.
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Figure 12 Relative abundance of mouse gut microbiota at the family level
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