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Analysis of exosomal miRNA in rats with spleen-kidney yang deficiency after
treatment with Angelica sinensis ginger mutton soup
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Abstract  Objective To investigate whether the improvement of exosomal vesicle miRNA in rats with spleen-kidney yang
deficiency syndrome through treatment with Angelica sinensis ginger mutton soup is related to energy metabolism. Methods A
spleen-kidney yang deficiency syndrome model was established using maternal-fetal separation and senna leaf gavage. Rectal
temperature of rats was measured, blood glucose levels were determined using the glucose oxidase method, and serum insulin
and other related indicators were detected by enzyme-linked immunosorbent assay (ELISA). Total exosomal RNA was
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extracted for concentration measurement, integrity assessment, and miRNA sequencing. Differentially expressed miRNAs
were identified through bioinformatics analysis, and functional enrichment analysis of their target genes was subsequently
performed. Results The model group exhibited lower body temperature, T3, and insulin sensitivity indexes compared with the
Normal group. After intervention with A. sinensis ginger mutton soup, these parameters significantly improved (P<0.05).
miRNA sequencing revealed six annotated miRNAs with differential expression in exosomes across all groups, among which
rno-let-7b-5p had the highest expression level. rno-miR-122-5p was identified as a key differential miRNA, demonstrating
validated regulatory relationships with energy metabolism-related target genes, such as Gysl, Slc7al, Aldoa, and Fasn.
Functional enrichment analysis indicated that differential miRNA target genes were significantly enriched in metabolic
pathways, including AMPK signaling, insulin signaling, and fatty acid biosynthesis. Conclusions A. sinensis ginger mutton
soup improved energy metabolism disorder in rats with spleen-kidney yang deficiency syndrome by regulating miRNA
expression in exosomes and targeting energy metabolism-related genes and signaling pathways.

Key words  spleen and kidney yang deficiency; Angelica sinensis ginger mutton soup; exosomes; miRNA; energy
metabolism
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IS AT ESED ok S BEFERES) , R MEAR. SCERIER, LR B S B A
—EBEERR. FR, 1% 07 SCGE B PR E K RS AOIRAS . IREBIRAES . BB RS AR,
AUMARF SO R B, BHMEAA Y A Z 2 RBE. . SR EA KRR SEA ML, kS, R, #
EABEHZES BEAGIMSE L (P<0.05) o IEHH. BIRA ., BHEA M Y34 ZER 7 & F =R
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B SR 55 Wm0, I MR T R g0 A 8-200, AR B 45 i 1) miRNA 55 BE 08 J0S Fl S 22 S e i, A
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1 #ERIEE

1.1 sEezn)

8 H 12 H¥® SPF % SD K, ¥ RZ, KIS 200~240 g, H#iL4EdE R A RA A $2 4t
[SCXK(#7)2024-0001]. Alrf5 K RISTEVL VG oh B2 25 K220 56 sh W b0y SPF 2R BF B 31 53 [S Y XK (#7)2022-
0002] 43, M 22~25 C. ¥BJF 50%~70%. 12 h/12 h YG/MEEREE, KR ILAE RS bt 77 T 18
WA T RAE . B SLEe @ VT R 25K SR A & L s it (JZLLSC20250004)

1.2 FERAFSNES

KB = Al FEOIR R 2R (Triiodothyronine, T3) ELISA & illik 7 & ( EiFREE A MR A TR A
"], $5: ml002855) ; KR VUM IR R4 MR (Thyroxine, T4) ELISA R#Fl& (A IEERAEMRIFL
HIRAF, $55: LE-B0844) ; KEJEE:E ELISA RHl& (Bl TCEMAMRBIEER AR, k5.
ED-31052) ; KEMESE ELISA |{fl& (EI1EEMAEMBEARAF, 5. ED-30973) ; Hi%
PEIR A (Rt AEY) TR, 185 A154-1-1) ; AMMESRE AR F) & C(fig-1mg) FF%hR
(T HEAREAERAT, 5. UR52151) . WL e i i (L ERAHR, #5
HFsafe-1500L.C; .18 & #% i #5 tH Eppendorf (fE[E) w4 /=, 5 Research Plus; PCR f{H
Thermo (EHE) AF 4=, A5 ProFlex; Quantus Fluorometer 1 Promega (E[E) Aw4rs, M5
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E6150; 4 HEWZMRE A1 24 (Capillary electrophoresis Bio-Fragment Analyzer, Qsep100)
Bioptic 2 747, 5 Qsepl00.
1.3 X A&
1.3.1 o ERAIE

S SCERIS kAT, B 8 KRR, MG, KA R NIERE A (Normal 41) . A
4 (Model 4) . HHAAEEFXWZE (H-AGMS 4) . F (M-AGMS 4) . KFE4 (L-AGMS
4O, mA e R OfER 3 R, MR 3 HD) o WALRWAZ 2 K2, EEU=/ 10 RAL . PR
BERRFT P ALRAE R IEE XTIRA CREATREF 08D, HRERAARY TEE B4 9:00 585
B 3~4 h, 43 3 ARWTSE, %5 R RS IERRID) B EBKE, ERERESE 1
J; BEEITA ARG A 10 4 (A 3 R, RBER TSR ERETES GEENS
K 2: 1 bk, JKEDRIRIE 2 g/mbL) &8 2 B, 2 JERBH 4kt H 4 T R S5 3 V5 I E 4 fr s
By HEERXERZ S P KA EHAERFSEFREIERKEM EFPEE A AT, E8TW 4
J, SHFHESSHANEREEEES —. AWESNEEE (S8 249 101.88 g. EFE 170
g- *FW 567.5 g. /K 1 333 mL, %% 500 mL, @7 &EX R A, A a2 R AR
&, WIEARG AR EZLHTES, 10 mL/kg. 4 BJE, #HATMEHRID CCRIZRTZE & ARAK 12
h) HEAT R
1.3.2 SEIRMERRIEIREN

(1) WGPRREIR : 45 26 45 3R J5 W% % 41 KRR 1 i ARE R 10 3%

(2) PRIEARAk A A RIS TA] ) S8 5 A AT -

(3) MEEyE . NEBRFEANMME S 20L& T3, T4 Bkl A ELISA 257 Sk il & 20 K BRURR & 2=
JEERZE . T3, T4 &, 8 A AT I X6 a2 2K BRI 2 =
1.3.3 SN AIRER

S B 4 CTRY 10 min, ERAERETZ 25 CKIBMEE 5 iEre 8 Tk b, #% 500 pL
R BERES (N2 EH 1PBS #ME) , KIKZA 4 °C 3000 >y 5.0 10 min ERMMREH, 4 C 12
000 >y &:0» 10 min ZEERA<FIE A, B EE N 400 uL ¥4 Solution A #%jiEiE2] 30 s, 4 “C 12 000
g B0 20 min 2B AEA)E, 1A EFH NN 120 uL Solution B WJiEVE4] 1 min, 4 Ci# & 30 min,
4 4 °C 12 000 >g &0 15 min 12 min B§RFF BiE, H 200 uL 724 1>PBS HEJUEIF 4 C 12
000 >g B5.0» 2 min WAEAMBARRE &, 5 % N\ Exosome Purification Filter =%, 4 ‘C. 3 000
>g 20 10 min WM R, RIS 4itb ik, 2% )5-80 CURAF#%H .
1.3.4 SNBAEERIBES BRI

B 10 L MR fm in T80 9 _EytiE 1 min, FIUE4C LW, TN 10 pL G5 ER XU AT
VE 1 min R FEFEWR, WIRT RS, LU 80 kv Hi T HEATIE S R B AS I A%, FRAS NI AAE B
Br g et W B a5 IR AN AR RE AT RNA $2HL, IR 58 s RNA MR JZ I E
1.3.5 RNA ZEFIIRENE

AR TN 700 L RNA 24300 E), IR CE 5 min J5E 0 140 uL 545, WhERS) 15 s H
EHRME 3 min, LR HAKEOHAE 4 C 12 000 >xg FM4 FEL 15 min (B0 JE L EIRE =
WD s NG EEKA R EP E GEEARARAE R ZD , A 525 pb K OEE (1.5 fEKAHEED
MR B R EWATIRS, 72 KB IREGH (FTEUE) %% RNeasy i #E, 451k 8 000 g =&
015 s FUEW (EEHEHRES)  BEJEMKIH 700 uL Buffer RWT. 500 pL Buffer RPE £ ¥k W it
FE—¥ ()24 8 000 g = &0 15 s 773D » A 500 ul Buffer RPE 8 000 g =& 2.0 2 min, 7€
WAV AE R ok il R JE VR 7R B A D 5 HRBRAEL R 2 08 2 mL 0%, 12 000 g &0 1 min FJ&
i, FHFEEE 15 mL F &0, 1A R B R 0 30 uL RNase-free water, 8 000 g &5.0» 1 min 3t
RNA, /o uelift) RNA SLEIF 2 2 -80 CUKARA AT I B ARG E.



4 o AR 2k

1.3.6 AN RNA Qsepl00 46 Kz 4 FA B SRANN =

RPE RNA WKE, BUEE RNA FRH NRL KRR ERMBREATHEE, MRS LA . miRNA
W SCHEER A 7 PELSO WP U7 48, I el 200 2048 i 4% %4 Chigh-throughput sequencing quality
control software, FastQC) Xl /3 3¢ 2 i i s AH HEAT VP Ad « I fastp #EAT 5P uE N OBREE 1 DIBR
Q20 i JEF1 adaptor VIFR. FH bowtie 5% Lbxt T A ELX Rfam ¥ & % rRNA. tRNA %5
ncRNA, FIH miRDeep2 X} miRNA #tf7E &4, Hik, H miRNA FRiABRAPE B R LT A
miRNA %% DESeq2 #— 4L 35570 Cprincipal component analysis, PCA) . #£ i B354 bL %
FIEM miRNA KEESit. BEEBBIKAZ qRT-PCR. Western blot S 56 56 1F [ $8 5 K] 23 ) 32k 47 %
SRIES L IhfeE £, HAREH Gene Ontology. KEGG. DO F1 Reactome & &/ #7 .
14 HitERE

FiE $udE ) F GraphPad Prism 10 4bEE, W2 IR ELRCR ML FEA t A 50,  SEO6 &5 I R P 3 Biads
2= (x£S) Fix. LLP<0.05 #onf BEMZER.

2 #R

2.1 ImEREMR
IEE X RA R K RBEAIRES BRI, WGk, e, WkERE, BANEERDEKHIES,
BB, KR, K IATA IR BH AR . MR ALK R LI T RS BE . g/ b5, 5
BHYOKE TR, REEEKAHEEZHFEIK, STAaTRAMAREEER (P<0.05) , K
BEGLH A, KEME. HHEZEFERNGAAE, SHEHKEARESEMAML 2 LT,
HERTLG ¥R X (P>0.05) , LK 1.
Rl M ZE 255 K BT & R

Table 1 Effects of A. sinensis ginger mutton soup on body weight in rats

pa:! YT /g YRR R/
Group Before administration/g After administration/g
S HE
AL AR 186.26+69.07 376.91+36.68
Normal group
-
B 180.51£55.43 320.36+36.83"
Model group
EVRIEEE = 275l 2|
.61+67. ST7E31.
H-AGMS group 184.61+67.20 325.57+31.46
B LG PR EE
+
M-AGMS group 188.84+67.75 330.43+43.61
NA - N =N
SRR GG 177.90+59.71 3241145482

L-AGMS group

M HIEWXIHAAME, "P<0.05.
Note. Compared with Normal group, * P<0.05.
22 {KENE
1E 0 B AL B 1B HODU B A, B 2 K B A O (2 I T IR e IR 4L (P<0.05) , B XL
e, DUV, HIAAEZEFNHAC. by G E AR AR R ETF B A& IEH 4R BILER, .
SBEMZER (P>0.05) ; BAMHREZERTHARA (P<0.05) , W& 2.
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Table 2 Effect of A. sinensis ginger mutton soup on Body Temperature of Rats

Pa:h EYHITRIR/C 25 2 JE AR/ C
Group Before administration/C After administration/'C
B s
IEF R 37.840.27 37.740.42¢
Normal group
R
+ ==
Model group 37.1£1.12 36.4+0.23
LA LG E R .
H-AGMS group 37.2+1.09 37.0+£0.22
EVE[EsE =yl e “
+ +
M-AGMS group 37.141.22 37.7+0.13
| e 2 0 =N
HAES L HENER 37.451.14 37.140.41%

L-AGMS group

T SETARL, "P<0.05.
Note. Compared with Model group, * P<0.05.

23 [BEAR. BREHEERMES T3, T4 01

5 IEE AR b, BER A K R S IR B IR B R E PR IK (P<0.001) , BoRiEi 5 /N RIS =
BURMEZ . Y ERERWZ THGE, SR KR ME R R IREY EARAFREE &, Hh, X4
HAEERZ S PRIRHASHEAAM I Z 7 BB S22 E L (P<0.01, P<0.05) . 5IFE%%f B4
Bt AT ZH KRR S R MURIE BUE F (8 (P<0.01) , 4T YIHAEXNZ TG, SBITHER S
BRI HEAARBEER T, KPPy HAEZXRNg P A EHARENAEZER AE5IT¥E X
(P<0.05) , mHFEHAMEHEHET SEE (B 1AL B) . WK 1C AT, SHER4AMIL, A%
ZXRmEFEHAShFIEH T3 KFEZHEMEAR (P<0.05) , $E/RIX ARG =AU 15 2] 00E;
i T4 (E1D) L EAkiEH (P>0.05) .

A Z . B . C o D

=
~Z 3 I
32 % J 0.5
SJ E ok ‘ -] o4 o
2% 4 xx £z s =&
SE 5 2 o 5503 23010 T T
N = T 22 = -
g8 ¢ T ] 23 ge 23
¥ g % 2 £0.2 F2
WS g =E i 5 i 2005
== = > > <
Es 2 g0 -

g = 2 g

£ ot o 200 ry = 0.00

T 00 P oD P w B e e D = P a0 aBg i

ST PSS T g RGNS
> N & BRGS) y Q > Y o
Bt R BEAGMOR RAIERE
g‘;& i»\/ %&%&%&V %’&Q\;f;& @@%3 ?3‘%&&%(@%&\;»
W e e o 5
A A A P

VE: SEMAMEL, "P<0.05, “P<0.01, “*P<0.001.

B 1 20432 3 i 0 IS BH R R SRR IR 2R . BRI AU, T3 0 T4 RS2
Note. Compared with Model group, "P<0.05, “"P<0.01, ""P<0.001.

Figure | Effect of A. sinensis and ginger soup on adiponectin, insulin sensitivity, T3 and T4 in rats with spleen and kidney yang deficiency.
2.4 IMNMARIRBIES RN ESER DT

AN I S E T B I (transmission electron microscope, TEM) w] WL Mt BUIRF EFEHS, R ~f
FF G AM iR 30~150 nm IRFAE (L 2A) o Bl 2B N[A—FEARR TEM B, KA PLEF R 750 52 21)1% i 5
BN . DL RS RIGUE TR AR NI AR TE SRR, A2 FL5 0 5 08 A% O o A AP Wb Ak R 5 0 i
WO ARG, HMBRTE FIWERIIK R, &%) 1.05E+10 Particles/mL, HrfikHxt&Erh, 2R 2L
AN IARRLAR Y — MU, O R, FEADLANBRONE, AiERE (B 2C) o gk Agn R
(nano-flow cytometry, NanoFCM) #{si R x (B 2D) , FF & AR 21 1 40 K ks 32 ZE4E b (R
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] ARG DXk, R Zp A BN T, AR DLW R e SRR, BRI il b RO AT AR X Y —

100 nm 200 nm
| |
Jini# 1 80.0 KV, 60 000 X Jini# 1 J80.0 KV, 30 000 X
Acceleration voltage: 80.0 kV, 60 000 X Acceleration voltage: 80.0 kV, 30 000 X
— T
e 1S)
EX 1000 000
C . g 2E+8 - D E
2.8 L75E+8 - #% 100000
8 S 15E48. S5
o= 2T 10000
T = 125E+8 - ® <
3 S v =
Q.5 1E+8 - % s 1000
M 2 T5E+47 - iR 5 100
<5} N
¥ G sEa7 - w2
£38 asew- F 3 10
No 2
= g 0- T i I i 1 o %
é 30 40 60 80 100 120 § 0 10 100 1000 10000 100000 1000000
i ] 5 N
Hifz/nm 2 A1) S e
Size /nm Side scatter-height, SS-H

E: AL B: AMBE TEM B C: SMERI{2 34 El: D: NanoFCM #xi &l .

Bl 2 MRE A £ F WG S KR ANBR IR AR R
Note. A/B, TEM image of exosomes. C, Particle size distribution plot of exosomes. D, NanoFCM scatter plot.

Figure 2 Characterization of exosomes in rats after administration of A. sinensis ginger mutton soup
25 HMBAR RNAKRENE
MIsE g5 R LA (R 3) , RNA BRI N 0.19~0.38 ng/uL (& 5.13~10.26 ng) , BEARFF
B AN RNA % LK FERFAE -
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F3IRNAWKER
Table 3 RNA concentration
FEAR LR RNA )%/ (ng/ul) RNA & H/ng
Sample name RNA concentration /(ng/uL) Total RNA amount /ng
I\%fﬁﬁj%p% 0.38 10.26
M:%fﬁgﬂi)u(g 3 0.19 5.13
Mz’?i&;ﬂo ui 0 0.34 9.18
w ot 7 A
e s
S Uj%ﬁiﬁ@:ﬁzéﬂ ? 0.26 7.02
o ] e 3522 0 37 e B
=H ;i‘iﬁfgﬁggééﬂ ? 0.29 7.83
SAERFRGIR S o Nee
BV EERHIGIRAL 0 N

L-AGMS group @
2.6 HMLUR RNA SeEMIIE ST FHIEREIT S
ik 3A i, B R R AR ACE) 18S A 28S A MR RNA i, HATifFEAH 28S S [ e
T 18S &, RUIXEEREAR P RNA KA AV RREM . UL ISR T H2 I RNA J5T & Al 4,
AT RN PSR . K 3B Lox, FPAFEEPESE X (Phred L5 # 16 (phred quality
score, Phred) >30) , UM Hcdi Bk 24, MiREK.

>
w

1x107

Now
~N B
o S

8x10°

g
o
©

6x108

HHAS 9 AL

Relative fluorescence uunits
=
&

4x10°
0.11

20 2004007001k 2k 3k 4k 5k 6k

74 ¥ (reads)
Number of sequences (reads)

2x10°

AR K Int 0 10 20 30
Length/nt SFYGIN B RLE (Phred score)

Mean sequence quality (Phred score)

A PR Qsepl00 I ;s B: FastQC ¥ 5 & T4k K .

K 3 BEAS Qsepl00 K il 45 5 & FastQC Ml i it & 1Pt
Note. A, Qsep100 detection graph. B, FastQC sequencing quality assessment graph.

Figure 3 Detection results of sample Qsep100 and FastQC-based sequencing quality assessment

2.7 TFMEES miRNA ZERFIADHT

4A K BANBRREAR I Z ORI as Ry FEAS 18] 10 SR B AR B . 25 R B,
FRHARH —ERKES, Mo RHAEREREEROL, RaaHARERA &2k AR
WA A AE — R M K, RIPRGEEMAL R R L, W& AN A miRNA Rk AA
—EMME, FRFE-EER. K 4B N KBAINBEFEA K miRNA PCA HU &I, 8] B 2 S ke
AEEARRFIL I 22 5%, SR EoR, FEARTE e (6 oh SR A0 0 B A, (R 4LRE A 2 (8] 3 A AH G 4
o B 4C NRBAMBAREAR miRNA 8. SR EIR, FEAERIER A TR, HARHAREA
Xt LA FE AR BUE 0 A IR — 2. S5 G RPIRE SRR AR, AT W8 AN [R] A X B A AR 25 Ak 48 AR R AL A7 72
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B 72 5. € 5D N miRNA KB kR, M REEEE AR FAE AT miRNA K & i i 775 . 3% %
5, A miRNA K EE5A T 22~23 nt X, HJHEZERZ SRR miRNA K& 5 54E
HfE 22~24 nt; YHAZEEWZTHFEHN mRNA KEFIEM/E AN 21 nt; HJHEEFERZRFEA
miRNA UL 24 nt AHE; EFEXEA miRNA KESEEFT 24 nt, HREARLAFEERESTHRS
20,

iz amid ki ERR. MIEAZFERG AN EH SEMAL RS RER: EA3E 143 M)
A ER, X1 AEBERMNELEZEFERLESEAIET 2 (JLog2FC>1) . AR EMHEER
(P<0.05) BIffiiLE & (At , HRBEZERGHIBN (B 4E) o JHAZERZTHE
HEBAHMLL, 5 143 Mot ZEd, A 1 ANERFENGHEZESHFHRAeTEAKT 2
(JLog2FCl>1) FEAFRFEMZER (P<0.05) Bk FM (s , RIN L& (B 4P .

TR T
A JEUERAH B PCA
Hierarchical clustering tree ) 250000 @ EFRTIHAL
TE A HR 4L 200000 Normal group
Normal group BRI
— Rl = 150000 Model group
Model group g 100000 2 A R A
—  HELEPH R R SF s H-AGMS group
H-AGMS group ®3 0 @ HVER LW AL
T kR e M-AGMS group
M-AGMS group KO 0w © 492k L AR E AL
A % PG AL N 100es L-AGMS group
L-AGMS group 4"‘ O sess
® 200845
25045
-3.00e+5
-3.50e+5
S NS
S S S S O
N &
03 0.2 0.1 0 B E M) (54.487%)
PC1(54.487%)
e D s S ErE SRR
LE A AL Lt EL yuruwmm 'H’I}Kf‘iﬁj # AUfllliﬁ:r{;H\Alm
o Y Y Wy
150000 Normal group Model group H-AGMS group M-AGMS group L-AGMS group
TR P R AL 106000, 30
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e A SN R miIRNA RERRE B: MK A miRNA PCA Bl C: 4MlbE miRNA  #4E; D: Sk miRNA K 45 itk
Kl E: MIRAEZXRGEAEL vs A4 miRNA KILE; F: MEA 245 P RIREA vs B4 miRNA KILE.
4 FAF A G IS A 2 B PR AR ABL I 5 22 e
Note. A, Cluster dendrogram of exosomal miRNAs. B, PCA scatter plot of exosomal miRNAs. C, Heatmap of exosomal miRNAs. D,

Histogram of exosomal miRNA length distribution. E: Volcano plot of miRNAs in the H-AGMS group vs. Model group. F, Volcano plot of
miRNAs in the M-AGMS group vs. Model group.

Figure 4 Similarities and differences among exosomes from different samples
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2.8 DE miRNAs (EEFEINREE & DT

# 4 4 miRNA RIEK TR, B THMNLAF 6 R miRNA (R 4GRIER (total #11) FbsiE
thFiLEE (Anorm. B.norm %)) , A& miRNA FIRTA. ME—FriR (Alias) « 3T 512 FE 5
o GRER, AFK mRNA RIEFEZRFE#: mo-let-7b-5p FiAEH & (total=5169) , 1M rno-
let-7d-5p #f& (total=35) . Bk4h, [H— miRNA [IAFEATARIE S E 2, @ rmo-let-7a-5p (rno-let-
7a-1/2) 1 rno-let-7c-5p (rno-let-7c-1/2) )5 46 R FrdEb KRG & JL-F B 2 AHIE, ForEIEMEKRE. B
FEARZ AIRIE A, [F— miRNA ERANRFEARPRRENREEZRAR . Y9045 LZFER
GEmnEA vs BRI T, SISt AR R EEM IR EEL (R 5 , KPZ4 DE miRNA
A Re il A X LRI, S 5 2 AR AEY) YR S aE s, B R 0 Dh B O AR R
W, BB AW A B vs BERZL ) DE miRNA JF R Ih it & &£ 0.

F4 mIRNARIE K
Table 4 Expression levels of annotated miRNAs

miRNA rno-let-7a-5p rno-let-7a-5p rno-let-7b-5p rno-let-7¢c-5p rno-let-7¢-5p rno-let-7d-5p
i rno-let-7a-1 rno-let-7a-2 rno-let-7b rno-let-7c-1 rno-let-7¢-2 rno-let-7d
RNA precursor
. Lo
SR I v 1413 1413 5169 3965 4112 35

Total raw count

1EH S R S bRk LB

8784.02 8784.02 15673.44 399069.93 404925.94 1377.88
Normal group &.norm
Sy e T
IR IRAL bR HEAL (R 17886.18 17886.18 124390.24 174796.75 180487.8 4065.04
Normal group §.norm
T g
BURALS b LA 16533.69 16533.69 256176.1 10285.49 10285.49 1826.4
Model group &.norm
002 O A A
BRI QbrAEAL A 485359 485359 116726.84 57360.61 60970.72 0

Model group Q.norm
LA F R E A EHI b
HEAE 71837.71 71837.71 72792.36 94272.08 98568.02 477.33
H-AGMS group J&.norm
LA 2 R AR QA5
HEAE 42553.19 42553.19 68987.75 55448.1 63185.04 0
H-AGMS group 9.norm
LA FRGTAEHI
HEAE 10138.25 10138.25 61520.74 17741.94 20046.08 0
M-AGMS group &.norm
LA F R AEH QR
WeAbAE 81626.68 81626.68 93914.57 79578.7 81919.25 292.57
M-AGMS group @ .norm
AR 2 E R BIRIE A SR
WeAbAE 26528.26 26528.26 268742.79 49596.31 49596.31 0
L-AGMS group J&.norm
AR 2 2E AR QbR

HEAE 6852.93 6852.93 35318.92 1581.44 1581.44 0
L-AGMS group ?.norm
K& /bp
Length/bp 22 22 22 22 22 22
e 2] UGAGGUAGU UGAGGUAGU UGAGGUAGU UGAGGUAGU UGAGGUAGU AGAGGUAGU

AGGUUGUAU AGGUUGUAU  AGGUUGUGU AGGUUGUAU AGGUUGUAU AGGUUGCAU

Mature sequence AGUU AGUU GGUU GGUU GGUU AGUU
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Table 5 Statistical table of functional enrichment significance of miRNA target genes

2 A) LA ES kNN KEGG iffi % Reactome Jif % [yse il

Group comparison GO ontology KEGG pathway Reactome pathway Target type

HHELFNHIGIEL vs BAA 0 0 0 TR (R
L-AGMS group vs Model group Predicted target

SR WAL vs BRI o 0 ” AL
M-AGMS group vs Model group Predicted targe

TS AL vs BORAL s . S o LI P
H-AGMS group vs Model group Validated target

TN DE miRNA WIAEMIER, AT FCdEAT 7R T, AR5 347 T8 = £ 0. Wi 5A
Fiw, RATEEERE) GO it E R4 R, ERERFEFEETEMRLIZ., > Pt iErmiiyE. 4
B BSR4 RS S ThRe sk B, MRS RS A 4 F O Re R A H EEEE S B
HME 0. KEGG i ¥ & £ 45 R Wox W 5 ME UL BE 3-B Mg/ & B Wl B ( phosphatidylinositol 3-
kinase/protein kinase B, PI3K-Akt) 155 @ i /E 22 ik H s SRS e, 22 2 A LA PR 3 iR % 2
W ER A (& 5B) o AN, 8 DE miRNA (rno-miR-122-5p) S5##JE &8 1 (glycogen synthase
1, Gysl) . V& #AZ I 7 B 1 (solute carrier family 7 member 1, Slc7al) . HE B EE 46 A
(aldolase, fructose-bisphosphate A, Aldoa) . fig[liil & B (Fatty acid synthase, Fasn) , & [KI£7 £ A] SE (1)
WK R, HIWEBUR AR bR iE <validated” -4l DL SCHER S GE, Hoop Fasn @it gqRT-PCR 5
Western blot SE385GIUE, HE—D#N T “miRNA -$EXE K BAEH M IIEE (R 6) . 1M 7E Reactome &
b (B 5C) , giRERZERAERMEEENFEEE Tmp i 52K, RNA T 5511, DNA
it 5155 k.

NEET) e E LT R T EENE, AW — DX RS IIE R H I RERE R T b, fEE
5D R ZE RN R EE LTRSS 5N, Wil QIR LIS R ZARE &% 5 FI06e, M
Hrh s G MR E R X E R, BEE. ME KEGG Uit E&ET (B 5B) KM, JK
BEGETER. AMPK 5 5B 2N ER L. 2550 5 i s e, X068 2 iz O s,
SERFHEE. HAEE ek AU, PISK-Akt B BERNBD. 25 5K, HEEME
IR, AIAE IR EEE RN EE£ERK. £ KEGG FHENWH, TRk IL& WA HE K=
RIEEEMLE . $E, ERERENEENE, BHRMBBATRH; 4845 BS G2 AUt HEEA U
OB E SR E R E, TERAAE. i SE K E R AR (B 5F) .

K 5E FIE| 5F AHELERUE, BEWIHH 1 IEER 00205028, Xaith 7 RARAEY S RE, gt miRNA
5> FALEI SR AL T AT Al SE M Th BRI o X S04 o 5 BLIR N A4 /8 miRNA (4 rno-miR-
122-5p. rno-let-7b-5p) 7F 5 4 22 S v A P 4 . B0 IR 4 76 A B AR U RP 0 Th BB 56 E R 3 i L A sk
5o

26 DE miRNASEIE K 405 27 363 45 S

Table 6 Target gene information and validation results of DE miRNAs

3 mIRNA &L 2 ] ; ;
\ Pt miRNA B iRNA b TR S g s Ensemblé 5 AT Ko
$ I database Mature miRNA . . Target
. Mature miRNA id Target ensembl Support type Type
accession symbol
. 6] . 2SI IR
mirecords MIMAT0000827 rno-miR-122-5p Gysl ENSRNOG00000020812 alidated
Difiefk miRNA g3 T8O
mirecords!1¢] MIMAT0000827 tno-miR-122-5p SleTal ENSRNOG00000000924 HITAEFR ’ijl (‘ﬁtﬁ :
(MicroRNA-Target I E
mirecords!'®) MIMAT0000827 rno-miR-122-5p Aldoa ENSRNOG00000052802 Interaction, MTI) Vlvra1i> (;;t}el q
Functional MTI o X
24 S IGUAIE
mirtarbasel!7] MIMAT0000827 rno-miR-122-5p Fasn ENSRNOG00000045636 I Ak

validated
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A

Active transmembrane transporter activity

Positive regulation of molecular function

Positive regulation of catalytic activity

Secondary active transmembrane transporter activity
Organic anion transmembrane transporter activity
Basolateral plasma membrane

Basal plasma membrane

Basal part of cell
Monoatomic anion transmembrane
transporter activity
Inorganic anion transmembrane transporter activity

Chloride transmembrane transporter activity
Negative regulation of telomere maintenance
via telomere lengthening
Negative regulation of telomere maintenance via telomerase L]

Negative regulation of telomere maintenance L]
Negative regulation of DNA biosynthetic process (]
Telomere cap complex | *
Telomerase holoenzyme complex | *
Nuclear telomere cap complex | *
Mitotic spindle microtubule
Chromosome, telomeric repeat region | *
004

0.06 0.08

GeneRatio

DE miRNATRI L5 R GO T fie 1 4k
GO enrichment of predicted
target genes of DE miRNAs

C Processing of capped intron-containing pre-mrna
Wht5a-dependent internalization of FZD2, FZD5 and ROR2 |+
Telomere maintenance -
Telomere extension by telomerase |+
Telomere c-strand synthesis initiation

Telomere c-strand (lagging strand) synthesis
RNA polymerase 11 transcription termination «

Removal of the flap intermediate from the c-strand »
Recognition and association of DNA glycosylase
with site containing an affected purine

Processive synthesis on the c-strand-of the telomere |*
Processing of intronless pre-mrnas *
Processing of capped intronless pre-mrna +
Polymerase switching on the c-strand of the telomere -
Mrna 3'-end processing *
Glycogen metabolism
Extension of telomeres |*
DNA damage/telomere stress induced senescence *
Depurination |*
Cleavage of the damaged purine |*

Base-excision repair, AP site formation

P adjust

0.200
i

@0

0.06 0.08 0.100.12
GeneRatio

DE miRNATM {1 #13 [K Reactome & £

Reactome enrichment of predicted
target genes of DE miRNAs

E Insulin signaling pathway [ ]
AMPK signaling pathway [

Starch and sucrose metabolism
Pi3k-akt signaling pathway

Pentose phosphate pathway

Micrornas in cancer | -

Insulin resistance

HIF-1 signaling pathway
Glycolysis / gluconeogenesis
Glucagon signaling pathway-
Fructose and mannose metabolism
Fatty acid metabolism

Fatty acid biosynthesis

Diabetic cardiomyopathy

Carbon metabolism
Biosynthesis of amino acids
Alcoholic liver disease
025 0.30 0.35 0.40 0.45 0.50
GeneRatio

P adjust

0.10

Count
« 100
0125
@150
oLT5
@200

DE miRNAC.H 56 1IF [ $E 3 [N KEGG & 4

KEGG enrichment of validated
target genes of DE miRNAs

0.10

P adjust
0.11
IO 10
0.09
0.08
0.07
10,06

PI3K-Akt signaling pathway
Starch and sucrose metabolism
Oocyte meiosis

mRNA surveillance pathway:

Lysosome
Hippo signaling pathway

Fc gamma R-mediated phagocytosis

Endocrine and other factor-regulated
calcium reabsorption
Biosynthesis of amino acids

Bacterial invasion of epithelial cells
Sulfur metabolism

Selenocompound metabolism
Proximal tubule bicarbonate reclamation
Primary bile acid biosynthesis

Pentose phosphate pathway

Pantothenate and CoA biosynthesis '«

Hippo signaling pathway - multiple species
Glycosylphosphatidylinositol (GPI)-
anchor biosynthesis

Fructose and mannose metabolism

2-Oxocarboxylic acid metabolism

0.025 0.050 0.075 0.100 0.125
GeneRatio

P adjust
0.53
0.52

0.51
-

Count

000 -
POV

DE miRNATH I i1 #55 P KEG Gl 7% & 4R

KEGG enrichment of predicted
target genes of DE miRNAs

D Monosaccharide binding
Lyase activity

Carbohydrate binding

Virus receptor activity
Udp-glucosyltransferase activity

Thiolester hydrolase activity

S-acyltransferase activity

Oxidoreductase activity, acting on the CH-CH group of
donors, NAD or NADP as acceptor

Oxidoreductase activity, acting on

the CH-CH group of donors

L-arginine transmembrane transporter activity

L-amino acid transmembrane transporter activity
Hydro-lyase activity
Glucosyltransferase activity

Glucose binding
Exogenous protein binding
Carbon-carbon lyase activity

Basic amino acid transmembrane transporter activity
Azole transmembrane transporter activity
Aromatic amino acid transmembrane transporter activity

Aldehyde-lyase activity

P adjust

IO 025
0.020
0.015

0.010
0,005

Count

. 100
0125
@150
QL5
@200

025 030 035 040 045 050

GeneRatio

DE miRNAC#58 IE F #EZE KGO Bt = 4

GO enrichment of validated
target genes of DE miRNAs

F Metabolism of carbohydrates

Vitamin B5 (pantothenate) metabolism

Response to elevated platelet cytosolic Ca2*
Platelet degranulation

Platelet activation, signaling and aggregation
Neutrophil degranulation

Metabolism of water-soluble vitamins and cofactors
Metabolism of vitamins and cofactors
Metabolism of lipids
Hemostasis | -
Glycolysis
Glycogen metabolism
Glucose metabolism
Gluconeogenesis

Fatty acyl-coa biosynthesis

Fatty acid metabolism

0.4 0.5 06

GeneRatio

DE miRNA 44 5% 1IF ff) 2 5 [ Reactome & 4

Reactome enrichment plot of validated
target genes of DE miRNAs

Bl 5 A 32 A R i A vs AR % 5 R 0A miRNA BEJE [F 3 e ' 4R 4 W 4 21
Figure 5 Functional enrichment analysis results of target genes of DE miRNAs in the H-AGMS group vs Model group
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0.15
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AW FRDT T 234 22 Wz 5 KB AN AR miIRNA R4, T K B e = AR = A 5 e 11
TERIERE S 70T HLHl. SRR, YHAEZFERNZEEH LK IMBE mo-let-7b-5p %5 miRNA, X
4 miRNA 7 AMPK {55l . B R[G5 @M. BIRAED A SR HCERKI A &%, R
e miRNA H5ReEAREA . SMMARVE 40 M (RS 5 1% 8 1) e B AR 181, A7 (1) miRNA 7EACEH 1
5 DA K00 R A S i R R R A S AN ] B AR AR DO, A S E I b AR miRNA WP DL I Thig
BESN, BUER T RRAMBAT mIRNA FRIEZ RRHE, &EHE 7 “DE miRNA-FEEE K-
BB RS LS, AR AL E R 14 P AL SR T T A

WP s R EIR, WA BIAT 6 27FF miRNA A5 5 ERE T, HA mo-let-7h-5p KikF
J¥ ft 7 (total=5169) , 1M rno-let-7d-5p ik & K (total=35) , B VFRE N J5 8250 50 $2 AL if 7 18
PRI200, [EIE, let-7 ZK0% mIRNA IR SE 2 5HE AU SFak #22Y, At 78 B i = ke
RIL let7 FIEXTLRARD e RS BB WEIER, Flu, let-7a £15 3 AFL IS IS4 (human
breast adenocarcinoma cell line, MCF-7) Zekifa A1)k A b A At — 2 S3CRF 71X — fi22. 1 rno-let-
7b-5p [WEFRIL K rno-let-7d-5p MK IE, $/nH Aol s NI EIER, S5 A SMB RS
S ERON T S E R FRAD, let-To-5p AW B R A, DIIRELR ARG R b
(mitochondrial cytochrome b, mt-Cytb) I Fifl. let-7b-5p AL i T £kifk Cytb, i Hik FEA% 7 40
o J5R T ) R S 2 B2 AR 1 Cinsulin receptor substrate 1, IRS1) #ik, X SSUEFRZHRERREZH K
P 2 BURE PR /N B IR B DU AR 231, 1 ELAE 2 AT I FE K I, no-let-7b-5p S22 TTE 2 BUBEIR
I3 778 B O 1R G miRNARA, 1] let-7d-5p ik 5 1 & AT A A R5R A KRS, X — RIHBIE R
T 1% miRNA 57 Re 5K 2 DL Re B — B kB RN, YIH4E 22 3 R IR 7T e di it i
X PR miRNA BRI, #Emoss 7RI $27F 7 & R BUsME, A4 m KR R E AR
WA

8t DE miRNA (rno-miR-122-5p) 45 Gysl. Slc7al. Aldoa. Fasn4 #[f7E7EJ<IE, W78 KB,
I miR-122 %k 7] B8 2 203 BE B OK BRI M G 7K S, FF A B T 980 1R it 2 281, IX R] BR 4R R 1%
miRNA SRR GFEEEENXR. HA 8 (Gysl) RULAWEELEY & R Z ORI, 35 B R
S pE R AT RE, W ALK B, AR RE S Ll Gysl, GO, (EdbRERER, 1S
AMPK S AL s BB A 7K BRI . VR PESZ MO, Ak, Gysl [k 2k BRI /I BRBE Ji HE AR S5 0500,
Fasn J2 5T & i) OB BY, 5 8 i1 & AR AR R EL S A ¢ . Fasn i@ i {21 AMPKB W75 i iR
¥ AMPK @1, Hh[A AKT/ERK % A AR S S0 e gt AL R . Fasn FRiA Gk nl I 25 PR
AMPK 51, A AT kb /N SR BN« FRARIR AR 22, - 7E A0 530 % B 0 3T R i3k KAk & 4 A
FA2331, T £E B R I 9T R I, FESS BV B A A s Rk ) Fasn, @R REEA 1
SEIRF (specificity protein 1 transcription factor, SP1) /IVB 7! i fis i A2 (cytosolic phospholipase
A2 group IVB, PLA2GAB) Vi#x e it s 4 P 3 4 . % F% S i g EAH B ( phosphatidylcholine, PC)
A, B LA PC s 7 A i) B AR % 4 40 B IR BT MR S BB, % miRNA 5 45 Bl e v] BEAA AR I 1E
BEZ& . 1 Aldoa BEWS S 5 R M FR35), mI Ak 1,6- MR Skl vl 1 s A5 Ay 3-h e H s . % 3L
(1) T AL 5 ¥ I P R M A DG B8, M 3R R T R G m MK/ B BB A 4E 4 e ( mouse  embryonic
fibroblasts, MEFs) H AlodA/B/C =2 ([E45lE A 2 mifR4i 2 (aldolase A total knockout, ALDO-
TKD) ), B RIEIMELE S & FE (25 mmol) 264, AMPK #§fg{k (p-AMPKa) F1 T JiE#l 8 A
T A R1LES Cacetyl-CoA carboxylase, ACC) MifR{L (p-ACC) 1 EEFt&E . M Aldoa i@ it
Al A4 08 2% 4% AMPKET, Slc7al 2 RHE TR L IER 1, 18 1R &R S H — Be T A= W i 41 Al W Wie
i H R A DGR AR, IR SEER AR, AR R R AR B R UICEL. Slc7al (MFR CATL) nJLME
N—HKRENHE FRER L 2ED, B EME AR EIR . 2R 5% DI Re R R SR,
B S RE S FiF EEBEF B (protein kinase B, AKT) @M ABIESCE, [FK;, X ILRE
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AR CUR B R B, ERENEENES S TEERMERREALAY 1
(mechanistic target of rapamycin complex 1, mTORCL) 3 ¥ (1) 45, 3 i 7] 322 8 4% 40 A 110 g & 2 fiUsk
Ari [39] R
DIRe = S Hridt— Do 7R D A BRI AR KEGG T Bon HEZ HHT AMPK 55
EE S TBE . TR A R R U B, AMPK R LA - L AR, 1
VEOUARHME IR &8, B2 5 AR AR 1 2 Fh 5 1 5T (10 B 1R A oK 1 181 A8 L o 1) 5 s A R 2 e A
PEUOL, TR R AR T IE RS KR T, X TS REZAE SR, MRS R RIEGESES
BEATIE GO TAEARWT T, IR AR R P SRl ) B AR, FRORANAMAZE S mIRNA AT g i i i
2 AMPK- S 20, SRR I R P, T3 5 M4 5 RO AL . Reactome 417 it 3541
W7 SRR B A e R, BRI SRR AN, bR R T RE S 5P BOE L. 1B AE AR, RET
SRR mIRNA FIDIRERT FEL4E S, O e SRR R AL AL AR QM R B B 22 R S 1t 73R 7 0
AT ERAFLE 2RI, B2E, AL AR 5B S 1 B0 BB UE R 0 miRNA-LE
DA -3 B (4% 58 R, I HLIE AR WA Zh Ak miRNA (1) 5L A/ P #EAH M B2 20T HIL o AR R ATE 72 ml i ik 4
Mty . RT-QPCR 253 A, RIGIE rno-let-7b-5p. rno-miR-122-5p Z54%.0r miRNA b0 B i) B 4%
AR, RN ZEaEAE, WAIMNLAE miRNA 7EA&NACEHIE R DhRE, thah, @ridEe & E
My, AR ELZHEZRE T, #0585 miIRNA-FEEE R -ACEH Y 1 PR N 4%, A S8 IR BL
] AR AT 5 R T B B i A AR AR
SE B
[1] ®EFH. D[HEZFRGXHREHER BS-D KR AENH LR (D). ®E: LEHBBEZLGRY, 2023: 5.
Liu Z Y. Experimental study on the regulatory mechanism of Danggui Shengjiang Mutton Decoction on rats with spleen-kidney Yang
deficiency type irritable bowel syndrome with diarrhea (IBS-D) [D]. Nanchang: Jiangxi University of Traditional Chinese Medicine, 2023: 5.
[21 X8, JAEZFXRGHTIORTHEFEIENLEHE D). FE: THPEHRY, 2023: 54-55.
Wang T. Experimental study on the intervention and treatment of spleen-kidney Yang deficiency syndrome with Danggui Shengjiang Mutton
Decoction [D]. Nanchang: Jiangxi University of Traditional Chinese Medicine, 2023: 54-55.
[B] £, xi&H, TR, % HALEFWHNBEHER BS-D KRTEIEGFERRE (1. PEIKREYKE, 2022, 32
(12) :  37-48.
Wang T, Liu Z Y, Luo L M, et al. Effects of decoction of Angelica sinensis, Zingiberis Rhizoma Recens, and mutton on traditional Chinese
medicine symptoms of IBS-D female rats with spleen-kidney Yang deficiency [J]. Chin J Comp Med, 2022, 32(12): 37-48.
[4] )&, XEFH. MWEERERLHLEZFRNGERENKEA 1. PERERWEZ, 2024, 33 (200 @ 1-5.
Zhang Y, Liu Z Y. The application of the theoretical model of Angelica ginger mutton decoction from the spleen and kidney Yang deficiency
[J]. Chin J Ethnomed Ethnopharmacy, 2024, 33(20): 1-5.
[5] Liu Z, Wang T, Zhang Y, et al. Effects of decoction of Angelica Sinensis, Zingiberis Rhizoma Recens, and mutton on physiology and
biochemistry of Sprague Dawley female rats with spleen-kidney Yang deficiency [J]. Ann Transl Med, 2023, 11(2): 91.
[6] EEM, MM, MBEHESRESZEMEMNRREN (1. LHRPEZS, 2013, 45 (7)) : 88, 9.
Wang C R, Xiang N. Discussion of the relation between dysfunction of liver spleen and kidney and metabolic syndrome [J]. Jiangsu J Tradit
Chin Med, 2013, 45(7): 8-8, 9.
[71 Wang C, Li Z, Liu Y, et al. Exosomes in atherosclerosis: performers, bystanders, biomarkers, and therapeutic targets [J]. Theranostics, 2021,
11(8): 3996-4010.
[8] FMiMG, Bkil, PBR#E. RabEOLSEHREMAEXREN ], PEEREMRE, 2019, 25 (5 : 717-720.
YinY Q, Zhang J, Chen Y. Analysis of the relationship between Rab protein and osteoporosis [J]. Chin J Osteoporos, 2019, 25(5): 717-720.
[9]1 Zaborowski M P, Balaj L, Breakefield X O, et al. Extracellular vesicles: composition, biological relevance, and methods of study [J].
Bioscience, 2015, 65(8): 783-797.
[10] Fang W, Vangsness C T Jr. Implications of anti-inflammatory nature of exosomes in knee arthritis [J]. Cartilage, 2021, 13(2_suppl): 204S-
2128S.
[11] Wang Y, Ma H, Zhang X, et al. The increasing diagnostic role of exosomes in inflammatory diseases to leverage the therapeutic biomarkers
[J]. J Inflamm Res, 2024, 17: 5005-5024.
[12] Tomasetti M, Lee W, Santarelli L, et al. Exosome-derived microRNAs in cancer metabolism: possible implications in cancer diagnostics and
therapy [J]. Exp Mol Med, 2017, 49(1): e285.
[13] Bae I S, Kim S H. Exosome-derived miR-11987 in bovine milk inhibits obesity through browning of white fat [J]. Int J Mol Sci, 2025,
26(13): 6006.

[14] Thakur A, Johnson A, Jacobs E, et al. Energy sources for exosome communication in a cancer microenvironment [J]. Cancers, 2022, 14(7):
1698.

[15] Zrme=s,  xiff, wEhEig, . WIESASMBHER IBS-D KRBMME TSN [J]. JdbaiFEGKEER, 2021, 4

(3) : 245-251.

Su X L, Liu Q, Han B 'Y, et al. Establishment and evaluation of disease-pattern rat model with IBS-D and spleen-kidney Yang deficiency [J].
J Beijing Univ Tradit Chin Med, 2021, 44(3): 245-251.

[16] Fabani MM, Gait MJ. miR-122 targeting with LNA/2'-O-methyl oligonucleotide mixmers, peptide nucleic acids (PNA), and PNA -peptide
conjugates [J]. RNA, 2008, 14(2): 336-346.



14 [ b R 2 R

[17] Gracia A, Fernandez-Quintela A, Miranda J, Eseberri I, Gonzalez M, Portillo MP. Are miRNA-103, miRNA-107 and miRNA-122 Involved in
the Prevention of Liver Steatosis Induced by Resveratrol [J]. Nutrients, 2017, 9(4): 360.

[18] Rajput A, Varshney A, Bajaj R, et al. Exosomes as new generation vehicles for drug delivery: biomedical applications and future
perspectives [J]. Molecules, 2022, 27(21): 7289.

[19] TR,  ZEA2, UL PR R AR R R R R R (1], HEFRAEEEAE, 2026, 53 (1) -
43-50.
Ding C X, Li X L, Yang M L. Osteogenic effect and factors that influence dental pulp stem cells in alveolar bone regeneration [J]. Int J
Stomatology, 2026, 53(1): 43-50.

[20] Chirshev E, Oberg K C, loffe Y J, et al. Let-7 as biomarker, prognostic indicator, and therapy for precision medicine in cancer [J]. Clin
Transl Med, 2019, 8(1): 24.

[21] k£, JEEFE, JA/AF. miRNA-let-7c 78305 K BURE JR5 00 B & p /e A (9], EREMFTER, 2020, 40 (7) = 619-
624.
Ou Y L, Kuang G P, Zhou X P. Effects of microrna-let-7c on reversing diabetic retinopathy in rats [J]. Recent Adv Ophthalmol, 2020, 40(7):
619-624.

[22] Sharma P, Sharma V, Ahluwalia T S, et al. Let-7a induces metabolic reprogramming in breast cancer cells via targeting mitochondrial
encoded ND4 [J]. Cancer Cell Int, 2021, 21(1): 629.

[23] Li H, Dai B, Fan J, et al. The Different Roles of miRNA-92a-2-5p and let-7b-5p in Mitochondrial Translation in db/db Mice [J]. Mol Ther
Nucleic Acids, 2019, 17: 424-435.

[24] Guo X, Sun W, Xu G, et al. RNA-seq analysis of the liver transcriptome reveals the networks regulating treatment of sitagliptin phosphate
plus fuzhujiangtang granule in the zucker diabetic fatty rats [J]. Evid Based Complement Alternat Med, 2020, 2020: 8463858.

[25] Infante-Menéndez J, Lopez-Pastor A R, Gonzalez-Illanes T, et al. Increased let-7d-5p in non-alcoholic fatty liver promotes insulin resistance
and is a potential blood biomarker for diagnosis [J]. Liver Int, 2023, 43(8): 1714-1728.

[26] Wang X, Feng L, Lu Y, et al. miR-122/PPARS axis is involved in hypoxic exercise and modulates fatty acid metabolism in skeletal muscle of
obese rats [J]. Heliyon, 2024, 10(4): e26572.

[27] McCorvie T J, Loria P M, Tu M, et al. Molecular basis for the regulation of human glycogen synthase by phosphorylation and glucose-6-
phosphate [J]. Nat Struct Mol Biol, 2022, 29(7): 628-638.

[28] Hasani S, Young L E A, van Nort W, et al. Inhibition of mitochondrial fission activates glycogen synthesis to support cell survival in colon
cancer [J]. Cell Death Dis, 2023, 14(10): 664.

[29] Bhanot H, Reddy M M, Nonami A, et al. Pathological glycogenesis through glycogen synthase 1 and suppression of excessive AMP kinase
activity in myeloid leukemia cells [J]. Leukemia, 2015, 29(7): 1555-1563.

[30] XUtA%p, weti, #RJE, . AEZMTAEREEKEFEREWRTN S 0], PEZ, 2022, 53 (9) . 2912-2928.
Liu Y M, Ling Y, Xu X, et al. Research progress on ginger and predictive analysis on its Q-Marker [J]. Chin Tradit Herb Drugs, 2022, 53(9):
2912-2928.

[31] Wang J, Zhang X, Shi J, et al. Fatty acid synthase is a primary target of miR-15a and miR-16-1 in breast cancer [J]. Oncotarget, 2016, 7(48):
78566-78576.

[32] Leon-Mercado L, Dong Y, Chen B, et al. Fatty Acid Synthase regulates glucose and energy homeostasis via POMC neurons and adrenergic
signals [J]. Mol Metab, 2025, 98: 102177.

[33] Chen C I, Kuo D Y, Chuang H Y. FASN inhibition shows the potential for enhancing radiotherapy outcomes by targeting glycolysis, AKT,
and ERK pathways in breast cancer [J]. Int J Radiat Biol, 2025, 101(3): 292-303.

[34] Liu X, Lu J, Ni X, et al. FASN promotes lipid metabolism and progression in colorectal cancer via the SP1/PLA2G4B axis [J]. Cell Death
Discov, 2025, 11(1): 122.

[35] AFWRid, HSREY, WU, F. AR BAAUKEE AR E g m o .\ RA S (1], ERA¥ESNMALYY,
2025, 44 (9) : 889-907.
Li X J, Ru X Y, Huang Y, et al. Transcriptome analysis of the hypothalamu and pituitary in juvenile Seriola dumerili of the formula feed
substitution for chilled trash fish [J]. Genom Appl Biol, 2025, 44(9): 889-907.

[36] Papadopoulos C, Svingou M, Kekou K, et al. Aldolase A deficiency: Report of new cases and literature review [J]. Mol Genet Metab Rep,
2021, 27: 100730.

[37] Zhang C S, Hawley S A, Zong Y, et al. Fructose-1, 6-bisphosphate and aldolase mediate glucose sensing by AMPK [J]. Nature, 2017,
548(7665): 112-116.

[38] Banjarnahor S, Kénig J, Maas R. Screening of commonly prescribed drugs for effects on the CAT1-mediated transport of L-arginine and
arginine derivatives [J]. Amino Acids, 2022, 54(7): 1101-1108.

[39] Xu T, Zhang X, Chen Q, et al. SLC7 transporters at the crossroads of amino acid metabolism and diabetes pathophysiology: insights and
therapeutic perspectives [J]. Front Nutr, 2025, 12: 1467057.

[40] Bairwa S C, Parajuli N, Dyck J R B. The role of AMPK in cardiomyocyte health and survival [J]. Biochim Biophys Acta BBA Mol Basis
Dis, 2016, 1862(12): 2199-2210.

[41] Nigi L, Grieco G E, Ventriglia G, et al. microRNAs as regulators of insulin signaling: research updates and potential therape utic perspectives
in type 2 diabetes [J]. Int J Mol Sci, 2018, 19(12): 3705.



