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W OE: BW BT RN T VR AR R I R AR M S FLRR AR VR B . FiE SDIREBENL Y Xt REZH
FERISE L BHEST IR (- UR0.18 mg/kg+ PG 7T 1.8 mg/kg) ZH AN 22 VAREBEMRAR )& B K57& (20.52. 10.26. 5.13 g/kg)
H, BHSR . BxIRAES, HA KBRS RERAFE, RBivEEIRERE R (streptozotocin, STZ ) 15 I FIAS 6] FH%N N 32
AT B JRPE FH R HAISRE 2 998 1) M PR FF A I K SRR . 45 T 299 728 d, K FH B0l I ok S 36 A /K ok B SE 38 VP K B
BT s SR OB AR s 2 b, R PR G K B 2 I R & 2 A ST R . LR MR AR RS B R
(nicotinamide adenine dinucleotide ", NAD ") &, 15/ & 3 USRI 5 R ACHUHREG: SR W0MH 4 35 3% BB AX. (liquid
chromatography tandem mass spectrometry, LC-MS/MS) VAR £ Jai vt 73 M J7 120 g 0 gh AT AR 2E 7 23 A I 0k 22 S AR T
K Fl Western blotting T ER 5 B H 1 Csirtuin 1, SIRT1) /Myc/FEE A (cancer-Myc, c-Myc) /FLEE i HFA (lactate
dehydrogenase A, LDHA) {55 M EARIE. 45 FSIRTIMIHIFIFINE, 5527 JARENE ARAR 7 %% R 93 H R AARE K BRI
SO SRR /e ARENERAR TS TR R I 2 RO B I AAAIE R R B IR AR B R SR (P<<0.05. 0.01), THifik
BEBUBIEEL (P<<0.01), BREBESRIPTIRE (P<0.01), ZEH KR TESRI K L5 - B SIS [ FIZK A 5 Sea 1) 5 G i
6] (P<<0.05. 0.01), 34IN7E HARGIRAIERARLL (P<<0.01). AR AT ORI, FUBRAS T IX 53 B 2H A0 /e VA A W A S v 79
AU ZE S B TTBME S K« Western blotting25 S %7, 72 VA BB RS 7 v 71 B2 20 T I 35 388 B 28 K FUg 5 SIRT1 . c-Mye.
LDHASE H X (P<0.01). 45T SIRTUMIHIF T, 72 I3 B AR 77 A B R BRI A B B 3 4Kt A SRR AR AT i e
TERBEHIH] (P<0.05. 0.01). X FLERAR AR FIWT 7 B, SIRT 140 770w 1t e V3 B 0% AT 7 % SIRT 1/c-Myc/LDHAR
S REEER (P<0.01), MNMAIHIFLERRIA R, A # SR EE (P<0.05), L5872 IR AR 7 mid iR 45t 1
SIRT1/c-Myc/LDHAE S, MEALRRNER AL LR, AT e Bl bRovs R AAIRE K BRI B FLER AU
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Mechanism of Zuogui Jiangtang Jieyu Formula on treatment of hippocampal
lactate metabolism in diabetes-related depression based on SIRT1/c-Myc/LDHA
signaling pathway
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Abstract: Objective To study the effect and mechanism of Zuogui Jiangtang Jieyu Formula (7 I3 F¥Ef# A 77) on regulating lactate
metabolism in hippocampus of diabetes-related depression. Methods SD rats were randomly divided into control group, model

group, positive control group (metformin 0.18 mg/kg + fluoxetine 1.8 mg/kg), and Zuogui Jiangtang Jieyu Formula high-, medium-,
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and low-dose (20.52, 10.26, 5.13 g/kg) groups, with eight rats in each group. In addition to control group, other rats were fed with high-
fat diet, tail iv streptozotocin (STZ) and receipt chronic mild unpredictable stress to establish diabetes-related depression model. Drug
intervention was administered for 28 d, and the depression like behavior of rats was evaluated using forced swimming and water maze
experiments; Fasting blood glucose was measured using blood glucose test strips, fasting insulin and levels of hippocampal pyruvate,
lactate, and nicotinamide adenine dinucleotide® (NAD") in rats were detected using a reagent kit, insulin sensitivity and insulin
resistance index were calculated; Metabolomics analysis and screening of differential metabolites in hippocampus were performed
using liquid chromatography tandem mass spectrometry (LC-MS/MS) and multivariate statistical analysis methods; Western blotting
was used to detect the expressions of sirtuin 1 (SIRT1)/cancer-Myc (c-Myc)/lactate dehydrogenase A (LDHA) signaling pathway
proteins. After the intervention of SIRT1 inhibitor, the effect of Zuogui Jiangtang Jieyu Formula on diabetes-related depression were
investigated. Results Zuogui Jiangtang Jieyu Formula high-dose group significantly reduced the fasting blood glucose and insulin
contents (P < 0.05, 0.01), increased insulin sensitivity index (P < 0.01), reduced insulin resistance index (P < 0.01), shorten the
immobility time of rats in forced swimming experiments and the stage time in water maze experiments (P < 0.05, 0.01), and increased
the distance ratio in the target quadrant (P < 0.01). Metabolomics studies found that the lactate had the greatest contribution in
distinguishing metabolic differences between the model group and Zuogui Jiangtang Jieyu Formula high-dose group. Western blotting
results showed that Zuogui Jiangtang Jieyu Formula high-dose group significantly increased the expressions of SIRT1, c-Myc and
LDHA proteins in hippocampus of model rats (P < 0.01). After intervention with SIRT1 inhibitor, the improvement effect of Zuogui
Jiangtang Jieyu Formula on blood glucose, insulin resistance and depression like behavior in model rats was inhibited (P < 0.05, 0.01).
Research on lactate related metabolites found that SIRT1 inhibitor could inhibit the activation of SIRT1/c-Myc/LDHA signaling
pathway by Zuogui Jiangtang Jieyu Formula (P < 0.01), thereby suppressing lactate production and reducing hippocampal lactate
content (P < 0.05). Conclusion Zuogui Jiangtang Jieyu Formula can regulate the hippocampal SIRT1/c-Myc/LDHA signaling
pathway, catalyze the conversion of pyruvate into lactic acid, and thus improve the metabolism of lactic acid in hippocampus of rats
with diabetes-related depression.
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SPF 2t SD KR 80 H, A& 180~200 g,
Vi) V1 R TR v B SR BN A FR A R, VERNIE S
SCXK (i) 2019-0004. Zh¥iass 1wl re v EE 2k
A — B R B A= R S5 O A By, AR
£ 40%~70%. BAFEE 20~26 CHIMEL N, 1HFM
B B YUK, ERMEETE 5 d GRS, 3)
Yy S5 22 11 B T R 25K 5 — I B IR e S e a4
HZE ottt (IHME'S ZYFY20231110-112)
12 #H

Fe VAR RERFAR 7 MBS 15 g, IIZKEE 124 #4)
2 12g. %221 9g. BiMtEeetk3g. fI=12g. 4t
P 6g. EH9g. FE9g. AP 9g. HE 18g 4
B IR PR S B e R 2 KA — B R
BERE 255, FEA e R 245 K5 28 — IR = e 24
ek A E AR 0l B8 N X S B P i B
Rehmannia glutinosa Libosch. ] AR 28 i T 2% Al 1y
s ZEBERHMEY) 2B Cornus officinalis Sieb. et
Zuce [T HE AR A BRMEY) T BT Lycium
barbarum L. TR TRICRHEY % 22+
Cuscuta chinensis Lam. [\ T GAFN . BEIEAHEY)
T4 228k Hypericum perforatum L. fH 358
o BIEMEYIFTS: Salvia miltiorrhiza Bge. [T AR
FIRZE. BEEMEYIH T Paeonia suffruticosa Andr.
TR B . ZRMEYIZETE Curcuma longa L))
2L WERHEY AR Achyranthes bidentata B T5:
M AAPERHEIF AN Eucommia ulmoides Oliv. [/ T-15
W SRMEYIZ L 9 Astragalus membranaceus
(Fisch.) Bge. var. mongholicus (Bge.) Hsiao [ T/54R,
BIfFE ChEZ) 2020 FERRILE -

¥ R BRI L BNR S S, I 10 5 &
K, EOKEBIECK 1.5h, JEIE; JEEMA 8 5 &
K, BKEBE K Th, 388, A0 2 IER, %
F o URAZH R R FH A v RO € 3% - DO R AT - 6AT
I ] 3 JEC S5 i 52 ARG e U B A 7 3647 1 e MR 20
Mr, LS 57 FA Y. e VA RRERRE ARAR T b
D FREWE N 0.11 mg/mL, FEUEF A LA iR &
WE R 1.8 mg/mL.
1.3 Zm5i

e W TRDIEIE) 151 7891 B 73R e 5o as S I A A PR
A, 11 0.5%/H [F BF L 10.0%H 508  10.0% 5 11 . 20.0%
BEME . 59.5% AR K, £/ VFANES SCXK

(D 2020-0006; HEMR{A R 2 (streptozotocin, STZ,
L5 S8050) W H AL ZEERIFARAF]; JTBAIA
FIHE A 1 Csirtuin 1, SIRT1) $##il5 Sirtinol (45 HY-
13515/CS-5291) M4 3£ [E MedChemExpress /A 7 ; i
BERRAE S MM-0587R2). AEAERIRA & (it
5 MM-71218R2 )« MH Bk f& i M 0 — B AF R
(nicotinamide adenine dinucleotide®, NAD™) i) & (it
5 MM-71308R2) 1 HILT5Eg SRR A R]: FLR
WA (S5 FY40175-B) W EITHIEDAEMRHH
FRAT]; SIRTL Hifk (5 2028). Myc [t KL
(cancer-Myc, c-Myc) Hifk (5 5605 FLEL I Z
A (lactate dehydrogenase A, LDHA) $it#& (35 2012).
B-actin FifA (k5 4967). HRP Friciil EHif 1gG
P (it 7074) A ZEE CST AF] .
1.4 {43

GA-3BY M HEA (=il AL R A A IR A D
ZS-QPTRLGEIA JFVKHL . Morris/KBKE B 6L (bt AR
AR K AR 5T/ /A ] ); Enspire% D) E# AR
1% (ZEEPekinElmer2 &) ); Mini Trans-Blotas (A ¥ E[)
R4 (E[FHBio-RadA7]); FluorChem RALHE R %
LA 1T R4t (32 E ProteinSimple A F]); AB
Triple TOF 6600%! 4% (3E[EAB SCIEXAF]);
Agilent 1290 Infinity LC# =y AR €14 (£
Agilent’/A#]); Waters Acquity UPLC BEH Amidet?
PR (100mm X 2.1 mm, 1.7 um, 3 E Waters/A 7] ).
2 FHE
2.1 FERRTRFZINENAE K RAZBLAYHE S

K F EHEMESR  STZ VRS A2 IEAAS AT 7 Jen B
WG [ D7 VR R SRR R H R AR K RABE Y, 5
YIEHYOK. REEIRERL, RFEEE 4 1, BES)R
ivSTZ (38 mg/kg). EHAIZIMTHLIEE 8h, STZ 7
KH 4 CHIAHEREMR (pH4.9) AT IR IARAT
FAAEB IR, BEOCRERAT; iR, gk
42 3h, JBivSTZ3d )G, shW%EE 7h, KJER
I 5 2 I R, IfUBEAE = 16.0 mmol/L b FR 5
ity N AL

IR A5 B v (B PR A 28 K B3R AT 18 P A
ANEIFRENSLOE A . RS T BRI 45° 24 h.
% 8 hy BAHIR 24 hy BHEHEK! 12h, 0 CUkK
W Smin, FE 2min; M EONEEHIEEL 2 A
Worik, BMEAER; N EN 4 .
22 DHERBY
2.2.1 A7 VAR A A T K W R 9 S R ISR (14 2
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AR 40 FUBE R FH A SR RE A ALK R BE AL 4
BRI . BHAERE I 0.18 mg/kg+ R
VT 1.8 mg/kg) AL HEREARARTT =y AKG &
(20.52+ 10.26+ 5.13 g/kg, 43 FH 24T I AR5 28GR &
192.0~ 1.0~ 0.5F5) 4, BHI K, HHL 8 A SD
KRAE XS IR 25 254 ig AN 2599 (10 mL/kg),
TR R ig SRR ZR IR, 1 ud, 4k
875 28d.

2.2.2  SIRT FIF 70 A B R AR 7 LG B PR i -
RAVECRERIRZME 18 WU R A AT REAR AL A Bl
BN JBERZH , Je IHFERBARAR T (20.52 g/kg) ZHLAN
FEVAREREMRAR 77 (20.52 g/kg) +Sirtinol (10 mg/kg) )
H, o6 A, HA6 R SD KRIEAXHH. %
UM ig FVARENERAR T (10 mL/kg), X REZHAN
R ig SRR ZEMRK, 1 R/d, 8R4 24 28 d;
HEG25% 15 R, o HPENEARAR T + Sirtinol ZHEE4E
14 dip Sirtinol (3 mL/kg), HARSH ip ZAF —
AL AN (dimethyl sulfoxide, DMSO).

2.3 (TAFEXW

2.3.1 SRIEFFKELES AR )R, AT R
BIEIKERES,  H ULV B AR REAT v . SRR
AT, SR FH A4 0T & v (1 K R 8 /KA, ALK
HH G I TG RS HLAS B MK THI 0 Bk H T A S8
KL, BT shd sz o i 45 55 R RE KA — 8. s2e
B, SN Dk & TG THES, S&E R 1 min
J5, CEENWITE 3 min NFEGLH R E LI A, Zh
Vi B bR AE N TC I R RIKENE, Gk 2IEERE,
A S AR M T, 5 POk I B R R 3 H DR ¢
AT

2.3.2 KEESLE  SRIEFEIK LIS IR H , sh
HBEAT /K I B SES . SRIR AT, ¥ BE KA SE N 4 A4
ZIR, KBEREREFEHETHSY 1 ARKR Gd
NE 1 RIRD) Brp g, mKFEFIENEK, KA
ERETFE 2em. LS 6d, A7 4d ¥ RR
IR MA R R IR KR DGR KS, 5155
SR T PFEMAE, T A% 3—~4—>1-2 RIR.
WAL NG, 25 KRG KRME 3 RRSEAKS,
HIM PR, BHEBHE LK TG, tHE4
W, BT FH B A) S R BN 455 K R SF B A B B R
B 56 K, BEKFFE, IPHERKRMNE 3R
BRZK, 03 HAE 1.5 min APk ERRE, JFit5
HAEF | RIRBESBSBEME, xBFHTF
=R ORTREVAY IR

2.4 ELISA # =SB IAE INAR B RIUARESH
AEER. FLER. NAD'E =
KBATHZMRG R IKH, ZEAEEK 7h
J&» SRR AR I A i A K 4K W s s B i b S &, Bl
JE SRR B E SRk, 4 C. 2000 r/min &
O 15 min, WO BIEW, 1% HRECH) S0l  H e
JiE B R B, IR SR 2 U R ORI B R
Pria 3.
JiE S R BUBFE B =1n[ /(ZS IR IILWE & i X RSB 3R & )]
JoR B FAHCPUIE B = (B W LW & e X RS = A )/22.5
BUR BRI ZHZY, RSN S 5 PBS ¥R
%18 50 mg © 1 mL [ LAl 4 R 2, 3 000 r/min
250> 20 min Ji5 B_EIF, #2610 B A5 E P R
. FLERAI NAD & &
25 BEREEFESH
251 FEARTALFE HL“2.2.17 Wi AR AN A2 )[4
WEFA T B EA KRG SRS 8 A, RAWAH
- B F X (liquid chromatography tandem mass
spectrometry, LC-MS/MS) BT 2= 7 Hr, Al
EH T M kit B AE R BR A B 58 o Mg S FE AR 43
BN FEE-Z K (2020 1), RA, RIE#HESE
30 min, 5 & 10 min J5 14 000 r/min {EI% 20> 20 min,
B EE RS T, I 100 pL 25K (12 1)
2%, 14 000 r/min IR0 15 min J5#HT LC-
MS/MS 43#7 -
252 @ikt KA Agilent 1290 Infinity LC &
e RN L4, Waters Acquity UPLC BEH Amide
ik (100mmX2.1mm, 1.7um) , s AK+
25 mmol/L Z.F&4%+25 mmmol/L &K (A) -Z.ff
(B) , BAEEVERL: 0~0.5min, 95%B; 0.5~7.0min,
95%~65% B; 7.0~8.0 min, 65%~40% B; 8.0~
9.0 min, 40%B; 9.0~9.1 min, 40%~95%B; 9.1~
12.0 min, 95% B. f&fRyiiE 0.5 mL/min; &
25 C; SRR 2 ul; BN HTEREPERE T
4 CHBEFERT.
253 JRREZAME CRAIE. S PR TR .
BB ENE5500V, BFUREEE 600 C, KAT
I} 8] 5 3 S TG LA m/z 60~1 000, P40 134
JEEEA m/z25~1000. — 285K {5 BRI R 5
P43, ERmABERKT, KEBAALE60V, fl
FEReEN (35+15) eV
254 JREBFES AT B 2517 TR REAREAT
BIRE, BMEAR 10 pL. ERFNFEA LC-MS/MS
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HEFERT, 1847 8 MIEMEAS R, A
FEARESE RGN 1 &R
255 R4l EHIR G HIEE Proteo Wizard
Fe g mit MzML #% 30, 285 R Al XCMSS 2 AT 1
XFFF L PR B IS TA) AR I A U T AR TH B . 20l )
1B B B AT A i
(principal component analysis, PCA) Fl1E%Z fifx
/N3 A )43 Corthogonal partial least squares-
discriminant analysis, OPLS-DA)%5 £ 5t 4 i 4347,
K H HC R R PR R A H/ R4 5 (Kyoto
encyclopedia of genes and genomes, KEGG). X
&7 #T (metabolic pathway analysis, MetPA ).
R % & £ 7 M1 ( metabolite set enrichment
analysis, MSEA) . A& & #H EE B 0 #r (variable
importance in projection, VIP) 4 i /5 yksr#r % 7
BB Z AR
2.6 Western blotting #&Mi8% SIRT1. c-Myc.
LDHA EHFRIA

B SR 1g, M 1 mL R, KRS
THGEEIH, 4 CHE 2h, 13 000 r/min IHE SO
15 min, W& BB RITR AL IR R 1 2 I e £
SEREWE, DUREERICFEANIEL, WikdHiE
Wz —lkE. IMAEB ERZMR, TeR%
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SRR REA PHME 2052 10.26 5.13
R ZE VAR AR T (g kg ™)

By 100 CHIFA 10 min {8 8. HEAMMET
T R R AN - SR TN A ok e B I FELK . % PVDF
JBE, ZEWRE A 1h, 27000 SIRTL (1 :1000). c-
Myc (1 :1000). LDHA (1 :1000). B-actin (I :
2 0000 Fife, 4 CHELR; KH, TBST ¥k 3
U, MNP (1:5000), =R E 1h, TBST ¥k
% 3 G M ECL KRR, 10 R % (0 g 4>
M R4 B AE 2.
27 GUtESHh

SEEHHE L X £ KR, K SPSS 16.0 i
1T R R TTZ53HT -
3 4R
31 ZAVAPEVEREERS M ERRH ZINAEKRR =
P& M 8 K Bk 52 R B RR M OS2

WK 1R, SHBA i, MR RS
M2 B S R S EEET S (P<0.01), JEE
RKRURIE B E AL (P<<0.01), JHESZHMPiIEH
BEFE (P<0.01); SHRHLLE, BHMX A
FAE VAREWEARAR J7 i AR5 B 4K BR 2 I I A 2
JE R 5 K B B PRIK (P<<0.05. 0.01), S &K
RIS E TS (P<0.01), RS EMPIsHEE
Bk (P<<0.01), 72 VAREWEMAR TR R4 TE 8%
ZES.
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#it 5
. #H Eg
- ﬁ ﬁ
SR MR BHAPE 2052 10.26 5.13

XTI 22 VA R U7/ (g kg ")

xR *P<0.01; SHMAHE. #P<0.05 #P<0.01, FEIH.

**P < 0.01 vs control group; *P < 0.05 *P <0.01 vs model group, same as below figures.

B 1 ZYIFERERRADTS SRR H R AEMER

BB MAER RS ZHWERMAFN (Xts,n=8)

Fig. 1 Effect of Zuogui Jiangtang Jieyu Formula on fasting blood glucose and insulin sensitivity of rats with diabetes-related

depression (X £ s, n=38)
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32 ZVAREPERRAR S SHHERTEH LK IAPREARRI  (P<<0.05. 0.01), FE/KKE;SLIG A )8 & i i) 2 2
BBHE1T AFIIAZATH BERY R 45 (P<<0.05. 0.01), 7F H AR % FR 5 FE Lb 55 25 18
WK 2 fror, SxTERAIE g, MBRARRER I (P<0.05. 0.01),

K SLIG P A S (A B B K (P<<0.01), 7 3.3  ZVARRPERRER 5 XTHEIRTEH & HIARE K &
KR E SR R B AR EEEK (P<0.01), 1 DREEFHEMW

76 H bR R B FE L B35 (P<<0.01); SHEAY X SR ZH RN e VI B AR 7 v ) 2 4K BRI
AL, BH A REALR 22 BERE MR 7w rhof) AR EER T 2 TSt o, Wil 3 s, PCA
EAKRAE RIS A M B E 45k SRR, fE 7R, 2 AR N RE

120+ 40+ 0.51
#k x .‘ #it
. 30+ °4 # 5 %4 T
» 1004 @ |
= =’ = =03 w9
E + |3 = 201 = .
R | | 4o & 02
i 801 oo o
4 10 0.1
it R W‘t ﬁaf; 20 52 10 26 5. 13 0 ﬁﬂ” W‘t rsa P 20 52 1026 5. 13 0 SRR B PR 20.52 1026 5.13
MR A VAREREARAR T/ (g kg ™) W A VARERERRAR T/ (g kg ™) R ZEVARERERRER 77/ (g kg ™)

2 EVIAREHERRED TS XHEPRRF R AMAMEA RN T AFIAFINBERIRINT (X +s,n=8)
Fig. 2 Effect of Zuogui Jiangtang Jieyu Formula on depressive-like behavior and cognitive function of rats with diabetes-

related depression (X £ s, n=38)
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Fig. 3 Multivariate statistical analysis of metabolomics (n = 8)
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Fig. 4 Differential metabolite enrichment analysis (n = 8)
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Fig.5 Effect of Zuogui Jiangtang Jieyu Formula on expressions of SIRT1, c-Myc and LDHA proteins in hippocampus of

rats with diabetes-related depression (X £ s, n=6)
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Fig. 6 Effect of SIRT1 inhibitor on improvement of fasting blood glucose and insulin sensitivity of rats with diabetes-related

depression by Zuogui Jiangtang Jieyu Formula (X = s, n =6)



- 7732 PED 2024FE 11 5 5% $ 228 Chinese Traditional and Herbal Drugs 2024 November Vol. 55 No. 22
1201 - 307 . 0.6
o ‘I‘ A

2 100 T : 2 20 S SR *x - 4
g v T = |2 [ ] ®oes ¥ %
&= : & E = B

= < + ° X o . B, <+ °

K 804 o4 [ & >

60 1 1 1 1 1
XTI R AR VARERE A ARERE

WHER R ACUARERE AC I RERE
ftfi 77 Fsirtinol

XTHE OBR EREERE AR

kT sirtinol AT sirtinol

7 SIRT1 #5732 YABEHEREAD 5 e E HE PR R & HIARE R RAMBRAE T AFIA T BERIRZAD (X £5,n=6)

Fig. 7 Effect of SIRT1 inhibitor on improvement of depressive-like behavior and cognitive function of rats with diabetes-

related depression by Zuogui Jiangtang Jieyu Formula (X £ s, n = 6)
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Fig. 9 Effect of SIRT1 inhibitor on improvement of SIRT1, c-Myc and LDHA protein expressions in hippocampus of rats

with diabetes-related depression by Zuogui Jiangtang Jieyu Formula (X £ s, n=6)
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