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[Abstract] Objective: To observe the effect of Liuwei Dihuangtang (LWDHT) on depression-like
behaviors of rats with diabetes mellitus and depression (DD) and explore its mechanism. Method: The diabetes
mellitus (DM ) model was induced by the high-fat diet and tail vein injection of low-dose streptozotocin (STZ)
in 50 male Sprague-Dawley rats of SPF grade. Then the DD model was induced by chronic unpredictable mild
stress (CUMS) for 28 days in DM rats. Fifty DD rats were randomly divided into model group, fluoxetine group
(10 mg-kg'+d"), and low-, medium-, and high-dose LWDHT groups (3.375, 6.75, 13.5 g-kg"'-d"), with 10
rats in each group. Another 10 healthy rats were assigned into a control group and received normal saline by
gavage. After four weeks of drug intervention, the forced swimming assay was carried out to assess the
depression-like behaviors of rats. The expression levels of tumor necrosis factor-a (TNF-a«) , interleukin-13
(IL-18), interleukin-4 (IL-4), and interleukin-10 (IL-10) in the anterior cingulate cortex (ACC) were detected
by enzyme-linked immunosorbent assay (ELISA). Immunofluorescence was used to detect the expression of
myelin basic protein (MBP) in ACC and the co-localization of ionized calcium-binding adapter molecule 1
(Ibal) with intracellular microtubule-associated protein 1 light chain 3 (LC3). The protein expression levels of
MBP, myelin proteolipid protein (PLP), myelin oligodendrocyte glycoprotein (MOG) , Beclin-1, LC3, p62,
and microglia (MG) phenotypic protein-related inducible nitric oxide synthase (iNOS), and arginase 1 (Argl)
were detected by Western blot. Result: Compared with the control group, the model group showed shortened
swimming time and prolonged immobility time (P<0.01). Compared with the model group, the medium- and
high-dose LWDHT groups showed reduced immobility time (P<0.05, P<0.01). Compared with the control
group, the model group showed decreased protein expression of MBP, PLP, and MOG in the ACC region (P<
0.01). Compared with the model group, the fluoxetine group and the medium- and high-dose LWDHT groups
showed up-regulated protein expression of MBP, PLP, and MOG (P<0.05, P<0.01). Compared with the
control group, the model group showed decreased MBP fluorescence intensity in the ACC region (P<0.01).
Compared with the model group, the fluoxetine group and the medium- and high-dose LWDHT groups showed
increased MBP fluorescence intensity in the ACC region (P<0.05, P<0.01). Compared with the control group,
the model group showed increased expression of iNOS (P<0.01) and slightly increased Argl protein expression.
Compared with the model group, the medium- and high-dose LWDHT groups and the fluoxetine group showed
down-regulated iNOS expression and up-regulated Argl protein expression (P<0.05, P<0.01), but there was no
significant difference between the fluoxetine group and the medium-, high-dose LWDHT groups. Compared with
the control group, the model group showed increased expression levels of proinflammatory factors IL-18 and
TNF-a in the ACC region (P<0.01) and slightly increased expression levels of anti-inflammatory factors IL-4
and IL-10. Compared with the model group, the fluoxetine group, and the medium- and high-dose LWDHT
groups showed down-regulated expression of IL-18 and TNF-a (P<0.05, P<0.01) and up-regulated expression
of IL-4 and IL-10 (P<0.05, P<0.01). Compared with the control group, the model group showed reduced
expression levels of Beclin-1 and LC3 Il (P<0.01) and increased expression level of p62 (P<0.01). Compared
with the model group, the fluoxetine group and the medium- and high-dose LWDHT groups showed up-
regulated Beclin-1 and LC3 Il expression (P<0.01) and down-regulated p62 expression (P<0.01). Compared
with the control group, the model group showed decreased LC3'Ibal™ cells in the ACC region (P<0.01).
Compared with the model group, the fluoxetine group and the medium- and high-dose LWDHT groups showed
increased LC3'Ibal” cells (P<0.05, P<0.01). Conclusion: LWDHT can alleviate the depression-like behaviors
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in DD rats presumedly by promoting MG autophagy, regulating MG phenotypic changes, and increasing MG

clearance of myelin sheath fragments. Meanwhile,

MG phenotypic transformation also inhibits ACC

inflammation in DD rats, improves the local microenvironment of oligodendrocyte proliferation and

differentiation, and ultimately promotes the repair and remyelination of damaged myelin sheath.
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Fig. 1  Electrophoresis of ACC myelin associated proteins

expression of each group
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Fig. 2 MBP immunofluorescence staining in ACC region of rats in each group(IF,x50)
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Fig. 3 Electrophoresis of MG phenotypic protein expression in

ACC brain area of rats in each group

P<0.01), "z @Rl EA ZE 2R TG EE L
BPGITAH Sy m R s d i, éﬁj‘c%fr
B, W4

3.4 ANWHLEZIEHE DD KR ACC [ 1 KF

3.4.1 Xf DD KE ACC A W AH 3¢ 8 117K F (19 5% )
5 E H A b, #5824 Beclin-1.LC3 11 i # K&K,

F3 AKMHFFIDD KR ACCHE MG REMAXE T RIXK
Y80 (x+s,n=6)

Table 3  Effect of LWDHT on relative expression of MG

phenotypic associated in ACC brain region of rats in DD rats (x+s,

n=6)

2151 il /g kg iNOS/B-actin  Argl/B-actin
IEH 4 1.00+0.20 1.00+0.17
A 21 3.95+0.92"  1.12+0.30"
FPEIT 4L 0.01 2.39+0.55  3.14+0.847
L REZ (10 R 3.375 3.10£0.93 1.44+0.54
SRR h=ei) 6.75 2.46+0.53%  2.77+0.75%
Hh 2l 7 5 2 13.5 2.07£0.617  3.31:0.63"
2y rp A R 4 Beclin-1 . LC3 11 23k i .p6 %

35K I AR (P<0.05, P<0.01) , rh 25 B Rl dl >
] 22 TG T2 5 S T4 5 N 317 |

p62 /K FHEHN (P<0.01) . SBIAYZH L AL, B PT 1T 41 . R LR, E R G E L, WERAES,
F 4 AWKRHEZI DD KR ACC IR KIEHFRIEKFEHEIM (Xts,n=6)
Table 4 Effect of LWDHT on inflammatory cytokines expression in ACC brain region of rats in DD rats (x+s,n=6) ng g
4157 /g kg IL-18 TNF-a IL-4 IL-10
IEH4 26.84+13.63 53.21+16.03 37.67+16.35 83.97+21.75
REAY 21 83.45+22.49" 204.45+42.29" 63.41+17.60 89.91+15.62
FPG T4 0.01 44.60+18.49” 80.87+23.17% 125.36+20.57% 140.66+27.23%
2G50 3.375 62.71£15.29 153.81+£28.04 67.85+24.94 98.94+18.19
bl 6.75 51.96+13.46> 108.42+40.56 107.95+17.78" 133.61+25.70%
24 e ) e 4 13.5 43.57+17.80% 78.89+22.87Y 129.12423.85% 150.44+34.84%

3.4.2  JNTEML B % ACC K X LC3 Tbal " FH 4 41 fitt
LR 5 I1FE W 4 (4.08+1.31) ek, #E A1 4
. 12 .

(1.00£1.04) ACC ' LC3 Ibal* 41 its ¥k T 2 & /> (P<
0.01); SHIRIL] FLAE, 45 TN 5 T B, th 2y
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Fig. 4 Electrophoresis of autophagy related proteins expression

in ACC of each group

% L R L [ R B (2.25+1.21) , ] 4
(2.67+1.03) , 7 7 & 21 (2.83+1.34) ] LC3 Tbal 2 il
B [\ R BE 39 A (P<0.05, P<0.01) , 8 74 7T 41
(2.58+0.99)LC3"Tbal 4 i 538 it (P<0.05) ; 5 ¥
TV He A, v 2l 7 5] B 4 % LC3 Thal " 40 i %5 ) 5 i
ZRTGIHFE L WES,
4 itig

Il A 15 Al 9F 9% ) 78 43 U S5 05 PR R 3 S0 AR
iR R % R G 2 A g R AR Bk
DX 25 /1 I 2R AR S 5 R AR E IR 2 U A
O B T 5 243 W B A TR 5 3 BSR4
HISRE % 2B 52 0E A O A 2 O Mk 4 B 1 2 2 e
SRR, Ao A OB KO B AR R 2 . T R R
A Ry 1R P I — o AT a0 AR ) 380 2R L R (N e B e 2
g K- R T A% 28, OO R R M S H S 5 R
2 A A A AT G R R E AR
il ot STZ BE G i iR I & # 37 T2DM A B K
L, IFAE L FERE 25T 28 d CUMS. 2R JH 5 3 37 9k
SR ST T2DM B A K B I I 35 B A 4 AT
R BRGA UK R DE A 2 W RS 3R B Y AT R 2
Wk B R BN, 5 IEH 4, DD KRR B H B
SRR K =R o S (e i 5 s Sl iy Sl ST
V(11 N7 B 1 BT | BTN A 7 T |

5 ABRMEFHI ACCHX LC3' Ihal FE{E 4 B RE K M0 (%
REDE, x200)

Fig. 5 Effect of LWDHT on LC3'Ibal” positive cell expression in
ACC region of rats in DD rats(IF,*200)

DR Ak BT S s N £ N 11 N [E1 W) | R 8
i [E] , 20 3% DD K RAPARAT M -

B X 75 R M B 7 038 A0 AR AT R 3R A B AR FH AL
I A e 2 U A E R T 2 0 D U= R I S I
25 0 Z A5 PIARAE A9 B A= BEIL RS TS  (H T BB AR
K 1 B B AT, 5 SRR T RE A O R 5 AR AE Y %
VIR 1021 s B 3 0 %l 5% 2h 4 A A% o B P
VS AR A R A0 PE o TR, B I o0 B M2 k&2 Il
% Ay BE il Y B 22 N 2545 SRR E AR S 1 O B 5 ) A
FZ. CARIES, KRR T R KCE wT
T 28 R G B RE 5 I SR B W RO G ik
PRSI0 /N SRS S AF A P 4 4 B I8 o i 5 2%, 1B

£S5 AKBEFHN DD KR ACCHR B EAXEARXMNRIZKE (xis,2=6)
Table 5 Effect of LWDHT on relative expression of autophagy related proteins in ACC brain region of DD rats (x+s,n=6)

215 Fl /g kg Beclin-1/B-actin LC3 II/1 p62/B-actin
IF % 40 1.00+0.15 1.00+£0.17 1.00£0.18
FERIZH 0.23+0.10" 0.27+0.12" 3.71+0.89"
SRPETT 4L 0.01 0.62+0.12 0.62+0.15> 2.16+0.49"
R 2GR 2 3.375 0.45+0.11 0.32+0.10 3.11+0.85
rp 2 b 4 6.75 0.58+0.19 0.54+0.14% 2.48+0.67
rp 2 ) e 13.5 0.69+0.15> 0.67+0.17> 1.98+0.65

.13.
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Rk AT [ A O N 48 DT e M R R A
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DD K B ACC DX 1l 85 AH O 2 11 3 18 K OF 1B 35
R, T3 7S PR M B 7 m] DL R B AR G B FI K ik . DD
K ACC X 3 MBP % 92 9 't e (0, 1 UL 52 21 4 7] i
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TR B A e, X AR i E B PO R B G EDY . MG
JR A7 ) 9 P Bl P BE AR A JE AR OO BT R AE AN
[F] 432 M1 FT M2 7 3% Flobl fb 2 8 . 24 MG R LK
M1 ¢ e R BIEE, Fo A7 W RE ) AU A PR B AR, O 4
WA IL-18  TNF-a 5512 4 PR il B it 25 48 i 118 5 45
L M2 A MG )L AT B A W BE T, T R AR A
TR IO O AR R, o/ 5% T A4 L Ak, AR
WA Pk, X 45 4R BUACC KB, MG 3R 7
FH OGS IC B 11 B MG 2 B AH 5 1 R GE B 2E 47 6
Mo 4538 R, DD KR ACC H M1 EI MG (5 it %,
& 58 PR 43 WA 38 0, A7 A 98 RE BT 5 45 T 7S TR b B
TG, ACC KB MG [ M2 AU AL, [m] B 4t 48
LT3 6 B S 35 0 o $RR ZE S Wb B A VE R T, Al
PIE DD K BN ACC X 38 MG B # H . MG
F RV P B Z2 FhJE 1 HLR e B Y
M) MG 77 WA FH R E R S A A0 1 280 A
W f 38 58 ] LA F MG 1) M2 BSR4 i 3 ] B
Wi 53 B MG 7] MR 58 R AR A6 I 4 iy 109 4F
GE RN, 7 W b B 37 T A A TR SR 1) B
i (AMPK) 22 3% DD K B Ul g 5 X4 16 D
WY, AMPK PTG AT DL B #2 00E ULKL, ] DL
il 75 A A 2 S0 1 (mTOR) B R 1L, M 1 42 1 A
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