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[Abstract] Objective: To establish a neuroinflaimmation-based obesity and depression comorbidity

(COM) model in mice and explore the pharmacodynamics and preliminary pharmacological mechanism of
tripterine on COM mice. Method: C57BL/6] mice were randomly divided into a normal group (Chow), a diet-
induced obesity group (DIO), and a COM group. The mice in the COM group were fed on a high-fat diet and
chronically stressed with moist litter for 12 weeks to establish the COM model. C57BL/6J mice were randomly
divided into a Chow group, a COM group, and a tumor necrosis factor-a (TNF-a) knock-down group. In the
TNF-a knock-down group, TNF-a shRNA adeno-associated virus was injected into the amygdala through brain
stereotaxis, and the expression of TNF-« in the amygdala was down-regulated. C57BL/6J mice were randomly
divided into a Chow group, a DIO group, a DIO + low-dose tripterine group (0.5 mg-kg"'), a DIO + high-dose
tripterine group (1.0 mg-kg"'), a COM group, a COM + low-dose tripterine group (0.5 mg-kg"'), and a COM +
high-dose tripterine group (1.0 mg-kg'). The body weight, food intake, glucose tolerance, white/brown fat
ratio, serum total cholesterol (TC), triglyceride (TG), and high-/low-density lipoprotein cholesterol (HDL-C
and LDL-C) content were recorded, and obesity of mice in each group was evaluated. Forced swimming test
(FST), tail suspension test (TST), and open field test were used to evaluate the degree of depression of mice in
each group. Immunofluorescence staining was used to detect the protein expression levels of neuropeptide Y,
tryptophan hydroxylase 2 (TPH2) , and brain-derived neurotrophic factor (BDNF) in various brain nuclei of
mice. Correlation analysis was used to detect the correlation of obesity and depression indexes. Result: The
comparison of the Chow group and the DIO group indicated that COM mice showed obesity and depression. To
be specific, obesity was manifested as increased body weight and food intake (P<0.05, P<0.01), as well as
increased NPY expression in the central amygdala, and depression was manifested as prolonged immobility time
in FST and TST (P<0.01) , and reduced TPH2-positive 5-hydroxytryptamine neurons in the dorsal raphe
nucleus (DRN) and basolateral nucleus of the amygdala (BLA ). The down-regulation of TNF-a protein in
BLA of COM mice shortened the immobility time in FST and TST (P<0.05, P<0.01) , increased TPH2/
BDNF-positive neurons in BLA, and showed no significant changes in obesity. In DIO mice, the
administration of 0.5 mg- kg tripterine for 9 days significantly decreased the 60 min blood glucose in glucose
tolerance ( P<0.01) and food intake ( P<0.05). In COM mice, 1.0 mg-kg" tripterine was administered for 14
days to significantly decrease 30 min blood glucose in glucose tolerance (P<0.01) , and food intake (P<
0.05) , and immobility time in TST (P<0.01), increase TPH2-BDNF double-labeled cells in BLA and DRN,
and reduce the area of TMEM119-stained cells. Conclusion: The model of obesity and depression comorbidity
can be properly induced in mice under the condition of dual stress of energy environment. Tripterine can
effectively interfere with obesity-depression comorbidity, and its mechanism may be related to the inhibition of
central nervous system inflammation.
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Fig. 1 Effect of model construction on expression level of NPY in CeA of mice in each group (IF,x600)
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Table 1 Effect of model construction on body weight, food intake
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Fig. 2 Effect of model construction on expression level of TPH2 in DRN of mice in each group (IF,x600)
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Fig. 3 Effect of model construction on expression level of TPH2 in BLA of mice in each group (IF,x600)
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Fig. 4 Correlation analysis between obesity and depression
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BB 3. 25538, BLA " TNF-a 9 F 9 9k 3iF BH
A RE 5 AR AE 28 fif A 5% (B AN BE 2% fift COM /NI
AERE. DLE 9FIE 10K 6.

E5 #EENRHNRBLA F TNF-a RiEKFEHZIE (HBREEDOE, x600)

Fig. 5 Effect of model construction on expression level of TNF-a in BLA of mice in each group (IF,x600)

£ :A. Chow 41 ;B. COM 41 ;C. TNF-a rfflR41 ([ 7-1& 1017] ) ; % (524 DAPI; % (524 AAV; £L (525 TNF-a
6 FH{-H TNF-aRKi& T & H/NR BLA B TNF-a KX KFRIFME (556, %600)
Fig. 6 Effect of down-regulated expression of TNF-a in amygdala on expression level of TNF-a in BLA of mice in each group (IF,*x600)

3.3 TRAHELL E X COM /N BRIE JBE A AR (1) 5 i

A PR A R A ER 4 9d)5, 5 DIOA L

# ,DI0-0.5 mg-kg"' 4 A1 DIO-1.0 mg-kg™" 2 19 /)N B
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gE R 45 2570 )5 DIO & Al 2 M) ¥ 22 R L4 it 2
B G2, COM 4l & B A 3h i e W 2 & F
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T {5 DAPL; 213, TMEM119
B7 #I-#% TNF-a RiE TE&H/NRBLA R TMEM119 4735 A9 /NS R A B B R AR B9 B2 1 (585K, x600)
Fig. 7 Effect of down-regulated expression of TNF-a in amygdala on area of microglia marked by TMEM119 in BLA of mice in each

group (IF,x600)

R4 BFLCETINF-oRETEAMNESHNMNRERE M. BAREERAOFNE (F£5,1=9)

Table 4 Effect of down-regulated expression of TNF-a in amygdala on body weight, blood sugar and white/brown fat ratio of mice in each

group (x+s,n=9)

21 5 AAV it /g AUC F AR 2 /% FEAR R /%
Chow 41 non-shRNA 25.89+0.43 121.74+3.63 1.68+0.04 0.45+0.01
coM 41 non-shRNA 37.29+0.80% 189.92+7.29% 8.11+0.35% 0.44+0.01>
TNF-a f {41 TNF-a-shRNA 35.47+0.84% 200.48+7.69% 7.78+0.27% 0.44+0.01%

11 : 5 Chow 4 %% V' P<0.05,% P<0.01 (3 5 [7)
*5 BLCBRINF-«REZTRAMSHNRIBEENZN (F+s,1=3) I I B I (P<0.05, P<0.01) o B8 T 4 B35 1 L) AN,

Table 5  Effect of down-regulated expression of TNF- a in BLA ﬂ] DRN EF' E@%E%%éﬁ%ﬂ%@% . 5 Chow zﬂ
amygdala on food intake of mice in each group (x+s,7=3) B ‘
4 , COM 41 TPH2-BDNF XUAx 41 g 50 & 0 . Uik

215 AAV & /kcal ] )
Chow 21 non-shRNA 77.25+£2.08 //I\ » TMEMII9 %j% @‘ E"J éEH H@ MS ﬁ ﬁ:{ Eﬁ L i j][] ; Ej
COM 4 non-shRNA 93.17+4.16" COM 41 L8, COM- & 7 kst 2 TPH2-BDNF XUbs 4
TNF-o {541 TNF-a-shRNA 94.27+5.51" 05 ) S B, TMEM 119 3 € i 4 Jg ¢ i #X10

W o AR A BRI A AR R 1 D U] R A
COM-1.0 mg-kg' 45 COM 4 b % , & B A 3l it 1] 21 B G2 i COM /DN R A B K A A8 i 1R, I 15 7

W (0 DAPL % (0 AAV ; 2144 NPY
B8 7;'.=1_¢? TNF-a Fi& T3 & H/INR CeA I NPY KKK F I (F555E,%600)
Fig. 8 Effect of down-regulated expression of TNF-a in amygdala on expression level of NPY in CeA of mice in each group (IF,x600)

IE: (0 DAPL 2% {00y AAV ;21 {5 ) BDNF
B9 FF{-#% TNF-aFRik T & H/N R BLA I BDNF RiEKFRE M (FRE5 0, x600)
Fig. 9 Effect of down-regulated expression of TNF-a in amygdala on expression level of BDNF in BLA of mice in each group (IF, x600)
. 87 -
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TE W 00 DAPL 2% {00 AAV 21 {5 0 TPH2
Bl10 Z{-# TNF-a &k Tt & A/ R BLA f TPH2 KA K FEREM (FRREHE,x600)
Fig. 10 Effect of down-regulated expression of TNF-a in amygdala on expression level of TPH2 in BLA of mice in each group (IF,*x600)

F6 BTIZTNF-aRETEIMEHNRIVEBBXIERHZME X+ 5,n=9)

Table 6 Effect of down-regulated expression of TNF-a in amygdala on depression-related indicators in mice in each group (x+s,n=9)

4151 AAV N Fh Al /s 15 AL ) /s H g b 45 B I ) /s
Chow 21 non-shRNA 131.93+7.42 75.33+3.78 42.3342.39
COM 4 non-shRNA 191.12+4.42% 134.76+10.75 30.67+4.12"
TNF-a i ik 4H TNF-a-shRNA 149.90+5.98" 102.7346.15% 23.67+1.58%

7 : 5 Chow 41 Lt 48 V' P<0.05,%"P<0.01; 5 DIO 41 [£.4% > P<0.05,* P<0.01

HALHI T RE S Z X & RAEA K. TWE 11-K
14 .F7HFES,

H:A. Chow 4l ;B. COM 41 ;C. COM-1. 0 mg-kg" 41 (&l 12-&] 14
[7) ;8 (4 DAPI; £ {4 TNF-o; 2L {0y TMEM119( & 13 7] )
Bl FABIEXEH/NRBLAF TNF-a-TMEM119 & ik 7k F
GBI (S P, *x200)
Fig. 11  Effect of celastrol on expression level of TNF-a-TMEM119 in
BLA of mice in each group (IF,x200)

E < U {0 DAPL; 4 (52 BDNF; 41 €4 ) TPH2( & 14 7))
B12 FAMHELERIEANR BLA H TPH2-BDNF RiA 7k FH %
ma (Gesese ot , x200)
Fig. 12 Effect of triptolide on expression level of TPH2-BDNF in
BLA of mice in each group (IF,*200)

4 itit
JIES JHE 2 — b B M ok B R B 18 v AR R
o, ARl B T A A U Al T, ) 2050 48, 2RI A
o2 — RN T BRAE RS O BERS BT R
PR BRAE AV RE A, AR 2 I8 Y 32 0T R,
JIE ot 5B 2 b O & AR Y L 5k 33% . H I IR
. 88 -

B 13 FAHIEXEA/NEDRNH TNF-o-TMEM119 Rk K F
IR (R PEFOL, x200)

Fig. 13 Effect of celastrol on expression level of TNF-a-TMEM119 in

DRN of mice in each group (IF,x200)

14 FRAMHLIENE AR DRN R TPH2-BDNF R XK FHI#
W (RED, %200)

Fig. 14 Effect of triptolide on expression level of TPH2-BDNF in
BLA of mice in each group (IF,x200)
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T T P /0 BRI PR R IR L A o P /D BT
L H I, AR ATk B 3 FE Y i CSTBL/6T /)N
B, DA AP R G g R Sl VT R, 2E R N T T AT
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x7 BELABARMNEANRAELEH 60,30 min MEMFRBHFM (x=5)

Table 7 Effect of celastrol on blood glucose and food intake 60 and 30 minutes after administration of mice in each group (x+s)

60 min 30 min
21 5 il /mg- kg
1fiLH /mmol-kg”' (n=8) $E B i /keal(n=3) 14 /mmol-kg ' (n=8) 1% & i /kcal(n=3)
Chow 21 13.43+0.26 55.99+1.08 21.16+0.43 55.19+0.89
DIO 41 19.10+0.79 103.3249.07 26.98+1.22 116.80+14.96
DIO-0.5 mg-kg' 41 0.5 12.93+0.51 77.92+2.73" 25.49:+0.64 84.76+7.18
DIO-1.0 mg-kg' 21 1.0 11.99+1.18% 62.74+4.63% 20.39+0.30% 67.06+6.07"

¥ : 5 DIO 4 b4k V' P<0.05,2P<0.01( 3% 8 [A])

R8 BERBRLAEWNESANRAANEHNEESLEBILEENE
Mg (x+s,n=8)
Table 8 Effect of celastrol on time to stop struggling of tail

suspension before and after administration of mice in each group

(x+s,n=8)
a3 H| 4 {52 1L 45 LI [l /s
/mg-kg' IR
Chow 41 86.88+1.20 64.13+4.90
DIO 4l 1243242.67  143.41+6.74
DIO-0.5 mg-kg' 4l 0.5 119.44+3.79 95.03+2.68
DIO-1.0 mg-kg 41 1.0 123.63+1.99 72.63+3.60
coM 4l 67.88+4.39"  62.13+5.87"
COM-0.5 mg-kg' 4l 0.5 86.13+2.40"  62.38+3.79”
COM-1.0 mg-kg' 4 1.0 83.13+2.27"  94.38+9.23Y

¥ : 5 Chow 41 b4 " P<0.01; 5 DIO 41 4% ¥ P<0.05,% P<0.01

DIO A5 B 1 P A A 390 61 17 38 (CUMSS) J2& IR e A4
155 FH A /0N BRURE D 35k 1 R R AR B S M B TN 28
S0 R TR BB — R B Y AR A R E
ARAS . {H DIO AR AU JE 2 A5 00N SN0 o i B A AL
23 v T T I 0K AR 7 AR R RN g R e, R
JiE %, T 3 Y R R O R S CUMES A5 TR 1
Gy W BEOT AR R UKOK UK, 2 R B0 RUR
Jo e TR M DL R B R o AR S T R A Y SR
BRERY , H A A S0 AR 0L T I PR AR A AR JRE R AR I
FEFE ZSBAL I BUIR  AEAT O 2% S50 b SR B b 2 4
LR N M 2 R = N = e B AR L e A
F L F DIO B A, K H B B 3 45 F DIO £ Y 1) 48
B, 45 A A DG A M I 45 5, e A A SR B TR
JE 5 AR AR B A7 CEAL B R . R T EE A 10 Fh
N 3 A H BEHLIEAT 1) CUMS A5 | AR S 56 (1) A5
RUAE) H 7 VL TN T G, AR T OB — B B T
SEE N DL TR T PR AL T 5 3 A R R
PSR R A 4 575 12 A, A 5 % /N BRI S A AR
RN 4 AH OCHE BRI AT R I . ZERE D T, COM /)y
BRI A A 0T o R b L E B B R AT AR R

AN TN i o (AN 1 B = Y R A S (T e
TE 4 2 BT R 56 b, AUC 9 189 1 52 7 T Jpk o A8 A%
A5 5 A A 28 b 5 B OM G 1 NPY KA T
B AR 2 T30 TE T RE SR NPY B 28 T8 1 58 I
T BN 5508 /Dy BT AR 38 n 2 BT AE 56 7
AR AT 2 S i b  FST R TST #5423 AR 1% 4% 1)
PEAN D535, AN Sl s [0 455 1k 45 L S R0 7 38 n 44 88 1
ANERUAT R 45 M AR B, i OF T A 9 J2& /1 B
XF 25 W 3 M R R AR B OF IO 3 7R 0 1
R[] fy 9 AR B T AR IR SR I, COM /NI R B T
2 1 S0 HR N A PERE AR 5 TR R Bl 2B 5 R Y
W46 K R 7 B TPH2 f1 DRN &, 85 4518 &
Hoh A A, & R0 RS- R Y A R, B
FIARAE (14 & A=, 3R 3K A A Ak 2 T 96 30E 1 40
FEIR o AH SEPE 2 BT 1 25 3R 7R, COM /DN BRI I JBE
AR B 7 R R OE A O, U B A A TR P R SR
o HMA R, EY R, DIO /MR R
T AR R R X Sk — B0 R
JE Rt 0 £ R 2 TR R BB AT R IR o AR
HA®EGNESE G 2 BESsTae, Mgk
40 8 RE SO I 23 AR AR B MR DI B L R AR A 1
Bt ot i, 52 DR Y IE 8 e . IR A
M3 i Luminex 4> 7 #F 58 & B, 5 DIO 41 [ %%,
COM # /N BLA 1 TNF-a Z&-TNFR T /1T it %3k
W E NN, PE R s g Ak B, COM /MR
(9 BLA /INE 5 41 43 106 ) TNF-a 2 35 4% Chow 41
B T B R R AL AT AR A A A /N i T A
J 0 ek B O A O . SRk — 2D BRE A AT g (Y Bl
i, 25 38 5 kN VE 5T AAV 4 i TNF-a shRNA
PA T AR /N B 40 Y TNF-o 635 T s 17
AT /N e 5 40 B 1 S H 0, B & B TNF-a i fIG
2 /N BRI T e AH G 48 B RS AROMH G 1 NPY b it
IF 4G 15 3 2 3% , BDNF 76 A AL ANE R ) e b i &
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T TNF- e #f5 2HL /0 A 40418 A 5C 8 5 5 157 54 i

228 37 N T BDNF FI A M 2845 i 532 (1 RO W) 46

J2 BR 38 il TPH2 2 1K B 45 21 1 3% st W AE A 1
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B it 4 60 min 0B LB R 5 0 COM /N /U,
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