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The mechanism of 3 - hydroxykynurenine in the depression - like changes induced by
bisphenol F in mice and the intervention effect of leucine
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[Abstract] Objective: To explore the role and mechanism of 3-hydroxy - kynurenine (3-HK) , a key neurotoxic metabolite in the
kynurenine pathway, in bisphenol F (BPF)-induced depressive-like changes in mice and evaluate the intervention effect of leucine by
intervening this pathway, thereby providing experimental evidence for identifying potential intervention targets. Methods: The BPF
exposure mouse model was established to investigate its neurotoxic effects, and the depression-like behaviors were assessed through
behavioral tests such as the tail - suspension test, forced swimming test, and open-field test. Concurrently, the levels of depression-
related neurotransmitters, including 3 - HK, 5 - hydroxytryptamine (5-HT) , and kynurenine were measured in the hippocampus and
prefrontal cortex. Alterations in the expression levels of pro-inflammatory cytokines,including interferon-gamma(IFN-y) and interleukin-13
(IL-1B), as well as kynurenine 3-monooxygenase (KMO) , were also detected. Furthermore, a leucine combined intervention group was
established to assess whether BPF -induced depression-like behaviors improved, with additional measurements of neurotransmitter
levels, pro-inflammatory factors, and KMO expression. The role of 3-HK in BPF-induced reactive oxygen species (ROS) generation in
primary neurons was investigated using a fluorescent probe assay. Results: BPF exposure induced depressive-like behaviors in mice.
While 5-HT levels in the hippocampus and cortex showed no significant change, the content of kynurenine was markedly reduced. BPF

exposure significantly increased the expression levels of KMO in the hippocampus and cortex, and promoted the accumulation of 3-HK,
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which facilitated the production of pro-inflammatory factors such as IFN-+y and IL-1 by activating the inflammatory pathway. Leucine

intervention alleviated BPF - induced depressive - like behavior, significantly reversing the abnormal expression of KMO and pro -

inflammatory factors, and notably reducing 3-HK levels, though other neurotransmitter levels remained largely unchanged. Meanwhile,

competitive inhibition of 3 -HK transport or inhibition of KMO significantly reversed the ROS caused by BPF. Conclusion: BPF

exposure upregulates KMO expression in the hippocampus and cortex, leading to abnormal accumulation of 3-HK, which subsequently

triggers excessive ROS generation and neuroinflammation. These pathological changes may collectively contribute to neural damage

and depression-like behaviors. In contrast, leucine inhibits this metabolic shift, alleviates oxidative stress and inflammation, thereby

mitigating depression-like behaviors.
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mh, s IE UK, IR0 B AL A N B AT I . A
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Table 1 Primer sequences
Gene Forward(5'—3") Reverse(5'—3")
IDO1 TTCACGCAAGACTGGCTGAA AGGCGATGGAGTTCTTCAGG
IFN-y ATGAACGCTACACACTGCATC CCATCCTTTTGCCAGTTCCTC
IL-1B GAAATGCCACCTTTTGACAGTG TGGATGCTCTCATCAGGACAG
TNF-a CCCTCACACTCAGATCATCTTCT GCTACGACGTGGGCTACAG
TPH2 CCACCATTGTGACCCTGAATCC ATGAGGACTCGGTGAGAGCATC
KMO TGATGTGTACGAAGCTAGGGA TCATGGGCACACCTTTGGAAA

LN R L, AR KES AT DNA B AL 2, i
VE JE WA i &, 1 000 r/min ZE 5 20> 5 min, 3
biE, EEA IR R N 1x10° 4N em?,
i F JE AR #2870 5% 77 & Neurobasal +B-27 (Thermo-
fisher A7), EEDR IR WHELT K, &I
KRR E B, I U AH DG B A 2 B A Canti-
microtubule-associated protein 2 antibody, anti-MAP-2)
X HAThRIE S S
1.2.9  Hoechst 3 & LAY 2 7 a JAAZ TS 25

A A H 4% % 58 F I [ 7€ V], [ 7€ 10 mine
PBSTE LG, WM 28I b BTG, B IMA
Hoechst 03, Y205 min, i MNP 6 E K Al
R SR O e o8 R 1 G UNE =24 1 R R
1.2.10 DCFH-DA % AR 4T ik A8 M 4% 22 T & 14 &
(reactive oxygen species, ROS) 7K -F

BPF L0 & 5 KMO il 7] T . #4 #4 22 yc b
HL4» Jy %t I8 41 . BPF 4H . GSK180 41 1 BPF+GSK 180
HALHH . 7E BPF AT, F KMO #1751 GSK180
(2 pmol/L) 52 LA Mu 3L & 2 h, FFH PBS ¥ 2=
W B4 B30I 75) , 33 4T BPF (100 wmol/L) F-¥il. 3-HK
I F 2 uBE L X R 2H (Control) A1 3-HK
(100 pmol/L) o JEAXHH 2 JCHEAT 3-HK 455,24 h
Ja, bk abH 5 6 EAL BPEF A EL A L X IR S
GSK180 H:A4b#2H . BPF 5 GSK180 L Ab 2 21 F1 3-HK
SIS 2 3 NN IE R D 10 pumol/L ) DCFH-DA
TARW, PTG MG 85 IR L ve e 4t . J5 O3,
R DB TS,
13 %its sk

{87 FH SPSS 27.0 3 A4 3k 47 52 50 Ho 4l 1) S ik 5
53 M1 5 GraphPad Prism 5.0 S AF 47 it # 22 H .
TR ER D B Ar e (k2 s) Kok, A E =
B B Student” s ¢ test; 2 41 € & % R R
FH 5. R 25 7 22 70 M1 Cone-way ANOVAD K556, 5 7R
b #5% H Dunnett-¢ fr 56 P < 0.05 NZE S H i1t

2 % R

2.1 ST AER T % 4% BPF & 5% 5| A2 69N RAPAREEAT A

¥ /N BUBE AL 4> A Xt BB 41 . BPF % 2 41 . BPF +
Leucine 41, 43 S AL 30 d J5 AT £ R FNARAH 54T N
AR Hx A L, 75 OFT 1, BPF 2 25 41/
{10 o o i B A0 2 AT B b L R s 4 R (] 1A
B); 7E EPM SE46 H , BPF 2 & 21 /I BRE T 78UE i
1% BH I IR) 2 35 4 7 (&1 16 DD o TST A FST K 9256
S5 R, M LT R 2H , BPF 2 52 45 /)N BRI AS S st [a]
K (EIEF) . PL RS RIRIR, BPF 25 /5 17N B
I PURBR = 5 4B ATy, WA FEAT D, T
FIRAT N SRR E G B R
22 AR LIEBPFEZEFIRGIREDEX
o AP 22 18 X L

BT FIA BPF 5 g 51 /N BRAMACFE R 1Y, iF
— WL %% BPF 2 5 )5 /) WO 5 44 5 K i B 2 Hp
230 AR AL . i B UHPLC-MS/MS $3 AR %/ BB
L7 J2 Ry 2H 2 Hp i e 0 08 T K ST AT RN, 4
BEoR, SXTHEA G, BPF R85, /N R Dk
Trp~5-HTNAM F1 NA & & 6] 4216, Kyn. KynA
MQA &8 BER/D, 3-HK 58 2 &S, 5 BPF 2
#% 21 LL#E, BPF+Leucine 211 Trp. 5-HT Kyn. KynA .
QA I NA & &R K I A8 4k, 1 3-HK FINAM 7
BRERKE 2 . ERTEEEY, SX AL,
BPF % & J& Trp~ Kyn F KynA 7 & & 3% &1, 3-HK
SEEZETE,5-HT.QANA K& NAM &8T5 5 E4
X ; BPF+Leucine 411¥ 3-HK 7 & #; BPF 41 i 2 [%
K, KR ERY TS E (B3,
2.3 5o & BT 9% BPF & 98 51 A2 69 ) RUE D Fe )L
B KMO i & 38 BAY 42 K JE RS

BPF % 5 Ji , 3-HK A& B[ 5 B8 il KMO 7 /) B
TR0 7 2 A R IE KT 3 T e (g T« F=28.10,
P <0.05; J% /2 F=28.25,P < 0.05, I 4A.5A) . [&]I
P KT F P % -y (interferon gamma, IFN-vy) | 141
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A: Activity trajectory in the OFT. B: Activity frequency, duration, and distance in the OFT (n=7). C: Activity trajectory in the EPM. D: Total time

and distance traveled by mice in the open arms of the EPM (n=7). E: Time spent immobile in the FST. F: Time spent immobile in the TST. "P < 0.05,
"P <0.01,and "'P < 0.001(n=7 for Control and BPF groups, n=6 for BPF+Leucine group).
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Figure 1 Depression-like changes in mice after BPF exposure
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The levels of Trp (A), 5-HT (B), Kyn(C), KynA (D), 3-HK(E), QA(F), NA (G) and NAM(H) in the mouse hippocampus among the control

groups BPF group, and BPF+Leucine group. ‘P < 0.05, "P < 0.01,and “"P < 0.001(n=12).
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Figure 2 Changes in hippocampal neurotransmitter levels in mice following BPF exposure
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The levels of Trp(A), 5-HT(B), Kyn(C), KynA (D), 3-HK(E), QA(F), NA(G) and NAM(H) in mouse cerebral cortex among the control group,

BPF group, and BPF+Leucine group. ‘P <0.05, P <0.01, P <0.001(n=14).
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Figure 3 Changes of neurotransmitter levels in mouse cerebral cortex caused by BPF exposure
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A-F: mRNA levels of KMO(A), IFN-y(B), IL-18(C), TNF-a (D), IDO1(E), and TPH2(F) in the mouse hippocampus across control, BPF, and
BPF+Leucine groups. P < 0.05, "P < 0.01,and ""P < 0.001 (n=3).
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Figure 4 BPF exposure-induced alterations in hippocampal RNA levels in mice
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A-F: mRNA levels of KMO(A), IFN-y(B), IL-1B(C), TNF-a(D), IDO1(E), and TPH2(F) within the mouse cerebral cortex across control, BPF,
and BPF+Leucine groups. P < 0.05, P <0.01,and ""P < 0.001(n=3).
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Figure 5 BPF exposure induced alterations in mRNA levels in the mouse cerebral cortex
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A: ROS fluorescence of mouse brain neurons from the control group, BPF exposure group. B: The ROS fluorescence, in neurons from the control

Relative ROS fluorescence intensity

Primary neural cells were identified by immunofluorescence stain-
ing for morphological characterization and purity assessment. Nuclei
were stained with Hoechst (blue) ; neurons were labeled with MAP -2
(green). Scale bar=50 pwm.
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Figure 6 Identification of primary neural cells
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group and the exogenous 3-HK treatment group. C: ROS fluorescence of mouse brain neurons from the control with GSK180 treatment group, and BPF

combined with GSK180 treatment group. D: Relative ROS fluorescence intensity treated with BPF, GSK180, or BPF+GSK180 (normalized to Control).

E: Relative ROS fluorescence intensity treated with 3-HK (normalized to Control).

P <0.001(n=3).
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Figure 7 ROS fluorescence of neuronal damage in mouse brain caused by BPF exposure
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