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Abstract

This study discusses the effects of chlorogenic acid (CGA) on total protein and triglycerides levels,
as well as the expression of metabolism-related genes in yellow pond turtle (Mauremys mutica). A
total of 450 healthy, undamaged yellow pond turtle (initial body weight 125.47 * 5.13 g) were ran-
domly divided into five groups, with three replicates per group and 30 turtles per replicate. The
turtles were fed a basic diet supplemented with 0 mg/kg (Con), 100 mg/kg (CGA1), 200 mg/kg
(CGA2), 400 mg/kg (CGA4), or 800 mg/kg (CGA8) of CGA for 60 days. The results showed that 200
mg/kg of CGA significantly increased TP levels in both serum and liver, and reduced TG levels in
serum, while 400 mg/kg of CGA significantly reduced TG levels in both serum and liver. RT-qPCR
analysis revealed that 200 mg/kg of CGA significantly decreased the expression of the liver AKR1D1
gene, while significantly increasing the expression of PDIA4, DERL3, and CAPN9 genes. Furthermore,
400 mg/kg of CGA significantly downregulated the expression of AKR1D1 and P450 genes, while
significantly increasing the expression of DERL3. Additionally, 800 mg/kg of CGA significantly up-
regulated the expression of the DERL3 gene. In conclusion, CGA enhances the ability of yellow pond
turtle to synthesize TP in the liver, reduces TG levels in both serum and liver, upregulates the ex-
pression of PDIA4, DERL3, and CAPN9 genes, and downregulates the expression of AKR1D1 and
P450 genes. The optimal addition amount of CGA in the diet of Chinese soft-shelled turtles is 200~400

mg/kg.
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FE A (Eucommia ulmoides) & —FifE i rh 2444, 78 (PR L) thEAAICE, CF 2000 4118 H
Si]e P E TAEMAMMAENHED Z —, W2 HER SRR ER[2] SRR
(Chlorogenic acid, CGA) 2 #Lff 1) F ZiE MR 72—, BA MR AK JANHIAR Bt e S EH[3]. fEKAZY)
FIRF TR R 0, TR ISR R R W] LS = filfl £ (Carassius auratus) [3]. % ff(Ctenopharyngodon idella) [4] 14 K
PERE o JEAG WFF0 3 IH 3 24 UK 5 1 4 SR ] 2 15 K 1 2R (Micropterus salmoides) [5]0#f [3] /T A ) Fig
AU SREBP-1c. DGAT2 HJZRIL,  FAARATIE A IE [ B AN H =Bai) & . 72 & Wahh S5 i thf
REMR, JHREN[C]IMH 7R IAE B IER B AR TR ngg i g vy DL Z s HiiE T S ey
B, RG] T VY =R A ] P ) O 5 3 e o 7 FE 55 N 71 70 b R Sk SRR vT LUl i 52 R HMGCR.
ACAT2. ABCAL. ABCG5. APOAL JE[Hfil SREBF2. ACAT2. ABCAL & [ 1315 K G i H T BRIA 55
ORI A AR R E AR R R . BT, Eshiakl i nag R ORI AU ez 7. (R K
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I T R i R Lo — Fha 3 o (R R A 5 18 /K LB 1 B T SR A Rt PR 2 i e ANV 2

TS 7K £ (Mauremys mutica) f& — R 75 1k K, 38 T %5 H (Testudines) # 5} (Geoemydidae) .
K & (Mauremys), 734 T HAS, BEG DL R E P X . H AT, MUK R E S 5 = i oK
BoKMEZ —, W —FEIEIHOK TR MM, FEETR. W, W EMEG 7R A =EME, T
Yl W AEFRGE AR T, FREEAN Y R e i B R IO o P A P S TR BUIR AR S
JH AT i i et 22 46 1) R 8] s [ B s 420 LI A 1 7K S Bl U ) 2 11 o 5 B Ae 7091, LI 28 7K I 4
FHE R TR LA AR AT AR BE T BE[10], DRI b o 2w 4bL /K #0210 R I AR T RE 08 R T4 v JL R
Ran o CLAISEJE RN TR 5E AN B A IR AR A M g RO SR FH[11], (H G T SRR BR AE B AUl /K e ikl o
PRI I Bk Z B 5 . AR 5T DL MEADK S 9 B FE 0T G, FETEDRE s DA R K I S SR R, 3@ %o 1f
HEAAER R EA Bl =ES R USRI R A RS R I E, BR AR R R gk R
B0} B AU /K FL E I RIR R DTUE B s, D B MUK fu i Ca DR A SR A B AR, B ) s AUl K 9%
FAF L R R FE

2. B 55%
2.1, SCIEHHE
211 Sibfa
Sz oh P () 450 W S AU K (0 1 b B R 5 T S M A B, WIHAYA A 125.47 £5.13 g.

2.1.2. EIGEN

SIIG BT e P A ARk SR B L T X A K PR R PR A F] o ZELREL A BT I 0 (R HR
Con). 100 (CGA1). 200 (CGA2). 400 (CGA4)A! 800 (CGA8) mg/kg ] CGA, ik 5 Aiakl, ARkl
E IR W 1R,

Table 1. Feed ingredients and conventional nutritional composition
F 1 ARENEERE AR

JE A2 B (%) Con CGA1 CGA2 CGA4 CGAS8
iy 38 38 38 38 38
=X} 10 10 10 10 10
DT 11 11 11 11 11
I 4 4 4 4 4
i 1 1 1 1 1
NE 15 14.99 14.98 14.96 14.92
TR 15 15 15 15 15
iiky) 5 5 5 5 5
TRk 1 1 1 1 1

S5 % mg/kg 0 0.01 0.02 0.04 0.08

B IR (TR

A F (%) 4534+123  4551+201  46.09+1.88 4518+172  4564+231

LI 5 (%) 8.35 £ 0.95 8.76 £ 0.73 8.19 £ 1.06 8.59 £ 0.67 8.81+0.84

FLK 53 (%) 10.43+£1.03  10.38+148  10.29+096  1051+1.35 1049+1.58
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213 XWRAFRAEER

MEERIGHT 7d, FTA EMERLK AR R YIFRTE— A KV, (S HOE R R ISR EE . SRR T IR
B, FEMERLK AAE T 24 /NS o BENLBREAEERETCH . R EE AT () S Mk K f(n = 450, 125.47 + 5.13 ),
o FERR EE I F A48 30 A5 i 2 N\ DRLAR (135 x 70 x 18 JEK) o . ik B& 3 A], K 358 (27.30 £ 1.10)C .
R B A MUK AT IR B 2%, FER A4 12:00 $E—K. B 1 h SIS B AR, iRk
JRABET . R SLIR AR AR NESR 1L o 5 dliakl, A 3ANER, A EST 30 Hfa. 1AFRiliRr
42 60 do AHF IS K BB P SE0 ) il P R A BE SR A o s A AE, BT A SLIR T AR R
H ] SRIG AN PR SR ANE R S SR AT, AR Rt 50 GXU-2024-208.

2.14. HERRESNE

FRLHBEHLEE 10 A A, ARG R R F KL, $ 7E 4°CFCE 5h B2 IS, 28578 3000
xg FEL 10 mine WEE IS A H R EE-20°CIRAT . [FIBT, MR PR B R A, S8 )5 S ROV
B R IHAE-80CLRAT o

A HE B S R AR I A T B AR AR DN S IR A AT R ) S B I (Total Protein, TP). H il =B (Tri-
glyceride, TG). Hzh#ZH 41 RNA 2 HUAT & (RNAprep Pure Tissue Kit, KAR)FEEUFALZ RNA, B 5
FH FastKing cDNA #5554 ik 77 & (FastKing gDNA Dispelling RT SuperMix, KR)¥E RNA A
cDNA. R¥E NCBI K AT B MEAL K f p-actin [FF (k5 : HQ244396.1) i1 iE & PCR N Z 5L -
actin 514); T B UK ke A 7 BRI B 5> cDNA R8I, A 51908 v sk
(https://www.primer3plus.com/) ¥ 11 T BB & R B 1 it D1 (AKR1D1). 4l 2 P450 (P450). .1
N A RILEE o (ACACA). £ 1 B S M A X% 4 (PDIA4). Derl A8 S5 Ak it 3 (DERL3)FIES
B85 9 (CAPNO)JEA [115% 3¢ & PCR 514(3% 2). ZHH FastReal $Ri% 7 5¢ & PCR TR A (FastReal
gPCR PreMix, RAR)ULHIHS, 7E LightCycle96 ki %) 5E & PCR A ikt 20 pL 4 Rik4T 2%t € & PCR
KN, RRIF, 95°C 2 min, {EAFEF AN 95°C 5. 60°C 15 s, fEIIRECH 40 k. MM 3 MEE.
TSR TR BT R B 9 S =35 T e — it e . ARTE B 2 £ RRE P AR AR HE i 215 B 1) BE R A0
WS IR P 880K, SIVIRCRY I HE 100%, H 27229511 mRNA IR Rk &

Table 2. Real-time quantitative PCR (qPCR) primer sequences
2. RAEEESIYFT

Gene symbol Forward primer sequence (5°-3") Reverse primer sequence (5°-3")
pS-actin TCGGGAATGAAAGGTTCCGG CTGCATTCTGTCAGCGATGC
AKR1D1 TCTTCTTGCCGCTTTCATTCAGG TTCCCATCGCTCAGAGGTATGC
P450 AGAGCATCCTCACCTTTCATTTATCC CTAGACCATTCACCACCACAACAG
ACACA ACAGGCACCTTACCACAGATCC GGCAGGCAGTAACCATTCATCAC
PDIA4 AGTCTGCCTGTTAGTGCTCCTC CACCTTCTTCTTCTTCTTCTCCTTGG
DERL3 CAGCCGCCGCCTCAGTAG GACCAAAGCCGTTCTTCAGACAG
CAPN9 GCGTTATAGAAGAGCATCCCAGAG GAGCAAGCCAGAATCACAGTCC
2.1.5. BIESHR

SIS KRR ] Excel F1 SPSS 27.0 #AF#EATGi vt b, BRI B AIRT7 204, Bl (i D% +
Fr#fEiR(mean £ SEM)#R 7R, KM LSD AT 2 B L 7 W E, P <0.05 RonZEREE.
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3. HRENH
3.1. A REIRESFREE =Rk 0I5 X IEE A FH =858 50
W12 3 Fi, $RVRGEIE IR ) 20 th I3 P A R 1 B CGA2 418 5 o Tt AL oh, oA szme 4R e

XIRHAK A BEMEZR. CGA2. CGA4 WAIMBEH M =M&E L K TX A, CGAl. CGA8 AHIiliE
Hilm =& BT RARE B ETES.

Table 3. The effects of chlorogenic acid on serum TP and TG levels in yellow pond turtle
3. REBMERIUKENFSREARHH=EE NI

H Con CGA1 CGA2 CGA4 CGAS8
TP/(g/L) 1.62+£0.22 2.51+0.16 2.71+0.12 2.36 £ 0.45 2.49+0.41
TG/(mmol/L) 1.13+0.042 1.07 £ 0.07%® 0.94 + 0.05% 0.84 £ 0.04¢ 1.04 +0.05%®

H: FF AR AR REE RN A B ZE 7 (P <0.05), FrE M FERE R RN R ENZREP>0.05), FH.

[ RIGEE R

s Ea R EH=RE B 4 fix, CGAL, CGA2. CGAS A i MBS B EE
HEHHim =Mk

Hm=EE 85w, SIRREMATNA CGA4 HAFIEH i =FE& 8 B &0 T XA,
RS RAMLEZERA R,

Table 4. The effects of chlorogenic acid on liver TP and TG levels in yellow pond turtle
4 FIFEEXTRMEUK R ATIE S EB R HIh =852

2H 51 Con CGA1l CGA2 CGA4 CGAS8
TP/(g/L) 4,02 £0.11° 4.57+0.212 4.69 +0.11° 4.34 +£0.14% 4.61+0.162
TG/(mmol/gprot) 1.18 £ 0.05? 1.16 £0.032 1.07 £ 0.05% 0.93 + 0.06° 1.17+0.082

3.2. FERERRERX REBUK BT REREASBREENE

2% JE I K i MR UL/ BRI B 9 BB TR A A A P 1 BT 7R, CGA2 4L = AN B AR T AR 5< 34 [A] PDIAG
DERL3 }2 CAPN9 F: [N Kk EIA W E1RTF, CGA4. CGA8 41X DERL3 H XKLL FHIEE. CGAL
A 3 ML, LK CGA4. CGAS 41f#) PDIA4. CAPN9 JEH Kk HxIBAMILY LR FHER.

2 a7, RIS RIR G, CGA2 Fil CGA4 4 #E ALl /K fi, AKRID K 263k & i 3% %
fik. CGA4 1) PASO FE[F ik i3 PRI, I SIS RRVS N2 ACACA R ik & 5 ] AL AH L3y T o 2%
ZE5t.

4. ¥#ig

HHT, ZREEFRRX SIS KT TP & & g b . A Ags R, 1R R m s 5 iR
J&, CGA2 HSZisfaliid TP S &L #HH, CGALl. CGA2. CGAS8 AT TP & B AN A B
$eFt, RULEE R ISR JE R v 3 = s M AU K AT S B LRI RE T, AR T AR ORI
AR AN A B RE . TG & & 4 e AN AR e 0 ) oGt AL A%, IAEAHT 5L CGA2. CGA4 4
I i H I = s A ARG IR AL 2 R %, CGA4 AUATHE R i H i =g & BB IR 4L B 28D . %
SR DR BOARIEARRL, T g AR R 5 R ILLE fe M TR R} R N £ 5 R T DA 5 3598/ 18 By (Lateolabrax
maculatu) liEH TG MI&FE[12]; B REE[LS]| MW ER, TEFEFERIN 400 mg/kg iR 1¥ 4% )5 mT LA
Rep AR £ 1ML 37 S JFF IR AR 1) TG 2 52 AT sl FFF U 400 Py (0 I P 3 s I 22 4 S5 [ LA A 2 Y s 3 S R T LA
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Figure 1. The effects of chlorogenic acid on the expression of liver protein metabolism-related genes in yellow pond turtle
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Figure 2. The effects of chlorogenic acid on the expression of liver lipid metabolism-related genes in yellow pond turtle
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& iy T A (Trionyx sinensis) ILPA A i 5 2 1 ) & s FRARAR A B ) & B vz, Tl TRDRh AR 0 2 1) 4
JE R PT AR i 2 e AU K F L7 A AR 1Y) TP - FAAIE TG M & e

JHIE R ARSI EEMARBER T, S5EARSERMAH, DT RE SRR T UL s
JI i AR DR ) 3R IA 20 Jin [3]55R0 Yin [5] 28 IF 7 A R ISR S R T LLJE ik 3 5% SREBP-1c. DGAT2
S I AR 5 R P R s Sk U 4% M SR ZE P P 1 DL /K s S i B A I 0 SE 4R G 3 d R FFE
H A7 5T BRI ) FATPs FiT CYP7AL JE AR I IE AR BT (TR [12]. ZEAWT S, CGA4 ARG R
FI3EK AKRLID1 Al P450 HIRIE/KFHIH B NI, CGA4 4LIyE AR R H i = Ba & IR 82K T5F
HBZ. AKRID1 JEBE 4l 8 [ 3 BAE H AL Deltad-3-% 25 (44 54-30 JF -G, 2L & 74 B S8 AL AN £ 1
U, T IX = PPl 3 B2 5 W A s PA50 JE R 4m i &R 1 E A7 S AL S K 17-0- AL, 225
[ RS A A, MR 2 BRI PT el 1R i 5 & A DG Y AKRLDL il P450 2 R S g/ FHF I g i 114
DUUE. [FBTEARBTUH, CGA2 A BARHAHICH PDIA4, DERL3 K CAPN9 J:K K IAKT M &
S R A, CGA2 ALIs 5 E b s s A & &8 i . PDIAG R gafith B (1 3 B A1 Sl R A
JR R ARG, 1% EE A SN N 2 5 E AT E, DERL3 JEF N EA 5H RIS 0 E E R
A IEBOEZ R R R O L PR AR R T B D U D RE, CAPNO ik [A] 3= 2 25 AL 415 A0 st 12 - bt 2 I
BN VIIKEE, %8 ES 5 E A RTIRIF AR B 2 R e v] Gl i BRI E - PDIA4. DERL3
J CAPNO FE[K e IA LR i s DL /K 2R 1A 5 A AN P A 1R & I B LI e 0, BR SR TR IR A AT
PLIESE,
5. &g

2 JR IS T 4 v MUK U A BV 3 PR R T AL TS AR T i H o = s & &, iR PDIA4.
DERL3. CAPN9 Z AR SCIE R FRIA. Tl AKRID1. P450 g/ ACUMIAH IR TRk . EAR
WA, SRR ERTE 3 MERU/K B iRl o B @& v in & 200~400 mg/kg
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