568 BB 2025 £4£ 6 A% 56 BF 6

. ‘I,/\—'_P . DOI: 10.12464/).issn.0253-9802.2024-0448
ot

B EARBALEMIRAT CSTBL/G6 /N M AgF
B3840 5 B B B 3 B0 D RO 3¢

WiEAw ', X\ B4, £3, WAk - RBIRA ', FH, DRI - FER, RZE 'Y
(1.#HBEAKRFALTA LR, 352 LL2KF 830011; 2. R EAKFH —WEERG KRS,
#ie 5-EKF 830054)

(HE] BN WREGIEFETE (RE) B R E KoKk s U e ka5, Ak 24
H 6~8 Al (15~20 g) Y SPF ZMfitE C57BL/6 /NRFEAL A XT B (Cr 4 ). 5% i P RAR K IR & (5%LCD ) ZiAil
30% fei B FARAR KK (30%LCD ) 4, 4 8 Ko 434 TRAMERL . 5% o 25 (A ARAR AU RERT 30% = 8 1 I s kel
MEFE 4 J, WA/ R . YOKE . REIFIE AR R AN B I aE e e & . SR 5 Ct4ifdb, 5%LCD 4
F30%LCD a3 (¥ P <0.01), 5%LCD A SALE R (TC MR E s & A HE R (LDL-C )& = Fhm (3
P <0.05), 30%LCD AIiiE LDL-C., =% ENEHEAMEF (HDL-C) /K F-Fhm (¥ P < 0.05); 5%LCD 4 30%LCD
HEBNEYHHR., TR, SRR WEIIFEE (B P <0.05), &8 LA IPMARE . 005588 05 1 525
WK, 30%LCD BHHA #m HDL-C /K518 A AE b — R U0 i & 48 S

(xR ] ®"EAMNBKLEY; Mig; e R

Effect of high-protein and low-carbohydrate diet on lipid and intestinal short-chain fatty acid secretion in
C57BL/6 mice
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[ Abstract] Objective To investigate and formulate the healthy high-protein and low-carbohydrate diet pattern suitable for the
normal weight group. Methods Twenty-four SPF grade male C57BL/6 mice aged 6 to 8 weeks (weighing 15 to 20 g ) were randomly
divided into the control group ( Ct group ), 5% high-protein low-carbohydrate diet group ( 5%LCD group ), and 30% high-protein low-
carhohydrate diet group ( 30%1L.CD group ), with 8 mice in each group. The mice were fed with a basic diet, 5% LCD, and 30% LCD
for 4 weeks, respectively. The food intake, water intake, and body weight were observed, and the blood lipid indexes and the content
of cecal short-chain fatty acids were measured. Results  Compared with the Ct group, food intake in the 5%L.CD and 30%1.CD groups
was increased ( both P < 0.01 ) . Compared with the Ct group, the serum total cholesterol ( TC ) and low-density lipoprotein cholesterol
( LDL-C ) contents in the 5%LCD group were increased ( both P < 0.05 ), and the serum LDL-C and high-density lipoprotein cholesterol
( HDL-C ) levels in the 30%LCD group were increased ( both P < 0.05 ) . Compared with the Ct group, the secretions of propionic acid,
isobutyric acid, and isovaleric acid in the cecal contents of mice in the 5%LCD and 30%LCD groups were decreased (all P < 0.05) .
Conclusion Based on a comprehensive assessment of body weight, lipid metabolism, and short-chain fatty acid secretion, 30% LCD
is more suitable as an effective dietary recommendation due to its higher HDL-C levels.
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R T KT R BT R, Er
TEEREAFEA B B KL S K Chigh-
protein low-carbohydrate diet, HPLCD ) £ A—Fh#s
Hl AT (MREE ) S8 RN 3 AR g e 1) =X
IEAEE, HPLCD A2 — R R o A SR e ol 2% T
B, 23| TAERBHMAN) 12 5. HPLCD A0
JETERE A BR SR AL B W R A =,
TR 5 R G A f, B AR 22 AR T
YEREERRIR, WIS R E ORIk ik
BB KB 5 AR AL S IR E (40% L)
) MBI G WIRE (10% LLF) 2, &E
P 5 LUTE 25% 5] 30% =z 1Al 4Rif0, HRT
W TCFEAE P AR R HPLCD 42X 50 25 FHLIA
e, M RE AR, KGR TEN
REfE R IR Z A, I TE— e TR L R g 15 (AR E A
I R KSR IR g P e s i XUz 3
J&, KT HPLCD X B fdERrys2m, el xt
B EENR R (short chain fatty acids, SCFAs) j=
AR sE I, H AT BT A RADAFTE G, SCFAs
J2 P i 38 AR W) A T IR £ 2 A B VE K SN
HALIR AL G =R, EIREE . IR
B A A B, FEEFEOR . NIRA
TRRAE, IR IEBEEEDIGE . PURE PR A
R AR, FIk, WA HPLCD X}
SCFAs 73 MRS, X T 2Py X AL AR (et 2 ) v
[ER2N RO B, AHFSE B 7E45T HPLCD /R
MARFN SCFAs 152, it R A 2T HPLCD 51l
JEFN SCFAs ZIHAIEHR, AN HPLCD [y FR2%
TR FIEERREHE TR AR AR
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1.1 SEEbR
111 S shy)

VEHR 24 H 6~8 JE % SPF 2% fidt i b 1 C57BL/6
AN, PRTEH 15~21 g, TR ERN R B 5256
H AL, S2ER B A AT IE S [ SCXK ()
2023-0001 1, SEBE sl FHVF A UES A0 SYXK(HT )
2023-0004 1, /)N BULE SPF 2% 5286 %8 1E % 1A 9%, 45
T 4 W, BB RFRAMNRE (23£2) C,
FXHEEE 60% + 10%, JSROCIIEA (SRR
9: 00 %] 23: 00), /N H HIRE LYK, &
R HAARE, AKFIERAE S d B 1 IRk, ARRFFTIR

B R B R F S W R RS B A 2 B St (it
5. TACUC-JT-20230627-27 ), HWF5EtE] H 2023
EI2 HE 2024451 H.
1.1.2 48 K

SER RN TV Sl AR A Wy s 254 BR S W]
AEFEVERTIE S A JRERIE (2018 ) 100305 15 45 MK
AR T/ NRAZE (A6 YR FRA W],
AP AIIE S SCXK (50 ) 2023-0010, 7 5] 3¢
B[S ], DASEREARDRL g JERE, ohoas St falk ik
e &R AR LR L, HIFE 5% &8 AR A
30% e A AR (Zifl ) bkl s AR AR b R
JROEMI RS B . IR . EOKTEM . 22 2FHH
K. RS, YRR, 3 FRRLE EE R R UL
WL 1.
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Table 1 Macronutrient energy supply ratio of 3 kinds of

feed
W' KA g EAR
FEA A R} 61.65% 23.95% 14.49%
5% 1o 2 AR A R R 5.01% 66.00% 28.99%
30% = R AERE 30.01% 41.00% 28.99%

113 SRR A

R AR 2O HL [ Sartorius A ] (fE[E ), A5,
3-18K |3 HL 70 #r K- [ Sartorius 20 7] ( fEH ),
HE. 3-18K |5 GC-MS/MS[ Agilent A w] ( E[H ),
A5 : 8890-7000D |5 e FRARTUK A [ SANYO 23
A (HA), B4, 3-18K |5 HlvkAL[ Rl EZE A
w CPE D), B 3-18K 15 -20 CAIKIE VKA [ 1
IRy (E ), #5: 3-18K |5 —80 Gl ik i
UK A [ Thermo A W] ( £ ), #F. 3-18K]; £
Eimiedks e BlEE OhE), 85 MIX-
200 ]; B AFHVRAAL Biigrse (hiE ), A,
KQ5200E |,
114 Se8 iG]

Hh =M (triglycerides, TG )( B RHRAF,
B2 5. AL10-1-1, HLA%: 96T); &b JIH [ B (total
cholesterol, TC) ( B WA A, 85 All1-1-
1, #Fitg: 96T ); IR EREE ANAREEE (low-density
lipoprotein cholesterol, LDL-C ) ( §§ 5t % a2 A,
P25 AL13-1-1, FiAg: 96T); M= ENREAM
[ B ( high-density lipoprotein cholesterol, HDL-C )
(R ], 5895 A112-1-1, Biks: 96T ).
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¥ 24 H/NERBEHL A B IR (Co) 4, 5% =
T FUEER KR (5%LCD ) 201 30% i 45 1R ik
KIRE (30%LCD) 4, 418 K, /ils T kh
L 5% v R FUIRER AR . 30% e A AR AR
B3 Rk — /MR R Yok, 7KK
M — /N R, 28 d Ji 2R I B HE 2403 — bR
PRS0 s, R S50 3l Wk A TR RR IS 47 BUHR 3sklic
4, FMTFESamigkm .
1.2.2 I gk

B MAEEIREE 1 h 5, fHEOHE 4 C
T, 3000 r/min .0 10 min, B FiEK. %0
WA, 290 TG, TC, LDL-C, HDL-C
T
1.2.3 B NEYIEE

FETCPEAMETT, IO ) ) 4/ BRIE S )
M, Bl S mE, HIXETFARIIZEEmBEN
=Y, SERRATCHE EP &, IR 5 bR
ic, SRIEKFEARTIA -80 CHIMEE R, AT
Ja 4 SCFAs ¥l
1.2.4 SCFAs ¥

FEARMR G, BRI 20 mg BN AW E T 2 mL
BN, A 1000 wL BERRIER (0.5%, viv),
i 30 Hz BREEACHTEE 1 min, LA 2 500 r/min AJE
10 min, T4 C# 5 min, FAE4°C. 12 000 r/min
ZM B 10 mine B, BBHL 100 pL BiERE
XN 45 B A, A 500 Wl & N FRAS MTBE
PR (2 500 r/min i€ 3 min, 4°C#S 5 min,
4 °C. 12 000 r/min &> 10 min ), WZHL 200 pL
THW BN, TSRS S 38
PR FREA B B o A 8 s, X RT A HARr )
S I IEAT AR A, 3R O A o AR AT A T
A D 28] g i A R AR 1) R A g TR LA A A o
MM R AT, B AR B PR A i
Y & B . ARSI N ) SCFAs A
TAE FR s DUE AR A R R A A BR 2 Wl e B,
WG B2 R A 275 52
1.3 Siit¥he:

¥R SPSS 27.0. GraphPad Prism 10.2.1 3
TP5WT. IER A ESRIGERERH X £ 5 FoR, T
JEJrZEFEPERE, Z41R] LBCR FH LR 2 7 200807,
PR EE SR FH LSD- K 36, AN 2 7 22 5% MR AT,
Z A LR Welch #2565 248088 AN L IEZS

Sy A, SR AL (DY o 62 B E] BE ) [ median
(interquartile range ), M (IQR )] # 17 4t i1 4 i&,
Z 40 0] L3R A Kruskal-Wallis K356, P AR
FH Bonferroni #5; #4205 BORNH B s Pk L IER
PE. 7 2P HERERIB AR R FH B S 45 7 22 70 #r
AR Ak T R a0 #rs - LA SR E J5 X
il P <0.05 2R EA G2 Lo

2 & R

2.1 AEEEARKBRKEEDREX/NREBERE
MoK 2RI

3PN MRS R, BELIE. LB,
5%L.CD 201 30%L.CD 417445 & 1 3w 5 B4l
(¥ P <0.001), 24A[F HPLCD +H4l &
HERTGIFEL (P>0.05); 3 Aok
ERIFTLGITFE X (P>0.05), WH 1,
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Figure 1 Effect of high-protein low-carbohydrate diet on

food intake and water intake in mice
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AR TA] R E 22 S A Gei 2 B L (B P <
0.001 ), Ffidg mffa] py38 i, 25 20 N &) A S
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55 0 R R 2 G s 2 1) Y B N
N, SR ZE R TES RS (P> 0.05),

W2,

®2 JEATRRRDREEEL
Table 2 Body weight changes in three groups of mice with different diets

B[] Ct4l (n=8) 5%LCD %4 (n=8) 30%L.CD 41 (n=8)
50K /g 18.01 £ 0.52 17.96 + 1.53 18.04 + 0.31
87K g 20.36 + 0.54" 21.33 +0.37" 21.03 + 0.39"
914 K /g 21.94 £ 0.26" 22.25+0.41° 22.25 (1.20)
%21 K /g 23.34 +0.32° 23.44 £ 0.37° 23.60 (1.15) *
5528 K /g 24.26 + 0.34° 24.34 + 0.44° 24.98 + 0.48"

e 5% 0 K&, 'P<0.001,

2.3 ARSEAMKBKALEDKEXT /N B
=41
5 Ct4HAH, 5%LCD 4H 13 TC A LDL-C 7%

IR (P <0.05), 30%LCD 41 i 7% LDL-C .
HDL-C &I (¥ P <0.05); HAedlm ks
SWHG R (¥ P>0.05), W3,

*®3 IAREKRAMRMFSR TC. TG, LDL-C. HDL-C KFELLH
Table 3 Comparison of serum TC, TG, LDL-C, and HDL-C levels among three groups of mice with different diets

EE TC/ ( mmol/L)

TG/ ( mmol/L)

n LDL-C/ ( mmol/L ) HDL-C/ ( mmol/L)
Ctdl 8 2.97 (0.45) 1.09 +£0.20 3.04 £0.34 1.12+£0.25
5%1.CD 4 8 3.53(0.67) " 1.01 £0.17 4.30 £ 0.69° 1.61 £0.52
30%LCD 2H 8 3.32 (0.24) 1.17 £0.35 3.79 £ 0.45" 1.85 £ 0.46°
H/F 4 7.600 0.600 7.958 3.882
P{H 0.020 0.560 0.005 0.046

H: 5o g, P<0.05,

24 ARBEBKBRKEEYREN/NEE R
SCFAs & B a5
241 FEAHRUEMTZ AN B A

DIAS [R) Jo £ B2 A A v S 9 ( 0.005, 0.02,
0.05, 0.1+ 20.00 pg/mL ), R T e B bR
HE ST N2 R S e eR i, SR ER, &
SCFAs it (7 33 U i AR5 XoF 1oy v o AT R B 9 4 1 56
R, HARGRUEN L Dy R K de e R (R
4, fi L5 BRI AL (empirical cumulative

distribution function, ECDF ) 43 #1/N T2 % (HY) ik
AR ZBUE (coefficient of variation, CV ) HILAYH
R, e (quality control, QC) FEARY CV {H
BARA PTG bR, SRR SEE B S E . QC
FEAS CV /N T 0.3 By s T 80%, R IHSE
BEERE; QCFHEAS CV {E/INVF 0.2 I 5 Lo
T 80%, RUILEAIEAEETE. &b, BIBK
SRR E AT EE, BARILIE 2.

R4 SCFAs 1M pIFRAE H &L T ERRE R

Table 4 Linear equation and determination coefficient of standard curve detected by SCFAs

SCFAs {3 B2 8] /min Frve i £ R’ ZMERE / (me/L)
] 7.878 y =0.969 861 x + 0.093 002 0.997 9 0.02~20.00
TR 8.070 y =0.387 122 x + 0.003 337 0.999 5 0.02~20.00
R 9.232 y=8.510 691 x + 0.080 643 0.999 5 0.05~20.00
SR 8.776 y =7.704 121 x + 0.071 347 0.999 6 0.02~20.00
c iz 9.909 y =7.810 785 x 0.998 8 0.02~20.00
T 8.502 y =1.529 582 x + 0.032 124 0.999 6 0.02~20.00
LR 7.251 y =1.258 682 x + 0.446 052 0.998 6 0.02~20.00
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Figure 2  CV distribution in short-chain fatty acid

detection in each group

242 R[F] e AR K AL A P IR RN SCFAs
oAl
/NEUHPLCD T )5, B WimiE NEw
SCFAs 73 s R I 45 3 W3¢ 5. AN[R] HPLCD X/
MBE RN, 7 TR, 5504 5HA W
e, 5 CtdlbAs, 5%LCD 4HH1 30%LCD 27N
H W R 43 i 43 IR T 41.72% i 38.60%,
ST RT3 IREAR T 31.41% Al 37.66%, 1%
TRy W23 BRI T 33.93% 1 33.53%, 253 H
BEA$FE L (¥ P <0.05), {4241 HPLCD T
HNMR. FTW. S22 T LRI E
(¥ P>005). SA/NRKIR. R, TIRM
LRI, RGBS (P >0.05),

33 i

HPLCD J&—Fh R il i K4k & P4, 3R
H B AR AR & . HHEl, X T HPLCD
AT FE 4 R 250 e AR RE . BB . O Qi
PR RS AT, 0 2 ROBE DR A RS P AR AT R
L ARTFFEEE B 125 R iR 24 HPLCD
T gsie—3 ™, RIR A HPLCD T/
B, B AR TR IR, X RS R
B 77 2 U WA I AR R B I A AR,
B IR RS AT SR T OR 3 f — o B
AMEIEEAT AN AN, ARWFSEMELH] HPLCD Jf:
KSFEREN B EL, X—ERHKNT/NR
FE AR E ARG AR BT Rk, RS
Jifi HPLCD #1 (8% ) IR AT RIE, 454 [k
PEAS RIS v RE 2= A AR BT IARCR

1L S5 5 20 G 11785 5 9 1 EE LA W IR R 22
—, EFRICMIMLHEE TC, TG, LDL-C &+ E LA
K HDL-C FA ™", HDL-C 38 3 1 375 fIE [36] e 5
R, K AN E ALY i R B A2 B
HEH AR T /0 1 BE B AY IR VTR, 4E
S ol PR S kR AR AL PR O 114595 ( atherosclerotic
cardiovascular disease, ASCVD) & 4", B2 F
T 5% IE 52 HPLCD 7 58 300 P BE 7 2504035 il A 7K
Pl R GRS R 8, BARA
5 2% WP 4] 760 R T e R I A 7K S A A R R R
MU G, TS IR E R i SR R I B E
o B (BRI, RIffiE R ARk
AR AEST, RKEREER] T ILAR K F 09
k. EAHERAR, AR5 PRI S YA
T BRI 7E S (9 30% B, HDL-C 7K 4R FFE
WG, RN, YKL A P B BRI E 5%1LCD

*®5 K4H/IE SCFAs HHXT S S ELE

Table 5 Comparison of SCFAs contents in mice of each group

i H Ct4 (n=4) 5%LCD 41 (n=4) 30%LCD 41 (n=4) HIF {8 P4
IR/ (pelg) 444.31 £ 103.47 185.35 + 125.09* 171.5 + 83.94° 8.484 0.008
BT/ (pglg) 58.23 +28.31 18.29 + 14.30° 21.93 +11.85° 5.103 0.033
szl (pglg) 40.88 +29.08 19.13£9.92 22.16 +7.01 1.676 0.241
SR 1 (pglg) 39.73 £ 21.66 13.48 + 8.44° 13.32+5.39" 4.873 0.037
clig / (pelg) 3.24+0.34 2.83 £0.54 3.39+1.18 0.559 0.590
TR/ (pglg) 303.32 = 172.98 99.18 + 42.95° 180.44 +91.78 3.153 0.092
o (pgle) 1 158.54 (883.27) 921.23 (628.47) 696.35 (500.59) 2.346 0.309
L SCFAs/ (pg/g)  2079.93 +795.53 1061.92+587.64" 1167.67 +456.54 3.168 0.091

5 e egs, P <0.05,
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