55 36 % 5 3 0] HERREZEE Vol. 36 No.3
2026 42 H China Journal of Modern Medicine Feb. 2026

DOI: 10.3969/j.issn.1005-8982.2026.03.006
XEHRE : 1005-8982 (2026) 03-0032-12

BRAEMERIAT EEE KRB EE R
B E AR *

WH, BRI, A
(1L.HBEFEARFE —GRFR, ME K 410208; 2. M EFEAA¥E —EER
IRAH, #E K 410007)

HE . BN RERSRAEZTZLEBTS ABYKFEFLH LA R A A LA GZAR, A RAHLH
A B T ERAEAE, ik HSDRAMMS A EFM E LR F Ak THORE, A5 R, A
F B R A4 200 mg/mL & F ® Ak 200 mg/mL ¥ A 200 mg/mL #F & & A2 100 mg/mL 7 ¥ & £ 4R &
W, A 1 mL/kg AR BT A EVOKEE RBARAKF IMN05 g/L AT B\H 0.5 o/L F A 0.5 o/L 3
FEF025 /LT EEE, KR AEMEAK, FM14d, FREH5.1014 K, RARK A E@AATHBIER;14d
Jo R R EAR AT 16S HAE R rDNA(16S tDNA) M 55 2~ & A IE AERE B IE AR ARE , AR R MR
AT AP (HE) R E R LR A R F b, R 5 EFaE, A REZERES T, F 5148
RAFRGUARATHREEREALRIZRY ,AAARXRER LR AR LEFRNF 14K, S EFH
W A FRKBE 2~6 RREH TH(P<0.05), %7~ 14RKREEZFH LT FEL(P>0.05); W AEFHE
HUFH 6 R EZTEFHE(P<0.05), EFH IAEZET Wit A E SRR FAFIE B RE AL A= I A% £
Ftgpesr, E ARG FEL(P>0.05), BAKRALEM AL F MBI FERE R, 5 EFHE, A THET
5 F A TSR R FEERE GRS EEG-1(Z20—-1) A% 8 (Occludin) 72 £ i Ao i £ & 20 6. 4m A6,
FR R ba et 2R F A AR e L ER S, AT 16S DNAN G o SHESI R 7. 5 EFUILE, AL H#
B 4 Fedi A E 4k K418 ACE. Sobs & Shannon 3§ 2% 3% Be{&.(P <0.05) , Simpson F#3H I EH (P <0.05) ;4 EFR
LAY Simpson 53R AE FHE B 4893 (P <0.05), & T Bray—Curtis JE & 69 B $ A B . B A4 K
SR A FREE RAEFRORAAERRZ S B (ANOSIM ABLUAE S H .1 =0.816,P =0.001), A FHE F HFeit
ARVOREEHAINFEN S TEFTHEOGIP<0.05), AT HEFASRATVORUILE, 2 F LG FESL
(P>0.05); EFAFAEAT DAFFNEAXEANFEZTREFET AR AEZTHRRAG P<0.05), R4
FHRAENR A BEES TRATERAREFAOGIP<0.05) ;AT HEREARE-ERABEAS THA
AR WA EF (P < 0.05); EFAILBRATH B AT H /& & norank_f Muribaculaceae & F E & T A T i
B sl fedt A FARRLL (3 P <0.05), AT KEGG 69 A B AL TN 5 A7 2 R B  EBRASH R BILBRAX
AR B AR B RS A RER RS AR AR B F A e A B ARMEF S AR 3TN F 6 B ARkL
B, EFHHGHFEL(P<0.05), it BEREFZLERT G MMIRLHYTEI4dAFZLHFSD X
RALEBER i A FRFAE R AZTHKRAY RNEHRRAFFEARL IR FRA T TR TAET
R A R AR R A TARE BB EBRRA R A RN S XA H RS ZI B AR E A LS
ETHREELHRBR LB AR ARBRRET 25
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Abstract: Objective To compare the effects of combined antibiotics administered via gavage and free
drinking water to establish a pseudo germ-free (PGF) model in SD rats, and to provide a reference for the
optimisation of the construction method of the PGF model. Methods SD rats were randomly divided into 3 groups
of 5 rats each: normal group (Group N), antibiotic gavage group (Group I) and antibiotic drinking water group
(Group D). Group I was treated with a suspension containing 200 mg/mL ampicillin, 200 mg/mL metronidazole, 200
mg/mL neomycin, and 100 mg/mL vancomycin by daily gavage at a rate of 1 mL/kg volume; In group D, 0.5 g/L
ampicillin, 0.5 g/L metronidazole, 0.5 g/L neomycin and 0.25 g/L vancomycin were added to sterilised drinking
water and rats were given free access to water for 14 d of the intervention. On the 5th, 10th and 14th days after the
intervention, feces of the rats were aseptically taken for bacterial colony culture; after 14 days, rat faeces were taken
for 16S ribosomal rDNA (16S rDNA) sequencing; liver, spleen, kidney and thymus were isolated and weighed, and
colon tissue was taken for HE and immunohistochemical staining. Results Compared with group N, under aerobic
and anaerobic culture conditions, the fecal colonies in groups I and D significantly decreased from day 5. The PGF
rat model was established and stably maintained until day 14. However, compared with group N, the body weight of
group D significantly decreased from day 2 to day 6 (both P < 0.05), and the difference in weight from day 7 to 14
was not statistically significant (P > 0.05); the weight of the group I was higher than that of the group N on day 6
(P < 0.05). Comparison of liver, kidney, spleen and thymus coefficients of rats in group N, group I and group D
showed no statistically significant difference (P > 0.05). Alpha diversity analysis based on 16S rDNA sequencing
showed that ACE, Sobs and Shannon indices were decreased (P < 0.05) and Simpson indices were increased (P <
0.05) in the group I and group D compared with the group N; Simpson indices in the group D were increased (P <
0.05) compared with that in the group I. Beta diversity analysis based on Bray-Curtis distance showed that the
samples from the normal group were significantly separated from the samples from the group I and group D
(ANOSIM similarity analysis: » = 0.816, P = 0.001); Samples from the group I and group D were clustered closer
together, indicating a higher degree of similarity in bacterial flora composition between the two groups. The
abundance of Proteobacteria was higher in the group I and group D than in the group N (both P < 0.05), and the
difference between the group I and group D was not statistically significant (P > 0.05); the abundance of Firmicutes,
Bacteroidetes and Actinomycetes was higher in the normal group than in the group I and group D (all P < 0.05). The
abundance of Morganella spp. was higher in the group D than in the group I and the group N (both P < 0.05); the
abundance of Escherichia-Shigella spp. was higher in the group I than in the group D and the group N (both P <
0.05); the abundance of Lactobacillus spp., Bacteroides spp. and norank f Muribaculaceae spp. in the group N was
higher than in the group I and group D (both P < 0.05). KEGG-based functional prediction analyses of the bacterial
colonies showed statistically significant differences (P < 0.05) in the overall comparison of predicted abundance
among the three groups in a number of pathways, including carbohydrate metabolism, amino acid metabolism,
energy metabolism, terpene and polyketide metabolism, cofactors, and vitamin metabolism. Conclusion Combined
antibiotics administered by gavage and free drinking water were effective in replicating the PGF rat in SD rats within
14 d. However, abnormal multiplication of conditionally pathogenic bacteria occurred in both the group I and the
group D, which suggests that antibiotic interventions may change the colony structure through screening pressure, so
that potentially pathogenic bacteria, which would otherwise be at a low abundance, may gain a growth advantage.
This provides a reference for researchers to replicate the PGF rat model by selecting appropriate antibiotic
administration strategies according to the experimental target flora.

Keywords: 16S rDNA sequencing; pseudo germ-free rats; intestinal barrier; ZO-1; Occludin; antibiotic

combination
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1.1

111 E¥%zhy K6~ 8 SD AR 15 H,
“h SPF 2 M M f J3E R B, /K E 150 ~ 180 ¢, I T 11 g
Hr 3 o S 8 SIS B W AT BR 2 /] (SE 5 sl AV AT
HES : SCXK i 2021-0002 , 525 3 4 FH 7 AT 3E 5
SYXK i 2019-0009) . K B 52 45 : 12/12 holt/i
IR IRE (23 2) °C, HIXFRR I 55% , s A i B
POK N PEMRSR T do AL TIr R AW b BE
RSP B ZE L S L, SC 50 Bl ) 10 B L o
5 :HNUCM21-2311-11,,

112 FZXAFBME 5% LHEML4E S (F
o0k DA A B A R A AL 4R 5 SBI-ST-
HO005) , # 7 R 17 55 % 3 by (18 %5 : HBO108) | % 7%
TR B ($95 : HBO129) \EG 85 55 5L (1% 5 . HB8594)
(HR W HAEYHERARA ), HAm (K5
01615228855 ) . 4 ' PU K (5% %5 : IS274127) . Hi 8 &
245 KS361817) Fl T i 8 & (585 : JY247625) (I
MR A RN A BRA R AR 4 350 mL IR A KR
FRASFIR S S48 T H A = 28451, PBS T (db st
R ERHHABRA A H#E5 : 240008004 ) , 1 T H %
£ (i [E Merck KgaA 23 7, b5 :2209116) , 75 A K -
ﬁﬂ'él(hematoxylin and eosin, HE ) 44 8, 7% (2% T FE 4t /R
EYIRHCA R T L85 0 G1005) , 2 TE BT ]
£ /NHT 2 11 -1 (zonula occludens—1, ZO-1) (I FE 4k
IREFHA R R, 485 : GB11195) , 2 si BT
1K 4 2 H (Oceludin) (I = 8 A4 9 £ R A RS
A) L, 5245 :27260-1) o WKAL (RS JJ-12]) ALHEAL
(15 JB-P5) (R A T AR R R A
ML PR RALES A BRA R, LS . RM2016) .
113 oA FRAIFTE B LHK[17-19], #
SEPUA RV AL E PO A R ok koK™
IR, PrAE RS 4 200 mg/mL Z K PH AR,
200 mg/mL HI fil§ M . 200 me/mL 7 £ Z F1 100 mg/mL
Tl B ENIR B, 4% 1 mUkg RBEE . Hid Bk
KA e R AR IA 0.5 o/ L ZE T 0.5 /L
F RS (0.5 of LB 8 1025 /L J7 55 R iR &
W, KRB E oK.
1.2 KWHE
120 @B G K SD KERBENLS M IEF
H PEREEH PERUOKA, &£5 1. viER
IR AR ARALBR FHi A= oK, A 2 K e i ik
RZUOK, ARBIREY ; hiAd ZE S ARG T
GYUERMES  IEE ROK MR SR I H A LR
PRERKVE |, IEH ORI R R E . B SE 14 d,
122 344 EGE R R YE UL 450 AL,
KB H G N 5% Jo T it 25 4 1 45 H 5 B 3R W
B IR 5L R U B BC AL, KA HIG % .
123 MEXKBFITAH  WERKRIHEE oK.
BIROGEE AR AZEAE S H W00, FF2L 14 d.
124 XRAAKETES RZHEN  FFE14 didH
KRB E ., KRR, 2B L B e
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FUMRR 10 ¢ e FOFTHRE NS R A NESR R E=NE
TR/ (R EE/100) x 100% .

125 KRAEZERAHRZS TEBERRIEME,
BUL g BEART 9 mL & 7F 2K 6 mm JC B BE 55 2k 1
PBS 1, 38 43Ik 5 AR AR 2y i Ak, Bifi J5 42 1 x 107 %
FEAHEATHG FEMG B . WL 100 WL U A T35 R 10,
HiE 30 min, RS IR IPRE IR S A% S R L%
BT IRAAET G B I AR E AR T
37 CHEFE 24 ~ 48 h A IR IC SR B P50

12.6 HEZF&IEZEmasr RS b2t
BE KB, B2 I A 8L A 22 5 W [ o, 2 K
B R LA I 4 pm YT o U A
Wk E T 2R T iR 20 min , —H R 1T iR
20 min , oK LB 1T RS min , JGK L T HiR
S min,75% £ WIS min JEATBR EE LK, Bl
Ja A M . A TR ARG P 44 43 ~ 5 min,
KV, A oAk, K R IR TE WGR B  vhsk s D) R AR
UCE T 85% . 95% Hh BE L BEIB K 4% 5 min, il AL
Qe g 45 min. FF C 58 YL 600 U0 7 HOIR B
FHRAKLET KB  TCK B 4R
15 min HEATRINE A ; B S D) B8 A IR T
M HET P& EWS min, PEEW S A . &5,
it Y 2% 0 A58 X U0 e 2R A7 WL 88 RS SR 5 4317
127 RBALPAF R EANLHBLR R FEREK
& Z0—-1.Occludin #9 & ik HBY) F R s KAk 5 3=
TR BV W, O P S IR PR B R B R A X
W, ARR N EZIR . 4 3% H,0, NIEEEMA
5%BSA SNIE P A T AR BE TR (Z0-1 1: 100,
Occludin 1:100)4 Cib &, ZHEH 1 h, W% 265
WS o, Y R KB P 3 Je SRRk . SR
Image J FAFXF FLFEAT 40 H7

1.2.8  16S # #E 4K rDNA (16S Ribosomal DNA, 16S
rDNA) P FEEBUR RIS A A A ) &5 DNA, H
17 LE #ov3-v4 X 5] ¥ 338F (5'-
ACTCCTACGGGAGGCAGCAG-3') F1  806R (5'-
GGACTACHVGGGTWTCTAAT-3") # 17 PCR ¥ 14 .
P ElA GRS Ja AL O A S R A T
J?ﬁﬂﬂylﬁﬁi(amplicon sequence variant, ASV) , 47y Fh
SRR R 2 2 R, R T
H Tax4Fun (R-3.3.1 ji0) #EAT DI RE 0 o AR U I Hy
g T AR 2R A IR R S, LE WIS B
T ST AW = F 5 (https://cloud.majorbio.com/) .

1.3 #FitEHE

A 43 B 2R SPSS 27.0 ., Origin 2022 & RiE &
Giit itk . THE TR LI £ AR 2E (xx5) R,
o5 R FH B R 25 40 Fr sl i B2 I S 1 1T O 22
S HTEL H A5, P9 L # ] LSD-¢ K5 55 . Dunn's test
oK . P<0.05 B2ERAGIHE L.

2 R

21 BHAKRKRHEHEITH
25 ALK BURE #ICIR S R IR B IROK IE 3,
TG IR, 2508 WY ; i A: 2R 1 24 R A R AROK 4R
BRURS # 22, B RORLRE G PR B BR AR, SE0 AT 5 d ok
B JEEIOK L A E R
2.2 BAKREEXKAEEREILE

EH A ik RS Al YO KRB
2~ 14 RIIREE L3, R B E 2 0 3 3 09 07 2243
Br, 4558 ORI I ]S R H g, 22 5 Gt 2
B X (F=397.823, P =0.000) ; @3 4 Y & & i,
A G L (F =12.797, P =0.001) ; @3 414K &
AR S R, 22 R A G L (F=5.974, P =
0.000) . L WP L, R LSD-tha g, 250 . 5
EH A, PiA R IRK LS 2 ~ 6 RIKE I T %
(P<0.05),57~14 RIEKEERH LG ITFEE X
(P>0.05) ;i ERMEHHAS 6 RIAH & T IE® 4
(P<0.05). W1,

IEH A Pl RS AU RUokdl R RAF
JIE O I R B R B LR, e L R T 254y
Br, 2R TGIEE L (P>0.05), W2,
2.3 KREFERBHEIMEIFER

KR ZE 0 T BE AR S A SRR U BE 35 oR  IE
L AE R LR A VR 2 M S R 2
14 K, P Z 0 H AP A ZAROK 41w 5 b 18
BOUL TR 7% BB (WL 1) o 5 1E 8 dLAH E, P Al A 2
S T R AE 5 5 R WY AT i B R AR I B
J 101 P9 A2 A BRI A S o T FL AR A
2.4 BHKXKRLEHALFEFILE

1E 8 LR R4S I b B 40 45 #0958
B AR TCK I B FE A KA Fikokdl
KERGE I 2 8N4 1 52 8, AR AR 20 I 38 22 iy 9 e 4
LU /b, S8 AE A MR T R e . 5 E LA
LE L PRI Pk TG B S 78 5 ) 7 vk 2 oA R K BRL 4L 41
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®1 SHEHXRAEMEMEELE (n=5,g, x+s)

A 258.20 +8.32 268.80+9.73 283.60+10.90  291.20 +10.35 297.60 +9.42 308.00 +7.18 320.20 + 10.40
AR 266.60 + 10.57  271.60+10.26  279.20 +6.98 290.00 + 4.58 208.20+5.12  319.60 +12.36  333.20 + 14.48
bR YokdA 264.40 + 8.08 24220 + 1.64 24540 £3.21 250.80 +2.17 267.2+15.71 283.20 + 12.68 288.80 + 7.69

FAE 1.241 23.181 12.191 5.469 4.035 4.639 0.610
PAH 0.324 0.000 0.001 0.021 0.046 0.032 0.559
EH 32940+ 13.78  333.00+13.77 343.80+12.11 351.80+14.74  359.40 + 14.88 362.00 + 15.38 37520 + 15.87

BUERME G 342.60 + 13.54  342.80+13.54 348.60+13.63  350.00+9.25  365.40 +13.33 368.20 + 13.29 373.40 = 12.97
BrERYOKA 300.20 + 6.54 307.80 +5.07 313.80 +3.90 328.20+9.68  352.60 + 18.52 352.60 + 17.70 366.40 = 19.10
FiA 0.098 3.722 2.949 2.339 1.084 0.815 0.606
PE 0.907 0.055 0.091 0.139 0.369 0.466 0.365

®2 BHAREEBRRHBILE (n=5, %, x+s)

EHA 5.00 +0.34 0.29 +0.03 0.93 +0.02 0.20 +0.01
BiAEZRHERA 4.66 +0.47 0.25+0.03 0.88 + 0.07 0.20 £0.01
brAEFEYokA 4.03 £0.67 0.25 £0.05 0.91 £0.08 0.19%0.01
FIE 4.687 2.141 0.793 1.000
P{H 0.310 0.160 0.475 0.397

HH10K 14K

E34L
Bk F okl
&
o
= Bk i AL
=
4L

B KRIEEESMEF



55310 BRI, A TGP O DA TC RSRL K Bl 9 1 T R SR 5

eI RSB = in Y VIIIN B

o

IEH U PR A P RYOKA
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HUHKRE e Ed g b2 R R, 51IEHW 3. AN G 4 FhpT A R T 00, KRS Imd 4t
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EHd Pk Eal ik okal
E3 HHEAREHHELZO-1.0ccludinByFTix (LAY AR 20 wm, x 40)
26 HHEKBRBEESHEMESHT
SHFEARILA ASV 2 8744, IEW AL P Kl
B4 U R IOKA A 1Y ASV 43 51 R 2 257 .35,
5224, i BH 4% A1 1] g 3 B AF ASV B AR AR — o 2
S5, HYUAERYUOKA 5904 20 H A0 RIE ASV 2L
R, WE 4,
g8 A AR 15 HOR R 2% A R, Rank-
Abundance {1 28 25 R 0H , ¥ Fp BRI Lta 22, UL H
AHIEFE 0 EE B g 2 HLAH, AL7E PR R UG Bt

PR

AR HE A S P4 R UOK A ASV £ 5 2 I ik 2okl
PR E4 HEE

LT 16S tDNA I FF 1Y o Z2RE A3 17 S 7w = 3 4 M B, B R AP AE Z KK ) ACE | Sobs
K EL Y ACE . Sobs . Shannon ., Simpson BRI E, 2% J% Shannon $§ 5 34 B 4% (P <0.05) , Simpson T8 % 15 Ft
WG #E X (P<0.05), PR A SR 5IE% 5 (P <0.05) ; $it 24 & AR K 2H #Y Simpson 18 B0 i 2E
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100

—E FZWEHHTIE(P<0.05), WE3,
— P EREERAH . . .
10 — PR ok4L 3£ T Bray—Curtis JiiERz0:0] B ZREE T BN
s A AR 43 ATT (PCoA ) 5 31 i i 22 4 KU 43 Al (NMDS ) 1
M D N "y Nt "y
# KW EFAFEASHARERSH PUAERRKA
= 0.1 N
E FEA B 2 43 B (ANOSIM A AL 43 #7 2 r =0.816, P =
0.01 T 1 0.001) , & 75 F0 A2 3R AL B 35 20 1 K B 3l T
0.001 : : . : Sk hiE RS A S PR ZUOKA AR RER
200 400 600 800 \ N . -
ASV ZELRHES, T, e T2 1) R R A AR L v . LR 6
E5 Rank-Abundance BiZ 27 HHAXRBREFEESERSW
B AP BEAETT L8 KT 1) % A A Rl LI 7
R3S BAXRBEREESHEEST (n=5,x+s)
2151 ACE Sobs Shannon Simpson
EHH 568.55 +276.48 545.80 +260.03 3.85+0.59 0.07 £0.03
bR 13.26 +3.947 13.00 + 4.00" 1.02 £0.427 0.46 +0.147
i R Uokd 126.86 = 199.89% 123.00 + 195317 0.83 +0.96% 0.74 + 0.247%
FiE 11.089 11.220 29.746 21.879
P{E 0.002 0.002 0.000 0.000
T OS5 EFAIHE, P <0.05; Q5 RME E 41 HE, P <0.05,
PCoA on Genus level NMDS on ASV level
r=0.842, P=0.001 stress: 0.084 r=0.816, P=0.001
07 P 04 o W4l
06 1 ® BUEZMEA (4 | . o kAL
05 | L oyt zbokm A o ik F okl
04 | * 02 - . {*\
o o | o\
5 gz 0.1 1 \ \\
§. 011 g 0 s \\ \"\
S 0 ® PN = o1 - 3\ \ |
& -o1df O (,_./ < .0 \
£ 021 | N 0271 X~ \ T
~0.3 2 \ 03 1 \
—0.4 1 ° ] A,
05 -04
—0.6 1 -0.5 1
-0.5-04-03-02-0.1 0 0.1 02 03 04 0.5 0.6 -0.5-0.4-03-0.2-0.1 0 0.1 0.2 0.3 04 05 06 0.7
PC1/46.21% NMDS1
FALFRSTHT (PCoA ) Ak B 2 4 R 53 (NMDS)
6 T Bray-Curtis EEESRIFIE R B B ST
10 . 10 lorganella revotellaceae. TOU|
@ Protchacers B o shigela = Emernconens DOt
m Bacteroidota w Lactobacillus m Corynebacterium
038 B Pl 038 e Murbaculacene oo R T-group
™ munclassified_k__norank_d__Bacteria £ ™ Slreplo;naus w others
a Desulfobacterota H unclassified_f__Lachnospiraceae
r :Earﬂrx}lﬂlxgﬁ;ﬂla o B Parabacteroides
B 06 Verncomicrobiota = 06 = Paasuterella
iﬂ E # Prevotellaceae_UCG-001
T 04 ¥ 04 :]]_):(‘l;:h};r;?:ﬁlaraceae_NK4Al36 _group
X % ® Phascolarctobacterium
- [ . K%f?hsjella
0.2 0.2 [ ] lngo‘;::rlnllf_f_nm-ank_o_Closn-irlia_UC(“rO14
® Bacillus
 Alloprevotella
0.0 - . n 0 L :Eﬁ::«l;ﬁ‘f:j:.? innocuum_group
IEHAL %%z g\,}%i TERAL PUER PUER QxR goup

WEH 2 TROKZH mBifidobacterium
 Turicibacter

# Ruminococcus_torques_group

Proteobacteria: A8 T 4] ; Firmicutes : J-BE ] ; Bacteroidota : 1T 4 ; Actinobacteriota : H{ZE 4 ; Desulfobacterota : IR AT 12 ; Campilobacterota: TR
Cyanobacteria: W 41l B ; Verrucomicrobiota: $f f# [F ; Morganella: J% R [& ; Escherichia—Shigella: ¥ Ty — % P ; Lactobacillus: LR #F 1 )&
Streptococcus : fE BRI ; Parabacteroides : Fl| fFT 1 ; Parasutterella : B4 G T ; Phascolarctobacterium : % T 1 )& o
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