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Mechanism of Action of Lonicera caerulea Berry Polyphenols in Regulating Intestinal Microecology in

Immunosuppressive Mice
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Abstract: Objective: In order to explore the effects of Lonicera caerulea berry polyphenols (LCBP) on immunity and
intestinal flora in immunosuppressive mice. Methods: Thirty-two mice were randomly divided into a blank control group,
a model group, a low-dose LCBP group and a high-dose LCBP group. Cyclophosphamide at 80 mg/(kg m,-d) was injected
intraperitoneally after 17, 19 and 21 d of oral administration. Immune organ indices, routine blood biochemical indexes,
intestinal microbial diversity and distribution, and the level of short chain fatty acids in colonic contents were investigated
and colonic histopathology was examined by hematoxylin-eosin (HE) staining. Results: Compared with the model group,
spleen and thymus indexes in the high-dose LCBP group significantly increased (P < 0.01). Also, the number of white blood
cells, lymphocytes and platelets increased (P < 0.05), and so did the number of red blood cells and neutrophils (P < 0.01).
LCBP increased the relative abundance of Firmicutes, Epsilonbacteraeota, Proteobacteria, Patescibacteria, Actinobacteria

and Cyanobacteria in the intestinal tract of immunosuppressive mice and the concentrations of fecal short-chain fatty acids
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(SCFAs). Conclusion: LCBP can increase the type of intestinal flora, regulate the structural distribution of intestinal flora,

alleviate intestinal injury and enhance immune function in immunosuppressive mice.

Keywords: Lonicera caerulea berry polyphenols (LCBP); immunosuppression; immunoregulatory activity; intestinal flora;

short chain fatty acids (SCFAs)
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ANEE 7 A H s o i A 0o i 3 A 0BRSS AT T A e
RN, BRI 5 N2 Bl b s M & ) B . 2
A = Wi o i R ) 2 R AR E A, BRI 2
BE BRI R HAT AW A SRR T (short-
chain fatty acid, SCFAs) o iX4&ARU=1EH T %5 L
%, ARk ECE S E £ T RE . I E RS TE
Yo% D e 1AV A B AR B R BRAL R, £ S 9% Th g i)
5o i T R AR A R AR . (HgiE
A5 1 28 1 G B8 T AR ELAE FAIL ) 1 7 22— 20 1
TN SR AR

WiEE R (Lonicera caerulea L. var. edulis Turcz. ex
Herd.) & —MAAR AL BERELNZMEY, X
PR EA. BETR. WM TRE. ke h
(L. caerulea berry polyphenols, LCBP) &5 HE g H—
KRELRNEENR Y, BFBETRENEOER, HK
H. OHEEE-3-BE. IR, EERLAYEY. R
TR, WECRAARFOOIEMEZ . PIE. SIREZ MY
HYG MR, LCBPHEIA A& X 2 A 438 4 (V) 3 B4 R0k
A1 HErE A SR MR PR,
SR R ot T E R R 255 R F K 55 4R A LA
AW T S E K.

AWK AW BE% (cyclophosphamide, CTX)
SR/ B A G AR A, HE T PacBio Sequel# —
I 16S rRNA & I8 & 7~F & & LCB P 15 15
RN A T NI A B R S5 AR A, 45 I e e
fdebs. Sl A LUE M S S S G- FUEEE (gas
chromatography-mass spectrometry, GC-MS) 5 i7iE P
SCFAs & i, RITLCBPX Bl /N B S D e
VTS 5 BB R AT o ASHHE ST T LAATATT-LCBPHY
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DXL TR R

1 MHESHE

1.1 2. MRS
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12 {XEFEHRE

N1300fE ¥ & kA b2 MACHABRA A
BM8304: Bl MR HT X LAt R SRDERHTA R

A#]; GC-—HEPUMAT ARG F2E Thermo Fisher/A #l;
FCS515REXAGE Ol BENMERR S (R F
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B Aw; FDU-211048 Tl Rt BAL stk =X
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BHRLE 14, G A HRE2 IR, BFR30 min, &4
B, 6000 r/minES 0215 min, B _EIEW 45 C ekt 7%
Rilkds, —80 CHEFWIHRTIRT2 h, 13FILCBPIZIY
T
1.3.2  LCBPIEEUMR ¥ 5 2 M & & i E

S35 T MO Ty, SR AR AR LG vk I s
e RIRI T B 2GR, EERERE TR R
5mg, FCHIE0.2 mg/mLIFFRAERE WL, F3 A 2 B L
2. 3. 4. SmLIAKEAEZEI0 mL. 3 iE % 2B & T
FRARAEVE 200 uL, ANAAEAR-B 71 mL, #8257, &M
5 minf&, JIA800 puL 7.5% Wi EREN A, = H38E 6 s
2h, T765 nmPE KA E WOGE . K B FRELLCBPA T
0.1 g, M/KEZRZE2S mL, Fikks AR, %88 Lk
PR, 1765 nmig KA E B S VE RO . BA%
T FBRARE M w28, ARG AR, &
TR R RIS, DAAiKCh = W, etk RA
JFEA: y=13.934x—0.252 1, R’=0.9957, Ik N
0.02~0.10 mg/mL, 2P RUT. RyEbauk ey feit s,
FEFIRIUIA TS 2B &8N (54631021) mg/g.
133 shWpsrdib e

¥32 RiE @ RICR/N BRUIE R 777 dJs . BENLSY
N4, BAS R, ailhaw Ax B4 (KC4) o
HMAH (MC4) . LCBPL/|&E4 . LCBPaEfIEH. &
#Liu Yingjuan'"". Qi Zeng" 2[5k, HAHARLK
ML 45 R, A RAMMCH S RS AR
/K: LCBPGHHI &4 5 R B LCBPREY, H2jEN
150 mg/ (kgmy, *d) , HHXTLCBP820mg/ (kgm,*d) ;
LCBPE A &AM K#EBELCBPIRIMY, 48N
500mg/ (kgm,*d) , tHSTLCBP27.32mg/ (kgm,*d) »
A/ NEIE B BLIN01 m10 g m,, ES21 do A B
AN, HAZHDHTF17. 19 dFI21 didE4T B ESTCTX
(80 mg/ (kgmy,+d) ), FJEGZEINHE]INRBA . RKIK
452524 him, XA /D BT IRBCR ML IF R A7 . BT 5%
TR B i A o ) R3S 0.3 g B TRAFE
—80 CHl iR iEAE, HHrieH.
1.34  BbRIE

MRIEH LR B E 5L, G s B AR ES M o % 4R A
i U LCBPRE R, WA 00 B 20 BEAT I 18 N P 1
16S rRNA = 5 /7 5 & SCFAs & & &, XTLCBPX}
BILAAS G 28 Ty 6 VA 15 5 s o A U 1 4 IEAT IR B 204
1341  PAEABCREUESIEFR

MG FF I & 2H /N B8 2 AT 5 OGRS B B i
R, HFESEBIRE.

1.342  pEdsEfaiine

LI H 21 RHEE 42524 hm, /N BT IR ER
I, SR P SR f PV b B o 4 E /S BRUBE A 5 e AR
WA K ERR R, % POt SRS R (o ide
HEMATEED .

Al (mg/g) :rnor;(lil()

A s A AR 0 0 R AR m R I/ B iR 5
&/mg; moN/NRAAE T E .

1.34.3 MRS badl e

F21RMEB S Z24 h)g, X/NEGEEAT R IR B,
MK B T2 mLydt 08 b, MR 4 3 2 i 4 i 7 84
B SR, A HTaE I A i T 408 (white blood cell,
WBC) . 48 (red blood cell, RBC) . #E4H
(lymphocyte, LYM) . Ifil/’MR (platelet, PLT) . =%
Figifil (neutrophil, NEU) /K°F, icsk#dl 3.
1344  SEpHgUR A5

INRANIE S, B I H 2B T 4% %2 5 B v [
SERATA8 h, KT LN 4 250 475 A0 B K AL BE
BALBRNTKOES —HRRANEEEW R,
B, YA, JFARKE-HA (hematoxylin-eosin, HE) %%
t, Je R TSN RIS
1345 BEWHAEYRHEY16S rRNA @ &7

# T PacBio Sequel V- 5347 /N E o N &Y A=
V) IDNASEEN T o X FE 17 BetaZ FE 1% FAlpha)
FZ R T, THEAS H S FE I Ace. Chaol. Shannon
JeSimpsonfi 0, AR AE P 73 FAREAE XS BE S AT 4 252
atT, I, BRI A AR E, FHREA
BRI EF bR ED .
1.3.4.6  F%{FHSCFAs/AKF [l 2

FES AL FE: I GC-MSVEA I 25 F SCFAs?
&, K—80 CIHEMAMIEME T4 CNREE, KA
100 mg, HIA2 mLEE4AiK, iniedkZiR, 4 CHMET
14 000 r/min& 0> 15 min, HL LB, MMASO%IRITEL
WHpHIE N1~2, 4 CHFE30 min, fB/RIES. ETK
CWEZERLE, AHFE A TR OB BiEw. EERAER
AMFEMANIECKEER, $0.22 pmffLIEREE, HT
GC-MS43HT .

PRAE S AL RS E W AR R IE TR
TR BRI FIRmRARAES, FIE S hehe il A [
TR B IR A P O B HE VR (0.001~0.010 mg/mL) , it
0.22 pmfAFLIERE, HT-GC-MS4#T.

GC#fF: itk N DB-Heavy WAX
(30 mX0.25 mm, 0.25 pm) ; FHEEF NVIIGEEE
70 ‘CARFF1 min, LA1S ‘C/minft%120 C, f£#F1 min, LA
10 C/minFtZ2200 'C, FRFES min; A NES; S0
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IREN270 Cy A N2 mL/min; #FFEF1.0 uL;
BERE T KON T RE s B IEE CEUA R F 10 R I 25
(flame ionization detector, FID) ) #&J¥280 ‘C.
MSHAF: BF&E I B FIRIEZ250 C: 1Y
WA IR E250 'C; HTAERT0 eV A N 46
AL Blm/z 30~500.
14 Bl abE 5 o Hr
A B P+ e e 2R ox, XA
SPSS 20.08 IR & 75 Z 43 BT (One-way ANOVA)
A Tukeyf 3 HAT 2 5 W 0 i, P<0.05SREKRERH
it L.

2 ZRE5R

2.1 PRRE

FHNREGARTRESEATX . S5, ©H
AR BN B O IER BB LE. TohidE. B
PHE. IREEHE, e ERLF; LCBPE MR/ M
BEEREEIMOIME . F1TRIFMHERE, MCA/N R I
TR EEE. REBER . BRI, SMEHES
M% . LCBPH . KFIE A1/ REMCLALRE L H FIA
FREERNGE, SaelaTIEY, BiRERT.
2.2 LCBPXI/NER s % B FR 50152

AR 0 J e A I G e A R, LK R A
AR AT DL BRLAAS G2 R 77 HOARAGTY . fr R AT A,
L o BRAL A, MICH /) BRI I 418 5000 16 i 48 20
WERAR (P<0.01) 15BN B G2 00 o A 28 3 A it
;s SMCHAELL, LCBPRFAE /N &R R AL 48 £ 0 2
B (P<<0.05) , LCBP& il & 2H /N &R 19 BT Fi 205 i
BRFE BN B 21N (P<0.01) HAEE=s AxtEA,
BHLCBPX o $ il /)N B ) S e 48 B A — 8 AR 3P F 2 1t
Dhee EER, Hr s ELCBPEH 2%,

&1 LCBPRMGEE il B0 58 8 77 5 B g il

Table1 Effect of LCBP on immune organ indexes of
immunosuppressed mice
ZH 3 MEAEFEEY (mg/e) HafsaEy (mg/g)
KC4 4.528+0.012 3.05240.008
MCH4 2.23440.006% 1.528 £0.004%*
LCBP{R =4 3.21740.004" 1.62240.005
LCBP )5 41 5.01740.007" 2.69840.001"

W SKCHAE, « ZREHE (P<0.05) , == ZRWEH
(P<0.01) ; 5MCALE:, #.ZR7EE (P<0.05) ; ## ZREE
(P<0.01) . KA.

2.3 LCBPX G #iH /)s BRMLR G 2 F8 br B 52 1
2 n &, MC4L/NfRWBC. RBC. LYM. PLT.

NEUKFPHMK TS AX A (P<0.05. P<0.01) ,
HAPWBC., LYMKTFHEZETHE (P<0.01) ,

PR G MRS R R T . 4524521 dJs, LCBPAGH &
H/NRFIWBC. LYM. PLT/KFAIEMCYLY A Bt [0l F+
(P<0.05) , RBC. NEUKTEMCH L E#HLER;
LCBP&E &AM KWBC. RBC. LYM. PLT. NEU
KFEMCH LA Fr il J+ (P<0.05. P<<0.01) , M
WBC. LYM. PLTH &% FF (P<0.01) . HHULHA]
A1, LCBPREWSHETF ML Gy DR du MK, JHrps il =
LCBPIEH 3% .

2 LCBPRY % il i A AL bR it s
Table 2  Effect of LCBP on blood biochemical indicators of

immunosuppressed mice

05 WBCACF  RBCKF  LYMAKY PLTCF NEUZKF
A (XML (XT0PAML) (XT0ML) (X10°AML) (XT0AML)

KC4t 597067 958+099  454ELI1 90320 £190.66  182+041
MC# 15640295 8301054*  152£069%  436.67198.83%  0.55+0.38*
LCBPIGHIEAL  345+194° 8424076 297+115° 5637546898  0.76+0.67
LCBPEAIEA  937+224% 05440820 571+1.04%  1087.001118.04% 235+1.84°

24 RPN gL

HEAT LA H, AR NREmESIER, &
RAPAUB S EHER 2, RIS MBS, KA
T s R AR . MO/ RIGAIR 40 B AU Y Re s 1 12
Wb, BRAHER TR BR A4S, Al L5 4 iR
RS MK . SMCHM L, LCBPIRFE 4/ B R
I FIUTIRR B A AT 2, IRRHEDIRRE S, KR,
RIEA IR IR s LCBPEFI R4/ MR LRI IER
MARGNAAUBIRR S, BRAAHEZ RS, 40 IR i B 2
A/, 1 BILCBP R IR CTX 51 e 1 /N B i 4 434545
Horh & B LCBPYE F A &

*X ,, {c,w bt

A.KC#l; B.MC4l; C.LCBP{LHIHE4]; D. LCBPHE &4 .
K1 pEEBASHERf (20X)

Fig. 1 HE stained colonic tissue in mice (20 x)
2.5 16S rRNAJI 45 5#
25.1  JmiE R BetaZ FEMES T
2 PRI BE 0% JRE s ZH ) (K 38 SR A R R 34 7 2K B
Jt (operational taxonomic unit, OTU) #{H, EHWH%E
DL LIRS AE Y B 5 X Y R 2T A, s R
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135413 A~OTU, MC4 3743373 A~OTU, LCBP
HILAHI378 NOTU, 3 AILAWFEE3LL A AN
TR A YR ELH 21 A, MCAMLCBPALY A VR4 H
BI10 A IBIEOTURH A 73 A3 3, Ho e i A A
R /N R IE AR >, TILCBPAL/N R 1 718
WREFEEE — T, H IS HLCBPRT G fiil /N B
o TR A 1 T P R AT IR R A

m KC
m LCBP
mMC

K2 bR

Fig.2  Venn diagram of intestinal microflora in mice
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3R A, = AR/ B 78 B B Ace. Chaol
fe¥¥m FMC4l. LCBPAL, {HLCBPA/N R 78 i B
f1Aced5 4. ChaolfiEMCAL A FrlEl F+, 1 HILCBP
Stof B 8 $U ] /I B 1 A A B A T e AR B T kAR
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253 BRI T
2531 /NRSMEREATET KT I BRI = 7

MR 1K b CE4A) , FH 63 15 i e 1
10 NE B MONEEERE ] (Firmicutes) « AR ]
(Bacteroidetes) - JEfM B[] (Verrucomicrobia) -
e-ZHEY (Epsilonbacteraeota) - #KEEH ]
(Tenericutes) « ZZEHE ] (Proteobacteria) .
i #T % 1] (Deferribacteria) « Jk K &I AT &
(Patescibacteria) . JHZEE ] (Actinobacteria)  HE4H
1 (Cyanobacteria) , Hrt, FEEER[THWAFEITH
Ji T8 AR A R, A B A EE2980% UL b AT
ALIE L TollFE 32 4K4 (Toll-like receptor 4, TLR4) i Sk
9] G 9% B I ST IR AN A 25-6 Cinterleukin 6,
IL-6) #RAER TR . ERER TR Z AW,
Fort LR AT B 2 — P LT IR 5 R HG Atk e 8 2L 1)
R ERER AR AR A R AL
SRR NIRR E, TR N LA R,
Jr 18 JRE L, AT S RS, HaEE
XFHRZHEC B, MCALUNRIEEER ] e- BTN &
TEBE T~ PO R AR B8« 2R B8 1R 08 40 B 1 %) A
FREEBFAR . FHAMCAL /N B S A p JE B B ] AR = B
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B X WL FRAIG 1 46.2%, T HAELCBPAL -2 3
FERIMCLH$E 15 1 28.23%; AT 1 TTEMCZ /) FR ST
AR FEARCE A IR A2 T 1 98.63%, i 481 LCBPF- Tl
J& FARRT = FE B MCALFFIK 1716.90% o 383 X) & 4H A i
Hp S RE TR 115 JAT B T TARDN S R B B B R B, B
/N R E IF/BE (FANEBERE T EEE; BA
WAFBE TR E) e X IR AL 03.4084(5 5] 70.92,
LCBP T TG F/BMEIE = £1.41. 45 REW, LCBPH fig]
T BT JERE B 1T AR R RE, [ R AR AR B TT A A X
FRE, DURBRA R S R E R ER s
JHE/BAE M AT 7 1 Lo, AT 3G A o g AR 2 3
FE, FRARIATE N SR R, A3k fo P D BE AR IE 1m] 15
X 5252705 PR RS 73 i B S5 1 A — 3.
A m Cyanobacteria  m Tenericutes
m Actinobacteria  m Epsilonbacteraeota
m Patescibacteria  m Verrucomicrobia

m Deferribacteres m Bacteroidetes
B Proteobacteria ~ m Firmicutes
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Fig. 4  Relative abundance of intestinal microflora in mice at phylum (A)
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2532 /PNREEEREALE BT LI REEEFRE L E S
M 4B 4w & K o A, A R AR A AT
10 A2 R A AAT IR (Lactobacillus) KB 7R 1
Muribaculaceae. w2 & (Akkermansia) Pl
FIUGG-014 (Ruminococcaceae UGG-014) . EIRHER
Bl (Lachnospiraceae)  BRFTEJE (Helicobacter) .
REFRIEIBHEEFL (Lachnospiraceae) AT # &

(Bacteroides)  RATH & (Odoribacter) . BT H
J& (Parabacteroides) . Pl FFUCG-0141] i35 g 218
W, R TR A O B B I AR A A DR A A AR T AL
B AT R 2 R A M DA T, RN g%
FELE R AR T, & PR E MG,
FAF B A 2 T 1 FAERN A, R8 K L
AR, dEPONAR R A e o ae" . 4B
W, HaEXIRAAME, MCZAL/NRIE A AR
(BHAFNERE. TMERUCG-014. EATHEE) HIFE
FE B R B, HrR AT B B B B PRI i K,
50.72%; L2 EE. WHEE. KIREHHEE N E
P 0 B B R, e S e S R AR
2 6 210,04 % T R 22 14.81% . TILCBPAL/N B 26
5 rp 1 IR B S AR R D T 1 i S 6 HR A K
A, SMCAMEL, LCBPAL/N R I i 2L 15 @ Al
R RE TR, WA LCBPIE R Y 2 A B A 0% B A
HET 2 B i s .

254 AHIEZERREMES LR
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Fig.5  Ternary phase diagram analysis of intestinal microflora in mice
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