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Fig.2 Effect of fig—fermented and non-fermented extracts on cytokines in serum and some blood routine parameters
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Fig.3 Effect of fig—fermented and non—fermented extracts on histological in jejunum, thymus, spleen and liver
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Fig4 Effects of fig—fermented and non-fermented extracts on gut microbiota
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Fig.5 Changes in the composition of the gut microbiota between fig—fermented and non—fermented extracts
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Fig.6  Correlation analysis between dominant bacterial genus and immune traits

3 iTfig

e T R L e oA A 2 W 1 R 4R g
L) 9 2 RE A5 PR, AS DRA A AT I e 3R BH , JE A
SRR IS U T 3 P A T e 5 5 ) S S I
AT HOARE T A SR e T 2 ) I e 1 i B )
Xk B Bt M 15 14 S 5 A /0N BRI B 88 S I A
B AR W R IR TR

J JE RGO A Sl AR B R R R, TR
PEVH T R A A A S — PR e R
8 A S R B B 45 020 90 A 1 A R T L ek
PR, il A T SR A T AR R A A
Yy AR S e 4R HU T I R AL i 50K A

BT NC 489 /KF FF 21 He NF 2 B9 25 5 0 35 3
NC 47K, e 32 225 AR TC AR K e 4 B vh
Ty 2 B T G, L Y R AR A A
JORTE I 5 e 5 S5 I 5 T R A 182

ML ] L E 2 5 2 R Drie i i
TR B T R PR AR S FF 4R NF 4
) IL~4 F1 IFN—y 7KFJL-F-5 NC 4 [, 3 nf
AEHIN T &/ SR, e skl Al LLASY Th/
Th2 -, 30 il Bt B RE 5 M ek Bk i) e 22,
FF #1+ IL-4 IL-6 . TNF-a i IFN-y# 7K F 5 NC
HM LR 25, i NFAPFE—EER, X
A RESE: FR AT G2 R BRI RS R R



%24 4% 4 10

T i R & WA B Ay 5t e, 5 A ) s ReG S 95 A 153

HLUR L2 W E A5 R ] 2 T M iR | T
IR AE T A S K I 4 B R & I 4 0 A 34
Ji , AT LA FA B W e 75 S (R 3 40 Th M A2, 1 BH S 4K
IR TR AR B A K 4 SO R 45 T R Ik e b
BN BRUAY 8 2R, Ding S5V % B 22 13 v ek 4% e 58
TE R, 7R AL U EL R L T JO A R AR
By 0GB AE R OL T e AR R AR R EE R IR, X2
IR Sy JC AR AL e I 3 B vh 22 B R A AR P W
B,

G 58 SN 5 g 1 AR 0 R 1 2 A R
ATl Tk e e 72 ) g S T A ) T 2 AT R S A
By ] 012200 SYFT R T2 8 W 1 T TR D
ORI HE 2 [CHIPERE T, 2@ E e RS
WA G AT R B R BT A
T IR R A5 2 FF 4180 NF 41 b $UFF
VB WA X F R S T MC 4, 5 NC 4B A4
ol BARAE LT WRIE T, Fm Ik e Ak 385 1Ak P T
B RE TR 1) A BE A3 H A 5845 2] T A
S EE R 3B R A 3 T R SR T
i B TR ) RNADURT T i i A K R AR BRI P, AR I
FEGETT 3 38 G D BRE A LU A 3 19, 1 B AT
S 38 R 1B 1 B R AR R L 7E FF 4
FUNF dirb AR TEFF TR 1100 A X = B 0 5 FRAIG L 4K
M, 763X 9 Fh b B B T8 f2E 0 o8 R 1 AR A 2 AN
Y, 5 NF HAH 1 FF AP i FLFT 3 &  Unclas-
sified_S24-7 FIUEAT T4 & (AR X =5 B b 38, 3%
A IR MR A o v B 1) A W TR T 3k S 4 TR A R T

ZE LR 5 R R B JCAE R AR IO A e, R
it B & I 1 JIC A6 S H U T BB A O in Ak 1 e
P (R S e A /N B AR T o | B e 2% 4R R
Sy IH LS BOMA B T 7=, 3 BE s A
Pl Jide %o /0 B i J i L 2 2 i 0, [ %o Ji 2 A A=
YIRS G A SE 45 T S T A
TR B H) 1) T T R FH B LSk B g 40 40 /N v
TE BAE S B B2 A iy S

5 £ X W
[1] ABE T. Fig

allergy by acceleration disassembly of Igk —receptor

complexes[J]. Biosci Biotechnol Biochem, 2020, 84

(Ficus carica L.) leaf tea suppresses

(5): 1013-1022.

[2] ABE T, KOYAMA Y, NISHIMURA K, et al. Effi-
cacy and safety of fig (Ficus carica L.) leaf tea in
adults with mild atopic dermatitis: A double—blind,
randomized, placebo —controlled preliminary trial [J].
Nutrients, 2022, 14(21). 4470.

[3] HAJAM T A, H S. Phytochemistry, biological ac-
tivities, industrial and traditional uses of fig (Ficus
carica): A review[J]. Chem Biol Interact, 2022,
368 110237.

[4] RASOOL I, AZIZ A, KHALID W, et al. Industrial
application and health prospective of fig (Ficus car-
ica) by—products[J]. Molecules, 2023, 28(3): 960.

[S] YANG X M, YU W, OU Z P, et al. Antioxidant
and immunity activity of water extract and crude
polysaccharide from Ficus carica L. fruit[J]. Plant
Foods for Human Nutrition (Dordrecht, Netherlands),
2009, 64(2): 167-173.

[6] SUN Y J, LIU Y, Al C Q, et al. Caulerpa lentil-
lifera polysaccharides enhance the immunostimulatory
activity in  immunosuppressed mice in correlation
with modulating gut microbiota]J]. Food Funct, 2019,
10(7) . 4315-4329.

[7] CHISTIAKOV D A, BOBRYSHEV Y V,
KOZAROV E, et al. Role of gut microbiota in the
modulation of atherosclerosis —associated immune re-
sponse[J]. Front Microbiol, 2015, 6. 671.

[8] TANG C, SUN J, ZHOU B, et al. Effects of
polysaccharides from purple sweet potatoes on im-
mune response and gut microbiota composition in
normal and cyclophosphamide treated mice[J]. Food
Funet, 2018, 9(2): 937-950.

[9] DING Y, YAN Y M, CHEN D, et al. Modulating
effects of polysaccharides from the fruits of Lycium
barbarum on the immune response and gut micro-
biota in cyclophosphamide —treated mice[J]. Food
Funet, 2019, 10(6): 3671-3683.

[10] JIA L L, ZHANG M, LIU H, et al. Early-life fin-
golimod treatment improves intestinal homeostasis
and pancreatic immune tolerance in non-obese dia-
betic mice[J]. Acta Pharmacologica Sinica, 2021, 42
(10): 1620-1629.

[11] ROOKS M G, GARRETT W S. Gut microbiota,
metabolites and host immunity [J]. Nature Reviews

Immunology, 2016, 16(6): 341-352.



154 hOE B A e R 2024 445 10 1)
[12] DING S J, JIANG H M, FANG J. Regulation of totoxic and antibiotic cyclic pentapeptide from an
immune function by polyphenols[J]. Journal of Im- endophytic Aspergillus tamarii of Ficus carica [J].
munology Research, 2018, 2018: 1264074. Journal of Agricultural and Food Chemistry, 2016,
[13] Du J, LI J J, ZHU J H, et al. Structural charac- 64(19). 3789-3793.
terization and immunomodulatory activity of a novel [22] MOON P D, HAN N R, LEE J S, et al. P-
polysaccharide from Ficus carica[J]. Food & Func- coumaric acid, an active ingredient of Panax gin-
tion, 2018, 9(7): 3930-3943. seng, ameliolates atopic dermatitis—like skin lesions
[14] GRIGAS J, RUZAUSKAS M, PAUTIENIUS A, et through inhibition of thymic stromal lymphopoietin in
al. Investigation of immunomodulatory and gut mi- mice[J]. J Ginseng Res, 2021, 45(1): 176-182.
crobiota —altering properties of multicomponent nu- [23] LIN L J, HUANG H Y. DFSG, a novel herbal
traceutical prepared from lactic acid bacteria, bovine cocktail with anti —asthma activity ,  suppressed
colostrum, apple production by-products and essen- MUCSAC in A549 cells and alleviated allergic air-
tial oils[J]. Foods, 2021, 10(6): 1313. way hypersensitivity and inflammatory cell infiltration
[15] SCHEPETKIN I A, RAMSTEAD A G, KIRPOTINA in a chronic asthma mouse model[J]. Biomed Phar-
L N, et al. Therapeutic potential of polyphenols macother, 2020, 121: 109584.
from epilobium angustifolium (fireweed)[J]. Phytother- [24] SELSTED M E, OUELLETTE A J. Mammalian de-
apy Research: PTR, 2016, 30(8): 1287-1297. fensins in the antimicrobial immune response[J]. Na-
[16] TANGYU M, MULLER J, BOLTEN C ], et al ture Immunology, 2005, 6(6): 551-557.
Fermentation of plant—based milk alternatives for im- [25] PICKARD J M, ZENG M Y, CARUSO R, et al.
proved flavour and nutritional value[J]. Appl Micro- Gut microbiota: Role in pathogen colonization, im-
biol Biotechnol, 2019, 103(23/24). 9263-9275. mune responses, and inflammatory disease[J]. Im-
[17] TANGYU M, FRITZ M, ARAGAO-BORNER R, et munological Reviews, 2017, 279(1): 70-89.
al. Genome-based selection and application of food— [26] JIAO L, KOURKOUMPETIS T, HUTCHINSON D,
grade microbes for chickpea milk fermentation to- et al. Spatial characteristics of colonic mucosa—asso-
wards increased L-lysine content, elimination of in- ciated gut microbiota in humans[J]. Microb Ecol,
digestible  sugars, and improved flavour[J]. Microb 2022, 83(3). 811-821.
Cell Fact, 2021, 20(1): 1009. [27] ZHAO Y, LI K, LUO H Q, et al. Comparison of
[18] ZHAO J Y, GONG L M, WU L L, et al. Im- the intestinal microbial community in ducks reared
munomodulatory effects of fermented fig (Ficus cari- differently through high —throughput sequencing [J].
ca L.) fruit extracts on cyclophosphamide —treated Biomed Res Int, 2019, 2019: 9015054.
mice[J]. Journal of Functional Foods, 2020, 75: [28] GIBIINO G, LOPETUSO L R, SCALDAFERRI F,
104219. et al. Exploring bacteroidetes: Metabolic key points
[19] HUSSAIN A, BOSE S, WANG J H, et al. Fer- and immunological tricks of our gut commensals|]J].
mentation, a feasible strategy for enhancing bioac- Digestive and Liver Disease, 2018, 50(7): 635-639.
tivity of herbal medicines[]]. Food Research Interna- [29] XU X F, ZHANG X W. Effects of cyclophos-
tional, 2016, 81: 1-16. phamide on immune system and gut microbiota in
[20] SUN H, NI X Q, SONG X, et al. Fermented mice[J]. Microbiological Research, 2015, 171: 97—
Yupingfeng polysaccharides enhance immunity by 106.

[21]

improving the foregut microflora and intestinal barri-
er in weaning rex rabbits[J]. Applied Microbiology

and Biotechnology, 2016, 100(18): 8105-8120.
MA Y M, LIANG X A, ZHANG H C, et al. Cy-

CERF-BENSUSSAN N, GABORIAU-ROUTHIAU V.
The immune system and the gut microbiota: Friends
or foes?[J].

(10): 735-744.

Nature Reviews Immunology, 2010, 10



8524 % 4510 ) T i R & WA B Ay 5t e, 5 A ) s ReG S 95 A 155

Immunoregulation of Ficus carica Linn. Fermentation Extract on Immunosuppressed Mice

Wang Qiaoxin', Xie Yuxuan', Si Chaojin', Tao Ruixiao’, Zhao Jiayuan', Liao Ying"
(‘College of Life Science, Sichuan Normal University, Chengdu 610101
Sichuan Technology and Business College , Dujiangyan 611830, Sichuan)

Abstract Objective: To investigate the effects of Ficus carica Linn. fermentation extract on immunomodulation and in-
testinal microflora in cyclophosphamide —induced immunosuppressed mice. Methods: Immunosuppressed mice models were
constructed by intraperitoneal injection of cyclophosphamide, and the mice were randomly divided into blank control
group (NC group), model control group (MC group), Ficus carica Linn. fermented extract group (FF group) and Ficus
carica Linn. non—fermented extract group (NF group). The body weight of mice was recorded every 2 days during the
gavage period. After 9 days of continuous gavage, the immune organ index, serum cytokines and blood routine were de-
tected, the histopathological observation and intestinal microbial flora analysis were performed. Results: Compared with
MC group, the body weight and immune organ indexes of thymus, spleen and liver in FF group and NF group were
significantly increased (P<0.05), the total number of leukocytes, monocytes and granulocytes were significantly increased
(P<0.05), and cytokines such as 1L-4, IL-6, TNF-a and IFN—y were significantly increased (P<0.05). The results of
histopathological observation showed that the damage caused by cyclophosphamide to mice jejunum, thymus, spleen and
liver in FF group and NF group was significantly reduced, and the effect was more pronounced in FF group than NF
group. The analysis of intestinal microflora showed that the levels of Blautia, Lachnospiraceae, Paraprevotella, Clostridi-
ales, Lactobacillus, and Bacteroides were closely related to immune traits, and compared with MC group, the abundance
of Lactobacillus, Helicobacter, and Unclassified_S24-7 in FF group increased more significantly than that in NF group.
Conclusion: Compared with the non-fermented Ficus carica Linn. extract, the Ficus carica Linn. extract fermented by
Aspergillus niger can improve the immune function of immunosuppressed mice induced by cyclophosphamide and improve
the intestinal microflora.
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