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The role of probiotics in blood glucose regulation
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Abstract: As the economic level and living standards are rising, the incidence of type 2 diabetes
mellitus (T2DM), a nutritional metabolic disease caused by overnutrition, has increased sharply.
The elevated blood glucose level and complications seriously affect the quality of life of the
patients and bring economic burden to the family. The drug treatment of T2DM has limitations
and side effects. Although T2DM is difficult to be cured, some new therapies for regulating
blood glucose have emerged with the deepening of research. Probiotics are safe, economical,
and effective, and recent studies have shown that probiotics used alone or in combination with
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other therapies can lower blood glucose level and alleviate complications. Demonstrating a
promising application prospect in the prevention and treatment of T2DM and the remodeling
of intestinal microbiota, probiotics have become a hot research spot. While probiotics have the
potential to overcome T2DM, the mechanism of probiotics in regulating blood glucose remain
to be deciphered. This article reviews the role, application, prospect, and challenges of
probiotics in blood glucose regulation, aiming to provide a theoretical basis for the
development of microecological agents for blood glucose regulation in humans and

companion animals.

Keywords: probiotics; diabetes mellitus; type 2 diabetes mellitus; blood glucose regulation
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Figure 1 Probiotics are expected to improve T2DM symptoms and complications. A: The number of
diabetic patients has increased in recent years and is expected to reach nearly 800 million in 2024, with
T2DM predominating. B: Insulin resistance and pancreatic cell dysfunction lead to T2DM. C: Imbalance of
intestinal flora, and endotoxins produced by harmful flora lead to inflammation, oxidative stress, destruction
of pancreatic B cells and insulin resistance, leading to T2DM and complications. D: There are many
complications of T2DM, including cardiovascular and cerebrovascular diseases, nephropathy, diabetic foot,

neurological diseases, etc. E: T2DM can be controlled through rational diet and probiotic regulation. F:
Compared with insulin and drug therapy, probiotics are economical, safe and effective.
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Figure 2 Possible mechanisms by which probiotics regulate blood glucose. A: Probiotics regulate glucose
and lipid metabolism by regulating the balance of intestinal flora, improving intestinal immunity, and
affecting the microbial-gut-brain axis and microbial-gut-liver axis, thereby improving blood sugar. B: The
mechanism of action of probiotics in regulating diabetes may include metabolizing sugar, reducing oxidative
stress, reducing inflammation, enhancing immunity, increasing GLP-1, producing enzymes related to
inhibiting sugar metabolism, and affecting appetite through related signaling pathways.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



22 (DGX7ES ik

Microbiol. China

22 @AEREABEESRSMIERERK-1
53 V8T A

fi A TR RE A b 8 Ji v IUWE 2R R A% 1k ik
SO G E 3 A i % TR e IR 2R AR
fK-1 (glucagon-like peptide-1 receptor, GLP-1)%)
WA, TR 2 2 e AT, 2SR A
T-HiJG 2 ZFR AT FRKF- 0 5, SCFA 3%
% GLP-1 i&f2, #Zipddis! GLP-1 ARSI
HEEEIR ALY HEIFLAT B TY 039 Ay A 2 Hi
AR T W FLAT T TY 062 A iE 1l 2R Ikl GLP-1
B3 Wb ELAT PR R) TS AN 2% £ T2DM A 170,
23 HMARAUBITNERSZRAT
[ &

5 A TR AR R IO R IR R U
ta AR A1) SCFA 5321k 454, P15 AC4]
U R AURAETY S 25 A4ETH LG2055 lshY
R i Je 12 2 DR R i 5 3R L DRI e S R 1 /K P 1
Fhen, SRR R 5w, f AT 4 SCFA
Wt G AR A 43/41 fRIPBIR G
AT, XATREMCHT T PIBK/AKT i@ #% A9 |
PN 25 AR BVA YT AT LA i S rPob Ak i 21 2
1 (hemoglobin Alc, HbA1c)/K-F-F1%5 i A%,
B R S RPN,

2.4 #HE AT LU PR ASTE /K 3B A

TENEPRIHT AN T2DM B, 254
TR ST AR ORISR LACRE IR, 352
WA SCFA 5 14184 % -10 (interleukin-10,
IL-10)AEEA b A K 1, R TR R i/
i A AR SCFATE G S FlIKZ K 43 2 5
TR AR A MR PR . R PE/IMA R TS
F1 40 i/ % -8 (interleukin-8, IL-8)[ 4 #1877
MUY A S AT LG2055 4B
5 2R 77 WA R 14 -5 10355 T A A D 1 K P AR
240 45 7 SR R K AR A DR AR
FLAT B MH-68 45 7] [ ATOE J s FB 3 4 AR /K~

FRIEANAE P 5, AP ZLFE TR TY039 sk 24
AR T I LA T TY 062 i i~ 42 X 5 11 41 i
425 -6 (interleukin-6, 1L-6). Ji & ¥R 3L A -a
(tumor necrosis factor, TNF-o)FI#{ %& K- IL-10
SV IR A AE i T2DMI BT B ST T R Y
0 T AR W A O e B AT L v e 2 W L U RS AR
il . TNF-a, IL-6, IL-8 /K-EFIFF IL-10 7K
-, I PG I IR 2 A T R IR,
2.5 #AE AT LU HE0E S B I bE
ta AE T T REIE L 7 A2 SCFA 52t fE R4t
PR, Wit G & ARG S 18 il
T 815 1k 20 M 4 43 Ak T B R 45 U0%, SCFA
L KR RGN G AR PRI A2 AR E Y i Y
RS R G 28 g 2 A 5 VR TT IR g 750,
2.6 i EALURE S EER AT MR
I 45 g B TAE 2o 3 0 7 SCFA 4 T #1 SCFA
IR, BAR KA R FIIR Z WK, S5
EhEE R E A AW S 20N RS IE N
K3 A TR B S RARR BUBAT I & i T
ARt TGRS SR TR T T R R T
ST BRI R, BRIRZFRAT R (Clostridium
sp.) 7K SF FE B, U I OR 2UGE f& (Mucispirillum
schaedleri)/K-FF#A%, FEfE b 2T TRIKF 2
EIE, B EeERER ALY MY AL
JY039 WA Z A A E] T B FLA R JY062 248
T IIE RS, JRBER ] (Firmicutes), &
125K % F} (Lachnospiraceae)Zs (1 M PR AL, AU AT
I# (Bifidobacteriumssp.) . #&fT 5 (Faecalibaculum
sp.) i LT, DR R A2z fig T2DMY, @I
1 LA o R i 18 AR R OF G T2DM R
A R AE . LT 18 (Bacteroides) . #24R 21t
FF I (Clostridia sp.)HJf 5 BK & (Ruminococcus
torques) Al &l 5% 4% FC 14 J& (Par asutterel | a) A X 3=
WEW/Y, SR 8 (Bacteroides) . BIRFR R
(Lachnospiraceae) F178 & I #} (Ruminococcaceae)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



Fkik F | mEREMPEREFHER

23

AFT = 3 DU iS5, R L2 A 25 AR TR I B )
PFFEROR W, s iE ™ SCFA WfE,
i@t SCFA T & HEAERT s MPIFLAF R . U
FRR . PERRFLAFIS . TREFLAT IR . XU AT A
B B FL AT B R FL R B Bk A LR B 9T 4K
%, WREE.

S5 RN PRAFE ST o 25 2E B8 AT A aE o JLRN &
RLEAJAEE T2DM W IIRE, 3 223 8 7 A 4 R
REYT . FRARSAE . W B R B
HERR R O i GO S M R B RIS R
AR, HiEREzAEREAE S 107 CFUM (£ 1
MK 2). HETRZ 58S R SCRE 45 A4 7 E
IRARAE 81T i 18 DR LG n e i g I
HE—25 & VR R 4 VR A

3 BARHBLBEHRELY
RH &

30 HEEREERBAEEEEM
VFZHETERM, A5 4 A T IR 0 PR3
REHE, BN IR R B TR
NFAERR I —FP 25 222U 55100,
A I gt A TR R T O B 1Y i A UM 4 2
TR A, AT LA i A () ) £ AL s

il FE
/E\

=X
H

1 TEEXERFBER AN AR ISR
Table 1

T2DM, Ui/ S Ak O SR 1 R A > 10102
e T N R OB 7 Y 9E S GRS e 1)
A . B, I8, ok Ew .
YR AP . ANRE B A s 2 5
S 55 G N k0 T AN R A OO,
FEEENR DT RR R DI BE R FR5A , Hp SRR e
Bl UE B AT DL Ao 8 5T 2 I R 2R R v IR R
IS ok 2D 4% S R K 2R R (T TR R
Sy GLP-1), FFelcss a2 40
RE 153 R i BT LR GLP-1 940, i
NOD2 ZZ AR IR B 175 S T kN BRUAY JBR &2 3%
e R A A R 0T DA ARG A e L ER K
TR 20 TR 2 %) B 11 AT s A PR RO PR /)
AR, Aa6W. 44w, A TEAR
UF AR TG, X T2DM 254036 1 2 s EL A 731
Wjﬁ%%’ﬁzm[75’100’103’109_“110
32 EREYFLRER TEREIIZREUEE
W& G REYE R, T —REEwy
DR T A W UGE B BEE A E L.
IS8 R . e R NG R IR T R - 1Y
“CHPIE T TR A TR i 20 M B Ry
T2 S0 R JBE 5 2 A I A LSBT R PR
MRS T ARAE Y FLAT TR BB 84 3 3R 35 GLP-1 &

Experimental study on the effect and mechanism of probiotics on diabetes mellitus

it A2 k7L Bl Fiilkces FEO Z:7% SCHR
Probiotics Animal model Dosage Main effects References
P FLAT R EIN - WA FERE, S REA RO I . s SFFLs [88]
CGMCC 8198 T2DM $ekR, MR

Lactobacillus Kunming mice,
plantarum CGMCC type 2 diabetes

8198
FLER R pAle
Pediococcus JNEL, T2DM RN
acidilactici pAlc C57BL/6 male
mice, T2DM

Inhibition of harmful bacteria, metabolites can
effectively regulate blood sugar, blood lipids and other
metabolic indicators, enhance immunity

CS7BL/6 Mtk 1x10" CFU/D i3t 5 I TR £ 1 5 1 B2 5 IR A D Bk S A, 6 [89]

Improved high fat diet-induced insulin resistance and
intestinal barrier integrity and reduced body weight

(1548)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



24 A E Microbiol. China
(E=3))
it A2 k7L Rl Fiilks FE O E =BT
Probiotics Animal model Dosage Main effects References
HYFLFFE Y15 C57BL/6) 3x10° CFU/d  BEIRAZ R K F IR ZHE(LPS), $4H17™ SCFA M2, [90]
Lactiplantibacillus ~ /NE, T2DM AT IR B K 2R AR 5 300 R DG I TR ) R ik
plantarum Y15 C57BL/6J Decreased proinflammatory factors and
mice, T2DM lipopolysaccharide (LPS), increased SCFA-producing
bacteria, and regulated the expression of genes related to
inflammation and insulin signaling pathways
RIWEFLFFA MCC2759 Wistar #ibE 1x10° Wbt i e B (ZO-1), TLR-4 ZIARIBES REURME  [91]
1 MCC2760 KE., T2DM CFU/mL (GLUT-4, GLP-1, HSIZE)AH G455 1 1E % 1L
Lactobacillus Wistar female Normalization of intestinal barrier integrity (ZO-1),
fermentum MCC2759 rat, T2DM TLR-4 receptor and markers associated with insulin
and MCC2760 sensitivity (GLUT-4, GLP-1, adiponectin)
L RaRT CS57BL/6I MEVE 1/4x10% CFU/d i1 3895 P IR A 2 1 QO8F . (9P e i B 4B . 142 [92]
Lactobacillus /N, T2DM i T AR I RE A SCRA SR 22 % 2 LA T2DM
plantarum C57BL/6J male Alleviating hyperglycemia and T2DM by regulating
HACO1 mice, T2DM liver glucose metabolism, protecting islet beta cell mass,
and restoring gut microbiota and SCFA
Ve FLIR A 1 C57BL/6J Mtk 1x10° CFU/A 435I o- 5 A W G AN o-VE B G, 8195 MUBE AN IE 93]

Probio-65 HITHHIF,
& Probio-093

/N, T2DM
C57BL/6J male

[N

They inhibited a-glucosidase and a-amylase, regulated

Lactobacillus sakei  mice, T2DM blood sugar and intestinal flora, and decreased body

Probio-65, weight

Lactobacillus

plantarum Probio-093

INRFLFFRAZC  CSTBL/6T MEME 1x10° CFU/ BRI FAFIELORI 0K, SBOR MR ACH A8 4 [94]

FLAF R /N, T2DM BEMLRG 5 ACZH 2% 23 A s 3 S A% e T KRR £ 3R

Lactobacillus C57BL/6J male A RES FX SR

gasseri and mice, T2DM The bacteria act on the liver mitochondria, leading to the

Lactobacillus improvement of lipid metabolism; Regulate blood sugar

johnsonii and lipids; Metabolomics analysis suggested that reduced
glutathione and bilirubin may mediate these effects

B AT Wistar HEPE 1x10° CFU/d ATICIE B AR K B IGF IR 206 /7 3% 308 5, B g I A [95]

GMNL-263 K&, T2DM V514 Fas AR P4 I ZORE (AR U4 T 3

Lactobacillus Wistar male It can activate the survival pathway of IGFIR cells in

reuteri GMNL-263  rat, T2DM diabetic rats and reduce the Fas-dependent and
mitochondria-dependent apoptosis pathways induced by
hyperglycemia

RS I Wistar HEPE - BRARIMAE, BRI FRARAE | AR FIRAE [96]

TKSN041 K., T2DM K5 BUE AMP AR5 A 2 3% (denosine

Lactobacillus Wistar male 5'-monophosphate (AMP)-activated protein kinase,

fermentum rat, T2DM AMPK)%5i8 [ 4> T

TKSNO041 Lower blood sugar, reduce tissue damage; Reduced
body weight, blood lipids and inflammation levels;
Up-regulated pathway molecules such as activated
protein kinase (adenosine 5'-monophosphate
(AMP)-activated protein kinase, AMPK)

—: SCHk P IER ) E

—: There is no information in the citations.
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Table 2  Clinical studies on the effect and mechanism of probiotics on diabetes

i A2 T ) g i 191 F R 27 3k
Probiotics Dosage Treatment Clinical history  Main effects References
LRI AT BB-12 FIFERE  10° CFU 6w 50 {4 T2DM 23 HbAlc Ml IL-10 7KF [97]
FLIFIE La-5 50 patients with  Improve HbAlc and IL-10

Bifidobacterium lactis BB-12 T2DM levels

and Lactobacillus acidophilus

La-5

AUBFFRR . FLIR A Mg IAEE 9w 70 {4 T2DM %3 HbAle, B {ABTRAGECR [98]
FRHAH 70 patients with {3 & & H K

Bifidobacterium, T2DM Improved HbAlc, body mass

Lactobacillus and
Streptococcus thermophilus
Al T FLAF  HIT01
Lactobacillus paracei HII01

50x10° CFU/d 12w

WE TR FLAT B 108 CFU 3m

Lactobacillus acidophilus
WERRFLAFI . TR 2x10° CFU 12w
R FF 1R

Lactobacillus acidophilus,

Lactobacillus casei, and

Bifidobacterium bifidum

136 il T2DM
136 patients with Moderately increase the
T2DM

60 {5 TDM
60 patients with

index and microalbuminuria

FBS. LPS. TNF-a. IL-6 fll  [26]
hsCRP F[&

FBS, LPS, TNF-a, IL-6 and

hsCRP decreased

T T R B R A T [27]

activity of antioxidant enzymes
AR IME . HOEBRS EPT [99]

Lower blood sugar and improve

TDM insulin sensitivity.

—: SCERHR R IR B

—: There is no information in the citations.

FEVEPE B p /R U, @it & A W 2F T B
EOGEE R TR, SCE T RSN
SR T MUAR R B el #20W GLP-1, Mk
PR A P
3.3 ImAEEMEZAY. PHARINGEYIRE
ta A RS T H OB A&- (T, am 2k 98 55 1
EHERE, FRABET SCFA Rom — H SUINAY %
BEVE U S B RN 25 4 T R
1 AR VR PR AT BRSO O R g A
B R B S 0] RER A MR IR, SCE B . 5%
i A DR /N BRGRESPR T
34 T—REEFBIRFEZHE”
VFZMIBERM, T a5 T (R 8 Bl
e G . B IRIEFF . FFRR . S A RUE,

T TR R 96 BT 7 45 ) 7 AL A Bk ke i 2 B oy
PO e 1120 Wl 2 11 o 5 2 [T 7R VAT
UBERALER T B %, 5 i 4 B AR
AR AT WA PR 20122 kG 2 BT e IR
ki 2 Gl T e 1) 775 1= B i By N Y AND
TR 1T JHe /N B P i i T AR 212 AR
WAl T, 5 toll FEAZ IR 2 M EAEA
T A I PR RO DR /I SRR AR i A s
PR R /NP, e T SR AU
() s B i T RE SR AR AT ARG I T AR ER A7 A
A LB A R 2R 2o B S BUAT T et
AR AV ML 395 2 2K K | s R R A 8 R 0 5 2
WS 0 AT TR AR EE AL AR LY B R AT A
J& . R EE . PRREER R AEIEE AT T2DM
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TR FEE R s T IR, PRI 2 T2DM
B B ER TR,
3.5 SRR, EEHRAMNA

S T AR ML NS08 = 2 i 1 o
P BT RIS A VERT, fE T2DM BT 7 T2
KA TR AR AU BB I A R S R
(4, TR A AR AL A TR IE A o il
R - R IR 28 R 18 % m] RE Iy 3 HRO PR g
By AT T B AU T4k, s
LI PR IEAC K T, 5 7 A R R S BE R B
FOALHI WS R SR R . N R REHOR
QURE R T BRI S 0 A . TR R BT S A v
it o MR RGER E, BORERT, MR A A
o] 8 i - A i AR PR ATL DA 2 ST

B IR B 2R K B [ 24 W 4 )R BR A A
YRR, i A= 1 R AR Y A T 0 AT 1]
WG A W5 S A TR B R R 2k, f AR W
AR TREPE | LR BN, T2DM AL
R B IAA , #1221 R E i R AR v
fi AR TP E Bk . I, JEN TR
TR N T B A o L g A AL R R i
AR A A TR R 4 UM & SR B DR T 1) o AN il
PRSI T R | g AR - -I R i A - -
JFFAtoHs 2 i A T IR PR A A 5 1

4 2R T 3 A Y R

BRI E R A2 ARk T2DM IRY7 Y
B e, H H A ISR B 5 i 1 AR T
A F IR BA — R, X iae it
s fEE R A B e D Re R A R B A LR
2 JLAH TG A 097 A e — SO A
I T8 Ty A i IR RS, 3R AS R B bt A
B 24 I DR A U DA R T A )L i A=
BEIEH E R A XU Y i T R A B 2 L B
RUIETT T3 15 0 DR I FH Ak R R R 25 7 e =

S5 )RR 5 AR i — IR RIS

(1) g A T B 5 A 7005 ) 80, A S 5 A T 1A
SMAIRRCR R A7, #F ANURGRORA AR . 45
A TR T S AE PR IE R | 38 2 1Y L 2 A AR
0 L3S 3 A RE LA K H AR AL 1A A8 % 55 7
HHATEREH IR T A R R RUEY
VEZ AW 2 A Pyl 25 B g BR & 1 B ATRY I R
I RT3, S 3 3 PR TR Bl AN 4 25 SR L
JE PR ) R A AR AR DO 35 A B T
A7 FBEAL W 18 25 A7 X6 T g AR M 19 52 g AR
NS DI e SN RO U (BUB- SN e ) i
G B RS E I 26 2E B0 T v IR 45 D A B
i R G AR YA R, ORI RCR
RO ACTE FHPE SR AR, B i v 2 P B
R A, BEAR <@k ZE >, AT LR
AT 2 RN,

(2) fit A2 BRI AN ] TP AFTE R 2 ), R
A L A AR T A AR AN R N RIS T R AL
R, BT g AR A AR R B R e v
ML RVEFMEARIRA, ImIK ERHE 1) 12
W FAATS 2 B R, 52 2 Rk T e
TR P AE X WE R R S R o MG Ak, 5B
Z B %5 1 R n HEA i P AR |k J32 Y L AN
f R T, DA — e a0, RSk Ry
AT B2 T 25T AOHE A 2 26 TR 7 ikt o

(3) U AR AR AL £t A= TR IR MR D T A F
FEWAT T —Suik e, (HATSEHLHIBEE M A o8
W EZNITIKF ETHBIBEDK-, Qv 4k
[K2H clustered regularly interspaced short palindromic
repeats (CRISPR)EC AR & L T #5454 85 1 45 i 12
D 2 FEVE B AN RERN 2 BBE R KUK
AR R, BRI, Xt 25 2E B A AR I LA
FHTEANRI LRI AR e, B P aR 2 1
PP BB AT e, R, TR T b
PR RS AL B g L], BRI R 1 )2
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