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Abstract: Type 2 diabetes (T2D) is a metabolic disorder characterized by the imbalance in the
levels of blood glucose and lipid, threatening human health. Therefore, it is an urgent task to
find a safe therapy with no side effects. Probiotics top the microbial therapies against T2D,
which exert the anti-diabetes effect by regulating different tissues and metabolic pathways. To
be specific, they modulate blood glucose by reducing chronic low-grade inflammation,
alleviating oxidative stress, regulating intestinal flora, and increasing the content of short-chain
fatty acids. They regulate blood lipids by enhancing the coprecipitation of cholesterol and bile
salt and the transformation of cholesterol into fecal sterol in the gastrointestinal tract, reducing
the activity of 3-hydroxy-3-methylglutaryl coenzyme A reductase in the liver, lowering the
expression of cholesterol transporter, and regulating adipocytes. In this review, we summarized
the current status of probiotics against diabetes and the anti-diabetes mechanisms based on
intestinal microecology, hoping to lay a theoretical basis for developing hypoglycemic and
lipid-lowering products with probiotics.
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Table 1 Intervention of probiotics in animal models of diabetes mellitus

B T HS AR B A . Herp, 3L

Probiotic type Dosage Animal  Duration Outcome indexes Reference
model
Akkermansia muciniphila 110" CFU/mL STZ 4 weeks HDL-C1 [40]
induced Liver glycogen, plasminogen activator inhibitor-1,
SD rats TNF-a, lipopolysaccharide, malondialdehyde,
glucagon-like peptide-1|
Lactobacillus plantarum 1x10° CFU/mL STZ 10 weeks Insulin-positive beta cell area of the islet? [41]
HACO1 induced FBS, HbAlc, OGTT and HOMA-IR |
C67BL/6J
Lactobacillus sakei 1x10* CFU/mL STZ 8 weeks — [42]
Probia65 induced Blood glucose, a glucosidase and o amylase
Lactobacillus plantarum C67BL/6J
Probio-093
Lactobacillus gasseri 1x10° CFU/mL Western 8 weeks Serum glutathione and bilirubint [43]
Lactobacillus johnsonii diet Blood glucose, blood lipids]
induced
C57BL/6J
Heat-Inactivated 1x10° CFU/mL STZ 4 weeks Activate the IGF1R cell survival pathway? [44]
Lactobacillus reuteri induced —
GMNL-263 Wistar rats
Lactobacillus fermentum 1% 10° CFU/mL STZ 12 weeks OGTT, Insulin, IL-10, ZO-1, GLP-1| [45]
MCC2759 and induced —
MCC2760 Wistar rats
Lactobacillus plantarum — KM Mice 12 weeks Insulin, antioxidant enzyme?t [46]
SCS2 HbAlc, ROS
Lactobacillus fermentum — STZ — FBS, TC, TG, LDL-C, IL-1B, IL-6, IL-10] [47]
TKSNO041 induced
Wistar rats
Lactobacillus plantarum 2x10° CFU/mL SDrats 6 weeks TC, TG, LDL-C| [48]
9-41-A, Lactobacillus induced
fermentum M1-16 by high fat
diet
Lactobacillus plantarum 1.5x10° CFU/mL SDrats 10 weeks TC, TG, LDL-C| [49]
LS/07 induced
Lactobacillus plantarum by high fat
LP96 diet

FBS: Fasting blood sugar; HbAlc: Glycated hemoglobin; HOMA-IR: Homeostasis model assessment of insulin resistance; TC:
Total cholesterol; TG: Triglycerides; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein
cholesterol; TNF-a: Tumor necrosis factor a; ROS: Reactive oxygen species; —: Not reported.
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Table 2 Clinical study of probiotics in the treatment of diabetes

Probiotic type Dosage Animal duration Outcome indexes Reference
model

L. paracasei HII01 50x10° CFU/d  T2D 12 weeks FBS, LPS, TNF-q, IL-6 and hsCRP| [53]

L. salivarius UBLS22,  3.0x10'°CFU/mL T2D 12 weeks FBS/HbAlc/insulin/HOMA-IR/TC/TG/LDL-C | [54]

L. casei UBLC42, HDL—CT

i: g ZZZ;ZZ fggg s FBS/HbA I ¢/insulin/ HOMA-IR/TC/TG/LDL-C|

B. breve UBBI01, and HDL-Ct

B. coagulans

Lactobacillus casei 10® CFU/mL T2D 8 weeks  FBS/HbAlc/insulin/HOMA-IR | [55]

Lacidophilus+L. casei+ 3.9x10'° CFU/mL T2D 6 weeks  FBS/insulin/ HOMA-IR/TC/TG/LDL-C| [56]

L. rhamnosus+ HDL-C?

L. bulgaricus+B. breve+

B. longum+Streptococcus

thermophilus

Lactobacillus+ 10 g/d T2D 8 weeks  FBS/HbAlc/insulin/TNF-a] [57]

Lactococcus+

Bifidobacterium+

Propionibacterium+

Acetobacter

B. bifdum W23, B. lactis  5x10° CFU/d T2D 12 weeks Glucose/insulin/HOMA-IR/TC/TG/LDL-C| [58]

W52, L. acidophilus HDL-C?

W37, L. brevis W63,

L. casei W56, L. salivarius

W24, L. lactis W19 and

L. lactis W58

L. acidophilus, L. casei, 2% 10° CFU/mL  T2D 12 weeks  FBS/insulin/HOMA-IR/TC/TG/LDL-C| [59]

B. bifdum HDL-C?

L. acidophilus, L. casei, 10'° CFU/mL T2D 12 weeks FBS/HbAlc/insulin/HOMA-IR/TC/TG/LDL-C/CRP| [60]

L. lactis, Bifdobacterium, HDL-C?

Actinobacteria,

B. bifdum, B. longum and

B. infantis

L. reuteri DSM 17938 10" CFU/M T2D 12 weeks FBS/HbAlc/insulin/TC/TG/LDL-C/CRP| [61]

HDL-C?

FBS: Fasting blood sugar; HbAlc: Glycated hemoglobin; HOMA-IR: Homeostasis model assessment of insulin resistance; TC:
Total cholesterol; TG: Triglycerides; HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein
cholesterol; TNF-a: Tumor necrosis factor a; CRP: C-reactive protein.
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