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Metabolic regulation of exogenous lactate on obese mice induced by high

fat diet
ZHANG Nan', HUANG Xiaoxue®, ZHANG Ziliang', LUO Yu', LIN Jungian', WANG Tao'"

'New Drug Screening Center,Institute of Pharmaceutical Sciences,China Pharmaceutical University, Nanjing 210009;
’Lu’an People’s Hospital of Anhui Province, Lu’an 237000, China

Abstract This study investigates the metabolic regulatory effects of exogenous lactate on obesity mice induced
by high-fat diet. We established obesity and metabolic disorder C57 mice model using a synthetic high-fat forage
containing 60% fat. Some mice were fed with high-fat diet for 4 weeks to establish the model, being given 500 mg/
(kg d) lactate with ip for 4 weeks at the same time; the others were fed with high-fat diet for 8 weeks to establish
the model, being given 500 mg/(kg * d) lactate 4 weeks after 4 weeks of modeling. During the trial period, the
change of body weight and food intake, as well as serum glucose, lactate, triglycerides, insulin, and liver glycogen
levels of both groups of mice were measured. Oral glucose tolerance test (OGTT) and insulin tolerance test (ITT)

were used to assess glucose metabolism and insulin resistance in the body. At the end of the experiment, adipose
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tissue was dissected for weighing and histopathological examination. The expression of lipid synthesis and lipoly-
sis genes in adipose tissue was detected by real-time PCR. The results showed that: (1) in the 4-week preventive
medication trial, lactate had no significant effect on the body weight of normal and high-fat diet (HFD) mice, yet
it increased the subcutaneous fat/visceral fat weight ratio; lactate could significantly reduce fasting blood glucose
and liver glycogen levels in HFD mice while increasing blood lactate levels, significantly improving impaired glu-
cose tolerance in HFD mice; lactate could improve the size and arrangement of adipocytes in the HFD group
while significantly down-regulating the expression of fatty acid synthesis and lipolysis genes in adipose tissue; (2)
in the 8-week treatment, both routes of lactate administration could partially reduce body weight in HFD group
mice and reduce food intake, with the improvement trend for fat weight; both routes of lactate administration
could significantly reduce fasting blood glucose levels in HFD mice, while significantly improving glucose and
insulin tolerance, with some improvement of fasting insulin levels and insulin resistance index; both routes of lac-
tate administration showed different degrees of improvement effect on adipocyte morphology in obese mice while
significantly down-regulating lipolysis gene expression in adipose tissue. Therefore, for high-fat diet-induced
obese mice with metabolic imbalance, exogenous lactate can stimulate glucose metabolism, inhibit adipose tissue

lipolysis, and prevent adipocyte hypertrophy, thereby improving glucose tolerance and insulin sensitivity and

reducing sugar-lipid metabolic disorder.
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Figure 1 Effect of lactate (500 mg/kg, ip) on body weight, food intake in mice (¥ + s,n = 8)

A: Body weight curve; B: Food intake curve

CON: Control; CON-LAC: Control-lactate; HFD: High-fat diet; HFD-LAC: high-fat diet-lactate
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P <0.001 vs CON group; *P < 0. 05 vs HFD group
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Figure 2  Effect of lactate (500 mg/kg, ip) on glucose tolerance in mice (¥ + s,n = 8)

A: Oral glucose tolerance test; B: AUC of oral glucose tolerance test (OGTT); C: Lactate curve; D: AUC of lactate curve

*P <0.01 vs CON group; *P < 0.001 vs HFD group
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Figure 3 Effect of lactate (500 mg/kg, ip) on serum glucose, lactate, triglycerides, and liver glycogen levels in mice (¥ + s,n = 8)

A: Fasting glucose; B: Serum TC; C: Serum TG; D: Serum lactate; E: Liver glycogen

TC: Total cholesterol; TG: Total triglycerides

‘P<0.05 "P<0.01,""P<0.001 vs CON group; P <0.05,*P<0.01 vs HFD group
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Figure 4 Effect of lactate (500 mg/kg, ip) on fat weight and histopathology in mice (¥ + s,n = 8)

A: Inguinal adipose tissue (ING) and epididymis adipose tissue (EAT) relative to body weight; B: Relative values of EAT and ING; C: Liver histopathol-

ogy of mice (HE staining)
P <0. 05 vs CON group; P < 0.001 vs HFD group
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Figure 5 Effect of lactate (500 mg/kg, ip) on the expression of fatty
acid metabolism related genes in ING (x + s,n = 8)

‘P <0.05,""P <0.01 vs CON group; “P < 0. 05 vs HFD group
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Figure 6 Effect of lactate (500 mg/kg, ip and ig) on body weight and food intake in HFD mice (¥ + s,n = 8)

A: Body weight curve; B: Food intake curve
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Figure 7 Effect of lactate (500 mg/kg, ip and ig) on glucose tolerance in HFD mice (¥ + s,n = 8)

A: OGTT; B: AUC of OGTT; C: Lactate curve; D: AUC of lactate curve
P <0.001 vs CON group; #P < 0. 01, **P < 0. 001 vs HFD group
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Figure 8 Effect of lactate (500 mg/kg, ip and ig) on insulin tolerance and HOMA-IR in HFD mice (¥ + s,n = 8)

A: ITT; B: ITT slope of the first 15 min; C: Serum insulin; D: HOMA-IR

P <0.05, "P<0.01, 7P <0.001 vs CON group;*P < 0. 05, P < 0. 01, P < 0.001 vs HFD group
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Figure 9 Effect of lactate (500 mg/kg, ip and ig) on serum glucose, lactate, triglycerides, and liver glycogen levels in HFD mice (¥ + s,n = 8)
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A: Fasting glucose; B: Serum TC; C: Serum TG; D: Serum lactate; E: Liver glycogen

P < 0.001 vs CON group; *P < 0. 05, *P < 0. 01 vs HFD group
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Figure 10 Effect of lactate (500 mg/kg, ip and ig) on fat weight and histopathology in HFD mice (x + s,n = 8)

A: ING and EAT relative to body weight; B: Relative values of EAT and ING; C: Liver histopathology of mice (HE staining)

P <0.05, P <0.001 vs CON group
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