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Abstract 

Diabetes is a prevalent metabolic disease with increasing global and national 

incidence. Type 2 Diabetes (T2D), in particular, affects millions of people worldwide, 

with prevalence doubling over the past 30 years. Adiponectin (ADPN), an adipose 

tissue-derived hormone, plays a critical role in regulating insulin sensitivity and is 

therefore central to T2D development. Emerging evidence suggests that probiotics may 

influence the gut microbiota, offering a potential novel approach for T2D prevention. 

This project evaluated whether yogurt enriched in probiotics modulates serum ADPN 

concentrations in male and female genetically obese B6 Lepob/ob mice, a well-

established pre-diabetes model. A 16-week mouse study was conducted with 100 mice 

randomized into two background diet groups (control diet and diabetogenic high-fat 

high-sucrose diet) and further divided into three yogurt-based treatment groups: no 

yogurt, standard control yogurt, probiotic-enriched yogurt. Our results revealed sex- and 

diet- specific differences in APDN responses. Although the probiotic yogurt did not 

modulate ADPN concentrations overall, mice that consumed the control yogurt exhibited 

distinct alterations in ADPN levels based on sex and diet background. These findings 

suggest that added probiotics are not a successful approach to T2D prevention, 

however, that preventative treatment should be altered based on sex and diet.    

 

Introduction  

Background on T2D. Obesity and diabetes are both global problems with 

prevalence increasing to the point of an epidemic and predicted to continually rise.1,3 As 

of 2022, over 800 million individuals globally have been diagnosed with diabetes.4 T2D 
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is associated with severe comorbidities, including cardiovascular disease, kidney 

dysfunction and neuropathy, and is now considered one of the most costly and 

widespread public health challenges.5 In the US alone, the estimated cost of diagnosed 

T2D reached $412.9 billion in 2022.6  

T2D is a chronic disease, characterized by hyperglycemia, or high blood glucose 

concentrations, because the body does not produce enough insulin and does not use 

insulin properly (i.e., insulin resistance).7 High blood glucose concentrations are 

damaging to the body and can cause other serious health problems.8 T2D is often 

caused by an unhealthy lifestyle (such as poor diet quality or an exercise deficit) which 

leads to a build-up of glucose and lipids that require increased insulin secretion to be 

properly broken down. Chronically elevated blood glucose levels require increased 

insulin production, thus over time, the body becomes less responsive to insulin (loss of 

insulin sensitivity). Excessive lipids from diet promotes fat accumulation in the liver, 

exposing pancreatic β-cells to excess fat, which in turn impairs their ability to secrete 

insulin in response to glucose.3  

 Background on ADPN. ADPN is a regulatory hormone, produced by white 

adipose tissue, for maintaining blood glucose homeostasis, lipid metabolism and insulin 

sensitivity.2 Its concentrations are typically decreased with excess of body fat causing 

lower concentrations in individuals with T2D.2 It promotes glucose uptake and fatty acid 

oxidation through activation of AMPK signaling pathways.9 Research suggests that 

ADPN interacts positively with insulin receptor substrates, and therefore, decreased 

circulating concentrations of ADPN may contribute to insulin resistance.10 
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Insulin resistance, a hallmark of T2D, is the impairment of the response to insulin 

stimulation.11 Adipose tissue is a major site of energy storage and plays vital roles within 

the endocrine system through the production of several peptide hormones (i.e., 

adipokines).12 Through its interaction with AdipoR1 and AdipoR2 receptors, ADPN 

enhances insulin sensitivity and plays a critical role in preventing or delaying the onset 

of T2D.2 As ADPN is considered an anti-diabetic factor, it is negatively regulated by 

increased visceral fat accumulation, which contributes to reduced insulin sensitivity.13,14 

Although genetic factors are believed to influence circulating ADPN concentrations, it is 

largely impacted by diet through its effect on lipid accumulation.15 Initial studies in rats 

have found that serum ADPN concentrations are negatively correlated with the 

development of insulin resistance and consequently T2D.13 

Role of probiotics on gut microbiota and T2D. The microbiota that reside in 

the gastrointestinal tract, specifically the large intestine, are crucial to metabolic 

regulation as well as various other homeostatic processes.11 Recent evidence indicates 

that gastrointestinal microbiota are crucial mediators of the effects of antidiabetic 

medications and dietary interventions.16 Gut microbiota consist of more than 1014 

microorganisms that exist in a symbiotic relationship with the host.17 However, an 

imbalance of the gut microbiota has been shown to relate to gastrointestinal issues and 

metabolic conditions or diseases such as obesity and T2D.18 Microbiota ferment 

structural carbohydrates into short-chain fatty acids which have been shown to enhance 

the effectiveness of glucose-lowering agents.19 As diet is deeply interconnected with gut 

microbiota composition and, by extension, their metabolism, the consumption of 

probiotics may greatly impact human health. The WHO defines probiotics as, “live 
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microorganisms which when administered in adequate amounts confer a health benefit 

on the host.”8 Probiotics have been found to aid in gut barrier functions and 

immunoregulation.16 It has been found that probiotics may have the ability to restore 

proper composition of the gut microbiota from dysbiosis (i.e., imbalanced 

composition/function of the gut microbiota) to eubiosis (balanced composition/function), 

which can thus help in restoring homeostasis in various physiological processes.7 Some 

probiotic strains, mainly those derived from Lactobacillus and Bifidobacterium genera, 

have been found to elicit antidiabetic effects.20 Yogurt, a semi-solid dairy product, is 

considered one of the most effective delivery vehicles due to its buffering capacity, 

which helps to protect the probiotic strains as they pass the gastrointestinal tract.21 

Specific Probiotic Strains. Research on the gut microbiota has gained 

significant traction in the recent years, however, scientists are only beginning to 

understand the complex interactions between the microbiota, the host, and related 

health outcomes. Specifically, emerging research suggests that specific probiotic strains 

can affect the structure and metabolic activity of gut microbiota and thereby potentially 

impact circulating ADPN concentrations.17 This study investigated the effects of two 

probiotic strains: Bifidobacterium animalis subsp. lactis (BB-12) and L. plantarum KABP-

051. BB-12 is a well-established probiotic and known for enhancing intestinal barrier 

integrity, supporting pathogen defense, and its tolerance to the harsh gastrointestinal 

environment.18 L. plantarum is a less researched strain selected for its ability to increase 

immunoregulatory activity and activate the AMPK pathway.19 Both mechanisms are 

closely related to ADPN function and may contribute to improved metabolic 

homeostasis. This project specifically examined circulating ADPN concentrations of 
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diabetes-prone mice and investigated the potential effects of probiotic yogurt on the 

development of T2D via changes to the gut microbiota.   

 

Research question, hypothesis and objectives.  

The central question of this project was: Does the consumption of yogurt 

enriched with two specific probiotic strains affect serum ADPN concentrations in mice? 

The results of this research will tie into the overarching question of whether probiotic 

yogurt has the potential to impact the development of T2D. We hypothesized that serum 

ADPN concentrations would be greater in mice that consumed the probiotic yogurt 

compared to those in control groups that received either no yogurt or a standard yogurt 

and would be more pronounced in mice on the diabetogenic diet.  

Significance of the Study. Although ADPN concentrations alone do not provide 

a complete picture, they serve as an indicator of the impact that the probiotic enriched 

yogurt may have on insulin sensitivity and moreover T2D. As obesity and T2D continue 

to rise in prevalence, developing accessible, dietary-based prevention strategies is 

critical. If probiotic yogurt is shown to influence ADPN concentrations, it may represent 

a simple, low-risk approach to improving metabolic health and reducing disease burden. 

Under the broader project conducted by Drs. Kraft’s/Jetton’s labs, my project addresses 

the impact probiotics have on the hormone ADPN, and therefore its implications for 

reducing metabolic diseases of T2D in B6 Lep ob/ob mice (“ob/ob mice”).  

The information gained from this study will help to inform future preventative 

treatment of T2D. The understanding of the impacts of probiotics on the metabolic 

disease, will provide the knowledge necessary to determine if this yogurt could be used 
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as a preventative measure in the development of such a disease. This information is 

crucial, as the prevalence of T2D has reached critical levels and new efforts to aid in its 

prevention are needed. 

 

Methods 
 
 All experimental procedures with animals were approved by and performed in 

accordance with The University of Vermont Institutional Animal Care and Use 

Committee (Protocol #: X2-050). This study took place over a 16-week period beginning 

from mid-May to mid-September 2024. The study was performed under the direct 

supervision of Drs. Jana Kraft and Tom Jetton alongside their graduate student, Hallie 

Shi, and a team of undergraduate researchers.  

 Yogurt manufacturing. Two yogurts were made for this study, a standard yogurt 

and the probiotic-enriched yogurt. Milk from the grocery store (whole milk, 3.25% fat 

content, Trader Joe’s brand) was first mixed with 5% sucrose (Fisher Scientific, NH, 

USA) and then was pasteurized for 15 minutes at 85 C. The milk was then cooled to 45 

C and yogurt starter cultures, Streptococcus thermophilus and Lactobacillus delbrueckii 

subsp. Bulgaricus, were added (YoFlex® Mild 1.0, Chr. Hansen, Denmark). 

Subsequently, the milk was split into two equal containers. The container with only the 

starter yogurt culture created the standard yogurt (C+). The other container additionally 

had the combination of Bifidobacterium animalis subsp. lactis BB-12 (nu-trish BB-12, 

Chr. Hansen, Denmark), Lactobacillus plantarum KABP-051 (Kaneka, NY, USA) which 

created the experimental yogurt (PRO). All samples were kept at 43 C until the pH of 

4.5 was achieved and subsequently kept for a maximum of six weeks at 4 C. Fresh 
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batches were made every six weeks. This resulted in three batches total over the 16-

week study. The count of probiotic strains in the yogurts was confirmed to be above 108 

cfu/g during the storage period.  

Mouse acclimation. One hundred five-week-old male and female (50/50) B6 

Lepob/ob (B6.Cg-Lepob/J; #632) mice were obtained from the Jackson Laboratory (Bar 

Harbor, ME). The strain is known to become obese, hyperglycemic, glucose intolerant, 

and have elevated plasma insulin at baseline (The Jackson Laboratory, ME). 

Additionally, these mice are deficient in leptin, another adipose tissue-derived hormone 

that has a regulatory relationship with ADPN. Mice were received in two cohorts, A and 

B, one week apart. Upon arrival, the mice were randomized, based on body weight, and 

placed in same-sex cages with five mice per cage. Mice were acclimated to their new 

housing conditions for one week. The cages were kept in ventilated racks and 

maintained on a 12-hour light/dark cycle between 6 AM and 6 PM at 20-26.1 C and 30-

70% humidity. Clear, plastic, “igloo” shelters were provided as enrichment.  

Experimental diets. All mice received one of two diets: a modified AIN-93M 

(AIN) diet, or the high-fat high-sucrose (HFHS) diet (Table 1). The diet compositions are 

shown in Table 1, and the AIN diet reflects a balanced background diet similar to a diet 

recommended by dietary guidelines for Americans. The HFHS is considered a 

metabolically unhealthy diet due to the association of high fat and high sugar with 

obesity and thereby increased risk of T2D. The HFHS diet was used to mimic a 

“Western Diet”, characterized by the high fat and sugar content commonly present in 

modern Western diet culture, to best understand the impact that it currently has on T2D 

development.  
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 Table 1. Diet composition for AIN and HFHS background diets.  

 

Treatments. Three treatment groups were used for this study (Table 2). In 

addition to the AIN or HFHS background diet, mice received either i) no yogurt (C-, 

n=20), ii) 1 g/d of a standard yogurt (C+, n = 40), or iii) 1 g/d of a standard yogurt 

enriched with 109 cfu/g probiotics containing both KABP-051 and BB-12 strains (PRO, n 

= 40) for 16 weeks.  

 

Table 2. Treatment group breakdown based on background diet and yogurt treatment. 

 Modified AIN-93M diet (AIN) High fat high sucrose (HFHS) 

C- C+ PRO C- C+ PRO 

Female 5 10 10 5 10 10 

Male 5 10 10 5 10 10 

Total 10 20 20 10 20 20 

AIN93M Diet   HFHS Diet   

11.5% Maltodextrin 18.7 kCal Protein Diet (VI, B) 30% Sucrose AC Diet (44/Fat, Y)   

Formula g/kg Formula g/kg 

Casein 191 Casein 245 

L-Cystine 1.8 L-Cystine 3.5 

Corn Starch  449.842 Corn Starch  21.01 

Maltodextrin  115 Maltodextrin  115 

Sucrose 100 Sucrose 271.99 

Soybean Oil  40 Lard 195 

Cellulose  50 Soybean Oil  30 

Mineral Mix, AIN-93G-MX (94046) 35 Cellulose  50 

Vitamin Mix, AIN-93-VX (94047) 14.5 
Mineral Mix, AIN-93G-MX 
(94046) 43 

Choline Bitartrate 2.75 
Calcium Phosphate, 
dibasic  3.4 

TBHQ, antioxidant 0.008 
Vitamin Mix, AIN-93-VX 
(94047) 19 

Blue Food Color 0.1 Choline Bitartrate 3 
    Yellow Food Color 0.1 

Mice # 

Diet + 
Treatment 
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Mice were fed their assigned yogurt daily at a consistent time (4-5 PM) over the 16-

week period. Each mouse received 1 gram of yogurt, individually portioned into 

disposable weigh boats. Before feeding, mice acclimated for two hours in their group 

cages under dark conditions. Mice were placed in individual feeding cages and allowed 

up to 1.5 hours to consume the yogurt. Any leftover yogurt was weighed back to 

calculate the yogurt intake.  

Throughout the duration of the study, weekly feed intake and body weight 

measurements were taken. At the culmination of the study, total energy intake was 

calculated in kcal (Table 3), based on daily feed and yogurt intake in grams with AIN 

diet providing 3.6 kcal/g and HFHS 4.6 kcal/g. Daily yogurt intake was one gram 

yielding 0.8 kcal/g. Monthly fed blood glucose measurements and an intraperitoneal 

glucose tolerance test (IPGTT; 1g/kg) were conducted at the midpoint and end of the 

study, although these did not alter any ADPN analyses. At the culmination of the study, 

mice were sacrificed according to IACUC protocols, and the blood was harvested from 

each mouse. The erythrocytes were cooled on ice and separated via a five-minute, 

8,000g centrifuge before being drawn off and separated from serum. All samples were 

stored in an -80 C freezer until further analyses. Serum ADPN concentrations were 

analyzed at the end of the study with an ELISA kit (Mouse Adiponectin ELISA kit, Cat # 

80569, Crystal Chem, Elk Grove Village IL).  The analysis was performed according to 

manufacturer instructions.  

Statistical analysis. All statistical analyses were performed using GraphPad 

Prism (Version 10.4.1, GraphPad Software, San Diego, CA). Data were first assessed 

for normality using the Shapiro-Wilk test and for homogeneity of variances using 
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Levene’s test. A one-way ANOVA was used to evaluate differences among the three 

treatment groups and an unpaired t-test was used to evaluate sex and diet differences. 

Statistical significance was defined as P < 0.05 and P values between 0.05 and 0.1 

were considered indicative of a trend.  

 

Results  

Effect of diet and treatment on body mass. Weight gain was calculated for 

each group of genetically obese mice (B6 Lepob/ob) over the 16-week study period to 

provide additional context for potential changes in serum ADPN concentrations. Energy 

intake reflected daily caloric consumption, including standard feed intake and the 

additional calories from the daily yogurt supplementation (1 g/day). Statistical analyses 

were first conducted to examine differences between diet cohorts (AIN vs. HFHS), 

followed by comparisons across treatments (C- vs. C+ vs. Pro), and lastly to examine 

potential sex differences. We hypothesized that in the C+ and Pro groups, where insulin 

sensitivity may be improved, body weight would likely be reduced and correlated with 

increased ADPN concentrations. As expected, mice on the HFHS diet gained more 

weight, a 1.7-fold increase, due to significantly higher caloric intake compared to mice 

on the AIN diet (Table 3). There were no differences in weight gain due to treatment 

group or sex differences (Table 3).  

 



 
Table 3. Average body weight gain and daily energy intake of each diet and treatment cohort.  

 
 

 

C- = Negative control, no yogurt, C+ = Positive control, standard yogurt, Pro = Probiotic enriched yogurt. P-value diet 
compares AIN vs. HFHS, P-value treatment compares C-/C+/Pro

 
AIN Diet HFHS diet 

   

 
Male Female Male Female 

   

 

C- C+ Pro C- C+ Pro C- C+ Pro C- C+ Pro 
P-
Value 
Diet 

P-value 
Treatment 

P-
Value 
Sex 

Body 
weight 
initial 
(g) 

32.0
6 ± 
4.39 

33.62 
± 
2.49 

35.28 
± 
2.11 

29.42 
± 
5.71 

31.74 
± 
1.64 

33.03 
± 
2.43 

33.14 
± 
1.63 

33.61 
± 
1.49 

34.71 
± 
2.75 

32.42 
± 
4.38 

33.0 
± 
2.86 

34.78 
± 
2.17 

P = 
0.133 

P = 0.002 P = 
0.087 

Body 
weight 
final (g) 

46.7
4 ± 
3.02 

50.97 
± 
2.86 

55.14 
± 
1.99 

47.35 
± 
1.90 

52.82 
± 
2.52 

52.21 
± 
2.18 

66.16 
± 
3.11 

64.5 
± 
3.79 

65.97 
± 
4.64 

61.92 
± 
4.94 

65.76 
± 
3.55 

65.15 
± 
4.31 

P < 
0.001 

P = 0.329 P = 
0.576 

Weight 
gain (g) 

14.6
8 ± 
4.49 

17.35 
± 
2.42 

19.75 
± 
2.17 

15.53 
± 
2.76 

21.08 
± 
2.39 

19.18 
± 
2.19 

33.02 
± 
3.23 

30.89 
± 
3.11 

31.26 
± 
4.44 

29.5 
± 
1.69 

32.76 
± 
5.48 

30.52 
± 
5.49 

P < 
0.0001 

P = 0.518 P = 
0.588 

Feed 
intake 
(g/day) 

3.04 
± 
1.09 

2.88 
± 
0.69 

3.22 
± 
1.08 

3.06 
± 
0.63 

2.87 
± 
0.48 

2.85 
±0.73 

2.87 
± 
0.50 

2.72 
± 
0.41 

2.69 
± 
0.76 

2.55 
± 
0.49 

2.65 
± 
0.55 

2.83 
± 
0.82 

P = 
0.0057 

P = 0.680 P = 
0.376 

Yogurt 
(g/day) 

0 1 1 0 1 1 0 1 1 0 1 1 N/A N/A N/A 

Daily 
energy 
intake 
(Kcal) 

10.9
5 ± 
3.93 

11.17 
± 
2.51 

12.39 
± 
3.94 

8.82 
± 
2.28 

11.13 
± 
1.74 

11.04 
± 
3.17 

12.44 
± 
3.91 

13.26 
± 
1.88 

15.76 
± 
4.24 

11.03 
± 
3.60 

12.97 
± 
2.53 

14.31 
± 
4.28 

P < 
0.0001 

P < 
0.0001 

P = 
0.144 



 

Serum ADPN concentrations. Serum APDN concentrations were compared 

across diet and yogurt treatment groups. With the sexes combined, no significant 

differences between serum ADPN concentrations among the treatment groups on both 

AIN and HFHS diets were observed (Fig. 1). Furthermore, no differences in ADPN 

concentrations were found between mice fed the AIN diet and those on the HFHS diet.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Combined sex comparison of the three treatments within each diet cohort. 
AIN and HFHS indicate background diet, C-/C+/Pro define the treatment group. No 
differences were found. 

 

Serum ADPN concentrations by sex. There were no overall differences in serum 

ADPN concentrations between male and female mice. Within the female mice, no 

significant differences were observed across groups (Fig. 2A). However, there 
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appeared to be a slight trend toward higher ADPN concentrations in females on the 

HFHS diet fed the C+ yogurt compared to those on the corresponding AIN diet (Fig. 

2A). Interestingly, the opposite pattern was observed in male with the C+ treatment: 

those that received the AIN diet had significantly higher serum ADPN concentrations 

than those on the HFHS diet (Fig. 2B, P<0.01). This apparent opposite direction of 

ADPN changes between sexes in background diet in response to the control yogurt may 

indicate a sex-specific response to diet.  

 

A)                                                                    B) 

Figure 2. Sex based comparison of diet within each treatment group. Fig 2A) is the 
female comparison and 2B) is the male comparison.  
 

Discussion  
 

This study investigated the potential role that added probiotics have in altering 

ADPN concentrations in genetically obese ob/ob mice maintained on either a 

diabetogenic high-fat high-sucrose diet or a control AIN diet. We hypothesized that the 

intake of yogurt supplemented with two unique probiotic strains would increase ADPN 

concentrations with a more pronounced effect in the HFHS group. Contrary to this 
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hypothesis, after 16-weeks of dietary intervention, ADPN concentrations appeared to be 

more influenced by sex and the interaction between background diet and the yogurt 

treatment group, rather than the probiotics themselves. The probiotic strains tested, 

Bifidobacterium animalis subsp. Lactis BB-12 and L. plantarum KABP-051 (Pro group), 

did not alter ADPN concentrations overall. However, we observed sex-specific 

differences in response to the yogurt treatment and background diet.  

Serum ADPN concentrations in mice. The normal range of ADPN 

concentrations in mice is between 5-30 µg/mL with ob/ob mice having significantly lower 

concentrations (~14.4 µg/mL) compared to their wildtype counterparts (21.6 µg/mL).24 

Prior research conducted on the “B6” strain of ob/ob mice that were fed a high fat diet 

(60% calories from fat) reported ADPN concentrations in the range of 3 - 8 µg/mL25, 

which is similar to the values observed in the current study (3.32 - 9.8 µg/mL). ob/ob 

mice have reduced ADPN concentrations due to their leptin deficiency as these two 

hormones are known to have a regulatory relationship.12 Thus, our findings align with 

existing literature and support an inverse relationship between ADPN concentrations 

and obesity.2    

Impact of diet on ADPN concentrations. As expected, both female and male 

mice on the HFHS diet gained substantially more weight on the HFHS diet than those 

on the control AIN (Table 3, P < 0.0001). Although differences in the total energy intake 

were not observed between diet and yogurt treatment groups, weight gain was 

significantly greater in the HFHS-fed mice with more than a 1.6-fold increase compared 

to the AIN counterparts. This suggests that weight gain in both sexes of ob/ob mice is 
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primarily driven by prevailing background diet, and not energy intake nor the yogurt 

supplement consumed. 

Effect of probiotics on ADPN concentrations. We examined if 16 weeks of 

yogurt supplementations altered serum ADPN concentrations in ob/ob mice. Contrary to 

our hypothesis, no differences were observed between the probiotic and other treatment 

groups- neither when sexes were combined (Fig. 1) nor when analyzed separately (Fig. 

2). These findings suggest that the added probiotic strains (Bifidobacterium animalis 

subsp. Lactis BB-12 and L. plantarum KABP-051) used in this study did not have a 

measurable impact on circulating ADPN concentrations and thus are unlikely to 

significantly regulate ADPN concentrations. The gut microbiota is heavily influenced by 

probiotics which have been previously found to restore homeostatic gut composition.7 

This suggests that the gut microbiota in ob/ob mice with dysbiosis7, when properly 

restored to a eubiotic state, may stabilize ADPN concentrations to more normal levels.  

Sex-based differences in ADPN response. Previous research has shown that 

females tend to have higher circulating ADPN concentrations, likely due to greater 

subcutaneous body fat mass which produces more adipokines than visceral fat.26 

Although no significant sex differences were observed in overall ADPN concentrations 

in the current study (Fig. 2), sex-specific differences were found in the C+ group on the 

control (AIN) vs. diabetogenic (HFHS) diet. Whereas male mice had reduced ADPN 

concentrations in the HFHS group, female mice showed the opposite pattern with 

maintained or increased ADPN concentrations in the HFHS group (Fig. 2). This 

opposing pattern suggests a potential sex specific metabolic response to diet and 

treatment. As the male mice on the control yogurt depicted an ADPN response pattern 
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as would be expected on a HFHS diet (lower ADPN correlating with reduced insulin 

sensitivity), the corresponding female mice failed to show this effect. This may indicate 

a sort of metabolic resiliency in female ob/ob mice and/or sex-specific alterations in the 

microbiota makeup in response to the control yogurt replete with “background” probiotic 

species. Additionally, due to the nature of the genetic loss of leptin in the ob/ob mouse 

model, which is the major fat-derived hormone that signals satiety to the brain, perhaps 

consequences of this genetic background are difficult to overcome with a probiotic diet 

supplementation. 

 

Conclusions 

 This study set out to determine if the effects of a yogurt enriched with, 

Bifidobacterium animalis subsp. Lactis BB-12 and L. plantarum KABP-051 probiotics, 

could modulate ADPN concentrations in obese “B6” ob/ob mice. A novel observation 

was that female mice, but not males, maintain serum ADPN concentrations on a 

diabetogenic HFHS diet when supplemented with a “standard” yogurt- i.e., yogurt 

produced with starter cultures only. This suggests that sex differences may have a 

physiological impact on metabolic processes such as T2D.  

Limitations. This study was limited by its relatively small sample size, n = 20 for 

each C+ and Pro group, and n = 10 for the C- group, which may have reduced statistical 

power for certain end points. Only five mice per sex in the negative control limited the 

robustness of the comparisons. Additionally, high standard deviations in weight gain 

and feed reflect variability within groups. There may be additional limitations due to 

other related, relevant, and complementary endpoints that have not yet been conducted 
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(e.g., resistin ELISA, adipose tissue inflammatory status, insulin sensitivity index, 

HOMA-IR, etc.).  

Future Directions. While this study disproved the original hypothesis regarding 

probiotic-induced increases in ADPN concentration, it raises new questions about sex-

based metabolic differences and probiotic effects. As the probiotics’ major site of action 

is impacting the gut microbiota, this suggests that the enriched probiotics among the gut 

microbiota are unable to sufficiently alter ADPN levels.  

Future research is warranted to investigate the underlying mechanism driving 

sex-specific discrepancies in ADPN regulation to better understand sex-based 

differences in metabolic homeostasis and explore how diet-based interventions might 

be tailored by sex to improve metabolic outcomes and prevent T2D. Additional studies 

should be conducted on a wildtype mouse model to further understand the effect of 

probiotics without the consequences from the lack of leptin potentially present in these 

B6 ob/ob mice.  

Significance. This research ties into the larger study of complex interplay 

between gut microbiota, probiotics, and metabolic health. Conducted in Drs. Kraft’s and 

Jetton’s lab, this study provides novel evidence of complex sex-specific interactions 

between diet and yogurt supplementation in genetically obese (B6 ob/ob) mice. This 

research provides the foundation for additional studies into sex-specific metabolic 

regulation and personalized nutrition strategies in the prevention and management of 

T2D.  
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