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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 Lep°°® 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.'® As

of 2022, over 800 million individuals globally have been diagnosed with diabetes.* T2D



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.® In the US alone, the estimated cost of diagnosed
T2D reached $412.9 billion in 2022.5

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).’” 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 (3-cells to excess fat, which in turn impairs their ability to secrete
insulin in response to glucose.®

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

adipose tissue, for maintaining blood glucose homeostasis, lipid metabolism and insulin
sensitivity.? Its concentrations are typically decreased with excess of body fat causing
lower concentrations in individuals with T2D.? It promotes glucose uptake and fatty acid
oxidation through activation of AMPK signaling pathways.® Research suggests that
ADPN interacts positively with insulin receptor substrates, and therefore, decreased

circulating concentrations of ADPN may contribute to insulin resistance.'°



Insulin resistance, a hallmark of T2D, is the impairment of the response to insulin
stimulation.'! 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).? 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.? As ADPN is considered an anti-diabetic factor, it is negatively regulated by
increased visceral fat accumulation, which contributes to reduced insulin sensitivity.'%14
Although genetic factors are believed to influence circulating ADPN concentrations, it is
largely impacted by diet through its effect on lipid accumulation.*® Initial studies in rats
have found that serum ADPN concentrations are negatively correlated with the
development of insulin resistance and consequently T2D.*3

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.! Recent evidence indicates
that gastrointestinal microbiota are crucial mediators of the effects of antidiabetic
medications and dietary interventions.'® Gut microbiota consist of more than 10%
microorganisms that exist in a symbiotic relationship with the host.!” 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.*8 Microbiota ferment
structural carbohydrates into short-chain fatty acids which have been shown to enhance
the effectiveness of glucose-lowering agents.'® 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



microorganisms which when administered in adequate amounts confer a health benefit
on the host.” Probiotics have been found to aid in gut barrier functions and
immunoregulation.'® 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.” Some
probiotic strains, mainly those derived from Lactobacillus and Bifidobacterium genera,
have been found to elicit antidiabetic effects.?° 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.?!

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.'” 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."® L. plantarum is a less researched strain selected for its ability to increase
immunoregulatory activity and activate the AMPK pathway.'® Both mechanisms are
closely related to ADPN function and may contribute to improved metabolic

homeostasis. This project specifically examined circulating ADPN concentrations of



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 °”°° 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



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



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
Lep°b (B6.Cg-Lep°?/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.



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

AIN93M Diet

11.5% Maltodextrin 18.7 kCal Protein Diet (VI, B)
Formula a/kg
Casein 191
L-Cystine 1.8
Corn Starch 449.842

Maltodextrin 115
Sucrose 100
Soybean Oil 40
Cellulose 50
Mineral Mix, AIN-93G-MX (94046) 35
Vitamin Mix, AIN-93-VX (94047) 145
Choline Bitartrate 2.75
TBHQ, antioxidant 0.008
Blue Food Color 0.1

HFHS Diet
30% Sucrose AC Diet (44/Fat, Y)

Formula a/kg
Casein 245
L-Cystine 3.5
Corn Starch 21.01
Maltodextrin 115
Sucrose 271.99
Lard 195
Soybean Oill 30
Cellulose 50
Mineral Mix, AIN-93G-MX

(94046) 43
Calcium Phosphate,

dibasic 3.4
Vitamin Mix, AIN-93-VX

(94047) 19
Choline Bitartrate 3
Yellow Food Color 0.1

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 10° 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.

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




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 Lep°”°®) 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).
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Table 3. Average body weight gain and daily energy intake of each diet and treatment cohort.

AIN Diet HFHS diet
Male Female Male Female
P- P-value P-
C- C+ Pro C- C+ Pro C- C+ Pro C- C+ Pro Value Treatment Value
Diet Sex
Body 32.0 33.62 3528 2942 31.74 33.03 33.14 33.61 34.71 32.42 33.0 34.78 = P =0.002 =
weight 6+ % + + + + + + + + + + 0.133 0.087
initial 439 249 211 571 164 243 163 149 275 438 286 2.17
(9)
Body 46.7 50.97 55.14 4735 52.82 5221 66.16 645 6597 6192 65.76 65.15 P< P =0.329 =
weight 4+ + + + + + + + + + + + 0.001 0.576
final(g) 3.02 286 199 190 252 218 311 379 464 494 355 431
Weight 146 17.35 19.75 15,53 21.08 19.18 33.02 30.89 31.26 295 3276 3052 P< P=0.518 =
gain(g) 8+ = + + + + + + + + + + 0.0001 0.588
449 242 217 276 239 219 323 311 444 169 548 5.49
Feed 3.04 288 322 306 287 285 287 272 269 255 265 283 = P =0.680 =
intake + + + + + +0.73 + + + + + + 0.0057 0.376
(g/day) 1.09 069 1.08 0.63 0.48 050 041 076 049 055 0.82
Yogurt 0 1 1 0 1 1 0 1 1 0 1 1 N/A N/A N/A
(g/day)
Daily 10.9 11.17 12.39 8.82 11.13 11.04 12.44 13.26 15.76 11.03 12.97 1431 P< P< =
energy 5+ % + + + + + + + + + + 0.0001 0.0001 0.144
intake 393 251 394 228 174 317 391 188 424 360 253 4.28
(Kcal)

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



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.
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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



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)
Female Comparison Male Comparison

15 15—
0 O ]
E E P<0.01
= 1 ° o) g 1
3 10 o 2 104 ..
c ] s’ - = ]
: o @ > . = 1 o] .T - . ]
[&] 7 *2," d -.6 1 § o o oo
g | ; @] g - 8 GCJ i .“. o | 9 5 o ‘
s °7 g g 57 K
a o S8
- ] © |
< ] < ]

O~—AN HFFAS AN HFHS AN HFHS 0-—AN HFAS AN HFHS AIN HFHS
C- C+ Pro C- C+ Pro

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 pg/mL with ob/ob mice having significantly lower
concentrations (~14.4 ug/mL) compared to their wildtype counterparts (21.6 pg/mL).%*
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 ug/mL2%,
which is similar to the values observed in the current study (3.32 - 9.8 ug/mL). ob/ob
mice have reduced ADPN concentrations due to their leptin deficiency as these two
hormones are known to have a regulatory relationship.? Thus, our findings align with
existing literature and support an inverse relationship between ADPN concentrations
and obesity.?

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.’
This suggests that the gut microbiota in ob/ob mice with dysbiosis’, 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.?®
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.

18



Literature Cited

. Ning, G. (2015). At the centre of things. Nature Reviews Endocrinology, 11(11),
636—638. https://doi.org/10.1038/nrendo.2015.147

. Nguyen T. M. D. (2020). Adiponectin: Role in Physiology and

Pathophysiology. International journal of preventive medicine, 11, 136.
https://doi.org/10.4103/ijpvm.IJPVM_ 193 20

. Reed, J., Bain, S., & Kanamarlapudi, V. (2021). A Review of Current Trends with
Type 2 Diabetes Epidemiology, Aetiology, Pathogenesis, Treatments and Future
Perspectives. Diabetes, metabolic syndrome and obesity : targets and therapy,
14, 3567-3602. https://doi.org/10.2147/DMS0O.S5319895

. Zhou, B., Rayner, A. W., Gregg, E. W., Sheffer, K. E., Carrillo-Larco, R. M.,
Bennett, J. E., Shaw, J. E., Paciorek, C. J., Singleton, R. K., Barradas Pires, A.,
Stevens, G. A., Danaei, G., Lhoste, V. P., Phelps, N. H., Heap, R. A., Jain, L.,
D’Ailhaud De Brisis, Y., Galeazzi, A., Kengne, A. P., ... Ezzati, M. (2024).
Worldwide trends in diabetes prevalence and treatment from 1990 to 2022: A
pooled analysis of 1108 population-representative studies with 141 million
participants. The Lancet, 404(10467), 2077—-2093. https://doi.org/10.1016/s0140-
6736(24)02317-1

. Reed, J., Bain, S., & Kanamarlapudi, V. (2021). A Review of Current Trends with
Type 2 Diabetes Epidemiology, Aetiology, Pathogenesis, Treatments and Future
Perspectives. Diabetes, metabolic syndrome and obesity: targets and therapy,
14, 3567-3602. https://d0i.0rg/10.2147/DMS0.S319895

. Parker, E. D., Lin, J., Mahoney, T., Ume, N., Yang, G., Gabbay, R. A., ElSayed,
N. A., & Bannuru, R. R. (2024). Economic Costs of Diabetes in the U.S. in 2022.
Diabetes Care, 47(1), 26—-43. https://doi.org/10.2337/dci23-0085

. Meek, T. H., & Morton, G. J. (2012). Leptin, diabetes, and the brain.

Indian journal of endocrinology and metabolism, 16(Suppl 3), S534—

S542. https://doi.org/10.4103/2230-8210.105568

. WHO. (2001). Evaluation of health and nutritional properties of powder milk and
live lactic acid bacteria. Food and Agriculture Organization of the United Nations
and World Health Organization Expert Consultation Report, 1-34.

. Kadowaki, T., Yamauchi, T., Kubota, N., Hara, K., Ueki, K., & Tobe, K. (2006).
Adiponectin and adiponectin receptors in insulin resistance, diabetes, and the
metabolic syndrome. The Journal of Clinical Investigation, 116(7), 1784-1792.
https://doi.org/10.1172/JC129126

10.Frankenberg, A. D. V., Reis, A. F., & Gerchman, F. (2017). Relationships

between adiponectin levels, the metabolic syndrome, and type 2 diabetes: a
literature review. Archives of endocrinology and metabolism, 61(6), 614—622.
https://doi.org/10.1590/2359-3997000000316

11.Vyas, U., & Ranganathan, N. (2012). Probiotics, prebiotics, and synbiotics:

gut and beyond. Gastroenterology research and practice, 2012,
872716. https://doi.org/10.1155/2012/872716

12.Yadav, A., Kataria, M. A., Saini, V., & Yadav, A. (2013). Role of leptin and

adiponectin in insulin resistance. Clinica Chimica Acta, 417, 80-
84. https://doi.org/10.1016/J.CCA.2012.12.007

19


https://doi.org/10.1038/nrendo.2015.147
https://doi.org/10.4103/ijpvm.IJPVM_193_20
https://doi.org/10.2147/DMSO.S319895
https://doi.org/10.1016/s0140-6736(24)02317-1
https://doi.org/10.1016/s0140-6736(24)02317-1
https://doi.org/10.2147/DMSO.S319895
https://doi.org/10.2337/dci23-0085
https://doi.org/10.4103/2230-8210.105568
https://doi.org/10.1590/2359-3997000000316
https://doi.org/10.1155/2012/872716
https://doi.org/10.1016/J.CCA.2012.12.007

13.Khoramipour, K., Chamari, K., Hekmatikar, A. A., Ziyaiyan, A., Taherkhani, S.,
Elguindy, N. M., & Bragazzi, N. L. (2021). Adiponectin: Structure, Physiological
Functions, Role in Diseases, and Effects of Nutrition. Nutrients, 13(4), 1180.
https://doi.org/10.3390/nu13041180

14.L6pez-Jaramillo, P., GOmez-Arbelaez, D., Lopez-Lopez, J., LOpez-Lopez, C.,
Martinez-Ortega, J., GOmez-Rodriguez, A. & Triana-Cubillos, S. (2014). The role
of leptin/adiponectin ratio in metabolic syndrome and diabetes. Hormone
Molecular Biology and Clinical Investigation, 18(1), 37-

45. https://doi.org/10.1515/hmbci-2013-0053

15.Frankenberg, A. D. V., Reis, A. F., & Gerchman, F. (2017). Relationships
between adiponectin levels, the metabolic syndrome, and type 2 diabetes: a
literature review. Archives of endocrinology and metabolism, 61(6), 614-622.
https://doi.org/10.1590/2359-3997000000316

16.Hemarajata, P., & Versalovic, J. (2013). Effects of probiotics on gut
microbiota: mechanisms of intestinal immunomodulation and
neuromodulation. Therapeutic advances in gastroenterology, 6(1), 39-51.
https://doi.org/10.1177/1756283X12459294

17.Cheng, Y. C., & Liu, J. R. (2020). Effect of Lactobacillus rhamnosus GG on
Energy Metabolism, Leptin Resistance, and Gut Microbiota in Mice with Diet-
Induced Obesity. Nutrients, 12(9), 2557. https://doi.org/10.3390/nu12092557

18.Bull, M. J., & Plummer, N. T. (2014). Part 1: The Human Gut Microbiome
in Health and Disease. Integrative medicine (Encinitas, Calif.), 13(6), 17-22.

19.Jungersen, M., Wind, A., Johansen, E., Christensen, J. E., Stuer-Lauridsen, B., &
Eskesen, D. (2014). The Science behind the Probiotic Strain Bifidobacterium
animalis subsp. lactis BB-12(®). Microorganisms, 2(2), 92—-110.
https://doi.org/10.3390/microorganisms2020092

20.Rittiphairoj, T., Pongpirul, K., Janchot, K., Mueller, N. T., & Li, T. (2021).
Probiotics Contribute to Glycemic Control in Patients with Type 2 Diabetes
Mellitus: A Systematic Review and Meta-Analysis. Advances in nutrition
(Bethesda, Md.), 12(3), 722—734. https://doi.org/10.1093/advances/nmaal33

21.Nyanzi, R., Jooste, P. J., & Buys, E. M. (2021). Invited review: Probiotic yogurt
quality criteria, regulatory framework, clinical evidence, and analytical aspects.
Journal of Dairy Science, 104(1), 1-19. https://doi.org/10.3168/]ds.2020-19116

22.Chong, H.-X., Yusoff, N. A., Hor, Y.-Y., Lew, L.-C., Jaafar, M. H., Choi, S.-B.,
Yusoff, M. S. B., Wahid, N., Abdullah, M. F., Zakaria, N., Ong, K.-L., Park, Y.-H.,
& Liong, M.-T. (2019). Lactobacillus plantarum DR7 improved upper respiratory
tract infections via enhancing immune and inflammatory parameters: A
randomized, double-blind, placebo-controlled study. Journal of Dairy Science,
102(6), 4783—4797. https://doi.org/10.3168/jds.2018-16103

23.Kyriachenko, Y., Falalyeyeva, T., Korotkyi, O., Molochek, N., & Kobyliak,

N. (2019). Crosstalk between gut microbiota and antidiabetic drug action. World
journal of diabetes, 10(3), 154-168. https://doi.org/10.4239/wjd.v10.i3.154
24.Frihbeck, G., Catalan, V., Rodriguez, A., Ramirez, B., Becerril, S., Portincasa,
P., & Gébmez-Ambrosi, J. (2017). Normalization of adiponectin concentrations by
leptin replacement in ob/ob mice is accompanied by reductions in systemic

20


https://doi.org/10.3390/nu13041180
https://doi.org/10.1515/hmbci-2013-0053
https://doi.org/10.1590/2359-3997000000316
https://doi.org/10.1177/1756283X12459294
https://doi.org/10.3390/nu12092557
https://doi.org/10.3390/microorganisms2020092
https://doi.org/10.1093/advances/nmaa133
https://doi.org/10.3168/jds.2020-19116
https://doi.org/10.3168/jds.2018-16103
https://doi.org/10.4239/wjd.v10.i3.154

oxidative stress and inflammation. Scientific reports, 7(1), 2752.
https://doi.org/10.1038/s41598-017-02848-0

25.Li, X., Zhang, D., Vatner, D. F., Goedeke, L., Hirabara, S. M., Zhang, Y., Perry,
R. J., & Shulman, G. I. (2020). Mechanisms by which adiponectin reverses high
fat diet-induced insulin resistance in mice. Proceedings of the National Academy
of Sciences, 117(51), 32584—-32593. https://doi.org/10.1073/pnas.1922169117

26.Rajizadeh, M.A., Moslemizadeh, A., Hosseini, M.S. et al. Adiponectin receptor 1
could explain the sex differences in molecular basis of cognitive improvements
induced by exercise training in type 2 diabetic rats. Sci Rep 13, 16267 (2023).
https://doi.org/10.1038/s41598-023-43519-7

Acknowledgments

| would like to thank Drs. Jana Kraft and Tom Jetton, the two Pls for this study,
for their support throughout the entire research process. | would also like to thank PhD
Candidate, Hallie Shi, for her continued help during both the research and writing parts
of this project. A special thank you to Zach Sommer, and our other undergraduate
research peers who helped with the entire data collection and feeding process. Lastly, |
would like to thank the University of Vermont FOUR office for funding my research
through the UVM Food SURF Grant.

21


https://doi.org/10.1038/s41598-017-02848-0
https://doi.org/10.1073/pnas.1922169117
https://doi.org/10.1038/s41598-023-43519-7

