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ABSTRACT   

Background 

Visceral obesity is associated with diabetogenic and atherogenic abnormalities, 

including insulin resistance and increased risk for cardiometabolic diseases and 

mortality. Rodent lipectomy studies have demonstrated a causal link between 

visceral fat (VF) and insulin resistance, yet human omentectomy studies have failed 

to replicate this metabolic benefit, perhaps owing to the inability to target the 

mesentery.  

Objectives  

We aimed to demonstrate that safe and effective removal of mesenteric fat (MF) 

can be achieved in obese insulin-resistant baboons using tissue liquefaction 

technology (TLT).  

Setting  

Southwest National Primate Research Center, San Antonio, Texas.  

Methods 

TLT has been developed to enable Mesenteric Visceral Lipectomy (MVL) to be 

safely performed without disturbing the integrity of surrounding nerves and vessels 

in the mesentary. Following an initial MVL optimization study (n=3), we then 

performed MVL (n=4) or Sham surgery (n=2) in a cohort of insulin-resistant 

baboons, and the metabolic phenotype was assessed via 

hyperinsulinemic-euglycemic clamps at baseline and 6 wks later.  

 

  



Results 

MVL led to a 75% improvement in glucose disposal at 6 wks follow-up (p=0.01). 

Moreover, despite removing only an average of 430 g of MF (~1% of total body 

mass), MVL led to a 14.4% reduction in total body weight (p=0.001). Thus, these 

data demonstrate that MF can be safely targeted for removal by TLT in a 

non-human primate, leading to substantial metabolic improvements, including 

reversal of insulin resistance and weight loss.  

Conclusions 

These data provide the first demonstration of successful adipose tissue removal 

from the mesentery in a mammal. Importantly, we have demonstrated that when 

MVL is performed in obese, insulin resistant baboons, insulin resistance is reversed 

and significant weight loss occurs. Therefore, trials performing MVL in humans with 

abdominal obesity and related metabolic sequelae should be explored as a 

potential clinical tool to ameliorate insulin resistance and treat type 2 diabetes. 

Keywords: Mesenteric fat, tissue liquefaction technology, hypophagia, 

metabolic improvement, insulin-resistant baboons.  

 

Excess visceral fat (VF) has been strongly linked with development of insulin 

resistance and subsequent type 2 diabetes (T2D) in humans (1, 2), and rodent 

lipectomy studies have demonstrated that this relationship is causal (3-5). More than 

two-thirds of Americans are overweight or obese, and in ~90% of the 29 million 

individuals affected by T2D, onset appears secondary to being overweight or obese, 

with excess VF considered to be a key driver (6, 7). Despite current treatment 

advances, T2D often leads to numerous complications, co-morbidities, and early 



mortality (8, 9). Lifestyle changes (diet and exercise) are the first line of treatment for 

weight management and disease prevention (10, 11). However, the percentage of 

individuals who succeed in achieving long-term weight loss is low (12).  

 In an effort to identify an alternative treatment option, small and large volume 

liposuction has been explored, but because this only targets subcutaneous (SC) 

depots for removal, a metabolic benefit has not been consistently observed or 

maintained in most studies (13-15). Indeed, it is now appreciated that SC and VF are 

biologically distinct, with VF more pathogenic, due in part to its direct portal access 

and greater secretion of pro-inflammatory adipokines (6). Therefore, targeting the VF 

depots for removal, particularly the mesentery, where most VF is stored, should be 

explored as a potential surgical strategy to rapidly and significantly improve 

metabolic and overall health in humans. However, due to the dense innervation and 

vascularization within and around human mesenteric fat (MF), there are currently no 

feasible surgical methods (including classic liposuction) to safely perform this 

procedure.  

As an alternative to removing adipose tissue deep in the viscera, human studies 

have targeted the greater omentum for surgical removal with mixed results on 

metabolic outcomes (16-21). The amount of omentum reportedly removed in these 

studies was ~0.5 kg. However, the average amount of total VF mass has been 

estimated to exceed 3kg in obesity, with levels as high as ~7-8kg detected in some 

individuals (22). Thus, it is not surprising that these studies did not observe a benefit 

given that only a fraction of total VF is removed by omentectomy in obese subjects. 



As rodent lipectomy studies demonstrating metabolic benefit surgically ablate >75% 

of total VF mass, targeting the mesentery, where most VF is harbored, may be 

required to resolve insulin resistance by lipectomy.  

In order to overcome surgical barriers to targeting VF, we have utilized a novel 

surgical energy source, referred to as Tissue Liquefaction Technology (TLT), also 

referred to as Phaser™ Liquefaction Technology (23). TLT was initially invented for 

cataract extraction and became the AquaLase® Liquefaction Device, a modality on 

the Infiniti Vision System by Alcon, Inc (24). In 2013, Andrew Technologies 

(Haddonfield, NJ/Tustin, CA) launched HydraSolve®, which is FDA cleared for SC 

fat removal in aesthetic body contouring and autologous fat transfer (25). TLT 

delivers low levels of thermal and mechanical energy as a stream of warmed, 

low-pressurized, and pulsed saline, which causes susceptible non-connective 

tissues to undergo a phase transition from solid to liquid, while connective 

tissue-protected blood vessels and nerves are unharmed (25, 26). Because of the high 

safety margins and the clinically proven target-tissue specific liquefaction capability 

of both AquaLase® and HydraSolve® in surgical practice (27), we set out to determine 

if TLT could be safely adapted to perform Mesenteric Visceral Lipectomy (MVL) in 

non-human primates, which are close genetic relatives of humans, and harbor many 

similarities to human physiology, including regulation of glucose metabolism.  

 

 



METHODS   

ANIMALS  

For optimization studies performed in Phase I, a total of 3 male baboons with obesity 

(weight >37 Kg, % fat >21) were carefully selected (28). For the Phase II efficacy 

study, a total of 9 non-diabetic obese animals (mean age = 12.0 ± 1.2yrs; mean A1C 

4.8 ± 0.4%) with the highest A1C levels (Table 1) were then enrolled into the study 

from the colony housed at the Southwest National Primate Research Center, Texas 

Biomedical Research Institute (San Antonio, TX). Baseline phenotypic assessments 

were then made and blood was sampled for clinical chemistries. 

Hyperinsulinemic-euglycemic clamps, considered the “gold standard” test in 

metabolic science for assessing insulin status, sensitivity or resistance, were 

performed using previously published methods (29). After obtaining the glucose rate 

of disappearance (Rd) as previously described (30), we further selected for 6 baboons 

with cut-off Rd values of 5.6 or < mg/kg/min, indicating insulin resistance (31). Animals 

were then subsequently assigned to either undergo MVL (n=4) or a control sham 

surgery (n=2). At 6 wks follow-up, all morphometric and metabolic study procedures 

were repeated. The protocol was approved by the Institutional Animal Care and Use 

Committees of the Texas Biomedical Research Institute. The study approval ID was 

IACUC 1435PC. 

 

 

 



BODY WEIGHT AND COMPOSITION  

Baboons were sedated and evaluated for morphometric measurements including 

body weight measured on an electronic scale (GSE 665, Texas Scales). Body 

composition was determined by dual-energy X-ray absorptiometry (DXA) using a 

Lunar Prodigy densitometer (GE Healthcare, Madison, WI) to determine fat and lean 

mass. Animals were first sedated and placed in the supine position on the DXA bed 

and extremities were positioned within the scanning region. Scans were 

approximately 5 min in duration and data were subsequently analyzed using 

encore2007 software (v.11.40.004; GE Healthcare).  

DIETARY INTAKE AND PAIR-FEEDING STRATEGY  

Before the surgical removal of MF, the quantity of food offered to each baboon daily 

was based on the estimated metabolizable energy requirements for adult captive 

baboons. Specifically, the animals were fed a commercial diet targeted to meet an 

expected energy requirement to sustain constant body weight (BW) of 40–51 kcal/kg 

BW (32). In order to account for unanticipated changes in food intake, we used a 

pair-feeding strategy in the two Sham control animals. This process entailed taking 

the average amount of food in grams eaten by two experimental baboons (who had 

received MVL surgery) and providing the same amount to two control 

sham-operated baboons housed under identical conditions the following day (33). 

 

 

 



HYPERINSULINEMIC-EUGLYCEMIC CLAMPS  

Insulin sensitivity was assessed with the hyperinsulinemic-euglycemic insulin clamp 

technique as previously described (29, 31). After an overnight fast (12 hrs), each 

baboon was sedated with ketamine hydrochloride (10 mg/kg i.m.) before arrival to 

the procedure room. Endotracheal intubation was performed using disposable 

cuffed tubes (6.5–8.0 mm diameter) under direct laryngoscopic visualization, and all 

animals were supported with 98–99.5% FiO2 by a pressure controlled ventilator 

adjusted, as necessary, to keep the oxygen saturation 95%. The maintenance of 

anesthesia consisted of an inhaled isofluorane (0.5–1.5%) and oxygen mix. 

Catheters were inserted into the femoral vein for insulin and glucose infusion and 

into the contralateral femoral artery for blood sampling. Fasting plasma glucose, free 

fatty acid (FFA), and insulin concentrations were measured at -10 and 0 min. At t=0 

min, a primed continuous infusion of human regular insulin (Novolin; Novo Nordisk, 

Princeton, NJ) was started and continued at 60 mU/m2 body surface area per minute 

for 120 min. Body surface area (A) was estimated from the body mass (M) using the 

Meeh formula A = K.M2/3 as described for the baboon (34). During the clamp, plasma 

glucose was measured every 5 min, and a 20% glucose infusion was adjusted as 

necessary, to maintain a plasma glucose concentration of ~95mg/dl. Insulin 

sensitivity was calculated as the mean rate of insulin-stimulated glucose disposal 

(Rd) during the final 30 minutes of the clamp as hepatic glucose production is 

completely suppressed at the achieved level of hyperinsulinemia (31).  

 



MVL AND SHAM SURGERY  

Following an overnight fast (~12 hrs), each baboon was sedated as described above 

for the clamp procedure. The surgical field was prepared and an ~16-18 cm vertical 

midline open abdominal incision was made using aseptic technique, and the 

mesentery was located. Using a 3.0 mm sterile Miltex punch biopsy instrument, a 

round 3 mm diameter opening was made in the anterior mesenteric sheath. A 2.4 

mm outer diameter, 15 cm long cannula (HydraSolve®, Andrew Technologies, 

Haddonfield, NJ/Tustin, CA) was inserted through the opening and into the 

mesenteric fat tissue. The MF was liquefied and simultaneously aspirated from the 

body. In 3 of the 7 baboons who underwent the MVL procedure in Phase 1 and 2, 

there was no active bleeding detected and no cautery devices were used. In 4 of the 

7 baboons who had MVL, a minimal number (3 to 4) of tiny venous bleeders were 

encountered which were all quickly and easily rectified either by cauterization or the 

placing of a 3.0 Vicryl suture. Sham operations were identical in length and 

procedure as VML, but no MF was removed. Animals were then intensively 

monitored and evaluated in the post-operative period. All baboons demonstrated 

acceptable recoveries, regaining their normal behavior and bodily functions within 48 

hrs after surgery (personal communication with Shannan Hall-Ursone, DVM).  

 

  



STATISTICAL ANALYSIS  

All values are presented as means ± SE. Parametric data were analyzed by 

paired-sample t-tests for VF removal and Sham groups, respectively. Square root 

transformation on the relative percentage change from baseline to post-op was 

performed when appropriate to ensure normality of distribution. Linear regression 

was used to determine relationships among metabolic and phenotypic responses to 

the MVL intervention. Statistical analyses were performed using SPSS (SPSS Inc, 

Chicago, IL). A P≤0.05 was considered statistically significant. 

 

RESULTS  

OPTIMIZATION 

For Phase I, we performed an initial safety trial in obese male baboons (n=3).  For 

each procedure, approximately 125-150 grams of MF was surgically removed using 

TLT (Fig. 1A). In all surgeries, the majority of the operating time was spent starting 

and stopping the fat removal activity in an effort to determine the optimal parameters 

and settings for removing VF using the TLT system. As these studies were intended 

for optimization, the effect on MF removal efficiency was tested with numerous 

machine settings of the phaser™ stream temperature (PhST) and pounds per 

square inch (psi) pressure, as well as numerous vacuum power settings for fat 

aspiration. In addition, numerous cannulae were tested in this process, as well as 

various surgical techniques of handling the cannulas until achieving the ideal PhST, 



psi, cannulae and technique.  

EFFICACY  

For Phase II, we performed a safety and efficacy trial. We selected 9 non-diabetic 

obese animals [A1C levels <6.5% according to the American Diabetes Association 

(ADA) guidelines (35)] (mean age = 12.0 ± 1.2yrs) with the highest A1C levels to enroll 

into the study (Table 1). We next performed clamp studies to further identify animals 

with overt insulin resistance. The mean rate of whole-body glucose disappearance 

(Rd) was 5.0 ± 2.1 mg/kg/min, average body weight was 41.1 ± 3.1 Kg, and average 

A1C values were 4.8 ± 0.4%. Among those 9 baboons, 6 animals with overt insulin 

resistant were identified (mean Rd =3.8 ± 0.9 mg/kg/min) and selected for either MVL 

surgery (n=4) or as pair-fed Sham controls (n=2) (31).  

For Phase II MVL studies, greater amounts of MF were targeted, with 75-80% of 

all visible fat in their mesentery removed in 3 animals, experimental baboon # 1 (EXP 

1): ID19975, experimental baboon # 2 (EXP 2): ID18344, experimental baboon # 3 

(EXP 3):ID27677) and ~50% of all visible MF removed in experimental baboon # 4 

(EXP 4): ID28420 (Fig. 1A-C). Despite removing only an average of 430kg of 

adipose tissue, body weight decreased by an average of 6.6 Kg (14.4%) at 6 weeks 

follow up (Table 2) Similarly, total fat mass (p=0.001), percentage fat (p=0.001) and 

lean mass (p=0.02) all significantly decreased after MVL (Table 2). Interestingly, 

while MVL resulted in a significant amount of weight loss, it was noted that the extent 

of relative weight loss was dependent on baseline body mass, whereby larger pre-op 

body size positively predicted a greater weight loss response to MVL (R2=0.76; 



p=0.084; Figure 2) EXP 3 pre-op clamp weight 38 kg – total body weight (TBW) loss 

at post-op clamp 5.8 %; EXP 4 pre-op clamp weight 45 kg - TBW loss at post-op 

clamp 8.9 %; EXP 2 pre-op clamp weight 49 kg - TBW loss at post-op clamp 21.8 %; 

EXP 1 pre-op clamp weight 51 kg - TBW loss at post-op clamp 19.8 %. 

We next determined the impact of MVL on insulin action by performing 

hyperinsulinemic-euglycemic clamp studies.  Glucose disposal rates were 3.8 

mg/kg/min at baseline, which was indicative of insulin resistance in these animals, 

but Rd significantly increased by 75% to 6.8 mg/kg/min at 6 wks after MVL (p=0.019; 

Table 2). Interestingly, the percentage improvement in insulin action after MVL was 

not correlated with the relative amount of weight loss in these baboons (R2=0.21; 

p=0.541). Meanwhile fasting insulin levels tended to decrease (p=0.248) without 

significant changes in glucose, leading to a numerical reduction in homeostatic 

model assessment for insulin resistance (HOMA-IR) from 4 to 2.4 (p=0.22). There 

was no significant difference in triglycerides or FFAs at follow up, but total 

cholesterol tended to be reduced (p=0.07; Table 2).  

 

PAIR-FEEDING 

In order to account for the sustained reduction in food intake following MVL on insulin 

sensitivity, we performed an experiment whereby sham-operated baboons (n=2) 

were pair-fed to MVL baboons (n=2). This strategy was designed to measure the 

precise contribution of the TLT procedure and MVL surgery to weight loss, 

hypophagia and metabolic improvement. Animals were carefully matched for weight 



EXP 4: [ID28420 (MVL), 44.6 kg vs.  ID26103 (Sham), 46.7 kg; and EXP 3: ID27677 

(MVL), 38.2 Kg vs.  ID 25358 (Sham), 37.0kg,]. Mean caloric intake in both baboons 

assigned to MVL decreased from ~2250 calories/day to ~650 calories/day at 18 days 

follow up. After 6 weeks, calorie intake of animal EXP 4:ID28420 remained steady 

with an average daily intake of ~750 calories, while baboon EXP 3:ID27677 

gradually increased his daily food intake after day 18 to ~1400 calories by day 42 

(Fig. 3A-B). Both MVL baboons directly involved in pair-feeding, EXP 3: ID 27677 

and EXP 4: ID 28420, lost an average of 7.3% of their total body weight at 6 wks 

post-op, while their pair-fed Sham control baboons,  ID 25358 and ID 26103, lost 

2.5% (Fig. 3C).  Likewise, fat mass (-14%) (Fig. 3D), percentage fat (Fig. 3E) and 

waist circumference (-9.5%) (Fig. 3F) were all decreased following MVL, while these 

measures were unchanged in Sham animals.  Metabolically, experimental baboons 

3 and 4 who underwent MVL had markedly enhanced Rd ,198% improvement, while 

pair-fed sham controls demonstrated a more modest 12.4% increase from baseline 

(Fig. 4A). MVL also tended to reduce insulin levels (Fig. 4C) and HOMA-IR (Fig. 

4B), while increasing adiponectin (Fig. 4E) at 6 wks follow up. Meanwhile leptin 

levels (Fig. 4D) and triglyceride levels (not shown) were relatively unaffected.  

 

  



DISCUSSION 

Here, we have demonstrated that safe and effective removal of MF can be achieved 

in obese insulin-resistant baboons using TLT.  We were able to remove up to 

75-80% of all visible adipose tissue in the mesentery without complications, which 

we estimate to be ~40% of total VF stores, based upon prior estimates of abdominal 

fat mass in baboons (36). To our knowledge, this is the first report of significant 

adipose tissue removal from the mesentery in any mammalian species. Importantly, 

the MVL procedure reversed insulin resistance in all 4 experimental baboons and 

resulted in an average 14.4% reduction in body mass (~6.6kg) at 6 wks follow up, 

despite removing only ~430g of fat tissue during the surgery.   

 It is well known that obesity increases the risk of numerous diseases and 

all-cause mortality (37, 38). Given that a significant proportion of fat accrual in obesity 

occurs in SC fat depots, investigations have examined the possibility that 

cardiometabolic risk factors could be improved by removing large quantities of SC 

adipose tissue using classic liposuction. However, these studies largely failed to 

observe improvements in metabolic outcomes (39, 40), including a study by Klein et al. 

(13) which removed >10kg of SC abdominal fat in obese subjects, but did not observe 

any improvement in insulin action, inflammatory markers, or cardiovascular risk 

factors. Likewise, studies in rodents have observed no benefit to surgically removing 

SC fat on insulin sensitivity (4), while insulin-resistant models engineered to expand 

their SC fat pads had improved metabolic profiles (41), suggesting that SC fat may be 

beneficial. Instead, the vast majority of population-based and observational studies 



accounting for body fat distribution have concluded that central obesity is the 

strongest risk factor for insulin resistance, T2D (42), cancer (43) and mortality (37, 38), 

and rodent lipectomy studies have demonstrated that VF is directly linked to these 

outcomes (3-5).   

 In an effort to translate these observations from rodent studies, investigators 

have attempted to determine the effect of visceral lipectomy in insulin-resistant 

humans. However, unlike rodents, where VF pads can be completely ablated, only 

the greater omentum can be safely excised in humans, as removal of adipose tissue 

from the mesentery and peri-renal areas has until now, not been feasible. As a 

result, these studies were largely ineffective at providing metabolic benefit, leading 

some to conclude that VF may not be important to the pathology of human insulin 

resistance. However, we have demonstrated here that insulin sensitivity can be 

dramatically improved in a non-human primate model by surgically removing large 

quantities of MF. 

 This pre-clinical trial was primarily designed as a “proof-of-concept” to 

demonstrate that MF can be safely and effectively targeted for removal (Phase I) 

with demonstrable metabolic improvement following the procedure (Phase II) in a 

species closely modeling human anatomical and physiological characteristics. While 

benchmarks for success were met or exceeded for these primary endpoints, 

important limitations and unanswered questions remain that will need to be 

addressed in future trials. First, we observed a remarkable, yet unexpected 



decrease in food consumption following MVL, along with dramatic reductions in 

body weight and adiposity, and these latter observations could not be completely 

accounted for by the reduction in food intake per se. Thus, future studies will need to 

carefully account for changes in energy balance following this procedure in order to 

more clearly define probable mechanism(s) mediating the insulin-sensitizing effects 

of MVL. Second, while we generally aimed to remove >50% of all visible MF, a 

careful titration of fat removal should be conducted to determine the therapeutic 

range and dose response of this intervention. Third, given the relatively short 

follow-up period and small sample size utilized here, longer duration trials in larger 

cohorts of animals will be needed to definitively determine efficacy, safety and 

sustainability of this procedure over the long-term. Along these lines, as MVL 

removes a major storage site for excess nutrients, to what extent, if any, this 

procedure may lead to complications involving ectopic fat storage in 

metabolically-relevant tissues should also be evaluated. Forth, while we 

demonstrate efficacy of MVL in an insulin resistant cohort, whether this intervention 

can prove as efficacious with more prolonged exposure and/or disease severity, 

including T2D, is unknown, nor is it clear if sex differences may play a role in this 

response. Collectively, addressing these important issues will be critical to inform on 

the optimal surgical ‘dose’, therapeutic window and patient population(s) expected 

to benefit from MVL in clinical trials.  

  



CONCLUSION 

We have demonstrated here that significant quantities of mesenteric visceral fat can 

be safely and effectively surgically excised, using Tissue Liquefaction Technology, 

in adult male baboons, thereby providing the first important proof-of-concept that 

such a surgical intervention may be feasible in humans. Importantly, this procedure 

produced marked metabolic benefits in previously insulin resistant male, obese 

baboons, reversing insulin resistance and promoting significant weight loss. This 

suggests that meaningful clinical benefits may be uniquely achieved with Mesenteric 

Visceral Lipectomy (MVL) which have otherwise failed to be observed using 

previous lipectomy approaches, including omentectomy and classic liposuction. 

Clinical trials designed to explore both the feasibility and efficacy of MVL as a 

strategy to treat insulin resistance and T2D in abdominally-obese humans are 

warranted and should be pursued.    
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Table 1 Legend. Nine non-diabetic obese, male baboons were subjected to a 

2-hour hyperinsulinemic-euglycemic clamp, which is the gold-standard method to 

measure insulin-mediated glucose disposal.  After obtaining the Rd, we further 

selected those baboons with cut-off Rd values of 5.6 or < mg/kg/min (n=6), indicating 

insulin resistance for further studies. 

Table 2 Legend. Values are means±SE. A total of 4 male insulin-resistant male 

baboons were assessed at baseline for various metabolic characteristics and at 6 

wks following MVL. 

Figure 1 Legend. Surgical removal of MF by TLT. (A) Bar graph indicates amount 

of MF removed during Phase I optimization studies (black bars; n=3) and Phase II 

efficacy studies (gray bars; n=4). (B) Image taken during a Phase II MVL procedure 

showing that TLT can successfully remove adipose tissue from the mesentery 

without causing damage to the vascular supply or to the mesenteric sheath. (C) 

Lipoaspirate collected in a canister with ∼500 g of mesenteric visceral fat tissue 

removed (after complete gravity separation).  

Figure 2 Legend. Baseline body mass predicts relative weight loss response 

to MVL. Baseline body mass of baboons assigned to MVL ranged from 38.2kg to 

51.2kg. As a group, MVL resulted in a significant amount of weight loss (14.4%) at 6 

wks follow-up (see Table 2). However, closer examination of this response revealed 



that greater baseline body mass tended to positively predicted a greater weight loss 

response (R2=0.76; p=0.084) with the largest intervened animals (ID19975 body wt 

51.2kg; ID18344 body wt 49.0kg) demonstrating the greatest relative weight loss, 

while the smaller animals (ID28420 body wt 44.6kg; ID27677 body wt 38.2kg) lost 

much less weight.  

Figure 3 Legend. Phenotypic characteristics of pair-fed animals assigned to 

Sham or MVL. (A-B) To control for changes in food intake after MVL, 

Sham-operated animals (n=2) were pair-fed to animals assigned to MVL (n=2) over 

a 6wk period.  (C-F) Body weight, fat mass, percentage fat, and waist 

circumference were all reduced in both animals 6 wks following MVL, but not in 

Sham controls.  

Figure 4 Legend. Metabolic characteristics of pair-fed animals assigned to 

Sham or MVL. (A) Insulin action in male, insulin-resistant baboons was assessed at 

baseline and at 6 wks follow-up by hyperinsulinemic-euglycemic clamps, which 

demonstrated markedly enhanced Rd (198% improvement) following MVL, while 

pair-fed controls only demonstrated an increase of 12.4% from baseline. (B-C) 

Circulating insulin levels in pair-fed MVL vs Sham obese insulin-resistant baboons. 

MVL tended to reduce insulin levels and HOMA-IR in previously insulin-resistant 

animals. (D) Circulating leptin levels, which is predominantly produced by SC fat, 

were unaffected by MVL at follow-up. (E) Circulating adiponectin levels, which is a 

favorable marker of metabolic health, were increased at 6 wks follow up in both 

animals assigned to the MVL procedure.  

  



 

 

 

 

 

 

 

 

 

 

 

  



 

 

 

 

 

 

 

 

 

  



Table 1. Baseline metabolic characteristics of Phase II male baboons 

Baboon ID Body Weight (kg) A1C (%) Rd (mg/kg/min) 

28420 43.5 4.6 1.3 

25358 36.7 5.7 3.5 

27677 37.8 4.8 4.2 

26103 45.4 5.1 4.3 

19975 41.4 4.8 4.5 

18344 38.4 4.8 5.6 

26099 42.7 4.8 6.3 

19424 44.7 4.1 7.8 

19914 39.6 4.7 8.3 

 

 

 

 

 

 

 

 

 



Table 2. Metabolic data at baseline and at 6 weeks follow up after MVL surgery  

Measurement (n=4) Baseline Follow up p value 

Weight (kg) 45.7±2.9 39.1±1.2 0.05 

Fat mass (kg) 12.2±2.3 10.3±2.0 0.017 

Percent fat (%) 27.8±4.5 25.9±4.3 0.026 

Lean mass (kg) 30.6±.0.9 28.3±0.9 0.002 

Glucose (mg/dL) 80.8±6.1 83.7±3.0 0.48 

Insulin (uIU/mL) 36±11 20±6 0.248 

HOMA-IR 4.0±1.2 2.4±0.8 0.22 

Rd (mg/kg/min) 3.8±0.9 6.7±0.6 0.012 

Glucagon (pg/mL) 22.6±8.1 18.3±2.3 0.59 

FFA (mEq/L) 0.33±0.06 0.36±0.04 0.72 

Triglycerides (mg/dL) 54.2±21.5 49.5±15.8 0.56 

Cholesterol (mg/dL) 84.5±13.8 63.5±5.8 0.07 

 

 




