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Abstract

Limited research with rodents and humans suggests that oral ingestion of pinitol (3-O-methyl-D-

chiro-inositol) might positively influence glucose tolerance. This double-blinded, placebo-

controlled, and cross-over study assessed the effects of acute pinitol supplementation on plasma 

pinitol concentration, glucose tolerance, insulin sensitivity, and activation of the skeletal muscle 

insulin receptor. Fifteen older, nondiabetic subjects (62 ± 1 years, mean ± SEM) completed four, 

1-day trials. Subjects consumed a non-nutritive beverage with nothing (placebo) or 1 000 mg 

pinitol. Sixty minutes later, the subjects consumed beverages that were either energy- and 

carbohydrate-free (Sham) or contained 75 g glucose (OGTT). Blood samples were collected 

frequently over the 240-min testing period. For the OGTT trials only, vastus lateralis samples 

were obtained before the placebo and pinitol supplementation and 60 min after consuming the 75 

g glucose beverage. Plasma pinitol concentration increased and was maintained for 240 min. 

Pinitol did not influence the fasting state and 180-min area under the curves for plasma glucose 

and insulin during the Sham and OGTT trials or hepatic (placebo 0.83 ± 0.08; pinitol 0.80 ± 0.08) 

and whole-body (placebo 6.10 ± 0.54; pinitol 6.22 ± 0.52) insulin sensitivities. Activation of the 

muscle insulin receptor was increased by 140% with glucose ingestion (Pre 0.62 ± 0.12; Post 1.49 

± 0.35), but pinitol did not influence this response. These results show that the pinitol supplement 

was quickly absorbed, but did not acutely influence indices of whole-body glucose tolerance and 

insulin sensitivity, or the activation of the skeletal muscle insulin receptor in older, nondiabetic 

humans.
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Introduction

Many people experience an increase in fat mass and a decrease in fat-free mass as they 

advance in age. These age-related changes in body composition may be associated with 

glucose intolerance and peripheral tissue insulin resistance, which may increase an 

individual’s susceptibility to diabetes mellitus [1]. Insulin resistance is accompanied by an 

impairment of the insulin-stimulated glycosylphosphatidylinositol (GPI)/inositol 

phosphoglycan (IPG) pathway, which can lead to a reduction in GPI hydrolysis of IPG [2]. 

IPG contains various compounds such as D-chiro-inositol, myo-inositol, glucosamine, 

galacosamine, and other residues. Myo-inositol is widely distributed in mammalian tissues 

whereas D-chiro-inositol is relatively rare [3]. The IPG that contains the D-chiro-inositol is a 

potential second messenger in mediating insulin’s effect on peripheral glucose utilization by 

activating glycogen synthase and pyruvate dehydrogenase (rate limiting enzymes of 

oxidative and nonoxidative glucose disposal) [2, 4, 5]. A potential dietary source of D-chiro-

inositol is pinitol (3-O-methyl-D-chiro-inositol), a methylated derivative of D-chiro-inositol. 

Pinitol has been identified in high concentrations in legumes and whole soybeans (1–2% dry 

weight of whole soybeans) [6, 7].

Limited number of animal [8, 9] and human [10–12] research studies concluded that using 

pinitol as a dietary supplement improved glycemic control. However, there are animal [8] 

and human [13, 14] data that show opposing results. Although a positive effect of pinitol on 

glycemic control was not observed, plasma concentrations [13, 14] and urinary excretions 

[13, 14] of pinitol were increased over a 4- and 7-week period. There was only a single 

collection of fasting plasma pinitol at the beginning and end of the study. The plasma pinitol 

concentration over time following pinitol supplementation is not documented in published 

literature.

The literature is still inconclusive on the effects of pinitol supplementation on glycemic 

control. The purposes of this study were to assess the effects of acute pinitol 

supplementation on appearance of pinitol in the bloodstream (i.e., plasma pinitol 

concentration), glucose tolerance, and insulin sensitivity during fasting and oral glucose-

stimulated hyperglycemic and hyperinsulinemic conditions in older, nondiabetic subjects. 

Activation of the skeletal muscle insulin receptor was also evaluated. We hypothesized that 

pinitol supplementation would increase plasma pinitol concentration and the higher 

concentration would be maintained during the 240-min period of measurements. Also, 

pinitol supplementation would decrease fasting plasma glucose concentrations and blunt the 

oral glucose-induced rise in plasma glucose concentrations, as well as increase hepatic and 

whole body (hepatic plus peripheral tissues) insulin sensitivities and enhance the activation 

of the skeletal muscle insulin receptor.

Methods and Materials

Subjects

This study included 15 participants recruited from the greater Lafayette, IN region. The 

inclusion criteria included: 1) age range 50–75 years; 2) body mass index 23 to 33 kg/m2; 3) 
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clinically normal kidney function, liver function, heart function, protein status, and 

hematological profile; 4) nondiabetic; 5) performance of vigorous exercise <3 times per 

week for <30 min per session in the 6 months prior to entering the study; 6) willing to stop 

taking supplements, aspirin, and anti-inflammatory steroid medications starting 4 weeks 

prior to and during (including nontesting days) the study; and 7) women postmenopausal for 

>1 year. Before admittance into the study, each subject successfully completed an evaluation 

that included a self-reported medical history questionnaire, a resting electrocardiogram, and 

routine blood and urine chemistries that were taken in the fasted state. These results were 

used for screening purposes only and not as baseline testing measurements. Subjects signed 

a consent form after receiving complete written and verbal explanations of the study 

protocol. Each subject received monetary compensation for their time and commitment in 

the study. The study physician approved the subjects’ eligibility for the study and Purdue 

University’s Committee on the Use of Human Research Subjects, West Lafayette, IN 

reviewed and approved the study protocol, consent form, and recruitment tools.

Study design

A double-blinded, placebo-controlled, cross-over study design was used. Each subject 

completed four, 1-day trials over a 4-week period (i.e., 1-week between trials); weeks 1 and 

2 (Sham trials) were randomized separately from weeks 3 and 4 (oral glucose tolerance test, 

OGTT trials). Each person received the placebo and pinitol supplements twice (Sham-

placebo, Sham-pinitol, OGTT-placebo, OGTT-pinitol).

Dietary control

On the day prior to each of the four trials, each subject was provided all of their foods and 

beverages (except water) and instructed to only consume those items. The provided menus 

contained pinitol-free/low-pinitol foods (e.g., no soy or legumes) and a macronutrient 

distribution of 15% protein, 35% fat, and 50% carbohydrate. Each subject’s total energy 

intake was estimated using the sex-specific Harris–Benedict equation [15] and a physical 

activity level factor of 1.5 (sedentary) [16]. The database Nutritionist Pro™ version 1.3 

(First Data Bank, INC) was used to structure the menus with the appropriate macronutrient 

and energy needs of each subject. All foods were prepared and distributed at the metabolic 

research kitchen, affiliated with Purdue University’s Department of Foods and Nutrition.

Supplementation

During the Sham and OGTT trials, in random order, subjects consumed 30 ml of a 

saccharin-sweetened, cherry-flavored beverage with nothing (placebo) or 1 000 mg of 

pinitol dissolved into it. The certificate of chemical analysis of the pinitol supplement 

(INZITOL™, 3-O-methyl-1,2,4 cis-3,5,6-trans-hexahydroxycyclohexane), provided by 

Humanetics Corporation (Chanhassen, MN, USA) was documented by using high-

performance liquid chromatography with a pinitol purity of 91%. Pinitol was extracted from 

the wood of a pine tree. Members of the research not involved in the study mixed the 

beverages with a placebo or pinitol.
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Sham and OGTT trial procedures

Each subject reported to the research laboratory in the morning after a 12-h fast. While the 

subjects were in a fasting state, a catheter was inserted into an antecubital vein. The subjects 

voided urine, had a fasting blood sample collected (minute 0), and immediately consumed 

saccharin sweetened beverages without (placebo) or with pinitol added within 5 min. Sixty 

minutes later, the subjects consumed either an energy- and carbohydrate-free beverage 

(Sham trials) or 75 g glucose beverage (OGTT trials). Blood for plasma glucose and insulin 

analyses were collected at minutes 30, 60, 75, 90, 105, 120, 150, 180, 210, and 240. At 

minutes 60, 120, 180, and 240, blood for plasma pinitol and myo-inositol analyses were also 

collected. Blood samples for analysis of glucose and insulin were collected into vacutainers 

containing EDTA, and blood samples for pinitol and myo-inositol were collected into 

vacutainers containing lithium herparin. All blood samples were centrifuged at 3 000 rpm 

for 10 min at 4° C. The plasma was dispensed into cryovials and then stored in the −80° C 

freezer until analyzed.

Muscle samples

During the OGTT trials, two muscle biopsies were performed. After catheterization and 

before placebo and pinitol supplementation, a small portion of the subjects’ mid-thigh was 

anesthetized with ~3 ml of a 1% lidocaine solution. Fifteen minutes later, a sample of 

muscle from the vastus lateralis was obtained by the percutaneous needle biopsy technique 

(a 6-mm Bergstrom biopsy needle; Microsurgical Instruments) with applied suction [17]. 

The second muscle biopsy was obtained 60 min post consumption of the 75 g glucose 

beverage and 120 min after the placebo and pinitol supplementation. This time point was 

chosen because it corresponded with the expected maximum plasma insulin concentration 

during an OGTT [18]. The extracted muscle tissues were quickly blotted to remove blood, 

fat, or connective tissue. The muscle samples were frozen in liquid nitrogen within 90 s of 

extraction and then stored at −80° C until analyzed.

Urine collection

Timed 240-min urine collections were made between minutes 0 and 240 during each of the 

four testing days. The total volume of the 240-min urine collection was measured with a 

graduated cylinder and dispensed into cryovials that were stored in a −80° C freezer until 

further analyzed. Urinary pinitol and myo-inositol excretions were determined.

Analytical Methods and Calculations

Plasma glucose and insulin—Plasma glucose concentrations were determined by an 

oxidase method on a COBAS analyzer (Mira Plus, Roche Diagnostic Systems; serial # 31–

1718; Indianapolis, IN, USA). Plasma insulin concentrations were analyzed by using 

enzyme-linked immunosorbent assay (Human insulin ELISA, American Laboratory 

Products Company, 008-10-1113-01, Windham, NH, USA). For the OGTT trials, the 180-

min integrated AUC for glucose and insulin were calculated using the trapezoidal method 

[19]. Estimates of hepatic and whole-body (hepatic plus peripheral tissues) insulin 

sensitivities were measured using data from 0 to 120 min and formulas described by 

Matsuda and DeFronzo [20].
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Inositols

Plasma and urine samples were analyzed for pinitol and myo-inositol concentrations by a 

modification of a previous method [14, 21]. A known amount of allo-inositol (not present in 

human body) was added to urine and plasma inositol samples as an internal standard before 

sample purification and the recovery of allo-inositol was verified quantitatively. The 

purified inositol fractions were derivatized by heating with 100 µL of 10% N-tri-

methylsilylimidazole (TMSI) in acetonitrile overnight at 60° C. The derivatized samples 

were analyzed using electron impact capillary gas chromatography/mass spectrometry with 

a GCQ (FinniganMAT/ThermoElectron Corporation, San Jose, CA, USA) mass 

spectrometer system. Typical electron energy was 70 eV with the ion source temperature 

maintained at 200° C. The individual inositols were separated using a 15 meter DB-1 

capillary column. The initial column temperature was set at 100° C (held for 0.1 min) and 

programmed to 280° C at 10° C per minute. The injector temperature was set at 250° C.

Tyrosine phosphorylation of the insulin receptor β

Total tyrosine phosphorylation of the insulin receptor β was measured in skeletal muscle as 

described previously [22] by using western blot procedures. Briefly, powdered muscle was 

homogenized in buffer [50 mM Hepes, 50 mM sodium pyrophosphate, 100 mM NaF, 10 

mM EDTA, 10 mM sodium orthovanadate, 1% Triton X-100, and protease and phosphatase 

(1 and 2) inhibitor cocktails (Sigma, St. Louis, MO, USA)] on ice. After centrifugation for 

25 min at 15 000 × g, supernatants were extracted and protein content was detected using a 

BCA protein assay (Pierce, Rockford, IL, USA). To measure tyrosine phosphorylation of the 

insulin receptor (IRβ) equal amounts of protein from the muscle homogenate was 

immunoprecipitated overnight with antiphosphotyrosine agarose beads and homogenization 

buffer. Resulting immunoprecipitates were separated by SDS-PAGE using 7.5% Tris-HCl 

gels and then transferred to PVDF membranes, which were probed for total IRβ resulting in 

bands detecting tyrosine phosphorylation levels of IRβ. The following antibodies were used: 

insulin receptor (IRβ) from Santa Cruz Biotech (Santa Cruz, CA) and antiphosphotyrosine 

agarose beads from Sigma (St. Louis, MO, USA).

Body composition

Each subject’s body density was determined by using a whole body plethysmographer 

(BOD POD®, Life Measurement, Inc., Concord, CA, USA) [23]. The test was done in the 

morning after a 12-h overnight fast and immediately after the subject had voided urine. The 

subjects were asked to wear a tight-fitting swimsuit and cap for the test. Body fat percent 

and fat-free mass were estimated from body density using the two-compartment model 

equation of Siri [24].

Statistical analyses

Values were reported as mean ± SEM. Data from two subjects were excluded from the 

Sham trials because they were inadvertently provided with the wrong supplement, which 

was identified by their urinary pinitol excretion (Sham n = 13, OGTT n = 15). The mean of 

glucose and insulin concentrations during the sham and AUC of glucose and insulin during 

the OGTT trials were assessed using a single-factor repeated measure ANOVA with 
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treatment (placebo and pinitol) as a repeated effect in the model. Urinary pinitol and myo-

inositol excretions were accessed using a 2-factor repeated measure ANOVA with treatment 

and trial (Sham and OGTT) as repeated effects in the model. Plasma pinitol and myo-inositol 

concentrations were assessed using a 3-factor repeated measure ANOVA with time, 

treatment, and trial as repeated effects in the model with post-hoc (Tukey) comparisons. 

Tyrosine phosphorylation of the insulin receptor was assessed using a 2-factor repeated 

measure ANOVA with time (pre and post) and treatment as repeated effects in the model. 

Statistical significance was assigned if p ≤ 0.05. Data processing and statistical evaluation 

were performed using Statistical Analyses Systems software (version 9.1, SAS Institute Inc., 

Cary, NC, USA).

Results

The mean subject characteristics were as follows: 62 ± 1 years, 27.7 ± 0.6 kg/m2 body mass 

index, 36.2 ± 0.6% body fat, and 50.1 ± 0.9 kg fat-free mass. The 15 subjects were classified 

as follows: fasting plasma glucose: 10 subjects normal (< 5.6 mmol/l) and 5 subjects 

impaired (5.6–6.9 mmol/l); 2-h plasma glucose during OGTT: 6 subjects normal (< 7.8 

mmol/l) and 9 subjects impaired (7.8–11.0 mmol/l). According to the 2-h plasma glucose 

during the OGTT, 60% of the study population was considered as having impaired glucose 

tolerance.

Plasma pinitol and myo-inositol

A complete profile (minutes 0, 60, 120, 180, and 240) of plasma pinitol concentration was 

determined in a subset of 7 subjects. For the other 8 subjects, the plasma collected before 

(minute 0) and after pinitol supplementation (minute 180) during the Sham and OGTT trials 

was used to confirm the presence of pinitol. Fasting plasma pinitol concentrations were 

below the level of detection (minute 0). After placebo supplementation, plasma pinitol 

remained undetected during the Sham and OGTT trials’ 240-min testing period. However, 

60 min after pinitol supplementation, plasma pinitol became detectable and was maintained 

during the Sham and OGTT trials’ 240-min testing period (n = 7, Fig. 1). Pinitol absorption 

into the bloodstream, after pinitol supplementation, was confirmed in the other 8 subjects at 

minute 180 during the Sham (9.9 ± 1.7 µmol/l) and OGTT (12.5 ± 1.9 µmol/l) trials. At 

minute 0, plasma pinitol concentration was below the threshold of detection in these 8 

subjects. Plasma myo-inositol was detected before (fasting, minute 0) and after placebo and 

pinitol supplementation during the Sham and OGTT trials (n = 7; Fig. 1). At minute 180, 

plasma myo-inositol concentration was different between the placebo and pinitol 

supplementation only during the OGTT trials (Fig. 1).

Urine pinitol and myo-inositol

Urinary pinitol excretion was undetected after placebo supplementation and was detectable 

after pinitol supplementation during Sham and OGTT trials (Fig. 2). Urinary myo-inositol 

excretion was not influenced by pinitol supplementation, but was 69% higher during the 

OGTT (60.2 µmol/240 min) versus Sham (35.7 µmol/240 min) trials (Fig. 2).
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Plasma glucose and insulin

During the Sham trials, mean glucose and insulin concentrations were not influenced by 

pinitol supplementation during the 240-min fasting testing period (Fig. 3). During the OGTT 

trials, the subjects reached hyperglycemic and hyperinsulinemic states. However, pinitol 

supplementation did not blunt the oral glucose-induced plasma glucose AUC (placebo, 493 

± 46 and pinitol, 480 ± 59 mmol/l·180 min) and insulin AUC (placebo, 47 ± 6 and pinitol, 

46 ± 6 nmol/l·180 min) (Fig. 3). There were no differences between placebo and pinitol 

supplementation for estimates of hepatic (placebo, 0.83 ± 0.08 and pinitol, 0.80 ± 0.08) and 

whole body (placebo, 6.10 ± 0.54 and pinitol, 6.22 ± 0.52) insulin sensitivities.

Tyrosine phosphorylation of the insulin receptor β

Muscle samples from a subset of 7 subjects were analyzed for activation of the insulin 

receptor. Over time, from the fasting (pre) to the oral glucose-induced hyperglycemic and 

hyperinsulinemic state (post), the activation of the insulin receptor was increased by 140% 

(Fig. 4). However, tyrosine phosphorylation of the insulin receptor was not influenced by 

pinitol supplementation (Fig. 4) and further analyses were not completed.

Discussion

To our knowledge, this is the first study to evaluate plasma pinitol concentration over time 

acutely following pinitol supplementation during fasting and oral glucose stimulated states. 

Our data show that glucose stimulation was not necessary for the increased concentration of 

pinitol in the bloodstream. For both physiological states, following acute pinitol 

supplementation, the pinitol concentration was increased in the bloodstream within 60 min, 

maintained in the bloodstream over a 240-min testing period, and excreted in the urine. The 

mean 96 µmol/240 min urinary pinitol excretion was 1.9% of the amount of pinitol 

consumed during the testing period. These observations support previous research studies 

[13, 14] that documented pinitol supplementation was an integral contributor to the increase 

in plasma pinitol concentrations and urinary pinitol excretions. The results of the current 

study suggest that acute pinitol supplementation does not influence fasting and oral glucose-

induced rise in plasma glucose and insulin concentrations in older, nondiabetic adults. These 

data support the findings from another acute pinitol supplementation study in mice. Bates et 

al. [8] reported that acute oral administration of pinitol (100 mg/kg) to normal nondiabetic 

and hyperinsulinemic obese-diabetic mice (model of type 2 diabetes) did not influence 

fasting plasma glucose and insulin concentrations over 4 and 6 h, respectively. Also, the 

normal non-diabetic mice did not experience a change in plasma glucose and insulin after a 

4-h glucose tolerance test. However, there are animal [8, 9] data that show acute changes in 

plasma glucose concentrations after pinitol supplementation, but plasma insulin 

concentrations were not affected. In comparison, the only other human acute pinitol 

supplementation study evaluated various doses of pinitol (1 200 mg and 600 mg) at different 

time points (0, 60, 120, 180 min) prior to the meal tolerance test (rice, 50 g carbohydrate). 

These humans were diabetic and their plasma insulin AUC did not change during 

supplementation, but the plasma glucose AUC was lowered when supplemented at a dose of 

1 200 mg of pinitol 60 min prior to a meal tolerance test. When pinitol (600 and 1 200 mg) 

was consumed at minutes 0, 60 (only 600 mg), 120, and 180, its influence on plasma 
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glucose AUC was insignificant. Plasma pinitol concentrations and the effect of pinitol 

during the fasting state were not assessed. The subjects in the current study were 

supplemented with a comparable dose of pinitol (1 000 mg) 60 min prior to an oral glucose 

tolerance test (75 g glucose beverage). However, null findings were obtained between the 

placebo and pinitol supplementation and its effects on plasma glucose and insulin AUC.

There are also chronic (ranging from 72 h to 13 weeks) pinitol supplementation studies that 

have observed the glucose lowering effect of pinitol in nondiabetic and diabetic rodents and 

humans [8, 10–12], while others have observed no differential response [13, 14]. There are 

many different possible reasons for discrepancies in the data. Previous studies purchased the 

pinitol from different companies, the extraction methods were different, and the source of 

pinitol (i.e., soybeans, plant Bougainvillea spectabilis, and wood from the pine tree) varied 

for each study. Also, the percent of pinitol purity and the amount of D-chiro-inositol and 

other contaminants in the source of pinitol were not reported in many of the studies. Other 

discrepancies may be explained by the population studied, duration of the studies, and also 

other medications taken with pinitol. There is evidence that metformin, a hypoglycemic 

agent, may enhance the action of insulin by improving insulin-mediated release of the IPG 

containing D-chiro-inositol, which helps with peripheral glucose utilization [5, 25]. When 

pinitol was consumed in conjunction with a hypoglycemic agent, there was a reduction in 

plasma glucose concentrations in overweight individuals with type 2 diabetes [10–12]. 

However, this response was not observed in a similar population when pinitol was 

consumed without any other medications [14]. It is possible that the pinitol and 

hypoglycemic agent synergically or synergistically improved plasma glucose and insulin 

concentrations in individuals with type 2 diabetes. Future research is warranted to 

investigate if pinitol is more effective with a hypoglycemic agent in controlling 

hyperglycemia.

It is still unclear how pinitol may influence glucose metabolism. Pinitol might be converted 

to D-chiro-inositol, but this conversion is not conclusive [13, 14]. Also, pinitol may influence 

glucose uptake into cells similar to insulin [8]. Incubation of L6 muscle cells (derived from 

rat skeletal muscle) with pinitol (independent of insulin) increased glucose uptake by 41% 

after 10 min, 34% after 4 h, and 15% after 24 h [8]. It is unknown if the glucose uptake 

percent was decreased due to lower concentrations of pinitol and D-chiro-inositiol 

concentrations over time. In addition, it is unknown if pinitol directly or indirectly 

(conversion of pinitol to D-chiro-inositol) contributed to the glucose uptake. Pinitol and D-

chiro-inositol concentrations were not measured in the study [8]. The current study did not 

observe any influences of pinitol on the activation of the insulin receptors, which would 

have been similar to an insulin effect on glucose metabolism. However, there was an 

increase in the activation of the insulin receptors after an oral glucose-stimulated load. 

Future research is warranted to further explore pinitol and D-chiro-inositol in the muscle and 

its mechanisms.

Interestingly, urinary myo-inositol excretion was higher during the OGTT trials than the 

sham trials, which suggests that urinary myo-inositol excretion is responsive to the acute 

creation of hyperglycemic and hyperinsulinemic states. This finding supports previous 

observations that urinary myo-inositol excretion is increased in people with poor glycemic 
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control [21] and the suggestion that it may be a sensitive marker of glucose intolerance [26]. 

Also, glucose stimulation in conjunction with pinitol increased plasma myo-inositol 

concentrations. It is possible that pinitol influences plasma myo-inositol concentrations. 

However, myo-inositol has never been measured in other pinitol supplementation studies 

and more research is necessary.

Conclusion

Findings from this study improve our understanding of the acute appearance of pinitol in the 

bloodstream and excretion of pinitol after oral pinitol supplementation, and support that 

pinitol does not influence glucose tolerance, insulin sensitivity, and activation of the insulin 

receptor in older, nondiabetic humans. There are still gaps in pinitol research that need to be 

explored before any conclusion can be drawn about the effectiveness of pinitol 

supplementation on glycemic control.
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Fig. 1. 
(A) Plasma pinitol and (B) myo-inositol concentrations over 240 min before and after acute 

placebo and 1 000 mg pinitol supplementation during Sham and OGTT in a subset of 

healthy older subjects (n = 7). Placebo and pinitol were given at minute 0 (after minute 0 

blood draw) and the Sham and 75 g glucose beverages were given at minute 60 (after minute 

60 blood draw). * p = 0.04, OGTT + Placebo vs. OGTT + Pinitol. UD = undetected.
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Fig. 2. 
Urinary pinitol and myo-inositol excretions over 240 min after acute placebo and 1 000 mg 

pinitol supplementation during Sham (n = 13) and OGTT (n = 15) trials in healthy older 

subjects. * p < 0.0001, Sham vs. OGTT. UD = undetected.
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Fig. 3. 
(A) Plasma glucose and (B) insulin concentrations before and after acute placebo and 1 000 

mg pinitol supplementation during Sham (n = 13) and OGTT (n = 15) trials in healthy older 

subjects. The placebo and pinitol were given at minute 0 (after minute 0 blood draw) and the 

sham and 75 g glucose beverages were given at minute 60 (after minute 60 blood draw).

Stull et al. Page 13

Horm Metab Res. Author manuscript; available in PMC 2015 September 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 4. 
Activation of the insulin receptor before (pre) placebo and 1 000 mg pinitol supplementation 

and 60 min after (post) 75 g glucose beverage in a subset of healthy older subjects (n = 7). 

The combined data contains all of the subjects for the pre (pre-placebo plus pre-pinitol, n = 

14) and post (post-placebo plus post-pinitol, n = 14). * p = 0.02, Pre versus Post. IR = 

insulin receptor.
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