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ABSTRACT
High fat meals can increase inflammation and plasma triglycerides. Poor suppression of
postprandial adipocyte lipolysis results in higher levels of non-esterified fatty acids (NEFA) in
insulin resistant subjects. This impaired suppression of NEFA may exacerbate
hypertriglyceridemia following a high fat meal by increasing available fatty acids. We have
shown in previous studies that myristic acid and stearic acid are less suppressed than other fatty
acids 1 hour following a glucose challenge, and this pattern may indicate optimal adipocyte
insulin sensitivity. It is unknown if the same pattern occurs in other contexts, such as following
a high fat meal.
Plasma samples were collected from 12 males with overweight or obesity at baseline and
4 time points following a high fat meal (1076 kcal, 39% kcal from saturated fat) on 3 visits.
Meals contained either 0, 2, or 6 grams of a spice blend. Plasma was analyzed by gas
chromatography- mass spectrometry (GC-MS ) to measure multiple fatty acids, including
myristic acid (MA), stearic acid (SA), palmitic acid (PA), oleic acid (OA), and linoleic acid
(LA).
At 1 hour following the high fat meal, MA and SA were less suppressed than OA, PA,
and LA. PA, OA, SA, and LA achieved maximal suppression at 2 hours and remained
suppressed. MA was most suppressed at 1 hour and then returned to baseline. Compared to
baseline, all saturated fatty acids increased as percent of total NEFA at 2 hours. As TG:HDL
increased, area under the curve for plasma LA also increased. There was no effect of the spice
blend on NEFA suppression.
In males with overweight or obesity, NEFA was most suppressed at 2 hours following a
high fat meal challenge, but MA and SA were suppressed less than all other fatty acids. Saturated
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fatty acids increased as a percent of total NEFA following the meal challenge, while unsaturated
fatty acids decreased. These data support our previous findings that MA and SA are less
suppressed by insulin than other fatty acids.
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Chapter 1 Introduction

In healthy individuals, a meal including carbohydrate will induce a release of insulin
causing a suppression of adipocyte lipolysis. The body is then able to utilize plasma glucose
from the ingested carbohydrate for energy instead of its fat stores. Lipolytic suppression is
promoted by the presence of insulin that is released after consuming carbohydrates; in
individuals with metabolic syndrome, however, adipocyte lipolysis is less suppressed after a
high-fat meal. Poor suppression of lipolysis makes fatty acids more readily available for energy
use and decreasing glucose utilization. This may also exacerbate hypertriglyceridemia by
increasing the amount of fatty acids available for triglyceride synthesis. Those with metabolic
syndrome, characterized by three or more of the following symptoms: hypertension, elevated
plasma triglycerides, visceral obesity, elevated fasting glucose, and low HDL cholesterol, are
less sensitive to the effects of insulin1. Insulin resistance leads to over-excretion of fatty acids
from adipocytes postprandially; elevated circulating non-esterified fatty acids (NEFA) can lead
to both peripheral insulin resistance via inhibition of glycogen synthesis and insulin-induced
glucose uptake as well as hepatic insulin resistance by inhibiting insulin-mediated
glycogenolysis1. High levels of NEFA also activate the IκB/NFκB pathway, an inflammatory
process. Poor suppression of adipocyte lipolysis postprandially can contribute to the
development of type 2 diabetes mellitus and chronic inflammation2.
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Adipocyte Lipolysis

NEFA are released from adipocytes and transported throughout the body and delivered to
peripheral tissues. Because NEFA have a brief turnover rate, they are measured to determine
fatty acid suppression over a relatively short period. NEFA are released primarily from adipose
tissue, specifically from abdominal subcutaneous fat. During periods of fasting or intense
exercise, plasma NEFA concentrations are maintained by intracellular triglyceride hydrolysis
from adipocytes3. Adipocyte lipolysis is initiated with the phosphorylation of a lipase, such as
adipose triglyceride lipase (ATGL) or hormone sensitive lipase (HSL) (Figure 1). HSL, the ratelimiting enzyme in the early steps of lipolysis, hydrolyzes ester bonds found in triglycerides.
When stimulated by hormones such as glucagon or epinephrine, HSL travels from the cytosol of
the adipocyte to a lipid droplet, which requires the phosphorylation of perilipin A or cyclic
AMP- dependent protein kinase (PKA). Once the triglycerides are degraded by HSL, NEFA exit
the cell via transport mediated fatty acid-binding proteins (FABP).
Lipolysis can be altered by several factors such as age, sex, and hormones. Lipolysis is
decreased in the young and elderly4. Because females have both larger fat deposits and more
subcutaneous fat compared to visceral fat, they tend to display higher rates of lipolysis than
men4. Hormones are a major regulator of lipolysis; glucagon induces lipolysis while insulin
inhibits lipolysis by preventing the hydrolysis of triglycerides into NEFA. Insulin activates a
phosphodiesterase that degrades cyclic-AMP, ultimately inhibiting the induction of HSL. Insulin
increases lipogenesis and promotes fat deposition. However, in obese subjects, lipolysis is often
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elevated due to its association with insulin resistance4. Figure 2 depicts the higher concentration
of circulating NEFA in diabetic subjects compared to healthy subjects after a meal. In the
diabetic cohort, insulin is unable to adequately suppress lipolysis, leading to elevated plasma
NEFA even after a meal5.

NEFA

Figure 1: Adipocyte Lipolysis
Activation of PKA (protein kinase A) leads to phosphorylation on HSL (hormone sensitive
lipase) which hydrolyzes TAG (triacylglycerol) into MAG (monoacylglycerol) and exits the
cell as NEFA.

4

Figure 2: Plasma NEFA concentrations in healthy control subjects and type 2 diabetic subjects5
Used with permission from the American Diabetes Association

Lipolysis also occurs in skeletal muscle in a similar manner to that in adipocytes. In
subjects with metabolic syndrome, skeletal muscle contains higher concentrations of ectopic fat
than those that are normoglycemic. Skeletal muscle, like adipose tissue, undergoes suppression
of lipolysis when in the presence of insulin. Inadequate suppression of skeletal muscle lipolysis
leads to increased availability of NEFA exacerbate pathogenesis of insulin resistance. Muscle
tissue will preferentially use NEFA over glucose for energy; the unutilized glucose will then
reenter the blood stream, contributing to hyperglycemia6.
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Adipocyte Lipogenesis

After a meal, fatty acids enter adipocytes following the lipoprotein lipase induced
hydrolysis of chylomicrons into NEFA and glycerol. Fatty acids, from either chylomicrons or
circulating NEFA, enter the adipocyte after they are dissociated from albumin and fatty acid
transport proteins in the plasma membrane facilitate their uptake. Within the adipocyte, fatty
acids are reesterified into triglycerides (TG), which can be stored in lipid droplets.
Dysregualtion of this process may contribute to the development of obesity and diabetes7.

Insulin Sensitivity in Healthy and Pre-diabetic Subjects

In healthy individuals, insulin release is promoted by ingestion of glucose. Insulin binds
to the α-subunit of a glycoprotein receptor, activating the β-subunit and transducing a signal into
the cell8. Insulin is required for the uptake of glucose into insulin-dependent tissues (adipose
tissue, skeletal and cardiac muscle) through interaction with GLUT4. Additionally, insulin
induces storage of excess glucose as glycogen via activation of hexokinase,
phosphofructokinase, and glycogen synthase. After maximum glycogen concentration is reached,
insulin promotes the formation of lipoproteins that can be synthesized into TG. Within the
adipocyte, insulin inhibits lipases, thereby preventing the release of fatty acids and sparing
adipose tissue9.
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When glucose enters the bloodstream in healthy individuals, it enters skeletal muscle as a
fuel source. Excess glucose then enters adipose tissue to be stored as TG. The entrance of
glucose into adipose inhibits the conversion of TG into NEFA and its transport into skeletal
muscle; ultimately, this prevents skeletal muscle from utilizing NEFA as fuel. In insulin resistant
subjects, a decreased response to insulin leads to hypertriglyceridemia. Excess NEFA in muscle
then inhibits glucose utilization, exacerbating hyperglycemia10.
When testing for insulin resistance, blood glucose is frequently the only biomarker used
for diagnosis even though insulin’s main role is lipolytic suppression. The inhibition of glucose
utilization in muscle due to high plasma NEFA is often overlooked clinically even though, in
many cases, it may be the cause of the hyperglycemia. Currently, diagnostic tests are centered
on insulin resistance in the liver and skeletal muscle while adipose insulin resistance, thought to
precede insulin resistance in other tissues, is often disregarded11.

Effect of Spices on Inflammation and Insulin Resistance

This thesis is an ancillary study from a trial designed to test the effect of spices on
inflammation in healthy and pre-diabetic individuals in response to a high fat meal. On three
separate occasions, subjects ate a high fat meal reflective of a typical American diet that
contained one of three levels of a spice blend. These spices included black pepper, basil, bay
leaf, cinnamon, cilantro, coriander, cumin, ginger, oregano, parsley, rosemary, red pepper
(capsaicin), thyme and turmeric (curcumin).
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Several of these spices have previously been shown to decrease inflammatory response
and positively affect blood glucose levels. Oral turmeric therapy in mice was shown to decrease
pro-inflammatory cytokine excretion from the liver and decrease macrophage entrance into
adipose tissue. Ultimately, these anti-inflammatory effects decreased blood glucose levels,
HbA1c, and improved glycemic status determined by insulin and glucose tolerance tests12.
Another study determined that cinnamon consumption of 1, 3, or 6 grams daily for 40
days could reduce serum glucose, LDL cholesterol, and triglyceride levels in people with type 2
diabetes. It was suggested that cinnamon could promote glycogen synthase and insulin receptor
kinase, increasing insulin sensitivity13.
Coriander is traditionally used as an herbal treatment for diabetes, and can induce
decreases in circulating LDL and triglycerides. This may be due to its role in its upregulating
HMG CoA reductase, a liver enzyme responsible for cholesterol biosynthesis14.

Inflammation and Insulin Resistance

In mice with high-fat-diet- induced obesity, there was an upregulation of inflammation in
white adipose tissue that caused increased secretion of insulin. This suggests that chronic
inflammation related to obesity is correlated with increased risk for insulin resistance15. High fat
diets and obesity have been shown to activate JNK and IKKβ/NF-κB inflammatory pathways in
adipose tissue. The activation of these pathways lead to an abnormal upregulation of insulinreceptor-substrate-1 phosphorylation. Additionally, these pathways induce production of
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cytokines including TNF-α, IL-6, resistin, and leptin, promoting the localized inflammation in
adipose tissue; this inflammation further contributes to the pathogenesis of insulin resistance16.
The impaired suppression of fatty acid release after a meal may lead to higher levels of
inflammation in subjects with insulin resistance. Chronic inflammation has been associated with
an increased risk for diabetes; subclinical levels of inflammatory markers such as IL-6 and CRP
are related to the development of type 2 diabetes. An individual with 4 out of 6 inflammatory
markers above the median value may have a 2 to 4 times higher risk of developing diabetes than
an individual with no markers above the median value16.

Significance

As of 2017, 9.4% of American adults have diabetes, and over 84 million are prediabetic17. Cardiovascular disease, a comorbidity of type 2 diabetes, is the leading cause of death
in the United States18. Those with diabetes frequently experience hypertension, high cholesterol
and triglycerides, obesity, and hyperglycemia, all symptoms known to increase the risk for
cardiovascular disease19. Of those individuals with type 2 diabetes, 70% will die from
cardiovascular disease20.Pre-diabetes affects 1 in 3 adult Americans with 70% of pre-diabetics
eventually progressing to diabetes21,22. Measures can be taken to reduce the risk of developing
diabetes including dietary intervention, increased physical activity, weight loss, smoking
cessation, and medication such as metformin23. But as diabetes statistics continue to climb,
alternative methods, such as spices, are being explored. Spices, in certain concentrations, were
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shown to prevent the decreased suppression of fatty acids in insulin resistant mice12. Promoting
the appropriate suppression of fatty acids postprandially may negate some of the consequences
of insulin insensitivity by decreasing inflammation24.
Understanding fatty acid metabolism and differences in uptake and release of fatty acids
from adipose is crucial as rates of obesity and diabetes continue to rise. An in-depth knowledge
of variation in adipose composition and how diet can affect NEFA may lead to better treatment
and prevention strategies for obesity, diabetes, and their complications.

Study Aims and Hypotheses

Previous studies have concluded that the degree of insulin sensitivity is related to rate of
adipocyte lipolysis25. Analyzing several different fatty acids may help discern the fatty acids
most affected by insulin resistance. In this study, saturated (myristic acid, palmitic acid, stearic
acid), monounsaturated (oleic acid), and polyunsaturated (linolenic acid) fatty acids were
analyzed. Preliminary testing showed these fatty acids had consistently high signals when
analyzed using gas chromatography.
We hypothesized that a high fat meal challenge would induce differences in
concentration and postprandial suppression between fatty acids. Additionally, we expected to see
different patterns among fatty acids of increasing and decreasing fractional abundance in
saturated and unsaturated fatty acids after the meal challenge. We expected that myristic acid
and stearic acid would be less suppressed than the other fatty acids following the high fat meal
just as they are less suppressed following a glucose challenge28.
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Pre-diabetic subjects have decreased suppression of fatty acids due to insulin resistance
when given a glucose challenge. Consequently, this study aims determine if there is a correlation
between fatty acid suppression and surrogate markers of insulin resistance in healthy and prediabetic individuals following a high fat meal challenge. Several surrogate markers of insulin
resistance, including baseline plasma glucose levels, triglyceride to HDL cholesterol ratio
(TG:HDL), BMI, and waist circumference, will be compared to NEFA suppression. We expect
that measures of NEFA suppression will correlate with these surrogate markers of insulin
resistance.
Finally, spices have been shown to alter causes of glycemic insulin resistance via
reduction of inflammation-induced lipemic insulin resistance9,10,11. We expect that higher levels
of spice blend will increase fatty acid suppression.

11

Chapter 2 Methods

Participants

My role in this study consisted of gathering and analyzing data from previously collected
plasma samples. Twelve men ages 45 to 65 were selected for this study. The inclusion criteria
included the following: nonsmoking, overweight or obese (BMI 25 to 35 kg/m2), increased waist
circumference (over 94 cm), with at least 1 additional cardiovascular risk factor, including
elevated LDL or elevated CRP. Six of the subjects were normoglycemic (fasting glucose below
100 mg/dL) and six subjects were pre-diabetic (fasting glucose between 100 mg/dL and 125
mg/dL). Diabetic individuals, (fasting glucose over 125 mg/dL), those taking anti-hypertensive,
cholesterol, or glucose-lowering drugs, and those having experienced weight loss totaling over
10% of their body weight in the past six months were excluded from this study.

Table 1: Participants (Average ±SD)
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Figure 3: Participant Selection

Design

This was a double-blind, controlled crossover feeding study. Sample size was based on a
previous study with 14 participants that showed significant reduction in triglycerides following a
high-spice meal. For the current study, the meal portion consisted of three meals of varying spice
level on three separate visits. On day 1, the subject’s blood was collected prior to the meal
(baseline); the subject then consumed a high-fat meal (1076 kcal, 39% kcal from saturated fat)
consistent with the typical American diet containing either 0, 2, or 6 grams of spice blend (black
pepper, basil, bay leaf, cinnamon, cilantro, coriander, cumin, ginger, oregano, parsley, rosemary,
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red pepper (capsaicin), thyme and turmeric (curcumin)). Blood was drawn at baseline, and 60,
120, 180, and 240 minutes after the meal. After a washout of three days, the subject consumed a
meal with a different level of spice and the same blood draw sequence was repeated for the
second and third visit.

Figure 4: Study Design

The blood samples collected during the trial were analyzed for NEFA using gas
chromatography. The blood was first centrifuged to separate plasma from red blood cells. Next,
total lipids were extracted from plasma. A surrogate mixture containing C13:0, C19:0, and C22:3
was added to the plasma along with hexane and acetone. After centrifugation, the supernatant
containing the fatty acids were mixed with hexane and centrifuged. The supernatant then
underwent methylation to produce fatty acid methyl esters (FAME) from NEFA. The extract was
dried under nitrogen and a pH 9 dibasic potassium phosphate and tetrabutylammonium hydrogen
sulfate buffer and iodomethane were added. After an addition of hexane, extracts were
centrifuged. The FAME were isolated under a vacuum and reconstituted using an internal
standard in hexane (C17: 1n9) and analyzed using a gas chromatograph mass spectrometer25.

14

Myristic acid (MA), palmitic acid (PA), stearic acid (SA), oleic acid (OA), and linoleic acid
(LA) were studied. Data points showing consistently low signal were excluded from results.

Statistical Methods

Differences in NEFA concentrations at different time points were tested using a mixed
model with repeated measures and post hoc analysis was done using a student’s t- test. Area under
the curve (AUC), found using the trapezoidal method, was used to determine differences in NEFA
suppression in relation to TG:HDL ratio. AUC was compared to metabolic characteristics using
both linear and semi-log regressions. All analyses were done using JMP Pro 14.0 (SAS Institute).
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Chapter 3 Results

Changes in Concentration of Total NEFA

MA and SA were less suppressed in response to a high fat meal challenge at 1 hour
compared to PA, OA, and LA (p<0.0001) (Figures 5 and 6). MA (Figure 5) was most suppressed
at 1 hour (34%, p=0.0002) and then returned to baseline at 4 hours. The remaining fatty acids
(Figures 5 and 6) were most suppressed from baseline at 2 hours (PA: 59%, p<0.0001; SA: 43%,
p<0.0001; OA: 68%, p<0.0001; LA: 71%, p<0.0001) and they remained suppressed through 4
hours following the meal challenge (Figures 5 and 6).

Figure 5: Suppression of saturated fatty acids over time
The average concentrations of myristic acid (MA), palmitic acid (PA), and stearic acid (SA)
are suppressed following the meal over a 4-hour period.
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Figure 6: Suppression of unsaturated fatty acids over time
The average concentrations of oleic acid (OA) and linoleic acid (LA) are suppressed following
the meal challenge over 4 hours.

Changes in Fractional Abundance of NEFA

At 1 hour, all fatty acids except PA increased as a percent of total when compared to
baseline (MA: 1.8%, 1 hr., 2.9%, p=0.0028; PA: 0 hr., 24%, 1 hr. 25% p=0.2808; SA: 0 hr., 8%,
1 hr., 10%, p=0.0086; OA: 0 hr., 33%, 1 hr. 27%, p=0.0005; LA: 0 hr., 24%, 1 hr., 22%,
p=0.0003; Figure 7). All saturated fatty acids (MA, PA, SA) increased as a percent of total
NEFA at 2 hours when compared to their abundance at baseline (MA: 0 hr., 1.8%, 2 hr., 3.7%,
p<0.0001; PA: 0 hr., 24%, 2 hr., 26%, p=0.009; SA: 0 hr., 8%, 2 hr., 12%, p<0.0001).
Unsaturated fatty acids decreased as a percent of total NEFA at 2 hours when compared to their
abundance at baseline (OA: 0 hr., 33%, 2 hr., 25%, p<0.0001; LA: 0 hr., 24%, 2 hr., 19%,
p<0.0001).

17

Figure 7: Percent of fractional NEFA abundance over time
Saturated fatty acids increased in fractional abundance between 0 and 2 hours while unsaturated
fatty acids decreased in fractional abundance.

Correlation between Fatty Acids and Markers of Insulin Resistance

All fatty acids were compared to surrogate markers of insulin resistance including BMI,
waist circumference, fasting plasma glucose, and TG:HDL. Aside from LA, no other fatty acids
were significantly correlated to any markers examined. LA was significantly correlated to
TG:HDL – as TG:HDL increased, area under the curve for plasma LA also increased (semi-log
regression; p=0.0095, R2= 0.59) (Figure 8).
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Figure 8: LA area under the curve and TG:HDL
As TG:HDL increased, LA AUC (a measure of NEFA suppression over time) also
increases.

Effects of Spice Blend

Figure 9 compares the decreasing total plasma NEFA concentration over time for each
level of spice blend. At baseline, NEFA concentrations for 6 grams of spice blend were
significantly lower when compared to 0 and 2 grams spice blend. Following the meal challenge,
there were no significant differences in total NEFA between spice blend treatments. This did not
change with when considering individual fatty acid suppression. Post hoc analysis of the
difference in baseline concentration revealed that the difference in NEFA concentration at
baseline for 6 grams spice blend was due to randomization of subjects and visit.
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Figure 9: Effect of spice blend on total NEFA
Total NEFA concentration is suppressed similarly regardless of dose of spice blend
consumed.
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Chapter 4 Discussion

Findings

Following a high fat meal challenge, we found PA, SA, OA, and LA were most
suppressed at 2 hours while MA was most suppressed at 1 hour. We also found saturated fatty
acids increased in fractional abundance over time following a high fat meal challenge while
unsaturated fatty acids decreased in fractional abundance. MA and SA responded similarly to a
high fat meal challenge as they do to a glucose challenge28 and they were suppressed less at 1
hour compared to the other fatty acids. Additionally, we anticipated to see a correlation between
fatty acids and insulin resistance. The only correlation we found was TG:HDL versus LA area
under the curve. No other fatty acids were significantly correlated with other markers of insulin
resistance. We also expected to see greater suppression of NEFA when subjects consumed a
meal with the highest level of spice blend due to a decrease in inflammation. Contrary to this
hypothesis, no absolute effect of spices were found on NEFA suppression.
Adipose tissue is composed predominantly of unsaturated fatty acids containing
approximately 43% OA and 11% LA in overweight individuals27. At baseline in our study, the
average plasma abundance of OA and LA was 34.95% and 18.42% respectively. We found that
these two fatty acids comprised the majority of plasma NEFA just as they comprise the majority
of fatty acids found in adipose tissue. Prior to the meal, insulin has not been released therefore
the fatty acids are not influenced by the suppressive effects of insulin; instead, plasma NEFA are
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affected by counter- regulatory hormones such as epinephrine that promote adipocyte lipolysis.
This suggests that the baseline NEFA distribution is most reflective of adipocyte composition
since plasma NEFA are not yet being effected by insulin or the fat content of the meal. As
insulin is released, unsaturated fatty acid decrease as a percent of total while saturated fatty acids
increase as a percent of total. Unsaturated fatty acids appear to be more sensitive to insulin’s
effects as they decrease as a percent of total following glucose-induced insulin release. Saturated
fatty acids, specifically MA and SA, may be less affected by insulin, as they increase as a percent
of total NEFA during the meal challenge28. Additionally, the high fat meal contained a higher
percentage of saturated fat than unsaturated fat, which may also contribute to the increase in SA
and MA.
Based on our results and previous studies, we propose three mechanisms to explain the
changes seen in NEFA abundance following the meal. 1) The chain length and degree of
saturation are key determinants of what fatty acids will be released via lipolysis, with unsaturated
fatty acids more readily mobilized than saturated29. In our study, we saw that 18 carbon,
unsaturated fatty acids (OA and LA) comprised the majority of plasma NEFA at baseline. Before
the meal, the adipocytes were likely undergoing their highest rate of lipolysis during the study,
releasing mainly unsaturated fatty acids. Postprandially, as intracellular lipolysis slowed under
the effects of insulin, the percent of total unsaturated fatty acids falls as saturated fatty acid levels
rose. As the high proportion of saturated fatty acids in the meal began to alter the percent of total,
the effects of preferential unsaturated fatty acid release was mitigated.
2) Compositional differences in visceral and subcutaneous adipose depots may contribute
to postprandial changes in NEFA30. The differences in these depots may result in some
individual’s adipose being more or less sensitive to insulin; depots more sensitive to insulin
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would result in more effective suppression of fatty acids postprandially than depots that are less
sensitive to insulin. Individuals with greater central adiposity are at greater risk for insulin
resistance. These same individuals tend to have higher concentrations of saturated fatty acids,
including MA and SA, within their adipocytes31. Adipose that is more insulin resistant may
contain higher proportions of SA and MA than other, more sensitive adipose, as we saw that SA
and MA were least effected by insulin.
3) Chylomicron spillover may also contribute to the increasing fractional abundance of
saturated fatty acids postprandially32. Chylomicrons synthesized in the small intestine sequester
dietary fat, often exceeding their carrying capacity. Spillover occurs when there is incomplete
absorption of excess lipids contained within the chylomicron leading to LpL-mediated lipolysis
on the chylomicron’s contents. NEFA, the products of lipolysis, are then released into the
plasma33. The high fat meal challenge contained a high proportion of saturated fat (39%
saturated fat) and when analyzed, we saw an increasing abundance of saturated fatty acids. This
may be attributed to chylomicron spillover.
Linoleic acid was the only fatty acid to be correlated with insulin resistance. We saw that
at lower TG: HDL, LA was more suppressed (lower area under the curve). Subjects that were
more sensitive to insulin likely had a lower TG:HDL and because they responded appropriately
to insulin, LA was more suppressed. LA is shown to be negatively correlated with type 2
diabetes which may explain the correlation between low TG:HDL and greater suppression of LA
that we observed34.
No effect of the spice blend on NEFA suppression was observed in this study. An acute
dose of spice blend was likely unable to alter fatty acid metabolism within the adipocyte. The
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spices were given over a short period of time and may not have been able to decrease
inflammation significantly, hence they could not positively effect NEFA suppression. The
difference in concentration of total NEFA at baseline for 6 grams of spice was not due to the
spice blend as the meal had not yet been consumed. The randomization process that determined
the grams of spice blend administered at each visit resulted in a majority of subjects receiving 6
grams of spice blend on visit 3. This may contribute to the significant difference in plasma
NEFA concentration at baseline for 6 grams spice blend.

Strengths and Limitations

This study has several strengths. First, we collected detailed data at baseline and
continued to collect data over time; and several time points were gathered over 3 separate visits
for each subject. The crossover design of the study allowed each subject to serve as his own
control. We had excellent methods to measure individual fatty acids and we were able to
measure multiple fatty acids concurrently. Additionally, a high fat meal challenge used to study
insulin sensitivity and hyperlipidemia gives new insights into the postprandial effects of a meal;
typically, a glucose challenge is used to study effects of insulin.
A limitation is that the meal itself contained a high proportion of coconut oil, which
because of its high MA content, may have skewed the results for MA. If another fat source, such
as olive oil or butter was used, we may have seen different results for MA. Secondly, the spice
mixture was a blend of spices so we were unable to analyze the effects of individual spices.
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Conclusion

As rates of obesity and its comorbidities continue to climb, an understanding of fatty acid
metabolism is crucial for prevention and treatment. Increasing adipocyte size may alter its uptake
and release of fatty acids, so studying adipocyte metabolism is necessary to understand obesity’s
implications for insulin resistance. This study determined that in response to a high fat meal
challenge, SA and MA were metabolized differently than other fatty acids, suggesting that
measuring these fatty acids is a potential method to identify individuals with poorly functioning
adipocytes. This is the first time, to our knowledge, that this approach has been applied in the
context of a high fat meal. Future studies should investigate differences in suppression in normal
weight pre-diabetics and obese pre-diabetics, as there may be differences in adipose composition.
A larger study is required to determine if spice intake can affect the acute response of NEFA to
insulin.
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