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A number of studies have been conducted to evaluate the effects of vegetable oils with

varying percentages of monounsaturated and polyunsaturated fatty acids on insulin resis-

tance. However, there is no report on the effect of avocado oil on this pathologic condition.

The aim of this work was to evaluate the effect of avocado oil on sucrose-induced insulin

resistance in Wistar rats. An experimental study was carried out on Wistar rats that were

randomly assigned into six groups. Each group received a different diet over an 8-week

period (n ¼ 11 in each group): the control group was given a standard diet, and the other

five groups were given the standard feed plus sucrose with the addition of avocado oil at 0%,

5%, 10%, 20%, and 30%, respectively. Variables were compared using Student t test and

analysis of variance. Statistically significant difference was considered when p < 0.05. Rats

that were given diets with 10% and 20% avocado oil showed lower insulin resistance

(p¼ 0.022 and p¼ 0.024, respectively). Similar insulin resistance responses were observed in

the control and 30% avocado oil addition groups (p ¼ 0.85). Addition of 5e30% avocado oil

lowered high sucrose diet-induced body weight gain in Wistar rats. It was thus concluded

that glucose tolerance and insulin resistance induced by high sucrose diet inWistar rats can

be reduced by the dietary addition of 5e20% avocado oil.

Copyright © 2016, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan

LLC. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
Current estimates suggest that there are approximately 285
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middle- and low-income countries where 70% of the in-

dividuals have diabetes. According to predictions for the year

2030 made by the American Diabetes Association (2009), it is

possible for the global figure to increase to 438million persons

with diabetes, half of whom may be unaware of their condi-

tion [2].

The change in dietary habits and a sedentary lifestyle are

the two main causes responsible for the development of Type

2 diabetesmellitus, when insulin resistance is established as a

previous condition. Insulin resistance is ametabolic condition

associated not only with diabetes mellitus but also with

multiple disorders such as high blood pressure, dyslipidemias,

and cardiovascular complications, among others, which can

have an equally great impact on morbidity and mortality

[3e5].

“Insulin resistance” is defined as a clinical state in which

the patients can presentwith normal or elevated insulin levels

in plasma, but their biological response is diminished [6,7].

There is a reduced insulin response in the tissues, particularly

muscle and adipose tissues, accompanied by an increase in

insulin synthesis, which in turn, causes the compensatory

hyperinsulinemia that tries to maintain glucose levels within

the normal range [7,8].

It is well-established that diet plays a predominant role in

the development of insulin resistance, and one high in fats

and carbohydrates triggers this metabolic condition. Howev-

er, a generalized contemplation of a reduction in fat intake as

a strategy for controlling insulin resistance without consid-

ering its specific types, along with the scientific evidence at

the experimental and clinical levels that has reported re-

sponses to this metabolic conditionwith saturated fatty acids,

monounsaturated fatty acids (MUFAs), and polyunsaturated

fatty acids (PUFAs) [9e11], is a relevant area that should be

investigated.

The concentration of MUFAs in avocado oil reaches up to

85% of the total fatty acid [12,13]. Some reports suggest that

these oils favor glycemic control and lipid profile improve-

ment in patients with diabetes mellitus and hypercholester-

olemia, respectively [14,15]. It prevents the development of

dyslipidemias in rats [16] and cholesterol-induced athero-

sclerosis in rabbits [9,17].

Based on the aforementioned findings, this study was

carried out taking into consideration the following four rele-

vant aspects of current knowledge: (1) evidence shows that

oils with a higher content of PUFAs and MUFAs are associated

with lower insulin resistance [18,19]; (2) the nature and

composition of avocado oil in relation to MUFAs [12,13]; (3)

controversial evidence regarding the participation of PUFAs in

insulin resistance [20,21]; and (4) there are no data concerning

the effect this particular oil could have on the development

and progression of insulin resistance. With respect to the

latter aspect, this study provides scientific evidence that, at

the experimental level, avocado oil intake could prevent the

development of insulin resistance.

With regard to the aforementioned points, high-

carbohydrate diets are thought to cause the development of

short-term insulin resistance [22]. Insulin resistance was

developed in rats that were fed sucrose-rich diets for 8 weeks

at a magnitude similar to that of rats receiving high-fat diets,

but without developing the generalized visceral obesity [7].
2. Materials and methods

The experimental design of this study was conducted in

accordance with NOM-062-ZOO-1999, the official Mexican

regulation on the production, care, and management of lab-

oratory animals [23]. A total of 66 male Wistar rats were used

in this experimental protocol and were obtained from the

Laboratory Animal Care Facility of the Faculty of Medicine

(University of Colima, Colima, M�exico). The weight of the rats

varied from 150 g to 250 g and their ages varied from 45 days to

60 days. They were housed in polypropylene boxes (Harlan

Laboratories, Inc. Indianapolis, Indiana, USA) at room tem-

perature (25�C), with light/dark cycles of 12/12 hours and had

access to feed and water ad libitum.

2.1. Experimental design

During the first week of the study, the animals went through

the process of adapting to the management, the conditions of

space, feed, and water dispensers; in addition, a daily register

was kept to verify the growth rate, appearance, and behavior

of the animals. At the end of this stage, the fasting blood

glucose level was determined for each of the rats for identi-

fying those that might have blood glucose levels above

100 mg/dL. These rats were removed from the study. The rats

were then randomly assigned to one of the following six

experimental groups: control (C), standard diet plus sucrose

(SU), standard diet plus sucrose and 5% avocado oil (AO5),

standard diet plus sucrose and 10% avocado oil (AO10), stan-

dard diet plus sucrose and 20% avocado oil (AO20), and stan-

dard diet plus sucrose and 30% avocado oil (AO30).

The intraperitoneal glucose tolerance test (IPGTT) was

performed on each rat as described by Jalal et al [24], and they

were then continuously fed the diet corresponding to each of

the study groups for 8 weeks. This was a sufficient length of

time according to previous studies within which insulin

resistance could be developed in male Wistar rats [25,26]. The

rats in the control group (C) received standard feed for rodents

(rodent laboratory chow) and potable water on demand. The

rats in the other groups received potable water with 15% dis-

solved sucrose ad libitum [25]. This solutionwas given to the SU

group, as well as to the other four groups receiving the stan-

dard diet plus sucrosewith the addition of different quantities

of avocado oil: 5% (AO5), 10% (AO10), 20% (AO20), and 30%

(AO30). These percentages were determined by taking into

consideration a wider range including the concentrations of

8% and 15% that were used in previous studies [20,27e29].

At the end of the 8-week study period, a new IPGTT was

carried out for each study rat; 1 week later, an IPITT was per-

formed to determine insulin resistance as suggested by Bonora

et al [30] and Muniyappa et al [31]; baseline glucose level was

measured and after 8 hours of fasting, 0.75 IU/kg of insulin was

administered intraperitoneally after which the blood glucose

levelsweremeasuredat 5minutes, 10minutes, and15minutes.

2.2. Feed and avocado oil

Special feed for rodents (rodent laboratory chow 5001) was

used and its formula is designed to minimize the nutritional

http://dx.doi.org/10.1016/j.jfda.2015.11.005
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variables in lengthy studies with rats,mice, and hamsters; it is

produced by Purina S.A. de C.V. in the form of pellets. The oil

used in the study was extracted from the “San Lucas” com-

mercial brand of Hass avocado pulp (Maprinsa S.A. de C.V.

Company).
2.3. Preparation

The original feed pellets were crushed and mixed with the

avocado oil in the required percentages (i.e., 5%, 10%, 20%, and

30%). To prepare 1000 g of feed at 5%, 950 g of feedwas crushed

and mixed with 50 g of avocado oil; to obtain the 10% prepa-

ration, 900 g of feed was mixed with 100 g of oil; for the 20%

formula, 800 g of feed was mixed with 200 g of oil, and for the

30% preparation, 700 g of feed was mixed with 300 g of oil. To

the resulting mixture, 200 g was added to form feed bits with

the help of a mold. The bits were completely dried by evapo-

ration at room temperature, and once the added water was

eliminated, they were fed to the corresponding rat groups.
2.4. Intraperitoneal glucose tolerance test

Twelve hours before the study, the rats were put on fasting

with only free access to water. To start the glucose level

measurements, the animals were anesthetized intraperito-

neally with a dose of 40 mg/kg of sodium pentobarbital

(Anestesal) after which there was a 15-minute stabilization

period. A blood sample was then drawn from the tip of the tail

to quantify the blood glucose level in a control condition; a

dose of 2 g/kg of glucose (Pisa) was administered intraperito-

neally from a 40% solution [24,32]. The glycemia levels were

determined at 30 minutes, 60 minutes, and 120 minutes after

the administration of the glucose solution. The blood samples

(200 mL and 500 mL) were taken at the tip of the tail of each rat

and were deposited in tubes for microsamples; once it coag-

ulated, the serumwas separated by centrifugation at 900g and

stored at �70�C for later glucose measuring. Quantification

was determined in triplicate by the enzymatic-colorimetric

method using glucose oxidase (Spinreact S.A.U. Spain), and

absorbance was measured using a spectrophotometer at

505 nm (Ultrospec 1000, Pharmacia Biotech).
2.5. Quantification of the glucose tolerance area under
the curve

The trapezoidal rule described in previous studies was

employed [24,33], using the following formula:

AUCGlucose ¼ (G0 þ G30/2)30 þ (G30 þ G60/2)30 þ (G60 þ G120/2)60

where:

AUCGlucose ¼ glucose tolerance area under the curve;

G0 ¼ baseline fasting glucose level;

G30 ¼ glucose level at 30 minutes after glucose

administration;

G60 ¼ glucose level at 60 minutes after glucose adminis-

tration; and
G120 ¼ glucose level at 120 minutes after glucose

administration.
2.6. Intraperitoneal insulin tolerance test

This test was carried out to quantify insulin resistance in the

study rats. According to previous reports, the euglycemic and

hyperglycemic glucose clamp shows a good correlation when

the first 15 minutes of the test are taken into account [30,31].

Before the study began, all animals were in a fasting state for

12 hours and only had free access to water. To begin the

measuring, the rats were anesthetized intraperitoneally with

sodium pentobarbital (Anestesal) at a dose of 40 mg/kg. They

thenhadastabilizationperiodof 15minutesafterwhichablood

sample (200e500mL)wastakenfromthetipof the tail toquantify

the baseline glycemia level. Fast-acting crystalline insulin

(Humolin, Eli Lilly Company) was administered intraperitone-

allyatasingledoseof0.75IU/kg fromadilutionwith0.5 IU/mLof

isotonic saline solution (0.9% sodium chloride). Blood samples

forquantifying thebloodglucose levelswere takenat5minutes,

10minutes, and15minutesafter insulinapplication.Theserum

of theblood samplewas separatedbycentrifugationat 900gand

frozen at �70�C for later glucose concentration determination,

again employing the enzymatic-colorimetric method with

glucose oxidase (Spinreact S.A.U.). In addition, absorbance was

measuredusingaspectrophotometerat505nm(Ultrospec1000,

Pharmacia Biotech).

2.7. Insulin tolerance area under the curve

This curve was quantified from the four blood glucose level

values (including the baseline value) according to the trape-

zoidal method proposed by Ghafoorunissa et al [34], using the

following formula:

AUCInsulin ¼ (G0 þ G5/2)5 þ (G5 þ G10/2)5 þ (G10 þ G15/2)5

where:

(AUC)Insulin ¼ insulin tolerance area under the curve;

G0 ¼ baseline fasting glucose level;

G5 ¼ glucose level at 5 minutes after insulin

administration;

G10 ¼ glucose level at 10 minutes after insulin adminis-

tration; and

G15 ¼ glucose level at 15 minutes after insulin

administration.
2.8. Statistical analysis

All the results are expressed as means± standard errors. To

compare the differences between means obtained at the

beginning and at the end of the study, the Student t test for

paired samples was used; Comparisons between two study

groups were analyzed with the Student t test for independent

samples. The cases in which variances were not homoge-

neous between groups were analyzed using the Wilcoxon

http://dx.doi.org/10.1016/j.jfda.2015.11.005
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rank sum test. The Pearson correlation was used to estimate

the relation between the percentage of avocado oil and the rat

body weight gain.

One-way analysis of variance was used for the simulta-

neous analysis of all the groups, and the differences between

specific groups were analyzed with the Scheff�e post hoc test.

Statistically significant differences were considered to exist

when p < 0.05. The SPSS version 15 program (SPSS Inc., Chi-

cago, IL, USA) was used to carry out the statistical analyses

and compose the graphs.
Figure 1 e Body weight gain. The means (bars) of body

weight gain for each rat group over the 8-week study

period: control (C), the group with sucrose (SU), and the

four groups with avocado oil added to their diet at

concentrations of 5% (AO5), 10% (AO10), 20% (AO20), and

30% (AO30). *p < 0.05 compared with the SU group and

calculated with one-way analysis of variance and the

Scheff�e post hoc test.

Figure 2 e Correlation between body weight gain and the

percentage of avocado oil. Body weight gain was lower

when the avocado oil concentration was higher. The

avocado oil concentrations added to the diet were 5%

(AO5), 10% (AO10), 20% (AO20), and 30% (AO30). The

Pearson coefficient was ¡0.53 with p ¼ 0.001.
3. Results

During the study period (8 weeks), 64 out of 66 Wistar rats

were divided into six groups (two rats died, SU and AO30

groups): 11 rats were assigned to the control group (C) and

were fed the standard diet; 10 rats were given the standard

diet plus sucrose (SU); and 43 rats were fed a sucrose-based

diet to which different quantities of avocado oil were added:

11 with 5% (AO5), 11 with 10% (AO10), 11 with 20% (AO20), and

10 with 30% (AO30). All the rats had access to water ad libitum.

The following variables were measured in each rat at the

beginning and at the end of the 8-week period: body weight,

fasting serum glucose, and glucose tolerance. Insulin resis-

tance was determined by the insulin tolerance curve at the

end of the experimental period.

3.1. Body weight

At the beginning of the study, body weight was similar in all

the groups, and no statistically significant difference among

them was found (p ¼ 0.935); however, during the time they

were fed the different diets, all the groups had the following

increases in body weight: 120.4 ± 41.9 g (control group);

149.5 ± 31.2 g (SU group); 107.9 ± 21.1 g (AO5 group);

105.72 ± 18 g (AO10 group); 89.5 ± 31.2 g (AO20 group); and

74.3 ± 11.3 g (AO30 group). As can be seen in Figure 1, themean

of the greatest body weight gain occurred in the group of rats

that were fed the standard diet plus sucrose and the mean of

the least weight gain (p < 0.05) occurred in the group of rats

that were fed the standard diet to which 30% avocado oil had

been added.

Through a correlation analysis (Figure 2) it was found that

the effect of diet on rat weight was inversely proportional to

the progressive increase in the percentage of avocado oil

added to the diet (correlation coefficient of �0.53; p ¼ 0.001).

3.2. Fasting blood glucose levels

At the beginning of the study, the mean value of the fasting

blood glucose levels was similar in all groups (p ¼ 0.148), as

shown inFigure3: 75.6±2.9mg/dL (control group), 79.8±3.3mg/

dL (SUgroup), 76±2.2mg/dL (AO5group), 77.3±1.6mg/dL (AO10

group), 82.8± 1.7mg/dL (AO20 group), and 81.7± 2mg/dL (AO30

group). At the end of the 8-week period, themean fasting blood

glucose levelswereas follows: 81.12± 2.4mg/dL (control group),

66.9 ± 4.4 mg/dL (SU group), 84.6 ± 2.6 mg/dL (AO5 group),

66.7± 2.7mg/dL (AO10 group), 90.0± 3mg/dL (AO20 group), and

105.1 ± 2.8 mg/dL (AO30 group).
When comparing the initial and final fasting blood glucose

levels, the SU group presented with a significant decrease

(p ¼ 0.032) and the same was observed in the AO10 group

(p ¼ 0.001). By contrast, there was a significant increase in the

AO30 group (p ¼ 0.001; Figure 3). No statistically significant

differences in glucose levels were registered in the other

groups. The mean of the lowest fasting glucose level was

http://dx.doi.org/10.1016/j.jfda.2015.11.005
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Figure 3 e The fasting blood glucose levels at the beginning

and the end of the study. The figure shows the means of

the fasting blood glucose levels obtained at the beginning

(dark-shaded bars) and the end (light-shaded bars) of the 8-

week study period. The letters and numbers represent the

different groups and moment in time: FAO5 ¼ final

standard diet plus sucrose and 5% avocado oil;

FAO10 ¼ final standard diet plus sucrose and 10% avocado

oil; FAO20 ¼ final standard diet plus sucrose and 20%

avocado oil; FAO30 ¼ final standard diet plus sucrose and

30% avocado oil; FC ¼ final control; FSU ¼ final standard

diet plus sucrose; IAO5 ¼ initial standard diet plus sucrose

and 5% avocado oil; IAO10 ¼ initial standard diet plus

sucrose and 10% avocado oil; IAO20 ¼ initial standard diet

plus sucrose and 20% avocado oil; IAO30 ¼ initial standard

diet plus sucrose and 30% avocado oil; IC ¼ initial control;

ISU ¼ initial standard diet plus sucrose. *p < 0.05 (final

blood glucose level compared with all the rat groups,

calculated by one-way analysis of variance and the Scheff�e

post hoc test). **p < 0.05 (final blood glucose level in

comparison with the standard diet plus sucrose and AO10

groups by Student t test). AO10 ¼ group received standard

diet plus sucrose and avocado oil at a concentration of 10%.

Figure 4 e Increase in the glucose tolerance area under the

curve of the six study groups, obtained from the difference

of the initial and final values. In addition, the standard

errors of each group are shown: control (C), group with

sucrose (SU), and the four groups with avocado oil at

concentrations of 5% (AO5), 10% (AO10), 20% (AO20), and

30% (AO30). *p < 0.05 in relation to the standard diet plus

sucrose group (SU), calculated with one-way analysis of

variance and the Scheff�e post hoc test.
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registered for the SU and AO10 groups (p ¼ 0.018) and the

mean of the highest level was obtained for the AO30 group

(p ¼ 0.04).
3.3. The glucose tolerance curve

At the end of the 8-week period, the glucose tolerance area

under the curve (AUC) increased in all groups (p < 0.001). The

area for the study groups showed the following increase:

4188 ± 716 mg/dL/min � minutes (control group),

10,257± 788mg/dL/min�minutes (SU group), 4928 ± 1070mg/

dL/min � minutes (AO5 group), 7380 ± 827 mg/dL/

min�minutes (AO10 group), 7443± 899mg/dL/min�minutes

(A20 group), and 10,629 ± 1151 mg/dL/min � minutes (AO30

group). These increases are shown in Figure 4.

The two rat groups that had the mean of the highest AUC

(p ¼ 0.011) were the SU group and the AO30 group, indicating

the poorest glucose tolerance. The control group and the AO5

group registered the greatest glucose tolerance, and the AUC
increase was lower in the AO5 group compared with the rest

of the experimental groups in relation to the control group

(p¼ 0.002 and p¼ 0.011, respectively). During the 8-week study

period, the glucose tolerance AUC increased by 30% in the

control group and by 46.9% in the AO5 group versus 88% in the

SU group and 98.5% in the AO30 group.

3.4. The insulin tolerance curve

Insulin resistance was determined through the insulin toler-

ance curve as described in previous studies [30], in which

greater AUCs corresponded to lower insulin resistance. With

this in mind, following the 8-week period, the means of in-

sulin resistance of all the study groups were compared. The

AO10 and AO20 groups registered a mean lower insulin

resistance (p ¼ 0.022 and 0.024, respectively), with greater in-

sulin tolerance AUCs (249.8 ± 23.9 and 248.9 ± 35.9 mg/dL/

min�minutes), comparedwith themean area of the SU group

(127.3 ± 17 mg/dL/min � minutes).

Using the Student t test to independently compare the SU

group with each of the groups in which avocado oil was added

to the diet, all of the latter registered lower insulin resistance:

AO5 (p ¼ 0.0014), AO10 (p ¼ 0.003), AO20 (p ¼ 0.006), and AO30

(p¼ 0.04, Figure 5). Thus, for rats in the AO10 andAO20 groups,

it was possible to prevent the development of sucrose-

induced insulin resistance.

With regard to the rats in the AO30 group, themean insulin

tolerance AUC was 179.5 ± 26.9 mg/dL/min � minutes, and

therefore, insulin resistancewas similar (p¼ 0.9) to that found

in the control group rats, in which the obtained value was

164.5 ± 15.3 mg/dL/min � minutes.

http://dx.doi.org/10.1016/j.jfda.2015.11.005
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Figure 5 e Insulin tolerance curve. The figure shows the

means ± standard error of the area under the curve for

each of the study groups. The asterisks (*) indicate the

groups whose means were significantly different (p < 0.05)

when compared with the SU group. Each bar represents

the mean of the areas under the curve after the application

of 0.75 IU/kg of insulin to each rat. The larger the bar, the

greater the insulin sensitivity. AO5 ¼ group received

standard diet plus sucrose and avocado oil at a

concentration of 5%; AO10 ¼ group received standard diet

plus sucrose and avocado oil at a concentration of 10%;

AO20 ¼ group received standard diet plus sucrose and

avocado oil at a concentration of 20%; AO30 ¼ group

received standard diet plus sucrose and avocado oil at a

concentration of 30%; C ¼ control group; SU ¼ group that

received standard diet and sucrose.
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4. Discussion

Previous studies carried out on animals, as well as on human

patients, have noted that oils rich in unsaturated fatty acids

are responsible for blocking the development of insulin

resistance induced by high-fat diets [35,36] or those with

simple monosaccharides [27,28]. Some oils with greater

quantities of MUFAs, such as olive oil [10,11] and peanut oil

[29], have been shown to have preventive effects on the

development of insulin resistance.

In this study, the high sucrose diet caused greater insulin

resistance over an 8-week period, as described in previous

studies [37,22]; however, there was an improvement in insulin

sensitivity in the rat groups that received avocado oil in their

diets, up to 96.2% in the AO10 group (Figure 5). Previous

studies have reported the prevention of insulin resistance by

using other oils in an experimental model similar to that of

this study, but the results were different from those found

with avocado oil. Podolin et al [27] reported a 21% reduction in

insulin resistance using fish oil [27]; Ghafoorunissa et al [28]

reported a 16% reduction using the same oil and so did

Peyron-Caso et al [20] who reported reductions of up to 41.9%.

According to the results of our study, avocado oil, which

contains 85% MUFA [12,13], increased insulin sensitivity in

rats in which insulin resistancewas induced by a sucrose-rich

diet.
The sucrose-induced insulin resistance model is stable,

given that simple carbohydrate-rich diets have been described

to trigger this process in the short term [22,38], unlike other

models, such as the high-fat diet that has the unwanted effect

of developing generalized visceral obesity [7,39].

Some studies emphasize the beneficial effects of MUFAs in

improving insulin sensitivity [28,29], but one of them used a

different proportion of oil, starting at 3% and going up to 14%

[35,20]. Our study results also support the beneficial effect of

MUFAs on insulin sensitivity at the proportions mentioned

before. The addition of 5e20% of avocado oil to the sucrose-

rich diet that was given to rats increased insulin sensitivity,

which was determined by calculating the insulin tolerance

AUC. It is important to mention here that the addition of 30%

of avocado oil to the diet had the tendency to modify insulin

resistance, although the effect was lower and statistically

insignificant when compared with the AO10 and AO20 groups

(41% vs. 95.5%, p ¼ 0.07; Figure 5). In addition, glucose toler-

ance was lower in the AO30 group. This effect with 30% avo-

cado oil could be due to the excessive increase in free fatty

acids, which alters insulin signaling, a mechanism that favors

the development of insulin resistance [40], as reported by Han

et al [21]. They administered 20% of oleic acid in rats intra-

venously, registering an elevation in insulin resistance.

Insulin resistance is a pathophysiologic state in which the

tissue response to the action of this hormone is diminished,

even though circulating fasting blood glucose levels vary be-

tween what are considered normal and even elevated pa-

rameters [7,8].

At the end of the 8-week study period, lower baseline

glucose levels were registered in two groups of insulin

resistance-induced rats (final standard diet plus sucrose and

final standard diet plus sucrose and 10% avocado oil groups;

Figure 3). This difference could be the result of a greater

entrance of glucose into sensitive cells due to greater insulin

release secondary to the constant stimulus exerted by sucrose

[41].

The AUC of the glucose tolerance test has been used as an

index for insulin resistance by considering that a reduction in

the blood glucose levels depends on both insulin quantity and

quality for exerting its hypoglycemic effect [42]. Following this

line of thought, in this study, the chronic feeding of sucrose to

the rats lowered glucose levels, as long as oleic acid is present

in the avocado oil, which possibly favored insulin signaling

[35]. This allowed the beta cells tomaintain insulin production

and counterbalance the hyperglycemic effect of sucrose [13];

moreover, we observed that avocado oil concentrations at 30%

caused lower glucose tolerance, facilitating hyperglycemia

sustained for a longer period during the glucose tolerance test.

This was probably due to the fact that this concentration

(avocado oil at 30%) favored the accumulation of free fatty

acids [21,40].

Different mechanisms are implied in the regulation of in-

sulin resistance by addingMUFA-rich oils, such as avocado oil,

to the diet [13]. Existing evidence suggests that PUFA dietary

intake increases cell membrane fluidity in all cells, and a

reduction in the development of sucrose-induced insulin

resistance in rats has been reported with the addition of 10%

fish oil to their diet [28]. With respect to oleic acid, it is the

primary lipid in avocado oil (75%); besides, it is also one of the

http://dx.doi.org/10.1016/j.jfda.2015.11.005
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main components of cell membranes, which is responsible for

their fluidity [43,44]. Gerhard et al [45] reported on another

implied mechanism. They suggest that oleic acid, on its way

through the intestine, induces greater release of the incretins,

GIP and GLP-1, that in turn, improve insulin sensitivity [45];

these hormones are released by the K and L intestinal cells of

the duodenum and jejunum [46].

It is a known fact that insulin resistance presents with

elevated levels of tumor necrosis factor-alpha (TNF-a), which

favors phosphorylation of serine residue in the molecules of

the insulin signaling cascade, in turn blocking the phosphor-

ylation of tyrosine residue that is necessary for continuing the

signaling [47,48]. Vassiliou et al [13] experimentally proved the

reversal of this effect using avocado oil. The study concluded

that the oleic oil in avocado was effective in reversing the

inhibitory effect of the inflammatory cytokine TNF-a on in-

sulin production in rat pancreatic beta cell line INS-1 [13].

It is also known that in individuals predisposed to obesity,

MUFAs modify some polymorphisms, resulting in lower

obesity indices and lower insulin sensitivity. Warodomwichit

et al [49] found a lower risk for obesity in patients carrying the

11391A allele for adiponectin (odds ratio ¼ 0.52, 95% confi-

dence interval, 0.28e0.96, p ¼ 0.031) when MUFA intake was

high (�13%). Stearoyl-CoA desaturase catalyzes fatty acid

desaturation in the liver when there is not enough fat in the

diet; on the one hand, the increase in the activity of this

enzyme has been related to the development of insulin

resistance, and on the other hand, dietswithMUFAs reduce its

action, thus blocking the development of insulin resistance

[50]. All the physiologic mechanisms described above have

one great objectived“to reduce insulin resistance.”
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