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Introduction

The medicinal relevance and the potential health benefits of
avocado pear in the treatment of diverse disease conditions have been
reported. However, a few epidemiological data exist on the effects of the
mode of consumption of avocado on diet quality, weight management,
and lipoglycemic profile in diabetic and other metabolic disease
conditions. Persea americana commonly known as the “Avocado pear”,
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“Alligator pear”, or Mexican avocado is a fruit tree whose various parts
contain a variety of essential nutrients and important phytochemicals [1-
5] contributing to its reported enormous potential health benefits. Diets
rich in monounsaturated fats like those in avocado may reduce the risk of
developing type 2 diabetes [6] while in those suffering from type 2
diabetes, monounsaturated fat diets have been reported to decrease fasting
blood glucose [7], glycosylated haemoglobin (HbALc) [8], fasting insulin
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with improved insulin sensitivity [9] and postprandial insulin response
[10]. Avocado contains a unique sugar (D-manno-heptulose) that may
help blood glucose control by reducing glycolysis without energy
contribution [11,12]. While some studies [13-15] using healthy animals
and human subjects revealed that avocado impacts positive benefits on
weight gain, cholesterol, blood sugar levels and, insulin sensitivity, other
studies [16-18] however, reported mixed findings. Observational studies
revealed that mode of consumption of avocado vary in individuals
influenced by various factors including culture, custom, environment,
season, choice, traditions, and beliefs. Whether the mode of preparation
and consumption of this fruit has effect or not on its potential benefits was
a point of attraction investigated in this nutritional study along with the
determination of its effect on body weight gain, lipid profile, glycemic
tolerance and control. In this study, avocado fruit mesocarp was prepared
and processed in two forms (aqueous extract and diet-supplemented
forms) for consumption by the diabetic rats. In recent times, nutritional
studies have gained a strong focus in proffering solutions to most diet-
related disorders. However, more studies are required to provide adequate
epidemiological data on diet quality, weight management, and
lipoglycemic profile in diabetic and other metabolic disease conditions.
This experimentally-controlled nutritional study therefore, determined the
metabolic, lipoglycemic, and anthropometric impacts of avocado fruit
mesocarp prepared and consumed in two different forms in alloxan-
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induced diabetic rats with the rationale to provide rational basis for dietary
selection, advice and recommendations where necessary, for optimal
benefits and, therapeutic effects.

Materials and Methods
Preparation of Aqueous Extract of Persea americana

The ripe and unsoftened avocado pear purchased from our local
market was washed and properly cleaned with distilled water. The outer
green thin layer (exocarp) was peeled and discarded to expose the
underlying mesocarp which was cut and weighed. 200g of the peeled
mesocarp was homogenized with 400 ml of distilled water to a fine and
smooth texture form using a laboratory blender. The aqueous mixture of
avocado mesocarp was weighed and stored in refrigerator at 4°C. Fresh
portion of the mesocarp extract was prepared each week for oral
administration.

Test Feed and Composition

The composition of the control and avocado-supplemented
diets in this study was prepared based upon the standard diet formulas
used to assess weight gain in rodents during commercial feeding studies.
Table 1 shows the composition of the control and test diets.

NUTRIENT INGREDIENTS USED | NORMAL DIET | AVOCADO-
COMPONENTS (CONTROL) SUPPLEMENTED
(% per 100g of feed) | (TEST) DIET
(% per 100g of feed)
Carbohydrates Maize 40% 40%
Wheat offal 15% 15%
Fat and Oil Palm kernel cake 20% 20%
Groundnut cake
Soya bean meal 10% 10%
10.5% 10.5%
Protein Oyster shell 1.0% 1.0%
Bone meal 3.0% 3.0%
Vitamins Growth premix 0.25% 0.15%
Mineral Salt Salt 0.25% 0.25%
ADDITIVES Avocado - 0.1%
TOTAL 100% 100%

Table 1: Percentage Composition of Control and Test Diets

Experimental Animals and Diets

Twenty-one male Wistar rats (Rattus norvegicus) weighing
above 150g were obtained from the disease-free stock of a farm in Ife,
Osun state, Nigeria. The animals were kept in polypropylene cages with
stainless wire mesh top in a well-ventilated animal house maintained at
normal and standard laboratory conditions of temperature and relative
humidity for two weeks to allow them acclimatize to the environment.
During this period, they were fed with commercially available standard
rat feed and water ad libitum. Replaceable numbered blotters papers were
placed under each cage to catch the spilled diet that was measured to make
up for the daily serving ration. The rats were weighed twice weekly to
ensure that no rat outside the range of 160-200g was used.

Induction of Diabetes

Following the period of acclimatization, all the rats were fasted
overnight (15 hours) before diabetes induction which was achieved with
freshly prepared alloxan monohydrate (Kermel chemicals, China)
dissolved in sterile normal saline and administered intraperitoneally at a
dose of 150 mg/kg body weight. Diabetes was confirmed four days later
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using a glucometer (Fine Test Blood Glucose Monitoring System,
OSANG Healthcare Co., Ltd., Korea). Rats with fasting blood sugar
(FBS) level above 150 mg/dL were selected and grouped into three
experimental groups according to the experimental design.

Experimental Design

The animals were categorized into three groups (n = 7, each
group) after induction as follows:

Group DC: Diabetic rats fed with normal diet (Control)
Group DSA: Diabetic rats fed with avocado-supplemented diet

Group DAE: Diabetic rats treated with aqueous mesocarp extract of
avocado

To determine the effects of avocado on body weight, lipid
profile and glycemic status and tolerance, rats in groups DC and DAE
were fed with standard rat feed throughout the period of the study while
DSA rats were fed with avocado-supplemented diet only. In addition,
DAE rats were treated with avocado aqueous extract administered orally
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by orogastric cannular. The rats were monitored twice daily for food and
water intake while body weight and FBG were assessed bi-weekly and
recorded. The investigations using experimental animals were conducted
in accordance with the internationally accepted principles for laboratory
animal use and care [19] as found in the United States Guidelines (United
States National Institutes for Health Publication No. 85-23, revised in
2011).

Blood Collection and Biochemical Assay

The blood samples were collected from both the tail veins (for
OGTT) and cardiac puncture (for lipid profile). Samples from the tail
veins were applied directly to the glucometer strips to determine the blood
glucose concentration while those obtained through cardiac puncture
were stored in K3 EDTA bottles for biochemical analysis.

Glycemic Tolerance Assay

Animals in all groups were fasted for 15 hours before the test
with free access to water. Oral D-glucose load of 2gm per kg (dissolved
in distilled water) was administered to the animals via flexible orogastric
cannula. Thereafter, blood samples were withdrawn from the tail vein of
each animal at 30 minutes interval for two-hour duration to determine
blood glucose concentrations. Glycemic response curves were plotted
using the blood glucose values obtained against time.

Lipid Profile Assay

The lipid profile analysis was conducted at the onset and 6
weeks after. Blood samples collected in the ks EDTA (Ethylene Diamine
Tetraacetic Acid) sample bottles were centrifuged at 3000 revolutions to
obtain the plasma fractions which was kept in a refrigerator (at -70°C)
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until used and the sera obtained were used for the biochemical assay of
the lipid profile. Plasma concentration of total cholesterol (TC), high
density lipoprotein (HDL) and Triacylglycerol (TAG) were measured by
the enzymatic colorimetric method after centrifugation using a dry-
chemical automatic analyzer AU-5200 OLYMPUS (Randox
Laboratories, San Francisco, USA). LDL level was determined by the
Friedewald formula [20] as follows:

VLDL (mg/dL) = TAG/5
LDL (mg/dL) =TC - VLDL — HDL
Statistical Analysis

Microsoft Excel and statistical SPSS program version 22 [21]
were used for data analysis. Results are expressed as group mean + SEM.
Comparison between groups were made using Students’t-test and one
way ANOVA. Significance level was set to P < 0.05.

Results

Effect of Persea americana on Body Weight and Weight
Gain

The mean body weights at the onset and at the end of study for
each animal group are shown in Table 2. Avocado consumption caused a
significant decrease in mean body weight gain in both DSA (13.75%) and
DAE (10.17%) rats compared with the diabetic control rats (26.41%). The
difference in the mean weight gain between the DSA and DAE groups
was insignificant (P > 0.05). This study, demonstrated that avocado fruit
mesocarp possesses beneficial weight-lowering potential which is more
pronounced when consumed in the raw form than when supplemented in
mixed meal.

Parameters Diabetic Animal Categories
Control Avocado-Supplemented Avocado Extract
Diet
DSA DAE
DC
Final Mean Weight (g) 210.6 + 14.8 188.6 +5.7 179.8 +17.9
Initial Mean Weight (9) | 166.6 +8.7 165.8 +8.3 163.2 +11.7
% Mean Weight Gain 26.41% 13.75% 10.17%

Values are expressed in mean + SEM, Significant (P < 0.05)

Table 2: Effect of Avocado on Body Weight and Weight Gain (n = 5/group)

Effect of Persea americana on Glycemic Status

The hypoglycemic effect of avocado on venous mean fasting
blood glucose (FBG) concentrations (mg/dL) in diabetic rats is depicted
in Table 3. A significant (P < 0.05) reduction in mean FBG concentrations

was observed in both DAE and DSA rats compared with the control.
Difference in the mean FBG concentrations between DSA and DAE
groups was comparably significant (P = 0.002). This observation revealed
that raw (extract) avocado mesocarp impacts more hypoglycemic effect
than avocado-supplemented diet.

Parameters Diabetic Animal Categories
Control Avocado-Supplemented Avocado Extract-
Diet
DC DSO DOE
Final Mean FBG (mg/dL) 160.6 + 15.7 139.4 +23.2 1204 +£5.0
Initial Mean FBG (mg/dL) 150.6 + 16.7 154 +32.3 1524 +£8.1
% Change in Mean FBG 6.64% -9.48*% -21.00**%

Values are expressed in mean + SEM,
**Significant (P < 0.05) when compared with DC and DSA.
*Significant when compared with DC.

Table 3: Effect of Avocado on venous mean FBG concentrations (mg/dL)

(n = 5/group)
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Effect of Persea americana on Glycemic Tolerance

Effect of avocado on glycemic tolerance was assessed by the
incremental areas under the glycemic response curves as depicted in
Figure 1. Avocado significantly enhanced glycemic tolerance in DAE and
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DSA rats compared with the control. The tolerance effect on DOE rats is
comparably better and more improved over that of the DSO rats. The peak
glycemic response to glucose load in all experimental groups occurred at
30 minutes of the 2 hour-duration

500 +
450
400
350
300
250
200
150
100
50
0 - T

Mean Blood Glucose
concentrations (mg/dL)

—o— DSA
—— DAE

== DC

60
Time (Minutes)

90 120

DC — Diabetic control rats,
DSA — Avocado supplemented diet-fed diabetic rats,

DAE — Avocado extract-treated diabetic rats.

Figure 1: Effect of avocado on glycemic tolerance profile (n = 5/group)

Effect of Persea americana on lipid profile

Figure 2 depicts the effect of avocado on lipid profile
parameters in grouped experimental diabetic rats. After 6 weeks, avocado

consumption caused significant decrease in TC, TG and LDL
concentrations and a significant increase in HDL concentration in DSA
and DAE rats compared with the control. In this study, avocado extract

impacts more antilipidemic effect than avocado-supplemented diet.
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LDL: Low Density Lipoprotein.

Figure 2: Effect of Avocado on lipid profile in experimental diabetic rats (n = 5/group)
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Discussion

Health benefits of avocado and the impacts of its mode of
consumption on body weights, glycemic tolerance/control, and lipid
profile in diabetic rats were investigated in this experimentally-controlled
nutritional study which lasted for six weeks. Findings obtained revealed
that avocado has beneficial antiobesity, hypoglycemic and antilipidemic
potentials which are more expressed when consumed raw (fresh) than
when ingested or supplemented in mixed meal.

Consumption of avocado in the raw (aqueous) and
supplemented forms in this study significantly reduced weight gain in the
experimental rats. However, aqueous extract of avocado demonstrated
more weight-lowering effect than the avocado-supplemented mixed meal
as shown in Table 2. This finding translates that eating avocado as fresh
fruit confers adequate and optimal benefits in dietary management of
weight reduction in diabetic condition than when consumed in mixed
meals. Effect of avocado on body weight may be attributed to its high
fibre content and low calories while presence of variety of vitamins,
minerals and phytochemicals such as lutein, phenolic antioxidants, and
phytosterols in avocado may also be contributing factors to this potential
weight-reducing health benefits [22-24]. Various mechanisms related to
the nutrients and bioactive compounds in avocados, may help to explain
some of the findings related to weight changes which include impacts on
satiety, metabolism, and gut microbiota. Avocado extract has been found
to impact the expression of genes involved in fat metabolism and appetite
in animals i.e., fatty acid synthase, fibroblast growth factor 21, leptin and
lipoprotein lipase [18].

On the glycemic status and profile, avocado consumption
caused improved glycemic tolerance with significant reduction in mean
FBG concentrations in DAE and DSA rats compared with the control.
This finding agrees with the result of a study [18] which observed
improvement in glycemic tolerance and insulin resistance in rats fed with
high sucrose diets. In this study, difference in the mean values of FBG
concentrations of DSA and DAE groups was comparably significant (P =
0.002) which interprets that the hypoglycaemic effect of avocado was
influenced by its mode of consumption in a similar manner to its effect on
weight gain. While the glycemic response curves following glucose
challenge peaked at 30 minutes in both DAE and DSA rats, the
incremental areas under the glycemic response curves for DAE rats
decreased more than that of DSA rats as shown in Figure 1. These results
are promising, and more research is needed.

In people with type 2 diabetes, replacing some carbohydrate
with avocado has been proved to help maintain blood glucose control
[25]. Studies in healthy or overweight people have found either no
compromise in blood glucose with avocado consumption [26,27] or
significant reductions in postprandial glycemia after a half serve (68g) or
full serve (136g) of avocado [28]. Avocado contains monounsaturated
fats that have been known to improve insulin sensitivity and lowers
postprandial insulin [29,30]. Research studies using animal models have
revealed mechanisms to explain these beneficial glycaemic effects of
avocado. While some studies [31,32] using avocado extracts showed that
it modulates the activities of carbohydrate metabolic enzymes in rats, a
study [33] observed that avocado extracts inhibit enzymes such as a-
amylase with reduction in oxidative stress in rat pancreas. Other studies
[34,35] reported increase in glucose uptake in the liver with normalization
of liver enzyme levels.

Avocado in this study caused significant decrease in TC, TG
and LDL-C concentrations with concomitant significant increase in HDL
concentration in DAE and DSA rats (Figure 2). However, avocado extract
impacts more beneficial antilipidemic effect than the avocado-
supplemented diet. This finding therefore, suggests that the optimal effect
of avocado is derived when consumed in fresh or raw form than in mixed
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meal. Several studies have shown that replacing some saturated fat in the
diet with monounsaturated fat or polyunsaturated fat as richly contained
in avocado can lead to health benefits. These benefits include increased
insulin sensitivity, better blood sugar control and lower levels of LDL,
total cholesterol and triglycerides [36]. A small randomized crossover
study [26] using human subjects with type 2 diabetes fed with avocado
diet for four weeks reported a decrease in cholesterol and triglycerides
levels while another study [37] reported a significant reduction in total
and LDL cholesterol in type 2 diabetic subjects fed with avocado for a
week.

Conclusion

This study reveals that Persea americana fruit mesocarp
possesses beneficial antiobesity, antidiabetic and antilipaemic potentials
influenced significantly by its mode of consumption and preparation. For
optimal effect, avocado is advised to be consumed raw or fresh rather than
in mixed meals as revealed by the outcome of this study. Therefore,
avocado consumption before meal especially should be encouraged and
advocated in diabetic menu for normal weight, glycemic and lipid control.
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