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Abstract
Background. Polyphenol-rich olive extracts are non-toxic and have anti-inflammatory, neuroprotective and

antiadipogenic effects in cell and animal models.

Objective. To evaluate the potential influence of olive extracts on the mechanisms of digestion and

absorption of polysaccharides and fats by quantifying amylase, glucose, phospholipase, and cholesterol in

the medaka fish model.

Material and methods. For each assay, six adult fish were placed in a tank with an extract (0.01%

concentration), performing three replicates per extract. A control group with standard feeding was used.
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The same procedure was followed to study glucose, adding a polysaccharide-rich diet and a

corresponding overfed control. The fish were maintained under these conditions for five days. Five olive

extracts were used without attempting to purify the polyphenols due to possible synergistic effects. Total

concentrations were between 2-116mg/g (mainly oleuropein and hydroxytyrosol). On completion, amylase,

phospholipase A2, glucose and cholesterol were quantified in each group. All assays were conducted in

triplicate. Enzyme activities were also studied in juveniles. Non-parametric tests were used to determine

possible differences, considering p<0.05 to denote statistical significance.

Results. Polyphenol extracts were not toxic at a concentration of 0.1%, ten times higher than the

concentration used. An overall decrease in glucose levels was observed in fish overfed with carbohydrates

with the addition of the extracts, but without returning to the levels in the control group with standard

feeding (between 15-40% decrease). There was no impact on amylase in adults or juveniles, an overall

but not significant decrease in cholesterol, and an overall increase in phospholipase in the juveniles.

Conclusion. Olive extracts rich in polyphenols lower glucose levels in overfed fish.
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Resumen
Antecedentes. Los extractos de aceitunas ricos en polifenoles no son tóxicos y tienen efectos

antiinflamatorios, neuroprotectores y antiadipogénicos en modelos celulares y animales.

Objetivo. Evaluar la influencia potencial de los extractos de aceituna en los mecanismos de digestión y

absorción de polisacáridos y grasas mediante la cuantificación de amilasa, glucosa, fosfolipasa y

colesterol en el modelo de pez medaka.

Material y métodos. Para cada ensayo, se colocaron seis peces adultos en un tanque con un extracto (al

0,01%), realizando tres repeticiones por extracto. Se usó un grupo control con alimentación estándar. Se

siguió el mismo procedimiento para estudiar la glucosa, agregando una dieta rica en polisacáridos y un

control de sobrealimentados. Los peces se mantuvieron en estas condiciones durante cinco días. Se

usaron cinco extractos del olivo sin intentar purificar los polifenoles debido a posibles efectos sinérgicos.

Las concentraciones totales fueron entre 2-116 mg/g (principalmente oleuropeína e hidroxitirosol). Al

finalizar, se cuantificaron amilasa, fosfolipasa A2, glucosa y colesterol en cada grupo. Todos los ensayos

se realizaron por triplicado. Las actividades enzimáticas también se estudiaron en alevines. Se utilizaron

pruebas no paramétricas para determinar posibles diferencias, considerando p <0.05 para significación

estadística.

Resultados. Los extractos de polifenoles no fueron tóxicos a una concentración de 0.1%, diez veces

mayor que la concentración utilizada. Se observó una disminución general en los niveles de glucosa en

peces sobrealimentados con carbohidratos con la adición de extractos, pero sin volver a los niveles del

grupo control con alimentación estándar (disminución entre 15-40%). No hubo impacto sobre la amilasa
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en adultos o juveniles, se observó una disminución general pero no significativa del colesterol y un

aumento general de la fosfolipasa en los juveniles.

Conclusión. Los extractos de aceitunas ricos en polifenoles reducen los niveles de glucosa en peces

sobrealimentados.

Palabras clave
Polifenoles; olivo; niveles de glucosa; niveles de colesterol; pez medaka

Introduction
Food metabolism is very complex and is mediated by many enzymes and transporters

that transform food into the nutrients to be assimilated by the body. For this, food must be

ingested, digested, absorbed and transported to the target cells, where it is either degraded or

stored. Among the energy nutrients are carbohydrates and fats that, to be assimilated by the

body, need the help of enzymes to convert carbohydrates into glucose and fats into fatty acids.

Many digestive amylases and lipases have been described that hydrolyze starch into maltose

and ester bonds into free fatty acids, respectively, in the intestine. Inhibition of these enzymes

or of the intestinal absorption mechanisms of simple biomolecules may help to reduce blood

levels of these enzymes.

In addition to their nutrient delivery functions, many foods have the ability to provide

health benefits and reduce the risk of disease. These are called functional foods. The benefits

reported include the reduction of cholesterol and triglyceride levels and the control of blood

glucose levels. The PREDIMET study concluded that a diet enriched with extra virgin olive oil

significantly reduces cardiovascular risk (1). In addition, the ESCARVAL study found that the

most important protective factor against cardiovascular disease is the increase in HDL, and this

fraction of cholesterol increases in populations with greater adherence to the Mediterranean

Diet (2) .

Foods rich in polyphenols have shown health benefits. Polyphenols, specifically, have

been shown to have beneficial effects in obese patients, either through their anti-inflammatory

action (3) or by reducing fat deposits, as has been shown in rats (4). Other studies have found

that dietary polyphenol supplementation is associated with reduced obesity (5,6) and that these

effects occur by inducing or suppressing genes associated with adipogenesis, lipolysis, and

fatty acid oxidation (7-9).

The European Food Safety Authority has stated that olive polyphenols have protective

effects on the cholesterol profile, an antihypertensive effect, and anti-inflammatory properties,
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among other health benefits, and have therefore been granted a health claim (10) the use of

which is regulated by European Regulation 432 of 2012 (11,12).

In a previous study conducted by our group, using polyphenol-rich extracts from olive

processing materials, we observed that these extracts are not toxic in cell and fish models (12).

These extracts are also shown to have anti-inflammatory (13), neuroprotective (14), and

antiadipogenic effects in mouse fibroblasts with a reduction in fat deposits and in the number of

adipocytes in cell differentiation, accompanied by a decrease in the expression of leptin and

PPARγ genes (15).

The objectives of this paper were to evaluate the potential influence of polyphenol-rich

olive extracts on the mechanisms of digestion and absorption of polysaccharides and fats by

quantifying amylase and glucose levels and phospholipase activity and cholesterol levels,

respectively, using the medaka fish (Oryzias latipes) model.

Material and Methods
Subjects

Medaka fish were used as a model because they offer great advantages over higher

vertebrates, as well as having a genomic homology with humans of over 70%. Medaka provide

a much faster and more economical model due to their high reproduction rate, rapid maturation

and the lower cost of feeding and maintaining the fish (24).

Extracts used
Five extracts were used, obtained from different components involved in the processing

of table olives (raw materials from olive groves). To prepare these extracts, the raw materials

were subjected to different extraction techniques with different solvents, after which the solvents

were concentrated and separated so that no traces of organic solvents remained. Because

there are proven synergies between different phytochemicals, we did not attempt to purify any

of the polyphenols present. The extracts were processed by freeze-drying to ensure their

optimum preservation and use in different forms (Biopartner carried out a stability study of the

extracts under these conditions ensuring their activity, measured as antioxidant power and total

polyphenols, for at least two years). The main characteristics of each of the extracts are shown

in Table 3.
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Table 3. Characteristics of the extracts used.

TPTZ, 2,4,6-tri(2-pyridyl)-1,3,5-triazine; DL, detection limit.

Variables analyzed
Amylase activity, glucose levels, phospholipase A2 activity and cholesterol levels were

evaluated.

The procedures used were as follows:

Toxicity study. To determine the potential toxicity and acceptable levels of the different

polyphenol extracts used, the potential toxicity in juvenile medaka was measured at different

extract concentrations (0.1%, 0.5%, and 1%) at 5, 24 and 48 hours of incubation. Six embryos

per well were placed in 96-well plates with Yamamoto medium (Sigma-Aldrich). Each assay was

performed in triplicate, scoring the mortality of the juveniles with four points at 5 hours, two

points at 24 hours and one point at 48 hours and scoring impaired movements as two points if

observed at 5 hours, one point at 24 hours and 0.5 point at 48 hours. The mean score was

determined for each extract and for the controls.

Quantification of glucose and cholesterol. For each assay, six adult fish (each extract,

control, and overfed control) were placed in tanks to which we added the extract at a water

concentration of 0.01%. and a carbohydrate-rich diet (Renfrewshier, UK). Three replicates were

performed for each extract tested. After five days of exposure to the extract, in the fish used to

quantify glucose a main vein was sectioned and blood glucose levels were measured. At the

same time, controls were carried out under standard feeding conditions and standard feeding

plus overfeeding with carbohydrates, both without extract supplementation. Glucose was

quantified using blood glucose test strips (Sigma-Aldrich) following the method described by

Zang (25,26).

Total Polyphenols Total antioxidants Oleuropein Hydroxytyrosol

Extract (mg/g extract) (mmoles TPTZ/100g) (% w/w) (% w/w)
E1 116 13 1.24 10.17
E2 49 5 1.27 1.99
E3 23 3 1.12 0.20
E4 68 8 0.50 0.03
E5 7 2 <0.003(DL) <0.001(DL)
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The fish used to quantify cholesterol were frozen in liquid N2 and maintained at -40ºC

until analysis. Before thawing, the fish were ground using a glass mortar and pestle and

cholesterol was quantified in the supernatant using the method previously described for

zebrafish (27).

Quantification of amylase and phospholipase A2 enzyme activity. Quantification was

conducted with three- to four-day-old juveniles and also with adult fish. Three juveniles were

placed in each well, adding 0.01% dissolution of the extract to the Yamamoto control medium.

The same procedure was performed with the adult fish but in tanks. After 24 hours of exposure,

5.28 μl of DQStarch (50μM) amylase substrate solution (EnzChek® Ultra Amylase Assay Kit,

Thermo Fisher) was added for amylase determination by incubating for 1 hour. To quantify

phospholipase A2, after 24 hours of exposure to the extracts, we added 5.28μl of PED6 solution

(50 μM) ((N-((6-(2,4-Dinitrophenyl)amino)hexanoyl)-2-(4,4-Difluoro-5,7-Dimethyl-4-Bora-3a,4a-

Diaza-s-Indacene-3-Pentanoyl)-1-Hexadecanoyl-sn-Glycero-3-Phosphoethanolamine,

Triethylammonium Salt) (Sigma-Aldrich), phospholipase substrate, incubating for 1 hour. In both

cases, the juvenile fish were transferred to an Eppendorf tube and washed twice with

Yamamoto solution. All supernatant liquid was removed and the fish were frozen with liquid N2.

After adding 50 μl of distilled water to the tube, the samples were ground in a glass mortar. A

further 200 μl of distilled water was added and the samples were centrifuged for 5 minutes at

14000 rpm (4ºC). Each well of a 96-well plate was filled with 100 μl of the supernatant and

fluorescence was quantified using a Glomax Multi-Mode Detection System (with the Blue and

AFC filters). Six assays were conducted in triplicate for each extract and untreated control in the

juvenile fish and three assays in duplicate for the adult fish.

Statistical analysis
The variables were defined using means and standard deviations, normalized to the

controls. To determine if there were differences and given that the variables did not have a

normal distribution, non-parametric tests were used. The significance level was considered to

be p<0.05.

Ethical considerations
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The research was adjusted to the established legal and ethical procedures, carried out

under the authorization of the Ministry of Agriculture, Environment, Climate Change and Rural

Development of the Generalitat Valenciana (Spain) (ref. 2016 / VSC / PEA / 00123 type 2).

Results
Toxicity study

The control scored 0. In comparison, E1 scored 6, 5.33, and 2 at concentrations of 1%,

0.5%, and 0.1%, respectively. E2 scored 0.67, 0.22, and 0.06 at concentrations of 1%, 0.5%,

and 0.1%, respectively. E3 only scored above 0, specifically 0.11, at 0.5% and E4 scored 0.28

at 0.1%. E5 presented no adverse events to any of the concentrations.

Study in adults
The values expressed in Table 1 show that, overall, in overfed fish polyphenol extracts

E1, E3 and E4 significantly lowered glucose values (Fig 1). Only E4 appears to have had an

influence on the significant increase in amylase action. No significant differences were found in

cholesterol, although it clearly decreased with all extracts by almost half, not reaching

significance due to the large dispersion of cholesterol values in the control group. In

phospholipase, a significant decrease was observed only in E4.

Table 1. Glucose, amylase, cholesterol and phospholipase values in adult medaka fish.
Glucose and cholesterol values are referenced to the concentration in the controls and amylase
and phospholipase values are referenced to the fluorescence in the controls at 510-570 nm.
Assay Glucose

Mean ±
SD

p
value

Amylase
Mean ±

SD

p
value

Cholesterol
Mean ± DS

p
value

Phospholipase
Mean ± SD

p
value

Control 0.30±0.11 0.003 0.89±0.20 _ 1.00±0.94 _ 1.01±0.11 _
Overfed
control

1.00±0.24 _ NA _ NA _ NA _

E1 0.62±0.24 0.009 1.30±0.82 1.000 0.50±0.06 0.855 0.93±0.32 0.325
E2 0.78±0.55 0.197 0.89±0.34 0.806 0.36±0.11 0.150 0.94±0.50 0.453
E3 0.60±0.12 0.012 1.08±0.38 0.806 0.42±0.10 0.423 1.65±0.99 1.000
E4 0.59±0.25 0.019 1.44±0.43 0.019 0.54±0.09 0.631 0.70±0.12 0.010
E5 0.85±0.26 0.294 1.03±0.22 0.327 0.51±0.09 0.749 0.99±0.43 0.714
p-Kruskal-
Wallis

0.004 0.410 0.089 0.297

NA, not applicable
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Figure 1. Relative glucose concentrations in controls and in overfed adult fish in
the presence of extracts.
OFC, Overfed Control.

Study in juveniles
To confirm or reject an absence of influence of the extracts on enzymatic activity, the

same experiment was performed on juveniles. The results, expressed in Table 2, show no

influence on amylase with any of the extracts, while phospholipase increased significantly with

all extracts except E1 (Fig 2).

Table 2. Relative values of amylase and phospholipase in juvenile medaka fish.
Amylase Phospholipase

Assay Mean ± SD p value Mean ± SD p value
Control 0.95±0.32 _ 0.95±0.14 _
E1 0.89±0.38 0.756 1.05±0.17 0.242
E2 1.17±0.51 0.195 1.20±0.20 0.014
E3 1.11±0.50 0.370 1.30±0.24 0.013
E4 0.84±0.40 0.334 1.68±0.67 0.001
E5 1.06±0.38 0.368 1.90±0.97 0.015
p-Kruskal-Wallis 0.251 0.003
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Figure 2. Relative activity of phospholipase in adults and juvenile medaka fish in the presence
of the different extracts analyzed.

Discussion
Summary

Overall, the polyphenol extracts did not present an appreciable toxicity in juvenile fish at

concentrations of 0.1%, which are ten times higher than those used for the main purpose of this

study. Only E1 presented a small degree of toxicity. This has been verified and endorsed by

EFSA (10) for polyphenols and specifically for polyphenol-rich olive extracts by our team (12). With

the extracts there was a general decrease in glucose levels in overfed fish, with no impact on

amylase in either adults or juveniles. There was a general but not significant decrease in

cholesterol, and a general increase in phospholipase in juveniles.

Strengths and limitations
Inter-individual variability should be noted as a limitation, as it results in great variation

between individuals. With a wide distribution of normal values, the number of trials must be
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increased as it is not possible to compare before and after exposure. For example, values for

cholesterol, which is clearly lowered by the extracts, did not reach statistical significance

because the control values were widely dispersed. Another limitation is that these results cannot

be generalized to humans. Therefore, these data need to be verified through further animal

studies and subsequently in humans.

One of the strengths within the complexity of the assays is that it is much easier and

more economical to initiate studies of this type with fish due to their shorter life cycle duration,

high reproduction, and lower cost compared to other assay methods, and they are also

recognized as a suitable model in the study of obesity (16).

Comparison with the literature
Polyphenols from fruits and vegetables and present in red wine, green and black tea,

coffee, chocolate, olive leaves, extra virgin olive oil and olives have biological effects including

antioxidant, anticarcinogenic, and anti-inflammatory properties (17). There is also evidence of

beneficial effects on obesity by inhibiting lipid accumulation (3), or by increasing fat oxidation and

thermogenic effect (18). Synergistic antiadipogenic effects with other phytochemicals have also

been reported (19). Thus, resveratrol and its metabolites exert a lipid-lowering function by

reducing PPAR and lipoprotein lipase expression (20). Grape skin polyphenols suppress

lipogenic enzyme activity and induce lipogenesis and oxidation in adipose tissue and mouse

liver (21), while apple skin polyphenols prevent adiposity and increase inhibition of hypertrophic

adipocytes (5). In addition, oleuropein reduces fat accumulation in 3T3-L1 cells during

preadipocyte differentiation (22). A previous study by our group using mouse fibroblasts grown in

the presence of polyphenols extracted from olive pits demonstrated reduced differentiation to

adipocytes and less fat accumulation (15). The present work showed a decrease in glucose with

the extracts, similar to that reported by other authors (23), confirming the decrease in cholesterol

and the increase in phospholipase that assists in the mobilization and degradation of fats.

Implications for research
These data support the need for further study of the possible mechanisms for these

effects, including the study of the possible activation or repression of genes involved in energy

metabolism and studies in mammals to obtain evidence for their possible use as nutritional

supplements in humans.
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Conclusions
Extracts obtained from processing materials from olive groves rich in polyphenols,

particularly, oleuropein and hydroxytyrosol, reduce glucose levels in overfed fish, as well as

lowering cholesterol levels and increasing phospholipase A2 activity.
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