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Abstract

Our objective was to evaluate the effect of chronic gestational treatment and post-breast feeding
with purple grape juice on the biochemical parameters in offspring of dams. We used 40 male
offspring from 14 Wistar rats which received purple grape juice or water by gavage daily for 42
days at a dose of 7 microliters/g. The offspring were divided into groups of water or juice. All re-
ceived daily purple grape juice or water by gavage for 30 days after completion of their nursing
period at a dose of 7 microliters/g. At the end of the treatment period, the offspring were eutha-
nized by decapitation with its truncal blood collected and subsequently separated the serum from
the blood. The measurements were performed by automation or by manual dosing. Considering
the gestational factor, grape juice was able to reduce levels of total cholesterol, triglycerides, urea,
alanine aminotransferase (ALT), and not alter the levels of creatinine and aspartate aminotrans-
ferase (AST) in serum of the offspring. When considering the post-breast feeding factor, grape
juice resulted in an improvement in HDL-C. We concluded that purple grape juice was able to
produce a beneficial effect on certain biochemical parameters in offspring.
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1. Introduction

The main species used in the manufacture of wines and juices in South America is Vitis labrusca, referred to as
“rough” or “common” grape [1]. The grape and its derivatives are among the largest sources of phenolic com-
pounds, which are known for antioxidant properties [2]. Among the polyphenols present in grapes, are flavono-
ids (anthocyanins, catechins and flavonols), the stilbene (resveratrol), phenolic acids (derivatives of cinnamic
and benzoic acids) and a wide variety of tannins [3]. Among these stands out resveratrol, a non-flavonoid which
is a phenolic compound commonly found in the skin of Bordograpes, Vitis labrusca in particular [4].

The beneficial effects of grape on human health have been extensively proven. Among them are the im-
provement in the lipoprotein profile, the regulation of platelet aggregation and increased HDL (High Density
Lipoprotein), which helps remove LDL (Low Density Lipoprotein) from blood and prevents atherosclerosis
[5]-[8]. In addition, a study with red grape juice of Vitis labrusca variety revealed that it was able to reduce the
DNA damage caused by carbon tetrachloride (CCI4) in adult rats, and thus could be an ally in the prevention or
reduction of damage by oxidative stress [9].

During pregnancy dynamic changes occur in various systems in the body, which can lead to an imbalance in
the formation of free radicals and defense capabilities of the antioxidant mechanisms. Thus, the pregnant woman
is more exposed to damage by oxidative stress and can thus increase the incidents of diseases that affect the re-
productive process [10]-[12].

In this sense, the choice of foods rich in polyphenols during pregnancy could present beneficial effects as an
important factor in the health of the fetus and the mother. This was because Arola-Arnal et al. [13] showed that
flavonoids and grape seed metabolites were widely distributed in plasma and maternal tissues. However, the da-
ta indicated that the transport across the placenta was not efficient for these compounds [13]. In addition, there is
not a consensus as to whether the ingestion of substances rich in polyphenols during pregnancy is beneficial.
Zielinski et al. [14] have shown that the consumption of these products with antioxidant and anti-inflammatory
activity can interfere with the dynamics of the fetal ductus arteriosus and even ductal channelconstriction.

Due to these controversial opinions on the intake of foods rich in polyphenols in pregnancy and its influence
on offspring, this study aimed to evaluate the effect of gestational chronic treatment and post-lactation with red
grape juice in offspring of female Wistar rats through lipid, hepatic and renal biomarkers.

2. Materials and Methods
2.1. Animals

Forty male Wistar rats hatchlings from 14 Wistar rats, 21 days old and weighing approximately 50 g, from the
bioterium of the Centro Universitario Metodista IPA were used. The animals had free access to commercial food
and water and were maintained in light-dark cycle of £12 hours at a temperature of 22°C + 1°C. The whole ex-
periment was developed with the approval of the Ethics Committee on Animal Use (ECAU) of the Centro Un-
iversitario Metodista-1PA, number 007/2014.

2.2. Grape Juice

The conventional red grape juice of the variety Bordo was ceded by the company Perini Winery. The juices
were from the harvest of 2013, all from the same batch.

The grape juice used had the chemical composition shown in Table 1. The chemical composition was deter-
mined using the methods described by Zoecklein et al. [15]. The contents of total and isolated phenols from the
grape juice can be seen in Table 2. Total phenol content was measured using Singleton and Rossi’s modification
of Folin-Ciocalteau’s colorimetric method [16]. High performance liquid chromatography (HPLC) analysis was
used to quantify the presence of individual phenolic compounds. Before high-performance liquid chromatogra-
phy analysis, 5 mL of each sample was filtered through a cellulose membrane with a 0.20-mm-diameter pore
size. The equipment used in the analysis consisted of an LC-DAD Series 1100 (Agilent Technologies, Palo Alto,
CA, USA) liquid chromatographic system with a diode array detector system.

2.3. Treatment

The doses of purple grape juice were determined by calculating the daily average amount of juice consumed by
a 70-kg human male. As a reference, we used a study with humans who received 480 mL = day [17]. The
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Table 1. Chemical composition of purple grape juice Vitis labrusca.

Analysis Mean Standard deviation

Volatile acidity (g % tartaric acid) 0.70 0.00
Volatile acidity in acetic acid (g/100g) 0.02 0.00
Total sugar (g/100mL) 17.4 0.00

Relative density (at 20°C) 1.07 0.0001
Alcoholic degree (% v/v) 0.3 0.00
pH 3.49 0.01
Benzoic acid (mg/L) 0.00 0.00
Sorbic acid (mg/L) 0.00 0.00

Table 2. Total and isolated phenolic content in purple grape juice Vitis labrusca.

Phenolic compound (mg/L) Mean Standard deviation
Total phenolic compound 5698.67 58.12
Resveratrol 0.46 0.00
Catechin 3.76 0.16
Epicatechin 0.85 0.01
Hesperidin 2.03 0.03
Rutin 26.44 0.49
Gallic acid 0.43 0.09
Chlorogenic acid 24.76 0.32

amount of juice was administered to the rats according to their body weight.

During pregnancy (approximately 21 days) and breastfeeding of offspring (approximately 21 days), the preg-
nant rats received by gavage, grape juice or water (7 puL/g weight), and all received standard ration. After wean-
ing, male offspring were divided into four groups: Group W-W—Composed of seven newborn pups of mothers
treated with water during pregnancy, which received water in the post-lactation; Group W-GJ—Composed of
eight newborn pups of mothers treated with water during pregnancy who were treated with red grape juice in the
post-lactation; Group GJ-W—Composed of 12 newborn pups of mothers treated red grape juice during preg-
nancy, which received water in the post-lactation; Group GJ-GJ—Composed of 13 newborn pups of mothers
treated with red grape juice during pregnancy, and continued to receive grape juice in the post-lactation.

The offspring received red grape juice (Vitis labrusca) or water for 30 days after weaning them. The adminis-
tration of grape juice or water was given orally (gavage) in a daily regimen, in a concentration of 7 pL/g in
weight. After the end of 30 days of treatment and 4 hours fasting, the animals were sacrificed by guillotine de-
capitation. Truncal blood was collected and the serum was separated and stored at about 0°C to carry out the
subsequent analyzes.

2.4. Biochemical Parameters

Total cholesterol (TC), triglycerides (TG), HDL were used as biochemical markers to assess lipid profile. Liver
function was analyzed using alanine aminotransferase (ALT) and aspartate aminotransferase (AST). Urea and
creatinine were used as kidney function markers.

Total cholesterol, triglycerides, ALT, AST, urea and creatininetests were obtained through automation (Bioc-
lin-BS120). However HDL measurements were performed manually using a commercial kit (Labtest Diagnosti-
ca SA, Minas Gerais, Brazil). The values of LDL and VLDL fractions were not calculated due to the use of dif-

ferent techniques.
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2.5. Statistical Analysis

The results were presented as mean and standard error of mean (SEM). Data normality was assessed using the
Kolmogorov-Smirnov test. The differences between the groups were analyzed by analysis of variance (two-way
ANOVA) followed by Tukey’s post-test. P < 0.05 was considered significant. All analyzes were performed us-
ing Sigma Stat.

3. Results

This study aimed to showed the influence of grape juice consumption in pregnancy or after this period, trying to
see as this consumption is important to the pups and after to the adults rats. Our results demonstrate that grape
juice when administered during pregnancy promotes a reduction in the TC and TG levels, compared to pups de-
rived from mothers treated with water (Figure 1(a), Figure 1(b), respectively), it is possible to see that the
groups GJ-W and GJ-GJ had the lowest levels in both parameters (P < 0.05). Grape juice consumption in the
post-lactation does not generate statistically significant changes. When assessing the difference between the
consumption of grape juice or water during pregnancy or post-lactation, two-way ANOVA shows a significant
difference only in the coming offspring of gestational maternal consumption (P < 0.001, for TC and TG). To TC
levels the grape juice consumption in the pregnancy showed the lowest level (50.99 + 1.14 mg/dL) than the wa-
ter consumption (62.86 + 1.63 mg/dL) (P < 0.01). Also to TG levels, the grape juice showed the lowest level
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Figure 1. (a) Total cholesterol concentration (mg/dL); (b) Concentration of trigly-
cerides (mg/dL); and (c) HDL-cholesterol concentration (mg/dL) in the serum of
male offspring. W-W: mother consumed water and the pup consumed water; W-GJ:
mother consumed water and the pup consumed grape juice; GJ-W: mother con-
sumed grape juice and pup consumed water; GJ-GJ: mother consumed grape juice
and pup consumed grape juice. Results are expressed as mean + EPM. P < 0.05
bytwo-way ANOVA with Tukey post-test when considering the factor pregnancy or
post-lactation.
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(34.28 + 1.93 mg/dL) than the water consumption (47.06 + 2.50 mg/dL) (P < 0.01) However, the effect of con-
sumption post-lactating does not promote difference between the juice or water consumption (P = 0.803, 0.993,
TC and TG, respectively).

In contrast, HDL levels (Figure 1(c)) showed an increase in the group treated with grape juice in the post-
lactating, indicating that the grape juice administered to the pups after weaning was able to significantly increase
this parameter. When analyzing the gestational or post-lactation consumption factors, the juice consumption
(49.50 + 1.50 mg/dL) was statistically significant if comparing to water group (43.79 £ 1.67 mg/dL) only in the
post-lactation (P = 0.05), and the maternal consumption of juice during pregnancy did not influence the levels of
HDL of the offspring (P = 0.612).

The results of renal profile markers are shown in Figure 2. Is possible to observe in Figure 2(a) that grape
juice consumption in the pregnancy promoveareduction (24.53 + 0.68 mg/dL) in the levels of urea than the wa-
ter consumption (29.40 + 0.98 mg/dL) (P < 0.05). Grape juice or water consumption in the post-lactation does
not influence urea levels (P > 0.05), in other words, the consumption during the pregnancy is very important to
provoke a beneficial effect to the pups. Regarding creatinine levels, is shown (Figure 2(b)) that there was no
statistical difference between the groups.

Figure 3 shows the results obtained regarding the profile of liver parameters. We found that there was no dif-
ference between the levels of AST (Figure 3(a)). However, we can see that the consumption of grape juice in the
pregnant rat was responsible for a decline in ALT values in their offspring (Figure 3(b)). To ALT levels the grape
juice consumption in the pregnancy showed the lowest level (35.92 + 1.316 mg/dL) than the water consumption
(44.77 £ 1.0 mg/dL) (P < 0.01). According to two-way ANOVA, the consumption of grape juice during preg-
nancy influences ALT levels in the offspring (P < 0.01) not seen on the post-lactation consumption (P = 0.765).
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Figure 2. (a) Concentration of urea (mg/dL) and (b) creatinine concentration (mg/dl) in serum of male offspring. W-W:
mother consumed water and the pup consumed water; W-GJ: mother consumed water and the pup consumed grape juice;
GJ-W: mother consumed grape juice and pup consumed water; GJ-GJ: mother consumed grape juice and pup consumed
grape juice. The results are expressed as mean +EPM. “P < 0.05 per two-way ANOVA with Tukey post-test when consi-
dering the factor pregnancy or post-lactation.
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Figure 3. (a) Concentration AST (U/L) and (b) concentration of ALT (U/L) in serum of male offspring.W-W: mother con-
sumed water and the pup consumed water; W-GJ: mother consumed water and the pup consumed grape juice; GJ-W: mother
consumed grape juice and pup consumed water; GJ-GJ: mother consumed grape juice and pup consumed grape juice. The
results are expressed as mean + EPM. "P < 0.05 per two-way ANOVA with Tukey post-test when considering the factor

pregnancy or post-lactation.
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4. Discussion

In the literature there are many studies showing the association between diets rich in fruits and natural products
with the reduction or prevention of damage caused by oxidative stress and anticancer activities and anti-terato-
genic [1] [18] [19]. This protective effect has been attributed primarily to the natural compounds present in these
foods, such as polyphenols, carotenoids and vitamin C [20]. Among these foods, there is the grape and its deriv-
atives, which are among the largest sources of phenolic compounds [2] [21]. Along with this there is increasing
evidence that the maternal diet composition is important in fetal growth and development, including specific as-
pects of reproduction and pregnancy outcomes, both in animals and humans [22] [23]. Consumption of foods
rich in polyphenols contributing to human health is well established in the literature, however there is still no
consensus among the researchers about the transgenerational effect.

In the present study, we used the experimental model of pregnant rats to evaluate the effect of chronic treat-
ment with red grape juice on the biochemical parameters of their offspring. The importance of testing blood
components is due to the fact that they enable the detection of stress conditions, which may be nutritional, envi-
ronmental or physical [24]. However, there is still no studies in the literature using this experimental model with
grape juice in order to investigate its influence on biomarkers of offspring. Thus, with our results we can see that
the grape juice during pregnancy was able to reduce the levels of TC, TG, urea and ALT, and does not interfere
with creatinine levels and AST in the serum of pups.

Our analysis demonstrated significant beneficial changes in TG and TC parameters. These results corroborate
what was proposed by Hort et al. [25], who in his work used a fraction of non-alcoholic ethyl acetate (EAF) of a
Brazilian red wine, obtained from Vitis labrusca grapes. In this study, the researchers demonstrated that their
animals showed a significant reduction in the levels of TC, TG, VLDL and LDL when receiving the wine ex-
tract, even consuming a hypercholesterolemicdiet. Further, Vinson et al. [26] showed that hyperlipidemic ham-
sters receiving alcohol-free red wine obtained a reduction in total and LDL cholesterol as compared to controls.
Thehyperlipidemic effect of polyphenols in red wine have been associated with the fact that these compounds
can bind to cholesterol, blocking its absorption. In this situation, the fecal excretion of cholesterol, bile acids,
and other dietary lipids are increased [27]. However, in the study by Zibaeenezhad and colleagues [8], with hu-
mans, it was observed that regular consumption of green grape juice (verjuice) typical of the Iran region, for 60
days did not result in reduction of TG, TC or LDL, but indicated an increase in HDL. The difference between
the results presented in the literature about the influence of grape juice consumption on TC, TG and HDL can be
attributed to the content of polyphenols, as the literature shows that red juices are richer in polyphenols than
white juices [1].

The improvement in HDL levels in the offspring who consumed red grape juice in our study is in agreement
with several results already published in the literature [6] [7] [28]. In 2006, Castilla and colleagues demonstrated
that the consumption of Bordogrape juice in patients undergoing hemodialysis improved HDL levels, and reduce
plasma concentrations of LDL [6]. Corroborating Khadem-Ansari et al. [28], where red grape juice consumption
(150 mL) for 30 days significantly increased the serum levels of HDL. These findings may have important im-
plications for the prevention of atherosclerosis in healthy subjects [28].

In the renal profile, our results showed a decrease of urea in the offspring of mothers who received grape juice
during pregnancy. The reduction in urea levels through consumption of products rich in polyphenols has been
presented by Pinheiro et al. [29], where the grape seed extract (Cabernet sauvignon) promoted a reduction of
urea levels in rats that were induced lesion due methotrexate (MTX). In our study no significant change in crea-
tinine levels were observed. These data corroborate Safa et al. [30], where grape seed extract, in a model of
acute kidney lesion by gentamicin, showed a protective effect, however without significant changes in the levels
of creatinine and urea.

Still, de Bem and colleagues [23] in a transgenerational protection assessment model evaluated the beneficial
effect of acaiseed extract (Euterpeoleracea mart.) in cardiovascular and renal changes in rats whose mothers
were fed a low protein diet during pregnancy. Among the results, it is observed that the acai extract normalized
the levels of creatinine and urea, elevated because of the low protein diet in the offspring. The benefits of acai
demonstrated in this work confirm data obtained for urea parameter in our study, when considering the gesta-
tional factor. In addition, provide further evidence of the antioxidant action of these natural compounds and their
ability to cross the placental barrier generating beneficial effects on offspring.

This study showed that there was no statistical difference between the groups regarding AST levels. However,
it was observed that the grape juice consumption during pregnancy was responsible for a decline in ALT values.
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Products derived from grape have been shown to promote hepatoprotection, including alcoholic extract of grape
seed (Vitis vinifera) in albino rats, reducing levels in AST and ALT [31]. Also, Orhan and colleagues demon-
strated that the extract of Vitis vinifera leaves is able to reduce liver damage caused by carbon tetrachloride [32].
Furthermore, Alimi et al. [33] show that the consumption of fruit juice from Cactus opuntiaficusindica f. inermis,
which contains antioxidant compounds such as flavonoids polyphenols, betaxanthin and betacyanin reduced le-
vels of AST, ALT and GGT in Wistar rats, suggesting protective role in liver injury induced by ethanol.

5. Conclusion

We can conclude that the consumption of red grape juice during pregnancy can lead to benefits for biochemical
markers. Briefly, we found that gestational consumption of grape juice promoted on their offspring reduction in
TC, TG, urea and ALT parameters, and did not alter the levels of creatinine and AST. Also, the consumption of
post-lactating grape juice promoted a significant increase in HDL. This study evaluated one kind of rats models;
other studies with others models could be designed to reinforce these results, and also with different interven-
tions during the pregnancy and also in childhood and adult life. Although more studies are required to analyze
other biochemical and physiological parameters, and better understand how these mechanisms take place, it is
possible to suggest that grape juice promotes a benefit even when consumed during pregnancy to their offspring,
thus being an ally in preventing various diseases.
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