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ABSTRACT

The aim of this research was to assess whether the administration of melatonin
during pregnancy and lactation can mitigate alcohol-induced liver and kidney
damage in the offspring. Three groups were formed with the offspring of 30 albino
Wistar rats from the UFRPE bioterium: control group - Offspring of rats that did not
consume alcohol; alcohol group - Offspring of rats that consumed alcohol;
alcohol+mel group - Offspring of rats that consumed alcohol and received melatonin.
The female rats received 3 g/Kg of alcohol and 0.8 mg/Kg of melatonin during the
gestational and lactation period. The rat pups were euthanized at 30 days of age.
The collected organs underwent histological procedures for morphometric,
histopathological and statistical analyses. In the liver of the alcohol group,
congestion in the portal and centrolobular veins, steatosis, and alterations in the
sizes of hepatic parenchyma were observed, which were not present in the
alcohol+mel and control groups. In the alcohol group, the kidneys also showed
congestion in the cortical area, without the subcapsular space and with altered
glomerulus size, on the other hand, the group treated with melatonin did not present
alterations in these organs. The statistical analyses of the weights and lengths of the
alcohol+mel group also did not reveal any significant alterations when compared to
the group exposed only to alcohol. Thus, melatonin acted positively, interfering and
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mitigating the harmful effects that ethanol had on the liver, kidneys, weight and
length of offspring whose mothers were subjected to chronic alcohol consumption.

Keywords: Alcohol, Antioxidant, Fetus, Free radicals, Mouse.

INTRODUCTION

Nearly 10% of women worldwide consume alcohol during the gestational period
(POPOVA et al., 2017). This prevalence in the Americas is 11.2% according to the
Pan American Health Organization (PAHO, 2019). This ingestion of alcoholic
beverages during pregnancy is considered even more serious, as it can lead to
various adverse consequences not only for the mother, but also for the embryo or
fetus. These harmful results are known as Fetal Alcohol Spectrum Disorders
(FASD), that includes mental, physical, cognitive and behavioral changes
(BERTRAND et al., 2005).

The problems caused to the offspring of alcoholic mothers are considered the most
harmful resulting from alcoholism, since alcohol reaches the fetal tissues easily
(MESQUITA; SEGRE, 2009). In addition, according to some authors, alcohol can

also reach breast milk in large or small amounts (BURGOS et al., 2002).

During alcohol metabolism, free radicals are released that increase oxidative stress
and cause changes in protein activity (GONCALVES; PEREIRA, 2007). The liver is
primarily responsible for metabolizing alcohol, with the magnitude of liver damage
being determined by the amount and regularity of consumption, which can cause
hepatitis, hepatic steatosis, fibrosis, cirrhosis and hepatocellular carcinoma
(LIEBER, 2005; FONSECA; RODRIGUES, 2018).

According to Batista et al., (2010) constant alcohol consumption can also cause
various effects on the kidneys and in large amounts can lead to acute tubular
necrosis syndrome. Thus, the consumption of alcoholic beverages is related to the
promotion of chronic renal failure, in addition to authors presenting the relationship
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between alcoholism and changes in renal physiology and morphology (THIEL et al.,
1977).

In view of this, the use of antioxidants has been an alternative to compensate for the
damage caused by oxidative stress in organs, such as melatonin, which in addition
to reducing the formation of free radicals and stimulating the action of antioxidant
enzymes, it also decreases hepatic oxidation, protects nuclear and mitochondrial
DNAs and increases messenger RNA levels for antioxidant enzymes (GUERRERO
et al., 2007; SOLIS-HERRUZO; SOLIS-MUNOZ, 2009; SOUZA; MORAIS, 2016).
During the gestational period, maternal melatonin reaches the fetus through the
placenta, so it can perform its functions in the fetus or embryo and in the first weeks
of life, this hormone can reach the newborn through breast milk (ALVES et al., 1998;
THOMAS et al., 2002; CARPENTIERI et al., 2012; REITER et al., 2013).

Considering the harmful effects that drinking too much alcohol can cause to the
organism, it is pertinent to investigate the possible protective action of melatonin on
the damage caused by ethanol in the offspring of rats. Thus, this research aimed to
evaluate whether exogenous melatonin administered during pregnancy and lactation
can prevent the deleterious effects caused by alcohol in the liver and kidneys of rat

offspring.
MATERIAL AND METHODS

This research was conducted at the Federal Rural University of Pernambuco
(UFRPE) and was approved by the Institutional Ethics Committee under the
registration n® 3325300821. 30 virgin albino female rats (Rattus norvegicus albinus),
90 days old, weighing approximately 250+30g, from the Wistar lineage, were
acquired through the bioterium of the Department of Animal Morphology and
Physiology (DMFA) and took part in this study. The animals were provided with food
and water and were housed in cages with an ambient temperature of 22+1°C. The

lighting was provided by 40W fluorescent lamps (Philips brand, daylight model),
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establishing a 12-hour photoperiod. The female rats underwent colpocytological
exams to identify the estrous cycle and those that presented three consecutive
regular estrous cycles were selected for the experiment. After mating and
confirmation of pregnancy, they were divided into 3 experimental groups with 10
animals each, for future formation of the following groups with the offspring: Control
group - Rat pups who did not receive alcohol during pregnancy and lactation,
euthanized after 30 days of life; Alcohol group - Rats pups subjected to chronic
alcohol consumption during pregnancy and lactation, euthanized after 30 days of
life; Alcohol + mel group - Rats pups rats subjected to chronic alcohol consumption
and simultaneously treated with melatonin during pregnancy and lactation,

euthanized after 30 days of life.
MATING OF ANIMALS

The females in the experiments were mated at the beginning of the night (18:00h).
The following day, colpocytological examinations were performed using the Shorr-
Harris staining method, taking the presence of sperm as a parameter for mating

confirmation.
ETHANOL ADMINISTRATION

A dosage of 3 g/Kg of ethyl alcohol was administered intragastrically in rats during
pregnancy (VARLINSKAYA et al., 2001; ARAUJO-FILHO et al., 2007; VEIGA et al.,
2007; SCHEIDT et al., 2015; MARCO et al., 2017).

TREATMENT WITH MELATONIN

Melatonin, N-acetyl-5-methoxytryptamine (Sigma Chemical Co., St. Louis, USA)
was administered in daily injections of 0.8 mg/Kg, throughout pregnancy. For this
purpose, melatonin was dissolved in 0.2 mL of ethanol and diluted in 0.8 mL of 0.9%
NacCl. Injections were applied intraperitoneally, always between 6:00 pm and 7:00
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pm. This dose is comparable to the human dose (9 mg/kg), which was converted
based on body surface area (MOUSTAFA et al., 1999; ABD-ALLAH et al., 2003).

The control and alcohol groups received the hormone vehicle.

WEIGHT AND MEASUREMENT OF ANIMALS

The weights and lengths of the pups were recorded on the day of birth, using a
precision scale and measuring tape. And the averages of the data obtained were

used for the statistical analyses.

HISTOPATHOLOGY

To collect the liver and kidneys from the pups at 30 days of age, the animals were
anesthetized with ketamine hydrochloride (80 mg/kg) and xylazine (6.0 mg/kg)
intramuscularly. Next, the abdominal cavity was opened to remove the organs.
Twelve puppies were used per group, regardless of sex. The animals were
euthanized using anesthesia deepening with ketamine hydrochloride (80mg/Kg) and
xylazine (6.0 mg/Kg), associated with thiopental (100 mg/kg), intraperitoneally. Liver
and kidney fragments were immersed in buffered formaldehyde, remaining there for
48 hours. Then, parts of these organs went through the process of dehydration and
diaphanization to embedded them in paraffin. The sections were made on a Minot
type microtome (Leica RM 2035) adjusted to 5 mm. When obtained, they were
placed on slides previously greased with Mayer's albumin and placed to dry for 24
hours at a temperature of 37°C in an oven. Finally, the sections were stained with
hematoxylin - eosin (H.E.) and analyzed in an OLYMPUS BX-49 light microscope
and photographed in an OLYMPUS BX-50 microscope.
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MORPHOMETRIC ANALYSIS

LIVER

The morphometric study was carried out according to the methodology described by
Engelman et al., (2001). The proportion between the non-lobular and lobular
parenchyma of the liver of the pups at 30 days of the experimental groups was
determined by stereological methods, using a grid with 100 test points, placed on
the sections of the histological preparations stained with Mallory's trichrome, as this
facilitates visualization of portal spaces when using stereological methods. Five
slides were used for counting, considering 10 fields visualized through the 40x

objective, concluding 5.000 points per group.
KIDNEYS

For the morphometric analysis of the kidneys of the puppies at 30 of the experimental
groups, five slides from each group were used and ten glomeruli were analyzed on
each slide. Measurements were restricted to the glomeruli, which demonstrated, in
a single cut, the vascular and urinary poles. This arrangement indicates the section
coinciding with the equatorial region of the glomerulus. For measurements, randomly
selected glomeruli were used. With the use of a Sony® Video camera, coupled to
the Olympus® Bx50 microscope, the images were recorded and the morphometric
analysis was performed using the Line Morphometry application, calibrated in
micrometers, associated with the Optimas® 6.2 program for Windows. The
glomerular area value was obtained by positioning the cursor in order to draw an
external circular line, coinciding with the limits of the glomerular tuft. To measure
Bowman's capsule, the same methodology was adopted (AKAOKA et al., 1994). To
calculate the glomerulus and Bowman's capsule volume, were used the criteria
described by Pagtalunan et al., (2000). For this estimate, the equation 4/31r3 was

used, intended to calculate the volume of the sphere, in which “r’ represents the

radius.
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STATISTICAL ANALYSIS

For the comparison of the morphometric data, the Analysis of Variance was
performed, when significant this was complemented by the Multiple Comparisons

test of Tukey and Kramer. A significance level of 0.05 (P <0.05) was adopted.

RESULTS

With regard to the weight and length of the pups after birth, there was a significant
reduction in the group that received only alcohol (Figures 1 and 2). Histopathological
analysis of the liver of the animals in the control group showed unchanged hepatic
parenchyma with cords of organized hepatocytes bordering the central lobular vein,
interspersed with sinusoidal capillaries. However, animals from born from rats that
received alcohol during pregnancy and lactation showed hepatic parenchyma with
portal and centrilobular vein congestion, in addition to a high degree of steatosis.
These effects were not observed in the animals in the Alcohol + Mel group (Figure
3).

The kidneys of the animals in the control group were well preserved, with most of
the glomeruli and subcapsular space well defined, in addition to proximal and distal
convoluted tubules with normal characteristics, without any alteration. These
characteristics were also verified in the kidneys of animals that received melatonin.
In the kidneys of the animals that received only alcohol, the presence of areas of
congestion in the cortex and corpuscles with absence of the subcapsular space were

observed (Figure 4).

The morphometric analysis of the liver of animals, whose matrices received only
alcohol during pregnancy and lactation, showed significantly reduced lobular
parenchyma and increased non-lobular parenchyma. In the morphometric analysis
of the kidneys, a significant reduction in the diameter and volume of the glomerulus,
in addition to the diameter and volume of Bowman's capsule, was also observed in
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this group. While the control and alcohol+mel groups did not present these

alterations (Tables 1 and 2).

Figure 1: Weight of puppies at birth. Alcohol: Observe significant weight reduction; Control and
Alcohol+Mel: There was no significant difference. Means followed by the same letter in the lines do

not differ significantly by Tukey's one-way Anova test with post hoc (p < 0.05)
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Source: Authors, 2023.
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Figure 2: Length of pups at birth. Alcohol: Observe significant reduction in length; Control and
Alcohol+Mel: There was no significant difference. Means followed by the same letter in the rows do
not differ significantly by Tukey's one-way Anova test with post hoc (p < 0.05)
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Source: Authors, 2023.
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Figure 3: Photomicrograph of the animals' liver at 30 days of age. (AB) — Control: without alterations
with cords of organized hepatocytes; (CD) — Alcohol: observe portal and centrilobular vein congestion
and high degree of steatosis; (EF) — Alcohol + Mel: structures similar to the control. Long arrows -
centrilobular vein; Short arrows — cords of hepatocytes; Asterisk — biliferous duct; Arrowheads —
sinusoids; Dashed arrows — co-management of the centrilobular vein; White arrows — hepatocytes
showing steatosis. HE

Source: Authors, 2023.
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Figure 4: Photomicrograph of the animals' kidneys at 30 days of age. (AB) — Control: preserved
histological structure; (CD) — Alcohol: observe the presence of areas of congestion in the cortex and
corpuscles with absence of the subcapsular space; (EF) — Alcohol + Mel: structures similar to the
control. Long arrows — Bowman's capsule; Asterisk — glomerulus; Dashed arrows — cortical
congestion; Short arrows — absence of subcapsular space; Rc — Cortical Region. HE
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Source: Authors, 2023.
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Table 1. Mean * standard deviation of the percentage of lobular and non-lobular parenchyma in the
liver of animals at 30 days of life.

groups Control Alcohol alcohol + mel | P
Lobular Parenchyma 81.59 + 2.95y 73.26 = 1.40b 80.53+1.42a | 0.0050
Non-Lobular Parenchyma 18.43 +2.97y 26.50 £ 1.04b 19.50+1.48y  0.0053

Source: Authors, 2023.

Means followed by the same letter in the rows do not differ significantly by Tukey's

one-way Anova test with post hoc (p < 0.05).

Table 2. Mean + standard deviation of glomerular diameter (DG), glomerulus volume (VG), diameter
(DCB), volume (VCB) of Bowman's capsule in the kidneys of animals at 30 days of life.

groups Control Alcohol alcohol + mel P

DG (um) 6629 + 351a 4670 + 121b 6302 + 157a 0.0017
VG (um 35212 + 3584a 20329 + 1734b 33319 + 216a 0.0094
DCB(um) 7338 £ 296a 5877 + 380b 7202 £ 110a 0.0024
VCB(um?® 41645 + 544a 30881 + 761b 42972 + 464a 0.0317

Source: Authors, 2023.

Tukey's one-way Anova test with post hoc (p < 0.05).

DISCUSSION

Intrauterine exposure to alcohol can cause several deleterious effects to the fetus or
embryo, such as structural anomalies and behavioral and neurocognitive
deficiencies, and one of the first prenatal symptoms, growth deficiency (length and /
or weight) that possibly persists in the postnatal period (HOYME et al., 2005).

In this work, a decrease in the weight and length of the offspring was observed with
the consumption of alcohol by the sows, while in the control and alcohol+mel groups
there were no significant differences for this result. Authors such as Domingues et
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al., (2009) also found the interference of ethanol in the growth of fetuses. Since
excessive consumption of alcohol can impair the maternal ability to maintain the
development of the fetus, interfering with the absorption of nutrients by the mother
and causing vasoconstriction of the umbilical cord and placenta, altering its ability to
provide nutrients to the fetus through the flow blood (GOODLETT; HORN, 2001).

In turn, melatonin in the alcohol+mel group was able to preserve fetal growth, since
it has an antioxidant action, protecting the placenta against damage, in addition to
stimulating the passage of nutrients via the umbilical cord (EIFERT et al., 2015). As
well as, Nagai et al., (2008) found in their study that treatment with melatonin

prevented fetal growth restriction and oxidative damage to the placenta.

In the histopathological and morphometric analyzes of the liver in the alcohol group,
congestion in the centrilobular and portal veins was detected, in addition to steatosis,
which is considered the first stage of alcoholic liver disease, being a direct
consequence of the impacts caused by alcohol metabolism (BREITKOPF et al.,
2009). Steatosis can be caused by the accumulation of NADH in hepatocytes during
ethanol metabolism, causing changes in lipid metabolism by inhibiting the B-
oxidation of fatty acids and increasing their synthesis to dispose of excess hydrogen
(ALBANO, 2006; SOZIO; CRABB, 2008).

On the other hand, these alterations were not observed in the alcohol+mel group,
indicating the beneficial action of melatonin and demonstrating its efficacy in
protecting the offspring's liver from injuries resulting from alcohol exposure. The
antioxidant and anti-inflammatory activities of melatonin are well-known, in addition
to its protective properties against oxidative stress and its ability to prevent alcoholic
hepatic steatosis (ZHANG et al., 2017). According to Hu et al., (2009) melatonin
demonstrated the ability to inhibit the generation of free radicals, resulting in a
considerable reduction in steatosis, lipid peroxidation and inflammatory cytokine
activity in adult rats exposed to alcohol consumption. Our work showed that the
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administration of melatonin can also stop the development of liver damage caused

in the offspring of mothers who consume alcohol during pregnancy and lactation.

In the alcohol group, histological and morphometric findings also showed congestion
in the cortical region and absence of subcapsular space in the renal corpuscles, in
addition to a significant reduction in the volume and diameter of the glomeruli and
Bowman's capsule. Studies have already confirmed the relationship between
Atherosclerotic Renal Artery Disease (ARAD) and chronic alcohol consumption,
which leads to kidney atrophy, as well as the increased production of reactive oxygen
species by ethanol metabolism, which can affect the kidneys and damage the renal
tubules, these free radicals also affect cells of the immune system and stimulate the
production of pro-inflammatory cytokines, which can lead to the development of
kidney diseases (KONOPKA et al., 2007; BARR et al., 2016; VARGA et al., 2017;
WANG et al., 2017).

The alcohol + mel group did not reveal these lesions in the kidneys, which indicates
the action of melatonin with its anti-inflammatory, antioxidant and cytokine
modulating effects on this organ as well. Treatment with melatonin is capable of
significantly reducing oxidative stress on the kidneys, in addition to also exerting an
anti-apoptotic action, with the ability to reduce pro-inflammatory cytokines, improve
mitochondrial activity and have beneficial effects on changes in renal pressure
(RUSSCHER et al., 2012, ZHANG et al., 2021). This explains the protection against
changes in renal histology and how it avoided congestion caused by the stimulation
of inflammatory actions in the alcohol + mel group, since melatonin has a range of
biological activities performed in different organs through its receptors. Studies with
adult rats show that melatonin prevents the structural and functional impairment of
renal tissue caused by ethanol-induced oxidative stress (KURHALUK et al., 2020).
However, our findings indicate that melatonin is able to attenuate these lesions also

in pups that were exposed to ethanol during pregnancy and lactation.
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CONCLUSIONS

Thus, melatonin was able to interfere and mitigate the harmful effects that ethanol
exerted on the histology of the liver and kidneys of offspring whose sows were
subjected to chronic alcohol consumption. This research also showed a positive
effect of this hormone on weight and length, meaning that excess alcohol does not
alter the absorption and transport of nutrients between mother and offspring. Thus,
suggesting that melatonin may be an important adjuvant in the treatment of damage

caused by alcohol to the liver and kidneys of children of alcoholic women.
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