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Abstract: Introduction: Overuse of antibiotics has been increasing in recent years and is currently the most
prescribed drug in the paediatric age. It is estimated that 72% of patients in the neonatal intensive care unit
(NICU) are treated with antibiotics. One of the effects observed with their use is the alteration of the microbiota,
which is associated with metabolic disorders including obesity. In this study, the aim was to determine in
newborn rats, whether most commonly prescribed antibiotics in Mexican NICUs have a differential effect on
weight gain, development of adiposity, and modification of carbohydrate and lipid metabolism. Methods: This
is an experimental study in newborn rats, comparing Ampicillin/Meropenem (Access/Watch groups) 100 pg/g
every 12 h /10 pg/g every 12 h (each of these two antibiotics was adjusted to the required dosages based on
weight); Cefotaxime 200 pg/g every 24 h; (Watch group) and Amikacin 15 ng/g every 24 h (Access group) versus
Saline Solution as Control. Each antibiotic was intraperitoneal administered daily for 5 days in males (to avoid
gender differences) to 14 newborn rats in each group. A comparison of anthropometric and biochemical
parameters registered on day 28 was made using ANOVA analysis. Differences were considered if p < 0.05.
Results: Amikacin was the antibiotic with the greatest effect on anthropometric measurements and LDL-
cholesterol; as well as Cefotaxime on Glucose and triglycerides, while Meropenem plus Ampicillin showed the
weakest effect on measured parameters. Conclusion: The administration of antibiotics in the neonatal stage
has repercussions on the body composition of adult rats, as well as on lipids and carbohydrates serum levels.
Future studies might evaluate the toxicity of antibiotics on the immature neonatal organs.

Keywords: antibiotic; body composition; newborn; animal model; neonate development

Introduction

Childhood overweight and obesity is one of the major concerns of health systems around the
world. The prevalence of overweight and obesity between children and adolescents aged 5-19
increase from 4% in 1975 to 18% in 2016 (over 340 million children and adolescents aged 5-19).
Children under the age of 5 years overweight or obese were estimated to be 38.2 million in 2019 (1).

Antibiotic treatment in the early days of life has been associated with abdominal fat
accumulation in the following 6 to 24 months in humans. (2,3) Antibiotics are drugs that have the
capacity to eliminate or inhibit bacterial growth, and are used to treat neonatal infections, which are
primarily bacterial in origin, as pneumonia, sepsis, and meningitis. (4)

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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The antibiotics use is high around the world in Neonatal Intensive Care Units (NICU), where it
is estimated that it represents 25% of used drugs due to the risk of infection development that
premature neonates are exposed to (5, 6). With a low expression of co-stimulatory molecules in the
immune system and without immunological memory, neonatal exposure to pathogens before,
during, or after birth favours the establishment of an infection with the risk of developing early or
late neonatal sepsis, which is often lethal (7).

Antibiotics used in NICUs are classified by the World Health Organization (WHO), based on
the Access, Watch, Reserve, (AWaRe) Essential Medicines List for Children and their use. The
antibiotics of the first level of access belong to restricted-spectrum, such as Ampicillin and Amikacin.
Observation antibiotics, such as Meropenem and Cefotaxime are broad-spectrum, and the reserved
group classification refers to those antibiotics used in the multidrug resistant infection treatment (8).

While antibiotic use is essential, it can be regulated and targeted by culture, antibiograms, and
new techniques such as sequencing, which allow rapid, highly sensitive, and specific identification
of bacterial species (9). However, the recovery rate from blood culture microorganisms is still less
than 17%, which does not allow specific management (8), Mortality is estimated to increase 7% every
hour due to delayed initiation of antimicrobial therapy in critically ill patients (10), making it
extremely important to provide rapid targeted therapy to the causative microorganism.

The antimicrobial mechanism of action, pharmacokinetics, distribution, elimination, toxicity and
side effects in the body are particular characteristics of each antibiotic, which are considered during
the election (11, 12). The last few years have been particularly important in terms of understanding
how the patient’s age influences the effects that will be observed. The antimicrobial action extends,
as a secondary effect, to the microbiota of the neonatal patient, affecting the diversity of colonizing
microorganisms, particularly Bifidobacterium, an abundant microorganism during lactation, decrease
and increase abundance of Klebsiella and Enterococcus spp.; the modification is detected up to 24
months after exposure to antibiotics (13, 14), a situation that is associated with the subsequent
development of obesity.

Most of the current studies do not identify the specific antibiotic associated with microbiome
and weight changes; however, the mechanism of action of each antibiotic varies (11, 12), it is
important to associate the type and magnitude of a side effect to the antibiotic used. Moreover,
genetic background, feeding, and ambient variations in human patients make difficult to compare
the effects of different antibiotics in such heterogeneous conditions. The advantage offered by an
animal model, is the antibiotic comparison in similar, controlled conditions.

In order to compare side effects of antibiotics frequently used in neonatal intensive care, a
newborn rat model in a controlled environment was chosen to evaluate the individual effect of three
treatments preferably used in NICUs, upon anthropometric and biochemical adult-equivalent
changes.

Material and Methods

Ethical statement: The protocol was approved by Research, Ethical and CICUAL Commitees of
Instituto Nacional de Perinatologia (INPer), under the registration number of 212250-3100331.

Study design: Experimental study in newborn male albino Wistar rats (one day old, weight 6.4-
7.5 g) from the facilities of Instituto Nacional de Perinatologia. The rat litters were kept with a rat
mother in a cage, fed with mother’s milk, in a temperature-controlled environment (22-24 °C), with
55-60% humidity under a 12h light-dark cycle for 7 days throughout the experimentation. Four
groups (14 rats each) were formed. Newborn rats were randomly allocated. Antibiotic doses were
administered intraperitoneally (IP) during five days, starting on the first day of life. Doses were
prepared individually according to weight (approximate volume of 50 to 150 microliters in each
dose). Rats were weaned at 21 days, weighted weekly until the age of 28 days, when they were
sacrificed, after 12h of fasting. Blood was collected by cardiac puncture and separated into serum and
whole cells. Serum was frozen at -70 °C until use. Rats were sacrificed by COz inhalation and cervical
dislocation; each rat was necropsied; the study diagram was showed in the Figure 1.
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Figure 1. Schematic representation of the experimental study. Newborn male albino Wistar rats from
the facilities of Instituto Nacional de Perinatologia. Four groups (9-12 rats each) were formed; group
1 as the control the other 3 groups of antibiotics (Meropenem/Ampicilin, Cefotaxime and Amikacin
respectively). Antibiotic doses were administered intraperitoneally (IP) during five days. Rats were
weighted weekly until the age of 28 days, when they were sacrificed, after 12h of fasting. Blood was
collected. (Diagram created using EDA digital tool http://eda.nc3rs.org.uk ).

Antibiotic dosing. Four antibiotics were tested, two of them in combination
Ampicillin/Meropenem (Access/Watch groups) 100 pg/g every 12 h /10 pg/g every 12 h (each of these
two antibiotics was adjusted to the required dosages based on weight); Cefotaxime 200 ng/g every 24
h; (Watch group) and Amikacin 15 pg/g every 24 h (Access group). Equivalent doses to those used in
human newborns in the NICU were used. Main characteristics of the antibiotics are described in Table
1. For the control group physiological Saline Solution was administered in similar volume (uL) IP
every 24 h. The antibiotics administrated ever 24 h were given in the mornings at 7 am and those with
an indication of every 12 h had an additional administration at 7 pm.

Table 1. Antibiotic Characteristics (from 11, 12).

ANTIBIOTIC MEROPENEM AMPICILLIN CEFOTAXIME AMIKACIN
FAMILY Carbapenems Beta-lactams Third generat‘lon Aminoglycoside
cephalosporins
Inhibits cell wall Inhibits the last stage
) of cell wall synthesis
synthesis, by binding to the
binding to y PICIG | Inhibits the last .
L inactivating . It binds to the 30S

penicillin- stage of bacterial

transpeptidase, subunit of the bacterial

inding protein wall synthesi
MECHANISM kEP];iPs)g P Z; 38 therefore preventing bii dlsrz, :oePSBsPl’)sy ribosome, stopping
OF ACTION YPE23 e cross-linking of the g to- ’ bacterial DNA
and 4, thus . . disrupting .
e peptidoglycan chains . transcription and
facilitating . synthesis and . ,
. . that gives the cell wall . . protein synthesis.
bacterial lysis, .. causing cell lysis.
.. structure, resulting in
bactericidal . . .
bacterial lysis and its
effect.
subsequent death.
Gram +, Gram — Gram +, Gram — Gram -
SPECIFIC and,str'ct Group B broad s/ ectrum Pseudomonas, E
i L um. , E.
ACTION Streptococcus, Listeria P

anaerobes. It is Streptococcus spp. coli and species



https://doi.org/10.20944/preprints202401.1218.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 January 2024 doi:10.20944/preprints202401.1218.v1

prescribed for ~ monocytogenes and and gram-negative of Proteus, Providencia,

complicated, Escherichia coli. bacilli (GNB).  Klebsiella, Enterobacter,
intra-abdominal It has no activity Serratia y Acinetobacter
polymicrobial against non-
infections. Also fermenting GNBs
used in cases of (Pseudomonas
meningitis. aeruginosa,
Acinetobacter
baumannii), L.
monocytogenes,
Enterococcus spp
and strict
anaerobes.
Renal
el.lmma"clon, Renal, glomerular
including

ELIMINATION glomerular flltratlc?n and. tubular Renal elimination ~ Renal elimination
secretion, with 10%

filtration and
hepatic metabolism.

tubular
secretion.

Its use has been
associated with an It has risk of causing

Interstitial nephritis, . . . . .
p increased risk of irreversible, bilateral,

TOXICITY neurotoxicity and

platelet disturbance necrotising symmetrical
' enterocolitis ototoxicity.
(NEC).

The commonly used
Recommended dose is 200 mg/kg/day
dose 20 mg/kg (range 100-350
every 12 h, for mg/kg/day every 6-12 Recommended

those under 32 h, extrapolated from dose 50 Dose according to
NEWBORN gestational adults studies). mg/kg/dose every weight of new-born 16
DOSE weeks and 30 Although by 12 h for the first mg/kg every 36 to 48 h.

mg/kg for gestational age (GA) week of life
those older than for premature babies,
32 weeks, every 50 mg/kg/dose every
8 h. 12 h, or every 8 h if the
baby is >34 weeks GA

Rat measurements.

Rats were weighed each day on an electronic scale (Acculab, VI-200, 11722, NY, USA), calibrated
between all measurements. Rats were weaned at 21 days of life, when rat mother was removed, and
experimental rats remain in the cage. The rats were allowed ad libitum access to food and water for
an additional week, then, sacrificed followed by biochemical determinations as well as necropsy. Rat
ELISA (CUSABIO, Wuhan, Hubei Providence, China. CP:430223) was used according to the brand
instructions.

Glucose (GL44 Blood glucose monitor, mg/dL), Rat Glucose-6-phosphate 1-deshydrogenase
(G6PD) Cat. No. CSB-EL009121RA reported in mU/mL, Rat Triglyceride (TG) Cat. No. CSB-E11705r,
reported in ug/mL, Rat low density lipoprotein cholesterol (LDL-C) Cat. No. CSB-E16561r reported
in ng/mL.

Sample Size calculation
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Sample size calculation was performed based on the outcome of weight gain at 28 days form
birth evaluated by ANOVA model, a comparison between 4 study groups was consider with 95%
reliability (a=0.05), a statistical power of 80% ([3=0.20) and a grade effect size (Cohen’s =0.45). The
minimum size calculation per study group was 14 experimental units. Sample size calculation was
performed in R software version 4.3.2 with the “pwr” package.

Statistical analysis

Data of the present study were analysed using GraphPad Prism v.9.1. The data was presented
as mean and standard deviation (SD). Weight gain was calculated as the difference between the
weight at 28 days and the weight at baseline. The comparison of weights between study groups, at
each week from Birth, was carried out by means of a two-way ANOVA (Antibiotics and age of the
rat), and post-hoc tests were carried out with the Tukey’s test for multiple comparison and by
Benjamini, Krieger and Yekutieli test (q values) for controlling the false discovery rate.. For
comparisons of biochemical parameters and weight gain on day 28, a one-way Brown-Forsythe
ANOVA (G&PDH and LDL) or a Kruskal-Wallis test (Glucose and Triglycerides) were use. The
election of the model was based throughout residuals analyses. Multiple comparisons between
groups were performed by Dunett’s T3 post-hoc test in the ANOVA models and by Dunn’s post-
hoc test in the Kruskal-Wallis models. The values of biochemical parameters were plotted in box and
whisker plots.

Differences were considered statistically significant where p-value was p<0.05.

Results

Initially, 56 rats were included in the study. Some died during the experimental manipulation,
remaining 13 in the control group, 14 in the Meropenem/Ampicillin group, 11 in the Cefotaxime
group, and 10 in the Amikacin group. One day old male newborn rats were homogeneous on
anthropometric measures (Table 2). Weight values of each study group at baseline 7, 14, 21 and 28
days are shown in Table 3. Weight gain at 28 days of the follow up were as follows: Control: 47.38 g
(SD:6.17), Meropenem/Ampicillin: 52.63 g (SD:2.93), Cefotaxime: 62.66 g (SD:5.53), and Amikacin:
61.88 g (SD:2.42). On day 28, comparing the antibiotics; the Cefotaxime (p<0.0001) and Amikacin
(p<0.0001) groups showed a significant difference with respect to the control group, but not with
respect to the Meropenem/Ampicillin group (p=0.19), Cefotaxime (p=0.0002) and Amikacin
(p<0.0001) showed a statistical difference with respect of Meropenem/Ampicillin, but were not
statistically different between them (p=0.99).

Table 2. Baseline anthropometric data of the new-born rats.

Control Meropenem/ Ampicillin Cefotaxime Amikacin

group group group group

(n=13) (n=14) (n=11) (n=10)

Weight (g) 6.48 (0.43) 6.83 (0.47) 6.81 (0.96) 6.88 (0.43)
ROS”O'C?:H?;‘I length 711 0.23) 7.10 (0.24) 7.32 (0.41) 7.64 (0.32)
Thoracic diameter(cm)  3.97 (0.27) 421 (0.23) 4.05 (0.29) 416 (0.11)
Abdominal diameter | >, 4.26 (0.30) 4.05 (0.25) 435 (0.12)

(cm)

Table 3. Weight values of the rats in each study group during baseline, 7, 14, 21 and 28 days of follow-

up.
Control M/A Cefotaxime  Amikacin
Baseline
Mean (SD) 6.48 (0.43) 6.84 (0.48) 6.81 (0.96) 6.88 (0.43)
p values multi test comparison
vs. Control - 0.79 <0.0001 <0.0001

vs. M/A 0.79 - <0.0001 <0.0001
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Vs. Cefotaxime <0.0001 <0.0001 - 0.17
vs. Amikacin <0.0001 <0.0001 0.17 -
q values for controlling FDR
vs. Control - 0.06 0.06 0.06
vs. M/A 0.06 - 0.08 0.08
Vs. Cefotaxime 0.06 0.08 - 0.07
vs. Amikacin 0.06 0.08 0.07 -
7 days
Mean (SD) 13.38 (0.65) 13.02(0.95) 13.45(1.59) 15.98 (0.71)
p values multi test comparison
vs. Control - 0.79 <0.0001 <0.0001
vs. M/A 0.79 - 0.0002 <0.0001
Vs. Cefotaxime <0.0001 0.0002 - 0.17
vs. Amikacin <0.0001 <0.0001 0.17 -
q values for controlling FDR
vs. Control - 0.06 0.07 0.002
vs. M/A 0.06 - 0.06 0.001
Vs. Cefotaxime 0.07 0.06 - 0.003
vs. Amikacin 0.002 0.001 0.003 -
14 days
Mean (SD) 23.97 (0.61) 2426 (1.22) 26.19(2.53) 29.81(1.12)
p values multi test comparison
vs. Control - 0.79 <0.0001 <0.0001
vs. M/A 0.79 - 0.0002 <0.0001
Vs. Cefotaxime <0.0001 0.0002 - 0.16
vs. Amikacin <0.0001 <0.0001 0.16 -
q values for controlling FDR
vs. Control - 0.06 0.005 <0.0001
vs. M/A 0.06 - 0.007 <0.0001
Vs. Cefotaxime 0.005 0.007 - 0.0003
vs. Amikacin <0.0001 <0.0001 0.0003 -
21 days
Mean (SD) 34.26 (2.71)  36.34 (2.89) 42 (4.71) 45.03 (1.72)
p values multi test comparison
vs. Control - 0.79 <0.0001 <0.0001
vs. M/A 0.79 - 0.0002 <0.0001
Vs. Cefotaxime <0.0001 0.0002 - 0.16
vs. Amikacin <0.0001 <0.0001 0.16 -
q values for controlling FDR
vs. Control - 0.005 <0.0001 <0.0001
vs. M/A 0.005 - <0.0001 <0.0001
Vs. Cefotaxime <0.0001 <0.0001 - 0.001
vs. Amikacin <0.0001 <0.0001 0.001 -
28 days
Mean (SD) 55.51 (5.67) 59.72(2.99) 67.40(7.52) 68.77 (2.49)
p values multi test comparison
vs. Control - 0.78 <0.0001 <0.0001
vs. M/A 0.78 - 0.0002 <0.0001
Vs. Cefotaxime <0.0001 0.0002 - 0.17
vs. Amikacin <0.0001 <0.0001 0.17 -
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q values for controlling FDR

vs. Control - <0.0001 <0.0001 <0.0001
vs. M/A <0.0001 - <0.0001 <0.0001
Vs. Cefotaxime <0.0001 <0.0001 - 0.02
vs. Amikacin <0.0001 <0.0001 0.02 -

Data are presented as mean and standard error. Comparison were made by two-way ANOVA, and post-hoc test
by Tukey’s test and Benjamini, Krieger and Yekutieli test.

Figure 2 shows the overall effect of treatment with the various antibiotics during the follow-up
period. Multiple comparison test in ANOVA model showed that weight in all weeks was higher in
the Cefotaxime and Amikacin groups compared to the control group and the Meropenem/Ampicillin
group did not show significant differences with respect to the control group. In Table 2, the false
discovery rate test (q-values) suggests that all study groups were different from the control group at
21 and 28 days.

80~
& Control group
= = eropenem/Ampicilin T
70 M m/Ampicili
Cefotaxime
60- I
Amikacin )
S 50
et Control vs.
= ' s
'g., 40= : & 580001
h— z
é: &
30+
-
20 = Control vs. Ag :0:0001
MIA: >0.05'
C :0.0001
10 ; SE Two-ways ANOVA:
g Antibiotic: F(4,232)=1956, p<0.0001
B:20.0001 Rat age: F(3,232)=42.82, p<0.0001
0 | | 1 | || |
0 7 14 21 28
Rat age (days)

Figure 2. Antibiotics effects on weight of new-born rats from day 1 to 28 days of age for the entire
observation period. Data is presented as mean and standard error. Comparison were made by two-
way ANOVA, and post-hoc test by Tukey’s test.

The accumulation of abdominal fat at the age of 28 days in representative animals is presented
in Figure 3, it can be seen that fat accumulation was greater in rats treated with antibiotics.
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Figure 3. Abdominal fat accumulation at the age of 28 days in representative animals, each from a
different group.

The distributions and comparisons between the study groups of the biochemical parameters are
shown in Figures 4 and 5. Figure 4 shows the values of glucose (Fig. 4A) and G6PDH (Fig. 4B) on day
28. It was observed that glucose levels are similar between the different study groups (Control: 111.38
[SD: 20.93], Meropenem/Ampicillin: 134.42 [SD: 21.76], Cefotaxime: 140 [SD: 16.38] and Amikacin:
116 [SD: 38.83 ]), only a difference was observed between the Cefotaxime group with respect to the
control (p=0.02), while the levels of G6PDH, an important enzyme for catalysis of NADPH
production, which protects cells against oxidative stress, presented greater differences were between
the study groups (Control: 0.87 [SD: 0.12], Meropenem/Ampicillin: 1.14 [SD: 0.15], Cefotaxime: 0.899
[SD: 0.16], Amikacin: 1.1 [SD: 0.08]), being Meropenem/Ampicillin group and Amikacin group,
greater than the control group (Both: p<0.0001), and the Cefotaxime group (p=0.005 and p=0.01,
respectively).

A >0.9999 B <0.0001

>0.9999 09211

0.0860 >0.9999 0.5299 <0.0001 0.0117

i

$ 8
+—«<:< :—I:
L
bl
oo E
(;\UIML)

0.5+

I )
Control icillin C i ikaci Control C

Figure 4. Effect of antibiotics on Glucose and G6PDH at age 28 days. A: Glucose values, B: GoGPDH
values. The box represents the median, the 1st and 3rd quartile. The whiskers represent the minimum
and maximum value. Each point, triangle or square represents each rat. Data is presented as Box (25,
50t and 75% percentile) and Whiskers (minimum and maximum). Comparisons were made by one-
way ANOVA (G6PDH) and Kruskal-Wallis (glucose) models, post-hic test by Dunnett’s T3 (G6PDH)
or Dunn’s post-hoc test (Glucose).
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Figure 5. Effects of antibiotics on triglycerides and LDL values at age 28 days. A: Triglycerides values,
B: LDL-cholesterol values. The box represents the median, the 1st and 3rd quartile. The whiskers
represent the minimum and maximum value. Each point, triangle or square represents each rat. Data
is presented as Box (25%, 50% and 75" percentile) and Whiskers (minimum and maximum).
Comparisons were made by one-way ANOVA (LDL) and Kruskal-Wallis (Triglycerides) models,
post-hoc test by Dunnett’s T3 (G6PDH) or Dunn’s post-hoc test (Glucose).

In reference to lipids (Figure 5), triglycerides (Fig. 5A) showed the tendency to be higher in the
Cefotaxime group (88.5 [SD: 8.8]), and Meropenem/Ampicillin (84 [SD: 7.2]), than in the Amikacin
group (80.5 [SD: 0.8]) and control group (79.8 [SD: 1.07]), however, only Cefotaxime group has
statistically significant differences in comparison with control group (p=0.03). On the other hand, the
levels of LDL values (Fig. 5B) increased with the use of Cefotaxime (113 [SD: 77.9], p=0.04) and
Amikacin (138.5 [SD: 96.8] p=0.03), in comparison to the control group (30 [SD: 41.2]) which were not
significantly different than Meropenem/Ampicillin (81.5 [SD:60.4]).

Discussion

In this experimental study we aimed to compare side effects of antibiotics frequently used in
neonatal intensive care throughout and animal model. We observed an increased weight gain by fat
accumulation, and a deficient management regulation of carbohydrates and lipids in antibiotic-
treated rats at birth. The effect was not homogeneous for the antibiotics tested, perhaps related to
differences in their individual mechanisms of action, elimination, dosage, and toxicity patterns. The
model allows this precision in the observations, otherwise difficult to achieve in a heterogeneous
population, such as the human one. Weight differences were observed since the first week of life.
According to the physical growth assessment curves of male Wistar rats with reference values of
body weight (g) as a function of chronological age (days), the weight obtained at day 28 did not
exceed the percentile 97, falling outside the obesity parameter for chronological age (15), however, it
is within the overweigh range.

Weight gain, both in humans and in animal models, has been associated with changes in the
microbiota. It is interesting to note that the group with the lowest weight gain was
Meropenem/Ampicillin.

A study, which determines the microbiota after antibiotic treatment in young adult mice, reports
taxonomic changes in the microbiome, changes in copies of key genes involved in carbohydrates
metabolism and alterations in the regulation of hepatic lipid and cholesterol metabolism (16). The gut
microbiota modulates blood lipids, including cholesterol levels (17), which could explain why
antibiotics use increases triglycerides in Cefotaxime and Meropenem/Ampicillin treated groups, an
effect that was not observed in Amikacin-treated rats, perhaps due to differences in the
microorganism’s sensitivity to the antibiotic. Despite statistically significant differences in
triglycerides, the range of values was comparable to that reported in a prior study (18), although it
should be noted that the lipid levels in that study were not measured in newborn rats.
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LDL cholesterol level increased in the Amikacin and Cefotaxime treated groups with very large
differences with respect to the control group. The values observed in the control group in our study
were comparable to those reported in a prior study (18), thereby reflecting that large differences in
the antibiotic-treated groups are likely of clinical relevance. Long-term trajectories of lipids after
antibiotic treatment should be studied to further characterize their clinical relevance.

The concentrations used for each antibiotic tested differ because the therapeutic doses are
different. The lowest concentration used in this study was for Amikacin, and it was the antibiotic
without effect on triglycerides and glucose levels, perhaps, revealing an effect exerted on the organs
involved in carbohydrates and lipids metabolism. In this regard, it must be taken into account that,
at the time of treatment, most of the organs are under development. Particularly, in the rat model,
with multiple gestation and immature breeds at birth, short gestation, rapid maturity, and short adult
life, known as altricial species, organs are under development at birth. For example, pancreatic p-cell
neogenesis continues throughout neonatal life, on postnatal days 1-2 the total islet mass doubles, on
days 4-10 the rate of islet neogenesis is higher than the rate of islet growth. At weaning, the pancreas
is fully developed (19). Compared to humans, changes in pancreas maturity occur in the last weeks
of pregnancy (20), with the pancreas expanding during the neonatal period (21). Prematurity disrupts
normal pancreatic development by precipitating events, giving place to incomplete expansion of
pancreatic B-cells and lower number of islets, making it difficult for the pancreas to respond to the
demand of glucose regulation later in adulthood. Under this comparison, the experimental period of
this work corresponds with human prematurity, meaning that the use of antibiotic in this period may
increase the risk of developing diabetes, although, it depends on the type of antibiotic used. Despite
the statistically significant differences among groups, none of the observed mean values were in the
range of diabetes (>200-300 mg/dl) (22, 23).

According to the equivalence parameters between human and rat lifespan (24), the antibiotic
administration time was longer than usual, and the follow-up time was relatively short,
corresponding to two years of human life. Most studies, which associate antibiotic treatment with
metabolic changes, do not distinguish between the gestational ages of the babies during treatment.
When full-term babies were studied for the effect on weight gain after antibiotic treatment on
neonatal period, researchers found no weight gain, not even after transplanting the microbiota of
treated babies, which also lose weight (25).

It is important to mention that the results of the tests for false discovery rate showed differences
with respect to the multiple comparisons of weights throughout the follow-up of the study, indicating
that the weights between study groups at baseline and at 7 days are similar between study groups,
and from 21 days onwards all groups were different from each other. Cefotaxime and Amikacin
groups had the highest weight values. The use of q values is more useful in this type of statistical
analysis in which multiple comparisons were made to try to avoid committing type 1 error.

Limitations of this work were the lack of quantitative fat measurements when the animals were
necropsied. Furthermore, it is important to mention that when performing the cardiac puncture to
take the blood, there is a high risk of a failure in the process, with less opportunity to take the sample,
or just less volume sample, which explains the differences on samples numbers for biochemical
analysis between the groups. Another important limitation observed in our study was the loss of
mice throughout the follow-up, causing the minimum calculated sample size not to be attained.
Nonetheless, statistical evaluations of each statistical model were performed to verify that the model
assumptions were adequate for comparisons.

The knowledge of metabolic alteration under antibiotic treatment in newborns is an important
step. Future observations and experiments could be directed to mitigate them, for instance 1)
restoring a normal microbiota by providing it as soon as possible after antibiotic treatment, 2)
providing protective substances for organ development, such as those of lipid origin (Vitamin E) used
to protect neonatal rats from Amikacin (26), and 3) preferring the use of antibiotics with lower
therapeutic doses to minimize damages, trying to protect postnatal developing organs.

In the other hand, it is important to take into consideration the impact of antibiotics in food-
producing farm animals, which impose a positive pressure for the emergence of antibiotic-resistant


https://doi.org/10.20944/preprints202401.1218.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 January 2024 doi:10.20944/preprints202401.1218.v1

11

bacteria (AMR) (27). Furthermore, AMR genes can be transmitted to humans through the
consumption of meat-harboring-resistant bacteria, as in the case of ESKAPE bacteria (Enterococcus
faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas
aeruginosa, and Enterobacter species), being pigs one of the biggest reservoirs of AMR (28).

Experimental studies in animal models as well as in humans have shown that different types of
antibiotics might influence the development of obesity among children and that in effect they have
the ability to alter the human gut microbiota (obesity-related dysbiosis) (29-32). Therefore, the
limitation of the use of certain broad spectrum antibiotics in children might reduce the burden of the
obesity epidemic and gut microbiota-related diseases.

Many questions that remain unanswered from this study, such as the reversibility of the
observed effects, the timing of damage, the dose dependence of damage, and the impact of antibiotics
on postnatal organ development compared to the effect on the microbiome. Most of all, it is crucial
to understand that obesity is not only the result of imbalance between the calorie intake and
expenditure, but also that it could be triggered by external events coming from something as basic as
preconception care in terms of the having enough knowledge on how to follow a healthy life style.

In conclusion, the weight gain observed with antibiotic treatments in the first days after birth
was confirmed in the rat model, with values in the overweight range, but not of obesity. Weight gain
was lower with Meropenem/Ampicillin than with Amikacin and Cefotaxime. Increased glucose
levels not meeting the criteria for diabetes were found in the Cefotaxime group with respect to
control. Large increases in LDL were observed in the Cefotaxime and Amikacin groups, compared to
control, which were larger than those in previous studies. Overall, these changes could be mediated
by disruptions of organogenesis or the early-life microbiome, which are known to have long-term
impacts on weight and metabolic parameters. Longer follow-up studies are needed to address these
changes.
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