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Consequences of Oral Gavage during
Gestation and Lactation on Rat Dams and the
Neurodevelopment and Behavior of Their
Offspring

Kate McDonnell-Dowling,” Silke Kleefeld, and John P Kelly

Oral gavage is a popular route of drug administration during preclinical testing. Despite the growing body of information
regarding the effects of oral gavage and the stress associated with this technique, the consequences of such exposure during
pregnancy or lactation have rarely been investigated. Therefore, we sought to determine the consequences of oral gavage
exposure during pregnancy and lactation on the neurodevelopment and behavior of rat offspring. Pregnant Sprague-Dawley
dams underwent either no treatment or oral gavage of distilled water once daily from gestational day 7 until postnatal day
21. Oral gavage treatment had no significant effect on maternal parameters, including bodyweight gain, duration of gesta-
tion, litter size, and incidence of neonatal death. Compared with their counterparts from untreated dams, male and female
progeny of gavaged dams had longer body lengths on PND 7 and 14 but reduced forelimb grip performance on PND 14 and
17. Therefore, the use of oral gavage during pregnancy and lactation in rats can have opposite effects on the somatic and
behavioral development of the offspring. These factors should be considered when using oral gavage as a route of adminis-
tration during pregnancy. In addition, the inclusion of no-treatment controls is important because they may reveal various

restraint-associated effects.

Abbreviations: GD, gestational day; PND, postnatal day

Preclinical research, particularly in the last decade, has wit-
nessed a growing emphasis on translation to and close modeling
of the clinical situation. In addition, preclinical research has
aimed to incorporate validity, particularly face, construct, and
predictive validity. These criteria are essential when develop-
ing an animal model, and to predict the clinical outcome, the
preclinical model should be robust, with findings that are
consistent and reliable. Therefore, research groups have increas-
ingly been incorporating clinically relevant parameters into
their study designs. One such aspect is the oral administration
of drugs. Since the late 1970s, researchers have been interested
in the molecular and behavioral consequences associated with
various routes of drug administration.

For example, in studies assessing behavior in the context of
intraperitoneal, intravenous, or subcutaneous administration
of methamphetamine, locomotor activity is affected most by
intraperitoneal dosing, whereas stereotypy ratings are most
influenced by subcutaneous administration*. More recently,
our own studies found that neonatal outcome after prenatal
methamphetamine exposure is route-dependent, with subcuta-
neous administration having a greater effect than oral gavage!’.
Therefore, it is unsurprising that Figure 1 highlights an increas-
ing trend for oral administration since the early 1980s. The term
‘oral administration’ refers to the administration of an item in
a food or drink or by gavage. Among these methods, gavage is
the most common technique for dosing in pharmacokinetic and
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toxicokinetic studies,® with increasing numbers of researchers
using this method of administration (Figure 2).

However, the effects associated with the gavage route itself
remain unclear. The stress associated with the restraint that is
necessary when using the oral gavage procedure has been of
concern, but to date few studies have attempted to determine
the level of stress induced by oral gavage in a controlled manner.
In one study,? blood pressure, heart rate, and body temperature
were all significantly elevated in rats for as long as 60 min after
oral gavage administration of barium sulfate. Given that stress is
defined as any external stimulus that challenges homeostasis, ! it
is reasonable to conclude that rats are acutely stressed by either
the gavage administration or the restraint used to accomplish
this procedure.

Little is known about the consequences of oral gavage dur-
ing pregnancy, and this route of administration has become
quite popular in recent years for preclinical drug evalua-
tions in pregnancy, given the common clinical use of the oral
route 3791314 Therefore, the aim of the current study was to
determine whether oral gavage, as a route of administration,
during pregnancy and lactation affects neurodevelopmental and
behavioral outcomes in the offspring of rat dams. We hypoth-
esized that the stress associated with the oral gavage technique
would adversely affect rat offspring, as measured by delays in
neurodevelopmental parameters and deficits in behavior.

Materials and Methods
Animal housing. Adult male (weight, 275 to 325 g; age, ap-
proximately 4 mo) and naive female (weight, 275 to 325 g; age,
approximately 4 mo) Sprague-Dawley rats were used for this
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Figure 1. Number of articles published annually between 1961 and
2014. Total number of articles returned when ‘oral administration and
rats’, “ip administration and rats’, or ‘sc administration and rats” was
entered into PubMed search engine.
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Figure 2. Number of studies involving oral gavage published annually
between 1970 and 2014. Total number of articles returned when ‘gav-
age administration and rats’ was entered into PubMed search engine.
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study. All female rats were bred inhouse; all male rats were
obtained from Charles River (Kent, United Kingdom), and all
animals were habituated for 1 wk after arrival. Our sentinel
surveillance indicated that all rats were free of known bacte-
rial, viral, and parasitic pathogens. After mating, all female rats
were housed singly in plastic-bottom cages with appropriate
bedding material (Pellets, 3Rs, United Kingdom) and additional
nesting materials (unbleached cotton and Nesteldown bedding,
Petworld, Galway). All rats were maintained under standard
laboratory conditions under artificial 12:12-h light:dark cycle
(lights on, 0800), and temperature was maintained at 20 to
24 °C with relative humidity at 35% to 60%. Food and water
were provided without restriction. After parturition, pups re-
mained with their biologic dams until postnatal day (PND) 21,
at which point the pups were weaned. All experiments were
approved by the Animal Care and Research Ethics Committee
of the National University of Ireland (Galway; 12/NOV/07)
and in compliance with the European directive (2010/63/UE).

Mating, gestational period and delivery. Three female rats were
housed overnight with each sexually mature male rat (3:1). At
the beginning of the light phase the following morning, vagi-
nal smears were obtained from all female rats to check for the
presence of sperm by light microscopy. Gestational day (GD)
0 was deemed the day that sperm was present in the smear.
The expected day of delivery (birth) in rats is GD 21 to 22, and
pregnant dams were checked daily. The pups were randomly

culled (using a random number generator) to 10 per litter on
PND 1, with equal numbers of male and female offspring when-
ever possible. One male and one female pup were selected for
testing from each litter to avoid litter effects, and these same
pups continued through all neonatal testing stages. Pups were
selected based on weight; selected pups weighed the closest
to the sex-specific average for the litter at PND 1. Each of the
selected pups was injected intradermally with black India ink in
the footpad for unique identification purposes within the litter.

Treatment. Rats were assigned randomly to no-treatment
(NT) or gavage-treated groups according to body weight (1 =
10 for NT, n = 12 for gavage). All female rats were habituated
to handling and weighing for 1 wk before treatment began.
Rats in the gavage group received distilled water (1 mL/kg) by
oral gavage once daily at 1400 from GD 7 until PND 21 (time of
weaning). Rats in the NT group were handled and weighed at
the same time and frequency and differed only in not having
to undergo oral gavage.

Daily maternal measurements and litter characteristics.
Maternal body weight, food intake, and water consumption
were recorded daily from GD 0 to PND 21 prior to dosing or
handling of each rat (between 1400 and 1600). The duration
of gestation was recorded for all mothers. At birth, pups were
counted, sexed, and weighed. Any stillbirths were recorded.
Offspring in each litter were checked and counted daily during
the week after delivery to monitor for pup mortalities (dead
or cannibalized). On PND 21 (day of weaning), all dams were
euthanized by decapitation. Gross dissections were performed,
and organs were removed and weighed.

Development of offspring. The development of the offspring
involved examination of somatic development and behavioral
testing. The day on which each test was performed related to
the time at which the development milestone normally occurs
in rats, and each test was performed on a specific PND. Both
dam and pups remained in the home-cage room during test-
ing. At the time of testing, the dams were removed from the
home cage and placed in a separate cage. The pups were taken
directly from the home cage for testing and were replaced into
the home cage after testing was completed. The amount of time
that pups spent outside the home cage was minimized and did
not exceed 30 s.

Somatic parameters included pinna (ear) unfolding, fur
appearance, eye opening, anogenital distance, body length,
and body weight. Pinna unfolding was recorded from PND 3,
eye opening was recorded from PND 14, and fur appearance
was recorded from PND 3 for both male and female pups. The
time of first appearance of fur was considered the first day of
occurrence, whereas both pinna had to unfold or both eyes
open to denote the first day of appearance. Recording of these
parameters continued until all pinna had unfolded, eyes had
opened, and fur was present in all rat pups.

Anogenital distance in pups was measured (for comparison)
to assess possible masculinizing or feminizing effects of gavage
treatment of dams. To this end, a digital calipers was used to
measure the distance between the base of the genitals and the
top of the anus was measured on PND 3.

To compare growth between groups, body length was meas-
ured on PND 7 and 14 by using a digital calipers between the
tip of the nose and the base of the tail. In addition, each pup
was weighed on PND 1, 2, 4, 8, 11, 15, 18, and 21 prior to be-
havioral testing.

To measure surface righting, pups were placed in the supine
position on a flat surface and the time taken to turn over and
restore its normal prone position (on all fours) was recorded.
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The maximum time allowed was 30s. A time of 30s was recorded
if the pup did not right itself within this period and the test
was terminated. This test was performed on PND 2, 3, 4 and 5.

To measure forelimb grip in pups, the testing apparatus con-
sisted of a thin steel bar supported by 2 adjustable poles. The
bar was approximately 20 cm in length and 0.2 cm in diameter
and lies 25 cm above the base of the platform. The handler
grasped the pup at the base of the tail and lowered it to the bar.
The length of time the pup held onto the bar before falling was
recorded and the maximum time allowed was 30 s. A time of 30
s was given if the pup did not fall during this period, and the
test was terminated. This test was performed on PND 14 and 17.

Statistical analysis. All figures representing the data from
the testing period were constructed by using GraphPad Prism
5.0 (GraphPad Software, San Diego, CA). The data were then
analyzed by using the statistical package SPSS 21. (SSPS, IBM,
Armonk, NY). First, data were evaluated to assess normality
of distribution and homogeneity of variance (Shapiro-Wilks
and Levene tests, respectively; P > 0.05). This process deter-
mines whether the data are parametric or nonparametric. In
addition, the data were assessed to determine whether they
displayed sphericity (Mauchly test, P > 0.05); when this test
failed, Greenhouse—Geisser correction was applied (that is,
degrees of freedom corrected). For the parametric data, tests
included repeated-measures ANOVA to compare overall ef-
fects for related data; two-way ANOVA to compare the effect
of treatment groups and sex; and one-way ANOVA and Stu-
dent-Newman—Keuls posthoc tests. Nonparametric data were
evaluated by using Friedman ANOVA by ranks to compare the
overall effect for related data; Wilcoxon matched-pairs test to
compare the effect of time; Kruskal-Wallis test to compare the
effect of treatment groups; and Mann-Whitney U tests to define
where the significance lay. For pinna unfolding, eye opening,
and fur appearance, the data were recorded as present or ab-
sent, whereas for surface righting and forelimb grip, the data
were recorded as the ability to perform the test or not; therefore
chi-squared testing was performed for these parameters. All
results reported refer to the gavage groups compared with
the NT groups. The level of significance was set at a P value
of less than 0.05 for all parameters except the chi-squared test,
for which the threshold was a P value of less than 0.02 (that is,
Bonferroni correction used because of multiple comparisons).

Results

Prenatal maternal measurements. Gestation day (time) had a
significant effect (F1,95, s003 = 902.17, P <0.001) on maternal body
weight in rats, with all groups gaining weight as gestation pro-
gressed. Treatment had no significant effect on maternal body
weight (Figure 3), nor did gestation day and treatment show
significant interaction. Treatment had no effect on maternal body
weight gain in the first, second, or third week of gestation nor
on total body weight gain through gestation (data not shown).

Gestation day (time) had a significant effect (¥, . ,, =15.17,
P < 0.001) on maternal food consumption, which increased
slightly throughout the gestation period and then decreased
during the last few days before birth (GD 18 to 21). Neither
treatment nor the interaction of gestational day and treatment
significantly affected food consumption by dams (data not
shown). Treatment had no effect on total food consumption
during the first, second, or third gestational week.

Maternal water consumption showed a significant effect of
gestational day (Fm, 08 = 3-53, P <0.05), with water consump-
tion increasing slightly throughout the gestation period and then
decreasing for the last few days preceding birth (GD 18 to 21).

Oral gavage during gestation and lactation in rats
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Figure 3. Maternal weight gain during gestation in rats. Weight gain
for each day of gestation for untreated control (NT; # = 10) and gavage
(n = 12) groups. Line indicates dosing period. Data are expressed as
mean £ 1 SD.

No significant effect of treatment was found (data not shown),
nor was there a significant interaction effect of gestation day and
treatment. Treatment did not influence total water consumption
during the first, second or third gestation week.

Postnatal maternal measurements. Postnatal maternal body
weight gain showed a significant effect of PND (F,,, , ., =
10.45, P < 0.001), with both groups gaining weight as lactation
progressed. Treatment had no effect on the weight gain of dams
(NT, 27 £ 16 g; gavage, 28 £ 17 g). No significant interaction ef-
fect of PND and treatment was present, and treatment did not
affect body weight gain during the first, second, or third week
of lactation (data not shown).

Dams in the gavage group consumed more food on PND 3
(U =12.50, P < 0.01) than did the NT group; food consump-
tion did not differ between groups on any other PND (data
not shown). Treatment did not affect total food consumption
during the first or second lactation week, but the gavage group
ingested more food than did the NT dams during the third week
of lactation (t,, = 2.75, P < 0.05).

PND (time) had a significant effect on maternal water
consumption after delivery (F,;, ,,, = 29.14, P < 0.001). No
significant interaction effect of PND and treatment was found.
Treatment did not affect overall water consumption during
the first, second, or third lactation week (data not shown).
Furthermore, oral gavage had no effect on the relative weight
of the liver, kidneys, thymus, adrenals, lungs, heart, pancreas,
or spleen (data not shown).

During the study, all dams were monitored daily, and all
remained in good health, with no signs or symptoms of distress
throughout the study. Gavage of dams had no effect on day of
delivery (22 £0d for both NT and gavage groups), total number
of pups in a litter (NT, 15 £ 2 pups; gavage, 12 + 3 pups), num-
ber of male pups per litter (NT, 7 £ 2 pups; gavage, 5+ 2 pups),
number of female pups per litter (NT, 8 + 2 pups; gavage, 7 =
2 pups), percentages of pups that died (NT, 0%; gavage, 4.2%)
or were cannibalized (NT, 0%; gavage, 2.4%) in the postnatal
period, number of stillborn pups (NT, 0.7%; gavage, 0%), or the
total percentage of pup deaths (NT, 0.7%; gavage, 6.5%).

Development of offspring. No significant effect of treatment
or sex or an interaction effect of treatment and sex was demon-
strated for birth weight of pups; unfolding of pinna on PND 3,
4, or 5; or appearance of fur on PND 3, 4, or 5 (data not shown).

Pup sex influenced eye opening on PND 14 (y? = 9.52, P <
0.01) and 15 (2 = 9.52, P < 0.01), and treatment influenced this
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parameter on PND 14 (x2 = 13.79, P < 0.01), PND 15 (32 = 26.67,
P <0.001), and PND 16 (2 = 21.05, P < 0.001; Table 1). Posthoc
testing showed that among female pups, the gavage group had
more pups with eyes open on PND 15 than did the correspond-
ing NT group. Whereas treatment had no effect, sex significantly
affected anogenital difference (F, ,, = 58.43, P < 0.001; data not
shown), with female pups having a shorter anogenital distance
than male pups, as expected. No significant interaction of treat-
ment and sex occurred.

Neither sex nor the interaction of sex and treatment affected
the body length of pups on PND 7 or 14. Pup body length dif-
fered between treatment groups on PND 7 (F, , =8.34, P <0.01)
and PND 14 (F, , =22.64, P <0.001; Figure 4). Posthoc testing
showed that female pups on PND 7 and 14 and male pups on
PND 14 were longer in the gavage groups compared with the
NT groups. In addition, PND significantly affected pup weight
(Fy,4, 11024 = 3850.44, P < 0.001), with all pups gaining weight
with age. Furthermore, pup weight showed a timextreatment
interaction (F,, 4 1024 = 971, P< 0.01), but neither sex, treatment,
nor sexxtreatment was found to influence pup weight. In addi-
tion, neither sex nor an interaction effect of sex and treatment
affected total body weight gain in pups. However, although
total body weight gain differed between treatment groups
(F, 4 =7.61, P <0.01), posthoc testing did not reveal any differ-
ence once pups were analyzed according to sex.

Surface righting in pups did not show a significant effect of
sex on PND 2, 4, or 5. A significant effect of sex was found on
PND 3 (x? = 19.78, P < 0.001), with more male pups perform-
ing this task. Treatment affected surface righting of pups on
PND 2 (y? = 28.57, P < 0.001), PND 3 (%% = 87.50, P < 0.001),
PND 4 (y2 = 39.64, P <0.001), and PND 5 (}2 = 30.77, P < 0.001;
Table 2). According to posthoc testing, among female pups
on PND 2 and 3 and male pups on PND 3 and 4, more pups
in the gavage groups could right themselves in less than 10 s,
compared with the NT groups.

Sex did not affect forelimb grip in pups on PND 14 or 17, but
treatment-associated effects occurred on PND 14 (2 = 59.45,
P <0.001) and PND 17 (2 = 47.62, P < 0.001; Figure 5). Results of
posthoc analyses showed that among female offspring on PND
14 and 17 and male pups on PND 17, fewer pups could perform
the task in gavage groups compared with the NT groups.

Discussion

Oral gavage is the most commonly used technique for dosing
orally in pharmacokinetic and toxicokinetic studies.” Several
studies>®!116 have attempted to establish the level of stress
induced due to the restraint necessary to perform oral gavage.
However, to our knowledge, no previous study has investigated
the influence of gavage treatment during pregnancy on the off-
spring, and we therefore cannot directly compare our current
results with other studies. The most applicable comparisons
available would be with studies of maternal stress caused by
various means, such as chronic restraint, maternal separation,
social stress, tail shock, and endocrine activation. Our study
showed that maternal parameters including body weight, food
and water consumption, gestational length, number of offspring,
and organ weights were all unaffected by oral gavage treatment.
These findings are in contrast to a previous studies, which found
that gavage treatment resulted in weight loss'? or that pregnant
females subjected to prenatal stress experienced longer preg-
nancies and had fewer viable young than did nonstressed rats.5

However, habituation to the oral gavage procedure is com-
mon, and the chronic dosing period we used in the present
study likely accomplished this effect. For example, a recent

Table 1. Percentage (%) of rat pups (n = 10 per group) with both eyes
open

PND14 PND15 PND16 PND17
Male pups
No treatment 20 80 100 100
Gavage 30 70 90 100
Female pups
No treatment 40 60 100 100
Gavage 20 90? 90 100

2P < 0.05 compared with value for relevant no-treatment group.
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Figure 4. Pup body length on PND 14. Body length for male and fe-
male rat pups on PND 14 (n = 10 per group). Data are expressed as
mean + 1 SD; ***, P < 0.001 compared with relevant no-treatment (NT)

group.

Female

Table 2. Percentage (%) of rat pups (n = 10 per group) able to right
themselves on a surface in less than 10 s

PND 2 PND 3 PND 4 PND 5
Male pups
No treatment 60 80 80 90
Gavage 70 1002 1002 100
Female pups
No treatment 60 50 90 100
Gavage 902 90? 100 100

2P < 0.05 compared with value for relevant no-treatment group

study showed that chronic orogastric gavage of male rats with
aqueous solutions (5 mL/kg) does not negatively affect their
welfare; the same study also states that habituation of rats to
handling during the week prior to dosing improved the ease of
gavage administration.!® We similarly handled the dams before
beginning the dosing regimen in the present study. Mice habitu-
ated to the oral gavage procedure after only a single exposure,
and this habituation continued as the study progressed.® In
addition, whereas the relative weight of the adrenal glands
increased in chronically stressed rats,'® we found no difference
in the adrenal gland weights in our current study. Therefore, we
conclude that daily oral gavage during gestation and lactation
has no significant effect on rat dams.

The second aim of this study was to investigate the conse-
quences of oral gavage administration on various neonatal
outcomes. The present study showed that gavage treatment of
dams had no effect on developmental parameters in their off-
spring, including birth weight, pinna unfolding, fur appearance,
anogenital distance, body weight, and neonatal death. These
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Figure 5. Forelimb grip of pups on PND 17. Forelimb grip of male and
female rat pups on PND 17 (1 = 10 per group). Data are expressed as
the percentage of pups that could perform the task for at least 10 s.
*P < 0.05 compared with relevant no-treatment (NT) group.

data contrast with findings from the offspring of prenatally
stressed mothers, which were exposed to physical and environ-
mental stressors such as heat, restraint, and bright light; these
pups had smaller body weights and were less likely to survive
in the neonatal period.> However, the maternal stressors in the
previous study® were quite marked and usually were performed
several times each day for an extended period. Therefore,
such treatment would not unexpectedly result in a magnified
response compared with that due to gavage treatment, which
usually lasted less than 5 s in our current study.

Nonetheless, somatic development in the offspring, including
eye opening and body length, and neuromuscular development,
including surface righting and forelimb grip, highlighted sig-
nificant consequences of gavage treatment in the present study.
Gavage had a positive effect on all of these developmental
parameters, except for forelimb grip which showed a deficit in
the ability. Although our result may seem minimal relative to
the number of parameters assessed, it is quite important given
that the performance of gavage-group pups is more than 30%
less than that of the NT offspring. This result suggests that
development of the cerebellum (known to control coordina-
tion and muscular activity) has been compromised in some
way. However, to date the literature contains no evidence that
supports our finding. In fact, previous studies have found that
the hippocampus is the brain region most affected by prena-
tal stress. In the offspring of rat mothers that were exposed
to daily restraint stress in late pregnancy, the morphologic
and functional maturation of hippocampal granule cells are
impaired.!® In another study,' pregnant dams were stressed
(varied stressors) from GD 15 to 20, and prepubertal male and
female offspring had shorter and less complex dendrites in
the hippocampus, compared with unstressed controls. Such
measurements were not assessed in the present study and may
warrant further investigation. Another limitation of the current
study was the inability to follow these offspring into adulthood
to investigate whether the present findings are persistent and
are still apparent in later life.

Although the findings of the present study cannot be ex-
plained mechanistically, it is clear that the gavage treatment
poses less of a risk to neonatal development than do models
of prenatal stress, such as restraint stress or shock. The brief
restraint necessary to perform the technique, coupled with

Oral gavage during gestation and lactation in rats

habituation (reexposure) to the technique, means that the dis-
tress caused to the mothers and therefore the stress to which
their offspring are exposed are minimal. As a route of admin-
istration, oral gavage seems safe and feasible for use during
pregnancy and lactation. However, because oral gavage of dams
had several consequences in their pups, the inclusion of both
no-treatment as well as negative-control (for example, saline)
groups in experiments may be necessary.

Acknowledgments
This research is funded by a research scholarship from the College
of Medicine, National University of Ireland, Galway.

References

1. Bock J, Murmu MS, Biala Y, Weinstock M, Braun K. 2011. Pre-
natal stress and neonatal handling induce sex-specific changes in
dendritic complexity and dendritic spine density in hippocampal
subregions of prepubertal rats. Neuroscience 193:34-43.

2. Bonnichsen M, Dragsted N, Hansen AK. 2005. The welfare impact
of gavaging laboratory rats. Anim Welf 14:223-227.

3. Eun JW, Kwack SJ, Noh JH, Jung KH, Kim JK, Bae HJ, Xie H,
Ryu JC, Ahn YM, Park WS, Lee JY, Rhee GS, Nam SW. 2010.
Identification of postgeneration effect of 3,4-methylenedioxymeth-
amphetamine on the mouse brain by large-scale gene expression
analysis. Toxicol Lett 195:60-67.

4. Gentry WB, Ghafoor AU, Wessinger WD, Laurenzana EM,
Hendrickson HP, Owens SM. 2004. (+)-Methamphetamine-
induced spontaneous behavior in rats depends on route of (+)
METH administration. Pharmacol Biochem Behav 79:751-760.

5. Herrenkohl LR. 1979. Prenatal stress reduces fertility and fecundity
in female offspring. Science 206:1097-1099.

6. Hoggatt AF, Hoggatt J, Honerlaw M, Pelus LM. 2010. A spoonful
of sugar helps the medicine go down: a novel technique to improve
oral gavage in mice. ] Am Assoc Lab Anim Sci 49:329-334.

7. Kaizaki A, Tanaka S, Yoshida T, Numazawa S. 2014. Maternal
MDMA administration in mice leads to neonatal growth delay.
J Toxicol Sci 39:33-39.

8. McDonnell-Dowling K, Donlon M, Kelly JP. 2014. Metham-
phetamine exposure during pregnancy at pharmacological doses
produces neurodevelopmental and behavioural effects in rat off-
spring. Int ] Dev Neurosci 35:42-51.

9. McDonnell-Dowling K, Kelly JP. 2015. The consequences of pre-
natal and/or postnatal methamphetamine exposure on neonatal
development and behaviour in rat offspring. Int ] Dev Neurosci.
47:147-156.

10. McDonnell-Dowling K, Kelly JP. 2016. Does route of meth-
amphetamine exposure during pregnancy have an impact on
neonatal development and behaviour in rat offspring? Int ] Dev
Neurosci.49:14-22.

11. Moberg GP. 1989. Biological response to stress: key to assessment
of animal wellbeing? p 27-49.In: Moberg GP, editor. Animal stress.
Bethesda (MD): Springer.

12. Murphy SJ, Smith P, Shaivitz AB, Rossberg MI, Hurn PD. 2001.
The effect of brief halothane anesthesia during daily gavage on
complications and body weight in rats. Contemp Top Lab Anim
Sci 40:9-12.

13. Smith AM, Chen WJ. 2009. Neonatal amphetamine exposure
and hippocampus-mediated behaviors. Neurobiol Learn Mem
91:207-217.

14. Smith AM, Chen WJ. 2010. Amphetamine treatment during early
postnatal development transiently restricts somatic growth. Life
Sci 86:482-487.

15. Tamura M, Sajo M, Kakita A, Matsuki N, Koyama R. 2011. Pre-
natal stress inhibits neuronal maturation through downregulation
of mineralocorticoid receptors. ] Neurosci 31:11505-11514.

16. Turner PV, Vaughn E, Sunohara-Neilson J, Ovari J, Leri F. 2012.
Oral gavage in rats: animal welfare evaluation. ] Am Assoc Lab

Anim Sci 51:25-30.

http://prime-pdf-watermark.prime-prod.pubfactory.com‘ﬁ 2025-02-26



