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S-Adenosylmethionine (SAM) is the major endogenous methyl donor for methyltransferase reactions, while 5-
Azacytidine (AZA) is a synthetic drug inhibiting DNA methyltransferase activity. Both molecules can thus in-
fluence DNA methylation patterns in an organism and thereby affect gene expression and ultimately behavior in

?;O;l;sse ouail the long-term. Whether or not effects on behavior are exerted on a shorter time scale is unclear. The goal of this
AnI:)rexia study was to explore the direct effects of SAM and AZA on appetite regulation, using broiler chicken and Jap-

anese quail as the animal models. Fed or 180 min-fasted broilers (at day 4 post-hatch) or 360 min-fasted quail (at
day 7 post-hatch) were intracerebroventricularly injected with SAM or AZA and food intake was measured for
360 min. For broilers, there was no effect of AZA, at any dose, on food intake in either fed or fasted chicks at any
time point. In contrast, 1 and 10 pg doses of SAM reduced food intake in fed chicks at 60 min post-injection. In
fasted chicks, although there were no differences for the first 30 min post-injection, SAM suppressed food intake
during the second 30-min period. For quail, however, AZA (25 ug dose) decreased food intake at 60 and 150-360
min post-injection in fasted birds. A reduction in food intake was also observed at 120- and 360-min post-
injection in fed quail in response to 5 and 25 ug doses of AZA, respectively. SAM had no effect when quail
were fasted, whereas 1 ug dose of SAM suppressed food consumption in fed quail during the third 30-min period.
Thus, when administered directly into the central nervous system, SAM may act as a transient appetite sup-
pressant in both broilers and quail, whereas the direct inhibitory effect of AZA on food consumption depends on
species and nutritional states.

Intracerebroventricular

1. Introduction behavior and appetite regulation, with chickens consuming food beyond
maintenance and growth energy requirements and being prone to

Appetite regulation is the result of a complex interplay between metabolic disorders later in life. Broilers can thus serve as a model to

pathways that integrate at the level of the hypothalamus. Many of these
pathways involve various hormones and neuropeptides originating from
different organs and brain regions that communicate the energy and
health status of the organism [2,22]. Novel regulators of appetite
continue to be identified. To address the mounting obesity epidemic and
understand the molecular basis for eating disorders, it is critical to have
a complete understanding of the physiological pathways that regulate
appetite.

Much of the knowledge on appetite regulation in avian species was
derived from studies with chickens (Gallus gallus). Broilers have been
bred for efficient meat production for over a century [12], with exten-
sive studies focusing on improving feeding efficiency and welfare. Se-
lection for growth-related traits led to correlated effects on feeding
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understand compulsive eating behavior and obesity. On the other hand,
Japanese quail (Coturnix japonica), although well-adapted to both lab-
oratory conditions and handling procedures, is a less intensely-selected
species, which may provide evolutionary perspective on physiological
mechanisms that are conserved between birds and mammals.

Our group has identified a number of appetite regulators, mostly
peptides, that when directly administered into the central nervous sys-
tem of chicks, influence food consumption and hypothalamic physi-
ology. For example, intracerebroventricular (ICV; into the left lateral
ventricle) administration of neuropeptide Y potently stimulated feed
intake [27], while melanocortins (such as a- and p-melanocyte-stimu-
lating hormone) [7], corticotropin-releasing factor [24] and mesotocin
[15] exerted anorexigenic effects, to name a few. In all of those studies,
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Cumulative food and water intake in fed broilers in response to SAM ICV treatment
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Non-cumulative food and water intake in fed broilers in response to SAM ICV treatment
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Fig. 1. Food and water intake in SAM-injected fed broiler chickens. Cumulative (A) and non-cumulative (B) food intake at times post-injection of 4-day-old fed
broiler chicks (Gallus gallus) that were intracerebroventricularly (ICV) injected with 0 (vehicle), 0.1, 1, or 10 pg of SAM (n = 9-10 per group). Cumulative (C) and
non-cumulative (D) water intake at times post-injection of the same chicks (n = 10 per group). Values represent means + standard errors. Unique letters denote a
significant difference (P < 0.05) among groups within a time point, Tukey’s test. Note that in A, 1 and 10 pg of SAM injection tended to decrease food intake in

broilers at 30 min post-injection relative to vehicle injection (P = 0.07).

changes in feeding were accompanied by distinct changes in neuronal
activation and gene expression of appetite-associated factors in hypo-
thalamic nuclei, such as the arcuate nucleus and paraventricular nu-
cleus. We have also identified novel regulators of appetite, that
previously had no appetite-related roles ascribed to their function in any
species, including visfatin [6] and xenopsin [14]. While most factors
that exert effects on appetite are proteinaceous, it is clear that other
bioactive molecules have the potential to affect appetite as well.
S-Adenosylmethionine (SAM), the principal methyl donor in the
body [13], is an essential component of the methionine cycle [10,16]. It
can directly influence DNA methylation and thereby affect gene
expression, and there are many rodent studies focusing on the effects of
methyl donors on DNA methylation as a result of dietary deficiency
[18,19] or supplementation [25,26]. Researchers evaluated the influ-
ence of methyl analogues on feeding in Leghorn chicks. Both - and p-
methionine could stimulate food intake, whereas SAM appeared to
suppress feeding at a high dose (100 pg), although no significance was
detected [3]. These results were controversial, since methionine could
be converted into SAM and thereby provide a methyl group to other
substrates, leaving the role of central-injected SAM on appetite

regulation remaining unclear.

At the other end of the spectrum, there are molecules that can inhibit
or prevent DNA methylation. 5-Azacytidine (AZA) was first synthesized
almost 60 years ago [17], and was demonstrated to be a chemothera-
peutic agent [4]. With its ability to incorporate into DNA at high con-
centrations, AZA inhibited DNA synthesis in tumor cells [23]. However,
at low doses, AZA irreversibly binds to DNMT and inhibits its activity,
leading to reductions in maintenance DNA methylation [5,8].

The objective of this study was thus to evaluate the effects of two
molecules known for their role in DNA methylation, SAM and AZA, on
appetite regulation in broiler chicks and Japanese quail.

2. Materials and methods
2.1. Animals

Day-of-hatch Cobb-500 broiler chicks were obtained from a local
hatchery. Chicks were group-caged the same day and then individually

caged on day 2 post-hatch in a room at a constant temperature of 30 +
2 °C and 50 + 5% relative humidity, with 24-h of light. Chicks were
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Cumulative food and water intake in fed quail in response to SAM ICV treatment
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Fig. 2. Food and water intake in SAM-injected fed quail. Cumulative (A) and non-cumulative (B) food intake as a percentage of body weight at times post-injection of
7-day-old fed quail (Coturnix japonica) that were intracerebroventricularly (ICV) injected with O (vehicle), 0.1, 1, or 10 pg of SAM (n = 10-12 per group). Cumulative
(C) and non-cumulative (D) water intake as a percentage of body weight at times post-injection of the same chicks (n = 11-12 per group). Values represent means +
standard errors. Unique letters denote a significant difference (P < 0.05) among groups within a time point, Tukey’s test.

briefly handled for 5 s, once daily, to adapt to handling and minimize
stress, and had ad libitum access to food (energy: 3000 kcal metabo-
lizable energy/kg and 21.5% crude protein) and water.

Japanese quail were bred and hatched in our vivarium. After
removal from the hatcher, chicks were group-caged in a brooder for 4
days, then individually caged in a separate room (35 + 1 °C and 50 + 5%
relative humidity), with a 14-h light/10-hour dark cycle. The individual
cages allowed visual and auditory contact between chicks. Quail were
provided ad libitum access to a mash starter diet (energy: 2900 kcal
metabolizable energy/kg and 24% crude protein) and water. Quail
handling was different from broilers and the details are given below.

Each quail was acclimated twice daily once individually caged. The
acclimation procedure consisted of the chick being removed from its
cage, being briefly transferred to two different Plexiglas boxes, having
its head inserted into a restraining device for 5 s, transferred into
another Plexiglas box, and then placed into the restraining device once
again. Upon completion of this procedure, the chick was returned to its
home cage. The restraining device was a block of hardened clay, which
had been molded around the head of an 8-day-old quail chick cadaver
and was designed such that the entire area of the frontal bone was not
obstructed and was designed with two air vents positioned to end at the

nostrils. This device allowed for a free-hand ICV injection. The accli-
mation procedure was conducted leading up to the day of data
collection.

All broiler experiments were conducted at 4 days post-hatch,
whereas all quail experiments were done at 7 days post-hatch. These
ages were selected for consistency with our previous food intake studies.
An older age of quail is used because of its slower rate of development
relative to the broiler chicken. Experimental procedures were performed
according to the National Research Council Publication, Guide for Care
and Use of Laboratory Animals and were approved by the Virginia Tech
Institutional Animal Care and Use Committee.

2.2. Intracerebroventricular injection procedure

On the day of the experiment, birds were ICV-injected using a
method that does not appear to induce physiological stress, adapted
from [9,11,21]. The head of the bird was briefly inserted into a
restraining device that left the cranium exposed to allow for free-hand
injection. Anatomical landmarks were determined visually by using
the restraining device and plastic tubing sheath. The quail restraining
device coordinated the injection point at 2 mm anterior to the coronal
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Fig. 3. Food and water intake in SAM-injected fasted broiler chickens. Cumulative (A) and non-cumulative (B) food intake at times post-injection of 4-day-old fasted
broiler chicks (Gallus gallus) that were intracerebroventricularly (ICV) injected with O (vehicle), 0.1, 1, or 10 pg of SAM (n = 7-9 per group). Cumulative (C) and non-
cumulative (D) water intake at times post-injection of the same chicks (n = 10 per group). Values represent means + standard errors. Unique letters denote a

significant difference (P < 0.05) among groups within a time point, Tukey’s test.

suture and 0.75 mm lateral from the sagittal suture. The plastic tubing
sheath over the needle controlled the injection depth at 1.5 mm. Injec-
tion coordinates for broiler chickens, however, were 3 mm anterior to
the coronal suture, 1 mm lateral from the sagittal suture, and 2 mm deep
targeting the left lateral ventricle. The needle remained at injection
depth in the un-anesthetized bird for 5 s post-injection to reduce back-
flow. Chicks were assigned to treatments at random. SAM or AZA
(Sigma, St. Louis, MO, USA) was dissolved in artificial cerebrospinal
fluid [1] as a vehicle for a total injection volume of 5 pl with 0.1% Evans
Blue dye to facilitate injection site localization. After data collection, the
chick was decapitated and its head sectioned along the frontal plane to
determine the presence of dye in the lateral ventricle. Any chick without
dye present in the lateral ventricle system was eliminated from analysis.
Sex was determined visually by dissection and gonadal inspection at the
time of decapitation.

2.3. Experiment 1: food and water intake in SAM-injected fed broilers
and quail

Using a randomized complete design, chicks were assigned to receive

0 (vehicle only), 0.1, 1, or 10 pg dose of SAM, the doses of which were
based on a former study [3], by ICV injection (in each group: n = 10 for
broilers and n = 12 for quail, initial numbers). Body weights (BWs) for
each SAM treatment in broilers were 83.5 g, 84.9 g, 85.8 g, and 83.9 g,
respectively (F (3, 33) = 0.13; P = 0.939), and in quail were 16.1 g, 16.3
g, 16.1 g, and 14.7 g, respectively (F (3, 39) = 3.48; P = 0.025). After
injection, chicks were returned to their individual home cages and given
ad libitum access to both food and water. Food and water intake were
monitored (0.01 g) every 30 min for the first 180 min post-injection
and at 360 min post-injection. Water weight (g) was converted to vol-
ume (ml: 1 g = 1 ml). Food and water intake were calculated as a per-
centage of BW to better account for the variation in BWs of quail. Male
(%) in each SAM treatment in broilers were 50, 56, 33, and 22,
respectively, and in quail were 60, 27, 50, and 58, respectively.

2.4. Experiment 2: food and water intake in SAM-injected fasted broilers
and quail

Procedures were identical to Experiment 1, except that broilers and
quail were fasted for 180 and 360 min, respectively, before SAM
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Fig. 4. Food and water intake in SAM-injected fasted quail. Cumulative (A) and non-cumulative (B) food intake as a percentage of body weight at times post-injection
of 7-day-old fasted quail (Coturnix japonica) that were intracerebroventricularly (ICV) injected with 0 (vehicle), 0.1, 1, or 10 pg of SAM (n = 7-9 per group). Cu-
mulative (C) and non-cumulative (D) water intake as a percentage of body weight at times post-injection of the same chicks (n = 11 per group). Values represent
means =+ standard errors. Unique letters denote a significant difference (P < 0.05) among groups within a time point, Tukey’s test.

injection, while access to water remained during fasting. BWs for each
SAM treatment in broilers were 78.3 g, 79.7 g, 81.9 g, and 78.2 g,
respectively (F (3, 30) = 0.42; P = 0.742), and in quail were 13.2 g, 13.5
g,13.0 g, and 14.2 g, respectively (F (3, 36) = 1.26; P = 0.302). Male (%)
in each SAM treatment in broilers were 11, 43, 22, and 44, respectively,
and in quail were 30, 50, 36, and 33, respectively.

2.5. Experiment 3: food and water intake in AZA-injected fed broilers and
quail

Procedures were identical to Experiment 1, except that chicks were
treated with O (vehicle only), 1, 5, 25 pg dose of AZA, the doses of which
were based on a former study [20]. BWs for each AZA treatment in
broilers were 81.1 g, 83.9 g, 84.1 g, and 82.4 g, respectively (F (3, 34) =
0.17; P = 0.919), and in quail were 13.3 g, 14.7 g, 14.0 g, and 13.4 g,
respectively (F (3, 36) = 1.25; P = 0.306). Male (%) in each AZA
treatment in broilers were 50, 67, 50, and 60, respectively, and in quail
were 40, 27, 60, and 67, respectively.

2.6. Experiment 4: food and water intake in AZA-injected fasted broilers
and quail

Procedures were identical to Experiment 3, except that broilers and
quail had ad libitum access to water but no access to food for 180 and
360 min, respectively, prior to AZA injection. BWs for each AZA treat-
ment in broilers were 75.3 g, 79.6 g, 80.4 g, and 76.3 g, respectively (F
(3, 31) =0.97; P = 0.420), and in quail were 14.1 g, 14.3 g, 13.7 g, and
13.9 g, respectively (F (3, 38) = 0.27; P = 0.844). Male (%) in each AZA
treatment in broilers were 56, 63, 44, and 78, respectively, and in quail
were 20, 50, 40, and 30, respectively.

2.7. Statistical analyses

Results are expressed as means + standard errors. Data were
analyzed using analysis of variance (ANOVA) with SAS 9.4 (SAS insti-
tute, Cary, NC, USA) using the GLM procedure within each time point,
with the statistical model including the main effect of dose (SAM or
AZA). When dose effects were significant, Tukey’s method of multiple
comparison was used to separate the means within each time point.
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Fig. 5. Food and water intake in AZA-injected fed broiler chickens. Cumulative (A) and non-cumulative (B) food intake at times post-injection of 4-day-old fed
broiler chicks (Gallus gallus) that were intracerebroventricularly (ICV) injected with 0 (vehicle), 1, 5, or 25 ug of AZA (n = 8-10 per group). Cumulative (C) and non-
cumulative (D) water intake at times post-injection of the same chicks (n = 8-10 per group). Values represent means + standard errors. Unique letters denote a

significant difference (P < 0.05) among groups within a time point, Tukey’s test.

Statistical significance was set at P < 0.05 for all experiments.
3. Results
3.1. Food and water intake in SAM-injected fed broilers and quail

At 60 min post-injection, food intake significantly decreased in
broilers injected with 1 and 10 pg doses of SAM (Fig. 1A). There were no
differences detected at any other time points or on a non-cumulative
basis (Fig. 1A and 1B). Water intake was not affected by SAM injec-
tion in fed broilers (Fig. 1C and 1D).

SAM did not affect food intake at any time points on a cumulative
basis in quail, but the 1 pg dose of SAM decreased food intake during the
third 30-minute period post-injection on a non-cumulative basis (Fig. 2A
and 2B). Water intake was not affected on a cumulative basis (Fig. 2C),
but was suppressed by 0.1 pg of SAM at 180 min post-injection on a non-
cumulative basis (Fig. 2D).

3.2. Food and water intake in SAM-injected fasted broilers and quail

For fasted broiler chickens, there were no effects of SAM on food
intake (Fig. 3A). On a non-cumulative basis, however, 1 pg of SAM
suppressed food intake at 60 min post-injection (Fig. 3B). We also
detected a difference in food intake at 360 min post-injection between
the 1 and 10 pg SAM-injected chicks. For water intake, there was an
increase in response to the 10 pg dose of SAM at 60 min post-injection,
compared to the vehicle group (Fig. 3C). At 120 min post-injection, 0.1
pg of SAM decreased water intake on a non-cumulative basis (Fig. 3D).

SAM had no effects on quail food intake (Fig. 4A and 4B) or cumu-
lative water intake (Fig. 4C). However, a difference in water intake was
detected between the 0.1 and 1 pg doses of SAM at 120 min on a non-
cumulative basis (Fig. 4D).

3.3. Food and water intake in AZA-injected fed broilers and quail

Neither food nor water intake were changed in fed broilers in
response to AZA injection on a cumulative basis (Fig. 5A and 5C). On a
non-cumulative basis, however, the 1 pg dose of AZA increased food
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Fig. 6. Food and water intake in AZA-injected fed quail. Cumulative (A) and non-cumulative (B) food intake as a percentage of body weight at times post-injection of
7-day-old fed quail (Coturnix japonica) that were intracerebroventricularly (ICV) injected with 0 (vehicle), 1, 5, or 25 pg of AZA (n = 9-11 per group). Cumulative (C)
and non-cumulative (D) water intake as a percentage of body weight at times post-injection of the same chicks (n = 9-11 per group). Values represent means +
standard errors. Unique letters denote a significant difference (P < 0.05) among groups within a time point, Tukey’s test.

intake at 150 min post-injection (Fig. 5B), while the 25 pg dose of AZA
decreased water intake at 360 min post-injection (Fig. 5D).

In fed quail, the 25 pg dose of AZA decreased food intake at 360 min
post-injection (Fig. 6A). On a non-cumulative basis, this effect was also
observed, and quail injected with 5 pg of AZA ate less than vehicle-
injected birds at 120 min post-injection (Fig. 6B). Although water
intake was not affected by AZA on a cumulative basis (Fig. 6C), on a non-
cumulative basis, 1 pg of AZA caused quail to drink less compared with
the vehicle-injected group at 120 min post-injection (Fig. 6D). Later at
180 min, more water was ingested in the 1 pg than the 5 pg dose group.

3.4. Food and water intake in AZA-injected fasted broilers and quail

Food and water intake were not unaffected by AZA in fasted broiler
chickens (Fig. 7).

In fasted quail, however, the 25 pg dose of AZA decreased food and
water intake from 60 to 360 min post-injection, although a significant
difference in food intake was in comparison to the 5 pg rather than
vehicle group at 90- and 120-minute post-injection (Fig. 8A and 8C). On
a non-cumulative basis, quail injected with 25 pg of AZA ate less than
those injected with 5 pg of AZA at 60- and 360-min post-injection and

those in the other two groups at 360 min post-injection (Fig. 8B).
Vehicle- and 1 pg AZA-injected quail drank more than 5 and 25 pg AZA-
injected quail at 120- and 360-min post-injection, respectively (Fig. 8D).
Greater water intake was observed in the 1 pg AZA group compared to
the 25 pg dose of AZA at 60 min post-injection (Fig. 8D).

4. Discussion

The purpose of this study was to evaluate the effects of central
administration of two methyl-modifying compounds, SAM and AZA, on
food intake in two avian models. To our knowledge, the role of such
molecules in appetite regulation is relatively unstudied. We observed a
short-term appetite suppressive effect of SAM. At 30 min post-injection,
both the middle and high doses of SAM tended to suppress appetite in
broilers (P = 0.07), while the significant decrease occurred at 60 min
post-injection. In layer-type Leghorn chicks, a similar tendency for in-
hibition of feeding was observed, but only in the 100 pg SAM-treated
group and not at lower doses (1 and 10 pg) [3], indicating that
broilers might have higher sensitivity to central administration of SAM
than Leghorn chicks. This difference may be caused by different genetic
backgrounds of meat- and egg-type chicks, which have been selected for
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Fig. 7. Food and water intake in AZA-injected fasted broiler chickens. Cumulative (A) and non-cumulative (B) food intake at times post-injection of 4-day-old fasted
broiler chicks (Gallus gallus) that were intracerebroventricularly (ICV) injected with 0 (vehicle), 1, 5, or 25 pg of AZA (n = 8-9 per group). Cumulative (C) and non-
cumulative (D) water intake at times post-injection of the same chicks (n = 9-10 per group). Values represent means + standard errors.

unique production purposes. In quail, we did not observe any effect
when birds were fasted, but decreased food consumption was transiently
observed in fed quail at 90 min post-injection. These results are
consistent with broiler chicks, although quail appeared to be less sen-
sitive than broilers, which might be attributed to species differences and
artificial selection pressure. Typically, our feeding studies in chicks
terminate at 3 h post-injection, because by this time there is a return to
homeostatic feeding. However, because the effect of SAM on food intake
is not well studied and it is known to play a role in epigenetic regulation
due to its role as a methyl donor, we also measured food intake at 6 h
post-injection, in order to determine whether there might be a longer-
term effect on appetite regulation. However, no differences were
detected at 360 min post-injection.

Fed broiler chickens treated with SAM ate less within one-hour post-
injection. Although food intake was not affected during the first 30 min
in fasted SAM-injected broilers, it decreased significantly during the
second 30-minute period in the 1 pg SAM group. There was also a ten-
dency in both 0.1 and 10 pg SAM groups (P = 0.07 and 0.09 respectively,
not specified in Fig. 3B) for food intake to be reduced at 60 min post-
injection. Taken together, both feeding and prior fasting resulted in

suppression of feeding, indicating that there is an increase in anorexi-
genic tone.

While central injection of SAM caused a decreased in food intake in
fasted broiler chicks, it increased water consumption in the same birds,
although the effective doses were slightly different. This suggests that
SAM might have opposite effects on appetite and thirst regulation when
broilers have undergone fasting.

For AZA treatment in broiler chickens, we found no effects on cu-
mulative food and water intake in either fed or fasted chicks, and only a
few differences on a non-cumulative basis. These changes occurred at
random time points and were not persistent, which might be caused by
compensatory feeding of the birds to maintain the metabolic homeo-
stasis or insensitivity of these broiler chicks due to selection. These re-
sults suggest that there are no direct effects of AZA on appetite
regulation in broiler chicks.

Japanese quail responded to AZA more robustly, although the re-
sponses varied depending on nutritional states. The highest dose of AZA
(25 pg) induced anorexia in both fed and fasted quail, but the effective
duration was different. Fed quail ate less at 6 h post-injection, whereas
for fasted quail this started at 1-h post-injection and lasted until the end
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Fig. 8. Food and water intake in AZA-injected fasted quail. Cumulative (A) and non-cumulative (B) food intake as a percentage of body weight at times post-injection
of 7-day-old fasted quail (Coturnix japonica) that were intracerebroventricularly (ICV) injected with O (vehicle), 1, 5, or 25 pg of AZA (n = 10 per group). Cumulative
(C) and non-cumulative (D) water intake as a percentage of body weight at times post-injection of the same chicks (n = 10-11 per group). Values represent means +
standard errors. Unique letters denote a significant difference (P < 0.05) among groups within a time point, Tukey’s test.

of the experiment, albeit the significance disappeared at 90 and 120
min. A similar study on low body weight selected (LWS) chickens (un-
published work from our group) suggested that the direct effects of AZA
correlated with nutritional state, with reduced food intake in fed LWS
but increased food intake in fasted LWS. The discrepancy of these two
studies might be attributed to species differences and long-term artificial
selection. It is worth noting that the anorexigenic effect of AZA was not
observed immediately after injection yet became significant in fed and
fasted quail at 6 h post-injection both on a cumulative and non-
cumulative basis, suggesting that this effect might involve epigenetic
changes modifying appetite-related genes’ methylation and expression.
Whether this persists to a later age is still unclear and warrants further
investigation.

5. Conclusion

In conclusion, novel regulators of appetite are continuing to be
identified. Here we evaluated two molecules related to methylation
modification, in broiler chickens and Japanese quail. Central injection of
methyl donor SAM suppressed food intake in both fed and fasted broilers

and quail. In contrast, methylation inhibitor, AZA, did not affect food
intake in either fed or fasted broiler chickens, whereas it decreased food
intake in fed and fasted quail, although with differences in the effective
duration. Thus, SAM induces transient short-term satiety in broilers and
quail, while AZA-induced anorexia depends on species and nutritional
states. Both of these molecules may thus elicit direct effects on regu-
lating appetite. Further studies should involve exploration of the asso-
ciated molecular mechanisms.

Funding

This project was supported by the Virginia Agricultural Experiment
Station and the Hatch Program of the National Institute of Food and
Agriculture, U.S. Department of Agriculture.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.



C. Cao et al.

References

[1]
[2]
[3]
[4]

[5]

[6]
[7]
[8]

9]

[10]

[11]

[12]
[13]
[14]

[15]

D.K. Anderson, S.R. Heisley, Clearance of molecules from cerebrospinal fluid in
chickens, Am. J. Physiol. 222 (1972) 645-648.

H.-R. Berthoud, Multiple neural systems controlling food intake and body weight,
Neurosci. Biobehav. Rev. 26 (2002) 393-428.

T. Bungo, J.-I. Shiraishi, Effect of centrally administered methionine or related
compounds on feeding behavior in chicks, J. Appl. Anim. Res. 38 (2010) 197-200.
J.K. Christman, 5-Azacytidine and 5-aza-2'-deoxycytidine as inhibitors of DNA
methylation: mechanistic studies and their implications for cancer therapy,
Oncogene 21 (2002) 5483.

J.K. Christman, N. Mendelsohn, D. Herzog, N. Schneiderman, Effect of 5-azacyti-
dine on differentiation and DNA methylation in human promyelocyte leukemia
cells (HL-60), Cancer Res. 43 (1983) 763-769.

M. Cline, W. Nandar, B. Prall, C. Bowden, D. Denbow, Central visfatin causes
orexigenic effects in chicks, Behav. Brain Res. 186 (2008) 293-297.

M.A. Cline, M.L. Smith, Central a-melanocyte stimulating hormone attenuates
behavioral effects of neuropeptide Y in chicks, Physiol. Behav. 91 (2007) 588-592.
F. Creusot, G. Acs, J.K. Christman, Inhibition of DNA methyltransferase and
induction of Friend erythroleukemia cell differentiation by 5-azacytidine and 5-
aza-2’-deoxycytidine, J. Biol. Chem. 257 (1982) 2041-2048.

J.L. Davis, D.T. Masuoka, L.K. Gerbrandt, A. Cherkin, Autoradiographic
distribution of L-proline in chicks after intracerebral injection, Physiol. Behav. 22
(1979) 693-695.

R. Feil, M.F. Fraga, Epigenetics and the environment: emerging patterns and
implications, Nat. Rev. Genet. 13 (2012) 97-109.

T. Lear, L. Liu, M. O’Donnell, B.R. McConn, D.M. Denbow, M.A. Cline, E.R. Gilbert,
Alpha-melanocyte stimulating hormone-induced anorexia in Japanese quail
(Coturnix japonica) likely involves the ventromedial hypothalamus and
paraventricular nucleus of the hypothalamus, Gen. Comp. Endocrinol. 252 (2017)
97-102.

S. Leeson, J.D. Summers, Broiler Breeder Production, Nottingham University Press,
2010.

W.A.M. Loenen, S-Adenosylmethionine: Jack of All Trades and Master of
Everything? Portland Press Limited, 2006, p. 330.

B.R. McConn, J. Park, E.R. Gilbert, M.A. Cline, A novel role for xenopsin:
Stimulation of food intake, Behav. Brain Res. 292 (2015) 500-507.

B.R. McConn, P.B. Siegel, M.A. Cline, E.R. Gilbert, Anorexigenic effects of
mesotocin in chicks are genetic background-dependent and are associated with

10

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Neuroscience Letters 764 (2021) 136230

changes in the paraventricular nucleus and lateral hypothalamus, Comp. Biochem.
Physiol. A: Mol. Integr. Physiol. 232 (2019) 79-90.

J. McKay, J.C. Mathers, Diet induced epigenetic changes and their implications for
health, Acta Physiol. 202 (2011) 103-118.

A. Piskala, F. Sorm, Nucleic acids components and their analogues. LI. Synthesis of
1-glycosyl derivatives of 5-azauracil and 5-azacytosine, Collect. Czech. Chem.
Commun. 29 (9) (1964) 2060-2076.

I.P. Pogribny, A.R. Karpf, S.R. James, S. Melnyk, T. Han, V.P. Tryndyak, Epigenetic
alterations in the brains of Fisher 344 rats induced by long-term administration of
folate/methyl-deficient diet, Brain Res. 1237 (2008) 25-34.

LP. Pogribny, S.A. Ross, C. Wise, M. Pogribna, E.A. Jones, V.P. Tryndyak, S.

J. James, Y.P. Dragan, L.A. Poirier, Irreversible global DNA hypomethylation as a
key step in hepatocarcinogenesis induced by dietary methyl deficiency, Mutation
Res. 593 (2006) 80-87.

M. Qiang, J.G. Li, A.D. Denny, J.-m. Yao, M. Lieu, K. Zhang, S. Carreon, Epigenetic
mechanisms are involved in the regulation of ethanol consumption in mice, Int. J.
Neuropsychopharmacology 18 (2015).

E.-S. Saito, H. Kaiya, T. Tachibana, S. Tomonaga, D.M. Denbow, K. Kangawa,

M. Furuse, Inhibitory effect of ghrelin on food intake is mediated by the
corticotropin-releasing factor system in neonatal chicks, Regul. Pept. 125 (2005)
201-208.

K. Suzuki, K.A. Simpson, J.S. Minnion, J.C. Shillito, S.R. Bloom, The role of gut
hormones and the hypothalamus in appetite regulation, Endocr. J. 57 (5) (2010)
359-372.

J. Vesely, A. Gihak, 5-Azacytidine: mechanism of action and biological effects in
mammalian cells, Pharmacol. Ther. Part A: Chemother. Toxicol. Metab. Inhib. 2
(1978) 813-840.

J. Wang, J. Matias, E.R. Gilbert, T. Tachibana, M.A. Cline, Hypothalamic
mechanisms associated with corticotropin-releasing factor-induced anorexia in
chicks, Neuropeptides 74 (2019) 95-102.

R.A. Waterland, Assessing the effects of high methionine intake on DNA
methylation, J. Nutr. 136 (2006) 17065-17108S.

R.A. Waterland, M. Travisano, K. Tahiliani, M. Rached, S. Mirza, Methyl donor
supplementation prevents transgenerational amplification of obesity, Int. J.
Obesity 32 (2008) 1373.

W. Zhang, M.A. Cline, E.R. Gilbert, Hypothalamus-adipose tissue crosstalk:
neuropeptide Y and the regulation of energy metabolism, Nutr. Metab. 11 (2014)
27.


http://refhub.elsevier.com/S0304-3940(21)00608-X/h0005
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0005
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0010
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0010
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0015
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0015
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0020
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0020
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0020
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0025
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0025
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0025
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0030
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0030
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0035
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0035
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0040
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0040
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0040
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0045
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0045
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0045
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0050
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0050
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0055
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0055
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0055
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0055
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0055
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0060
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0060
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0065
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0065
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0070
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0070
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0075
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0075
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0075
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0075
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0085
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0085
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0085
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0090
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0090
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0090
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0095
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0095
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0095
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0095
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0105
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0105
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0105
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0105
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0110
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0110
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0110
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0115
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0115
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0115
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0120
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0120
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0120
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0125
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0125
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0130
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0130
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0130
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0135
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0135
http://refhub.elsevier.com/S0304-3940(21)00608-X/h0135

	DNA methylation-modifiers reduced food intake in juvenile chickens (Gallus gallus) and Japanese quail (Coturnix japonica)
	1 Introduction
	2 Materials and methods
	2.1 Animals
	2.2 Intracerebroventricular injection procedure
	2.3 Experiment 1: food and water intake in SAM-injected fed broilers and quail
	2.4 Experiment 2: food and water intake in SAM-injected fasted broilers and quail
	2.5 Experiment 3: food and water intake in AZA-injected fed broilers and quail
	2.6 Experiment 4: food and water intake in AZA-injected fasted broilers and quail
	2.7 Statistical analyses

	3 Results
	3.1 Food and water intake in SAM-injected fed broilers and quail
	3.2 Food and water intake in SAM-injected fasted broilers and quail
	3.3 Food and water intake in AZA-injected fed broilers and quail
	3.4 Food and water intake in AZA-injected fasted broilers and quail

	4 Discussion
	5 Conclusion
	Funding
	Declaration of Competing Interest
	References


