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Abstract

Some hormonal disturbances have been demonstrated in starvation, but in ruminants such
as goats, the role of galanin in adaptation to starvation or endocrine functions is not well
studied. The present study was conducted to assess the effect of long term starvation on
galanin, leptin, thyroid hormones, insulin, prolactin, growth hormone, ghrelin and factors
involved in energy metabolism including HDL, Cholesterol, B-hydroxybutyrate, glucose,
NEFA, TG and VLDL concentrations in adult goats. Eight non-lactating non-pregnant goats
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Anahtar Kelimeler:
Uzun sireli aglk, galanin, leptin,
biyokimyasal parametreler,

aged 4-5 years and BCS 3 were randomly divided to control and test groups. The animals
were trained to eat their daily forage ration during a 10 day period. The experimental
procedure was applied for 20 days, during which control group received 120% of
maintenance energy, while the test group was supplied with 80% of maintenance energy
for the first 10 days and with 40% of maintenance energy for another 10 days. Blood
samples were collected at day 10 of training and 2, 4, 10, 12, 14 and 20 days after beginning

enerji metabolizmasi, kegi of starvation. Blood parameters were measured according to standard procedures. No

significant difference was observed in the concentrations of cholesterol, fTs, Ta, T3, growth
hormone, NEFA, insulin and ghrelin between control and test groups (P=0.05). There was
significant difference in galanin, leptin, fT, HDL, glucose, TG, VLDL and prolactin
concentrations between control and test groups (P=0.05). Control of energy balance and
the role of galanin in adaptation to long starvation or endocrine functions in goat are
different from other species.
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Ozet

Eriskin Kegilerde Uzun Siireli Achgin Galanin, Leptin, Tiroid Hormonlari, insulin, Prolaktin, Biiyime Hormonu, Grelin ve
Enerji Metabolizmasi ile ilgili Faktorler Uzerine Etkisi

Aclik durumunda bazi hormonal bozukluklar gésterilmis, ancak kegiler gibi gevis getiren hayvanlarda galaninin agliga ya da endokrin
fonksiyonlara uyumu iyi arastirlmamistir. Mevcut ¢alisma eriskin kegilerde uzun sureli aghigin galanin, leptin, tiroid hormonlari, insulin,
prolaktin, blyime hormonu, grelin ve HDL, kolestreol, B-hidroksibutirat, glukoz, NEFA, TG ve VLDL konsatrasyonlari da dahil olmak
Uzere enerji metabolizmasi ile ilgili faktorler (zerine olan etkisini degerlendirmek igin yuritilmustir. 4-5 yaslari arasinda, sit
emzirmeyen ve gebe olmayan viicut kondisyon skoru 3 olan sekiz kegi rastgele olarak kontrol ve test gruplarina ayrildi. Hayvanlara 10
glnlik bir stire boyunca yemleme programina alistirildi. Deneysel islem 20 giin uygulandi; bu sire iginde kontrol grup idame enerjisinin
%120’sini aldi, test grubuna ise ilk 10 glin iginde idame enerjisinin %80’i verildi; diger 10 glin boyunca ise idame enerjisinin %401 verildi.
Yemleme programina alistirmanin 10. gliniinde ve aglk baslamasindan sonraki 2, 4, 10, 12, 14 ve 20. glnlerde kan 6rnekleri alindi. Kan
parametreleri standart islemlere gore 6lglldi. Kontrol ve test gruplari arasinda kolesterol, fT3, Ts, T3, blylime hormonu, NEFA, insulin
ve grelin yoninden bir farklik gorilmedi (P=0,05). Kontrol ve test gruplari arasinda galanin, leptin, fT4 HDL, glukoz, TG, VLDL ve
prolaktin konsantrasyonlarinda anlamli farkliliklar vardi (P=0,05). Kegilerde uzun sureli aghga uyumda galaninin roll ve enerji dengesi
kontroll ya da endokrin fonksiyonlari diger tiirlerden farklilik gostermektedir.
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Introduction

Several studies have reported general physiological
changes associated with food deprivation in farm and
laboratory animals (Baranowska et al., 2001; Gonzalez et
al., 1998). These changes have been observed in thyroid,
gonadal and adrenal axis and neuropeptides
concentrations such as galanin and leptin (Khazali, 2008;
Leibowitz et al, 2004; Yun et al., 2005). The
identification and role of neuropeptides in the control of
food intake and energy balance have been extensively
studied in rodents, and for more than twenty years,
similar studies have been performed in sheep as small
ruminant. In addition to the role of hypothalamic
neuropeptides in nutrition, their hormonal regulatory
systems should be considered. The involvement of
insulin, leptin and ghrelin, in feeding and nutrition
regulations has been elucidated in numerous species.
These actions may be partly mediated by neuropeptides
neuronal systems that present binding-site or receptors
of these hormones.

Mean plasma concentrations of metabolic hormones
such as thyroxin (T,), triiodothyronine (T3), growth
hormone (GH), insulin, glucose and fatty acid in camels
fed different energy content in diet were measured by
Khazali (2008). Chaillou et al. (2003) determined the
sensitivity of galanin containing neurons to long term
starvation in an immunohistochemical study in 167 days
fasted ewes (Chaillou et al., 2003).

In goat, the role of galanin in the regulation of food
intake or endocrine functions is not well studied.
Peptide-containing neuron systems, involved in the
regulation of food intake and energy balance in small
ruminants are generally similar to those observed in
other species, but they present specific differences
according to the physiological characteristics of the
animal model. Small ruminants such as goat have an
unusual gastric system associated with a long period of
digestion. Food may be present in the rumen up to 60
hours after ingestion. Low body mass and low metabolic
requirements of goats can be regarded as important
characteristics  since  maintenance and  water
requirements are reduced when quality and quantity of
food and water supplies are limited.

The ability to reduce metabolism allows goats to
survive even after prolonged periods of severe limited
food availability. A skillful grazing behavior and efficient
digestive system enable goats to attain maximal food
intake and maximal food utilization in a given condition
(Silanikove, 2000).

To demonstrate the role of galanin in nutrition and
starvation in goat, the concentration of galanin,
hormones involved in energy metabolism and
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metabolism factors in different nutritional levels were
evaluated. The present study was conducted to
evaluate the effect of long term starvation on the
galanin, hormones such as leptin, thyroid hormones,
insulin, prolactin, growth hormone, ghrelin and factors
involved in energy metabolism such as HDL, cholesterol,
B-hydroxybutyrate, glucose, NEFA, TG and VLDL
concentrations in adult goats.

Materials and Methods

Eight non-lactating non-pregnant goats aged 4-5
years and BCS 3 were selected for this study. Each group
contained 4 goats and each animal was kept in individual
pen. The animals were trained to eat their daily forage
ration during a 10 day period.

This experiment was accomplished under the
approval of the state committee on animal ethics, Shiraz
University, Shiraz, Iran. Also, we used the
recommendations of European Council Directive
(86/609/EC) of November 24, 1986, regarding the
standards in the protection of animals used for
experimental purposes.

The experimental procedure was applied for 20 days.
Control group received 120% of maintenance energy
(400 g hay, 600 g straw, 30 g soybean oil, 15 g vitamins
and mineral supplement and 5 g salt per animal per day)
whereas the test group was supplied with 80% of
maintenance energy in the first 10 days (266 g of hay,
400 g straw, 20 g soybean oil, 15 g vitamins and mineral
supplement and 5 g salt per animal per day) and was
supplied with 40% of maintenance energy in the second
ten day period (133.3 g of hay, 200 g straw, 10 g
soybean oil, 15 g vitamins and mineral supplement and 5
g salt per animal per day).

Blood samples were collected at day 10 of training
and 2, 4, 10, 12, 14 and 20 days after beginning of
starvation. Blood samples were collected from the
jugular vein in evacuated tubes and allowed to clot for
30 min. The sera were separated following
centrifugation at 750 g for 15 min and stored at -20°C
until used.

Galanin was measured using double-antibody
sandwich enzyme-linked immunosorbent technique
using commercial goat galanin (GAL) ELISA kit (Shanghai
Crystal Day Biotech Co., LTD). Determination of serum
Ts, T4, fT5 and fT, was carried out by microplate Enzyme
immunoassay method (Monobind Inc, Lake Forest, USA).
The areas of validation for Ts, T4, fT3 and fT; assays
included limits of detection, and precision in standard
curve following sample dilution, inter- and intra-assay
coefficients of variation results were considered. Intra-
and inter-assays for T, and T3 were found to be below
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6.2%, 8.6%, 3.3%, and 8.6%, respectively. For fT, and fT3
the values were found to be below 6.5% ,7.2%, 3.5%,
and 7.0%, respectively.

Leptin was measured by quantitative sandwich
enzyme immunoassay technique using commercial goat
Leptin (LEP) ELISA kit (Wuhan Huamei Cusabio Biotech
Co., Ltd. China). Measurement of growth hormone was
carried out by competitive inhibition enzyme
immunoassay technique using commercial goat growth
hormone (GH) ELISA kit (Wuhan Huamei Cusabio Biotech
Co., Ltd. China). Prolactin was measured by competitive
enzyme immunoassay technique using commercial goat
prolactin (PRL) ELISA Kit (Wuhan Huamei Cusabio
Biotech Co., LTD. China). Insulin was determined using
quantitative sandwich enzyme immunoassay technique
using commercial goat insulin (INS) ELISA Kit (Wuhan
Huamei Cusabio Biotech Co., Ltd. China). Determination
of ghrelin was carried out by quantitative sandwich
enzyme immunoassay technique using commercial goat
appetite-regulating hormone (GHRL) ELISA kit (Wuhan
Huamei Cusabio Biotech Co., Ltd. China). The serum was
analyzed for cholesterol using a modified Abell-
Kendall/Levey-Brodie (A-K) method (Burtis and
Ashwood, 1994) for triglyceride by the enzymatic
procedure of McGowan et al. (1983) and for glucose
using glucose oxidase method. The B-hydroxybutyrate
and non-esterified fatty acids (NEFA) were measured by
kinetic  enzymatic and  colorimetric  methods,
respectively using B-hydroxybutyrate and non-esterified
fatty acids (NEFA) kits (Randox Laboratories, Crumlin,
Antrim, UK).

Proc mixed procedure was analyzed by SAS 9.1 (SAS
Institute Inc, Cary, NC, USA) software. P = 0.05 was
considered as statistically significant.

Results

The results are shown as mean * standard error (SE)
in Sl units. Table 1 presents the concentrations of serum
galanin, leptin, thyroid hormones, insulin, glucose,
prolactin, growth hormone, ghrelin, NEFA, BHBA, TG,
total cholesterol and HDL in control and test groups at
different times.

No significant difference was observed in the
concentrations of cholesterol (2.2+0.0 versus 1.1+0.0),
fTs (9.840.1 versus 9.6%0.0), T, (116.1+3.5 versus
107.7+3.1), T5(4.2+0.0 versus 4.2+0.1), growth hormone
(8.3%0.1 versus 13.5+0.5), NEFA (0.15%0.0 versus
0.240.0), insulin (76.8+1.9 versus 63.243.5) and ghrelin
(463+22.1 versus 637+24.8) between control and test
groups (P=0.05).

There were significant differences in galanin
(171+6.3 versus 413+14.7), leptin (7.910.1 versus
5.240.4), T4 (17.4£1.2 versus 22.9+0.2) HDL (1.77+0.2
versus 1.2910.1), glucose (4.56£0.1 versus 6.72+0.0), TG
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(0.63+0.0 versus 0.19+0.0), VLDL (0.11+0.0 versus
0.04+0.0) and prolactin (28.3+0.9 versus 40.2+3.2)
concentrations between control and test groups
(P=0.05).

A significant difference in galanin concentration
between fed and fasted goats was found at day 10 of
training and the 2" and 4t day of starvation. Significant
difference in the concentration of leptin was found at
day 10 of training and the 2, 4th, 14t and 20" day of
starvation between control and test groups. A significant
difference in fT4 concentration between fed and fasted
goats was found at the 10™ day of starvation. A
significant difference in HDL concentration was found at
the 10 and 12t day of starvation between fed and
fasted goats. A significant difference in glucose
concentration was found between fed and fasted goats
at day 10 of training and the 10%, 14t and 20* day of
starvation. A significant difference in TG and VLDL
concentrations between fed and fasted goats was found
at day 10 of training and the 2" and 4 day of
starvation. A significant increase in prolactin
concentration in test group was found at all days of
starvation compared to that of control (P=0.05).

Discussion

In the central nervous system numerous
neuropeptide-containing neurons play an important role
in the control of food intake and energy balance. The
peptide galanin (GAL) is known to stimulate eating
behavior, reduce energy expenditure and affect the
release of metabolic hormones. Further, the activity of
this peptide in the hypothalamus is modulated, in turn,
by these hormones as well as by the ingestion of
nutrients (Crawley, 1999; Lopez et al., 1993; Wang and
Leibowitz, 1997; Wang et al., 1998).

Khazali (2008) observed significant increase in mean
plasma concentrations of GH, glucagon and fatty acid in
camels fed with diet containing 25 percent energy
content for thirty days. Injection of 1 and 2 pg
galanin/kg BW resulted in more significant increase in
concentrations of these parameters (P=0.01). Mean
plasma concentrations of insulin and glucose were
significantly lower in camels fed twenty five percent
energy content in diet in comparison with controls
(P=0.01). However, injections of 1 and 2 ug galanin/kg
BW did not change the concentration of these
parameters. Lower energy dietary intake and injections
of 1 and 2 pg galanin/kg BW did not change the mean
plasma concentrations of the T; and T, and urea in the
animals of all groups. This experiment indicated that
galanin positively affects mean plasma concentrations of
GH, glucagon and fatty acid in camel only with negative
energy balance in company with severe body weight loss
(Khazali, 2008).
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Table 1. The concentrations (MeanSE) of hormones, neuropeptides and factors involved in energy metabolism in fed

and fasted goats.

Tablo 1. Tok ve ag kecilerde enerji metabolizmasinda yer alan faktorlerin, noéropeptidlerin ve hormonlarin konsantrasyonlari

(Ortalama#SE).

Day of Days After Food Deprivation
Variables Training
10 2 10 12 14 20

Galanin control 147+11.8 171+6.3 162+11.1 161+20.5 156+4.7 111+5.8 251+10.2
(ng/L) test 279+7.3*  413+14.7* 303162.1* 199+1.9 192+3.9 205+1.0 274+10.3

Leptin control 7.410.4 7.910.1 7.210.8 5.01+0.0 7.0£0.2 6.1+0.5 6.110.4
(ng/ml) test 3.960.0* 5.2+0.4* 4.410.2* 3.71+0.5 5.32+0.2 2.94+0.0* 2.11+0.4*

T3 control 4.7+0.3 4.2+0.0 4.810.4 5.5+0.2 5.2+0.2 5.4+0.0 4.7+0.0

(nmol/L) test 4.9+0.3 4.2+0.1 4.7+0.3 3.610.7 5.310.1 5.1+0.1 4.510.2
Ta control  114.3%6.3 116.1+3.5 114.616.1 91.0+7.6 99.116.2 76.915.8 131.5+¢1.0
(nmol/L) test 95.2+11.1 107.743.1 105.2+5.4 115.0+12.5 107.7+13 105.8+2.6 98.710.8

fTs control 8.710.4 9.840.1 9.610.3 9.3+0.6 10.6+0.8 8.1+0.6 9.610.1

(pmol/L) test 9.4+0.4 9.610.0 9.2+0.2 9.310.2 9.9+0.9 9.1+0.0 9.2+0.1
T, control 22.6+0.5 24.3+0.9 23.1+1.7 17.4+1.2 19.9+1.9 18.2+1.7 20.610.3
(pmol/L) test 21.1+0.4 21.2+0.5 22.5+0.6 22.9+0.2* 18.5+0.5 19.14+0.2 21.2+0.2
Insulin control 75.812.5 76.8+1.9 78.015.0 73.6111.9 70.815.6 61.1+6.7 80.0+8.5
(pmol/L) test 63.1+4.4 63.213.5 54.7+4.9 46.616.6 48.0+3.2 29.015.2 33.614.0
Glucose control 4.74+0.4 4.43+0.1 4.51+0.1 4.5610.1 4.80+0.1 4.51+0.0 4.12+0.1
(mmol/L) test 6.41+0.3* 4.25+0.2 4.63+0.3 6.7210.0* 4.64+0.0 5.25+0.0* 4.38+0.2*
Prolactin control 31.544.0 28.9+0.3 28.310.9 25.0+2.0 27.6+1.1 20.6+1.2 29.6+1.5
(nlu/ml) test 39.840.6 42.7+1.0* 40.2+3.2%* 37.5+4.0* 40.0+1.2* 45.8+2.4%* 49.1+1.8*

GH control 8.310.4 8.3+0.1 8.3+0.2 9.6t1.4 8.0+0.9 7.4+1.3 6.810.7
(ng/ml) test 11.5+0.9 13.5+0.5 14.0+1.0 11.4+1.8 12.7t1.6 12.6+1.8 13.0+0.7
Ghrelin control 444+71.7 463+22.1 427+42.9 405+30.2 416+25.7 457+95.5 338+18.1
(pg/ml) test 550465.8 6371+24.8 602+52.5 579+51.1 591+10.1 548+67.8 704+7.9
HDL control 1.74+0.0 1.4310.1 1.6210.1 2.14+0.1 1.7710.2 1.5610.1 0.83+0.1
(mmol/L) test 1.32+0.0 1.331#0.1 1.4610.1 1.1340.2* 1.2940.1* 0.98+0.0 0.72+0.0

Cholesterol  control 2.01£0.2 2.210.0 2.410.0 2.810.0 2.710.1 2.210.5 1.6+0.0
(mmol/L) test 1.0+0.0 1.1+0.0 1.6+0.2 2.0£0.0 2.210.0 1.86+0.2 1.76+0.3
VLDL control 0.12+0.0 0.12+0.0 0.11+0.0 0.04+0.0 0.04+0.0 0.02+0.0 0.05+0.0
(mmol/L) test 0.03+0.0*  0.03+0.0* 0.04+0.0* 0.05+0.0 0.06+0.0 0.05+0.0 0.06+0.0
TG control 0.61+0.0 0.6310.0 0.5710.0 0.22+0.0 0.23+0.0 0.10+0.0 0.29140.0
(mmol/L) test 0.15+0.0*  0.19+0.0* 0.24+0.0* 0.2710.0 0.30+0.0 0.28+0.0 0.2510.0
B-HBA control 0.05+0.0 0.06+0.0 0.06+0.0 0.07+0.0 0.06+0.0 0.05+0.0 0.06+0.0
(mmol/L) test 0.07+0.0 0.08+0.0 0.07+0.0 0.07+0.0 0.08+0.0 0.08+0.0 0.06+0.0
NEFA control 0.12+0.0 0.15+0.0 0.16+0.0 0.19+0.0 0.15+0.0 0.13+0.0 0.16+0.0
(mmol/L) test 0.15+0.0 0.210.0 0.171+0.0 0.22+0.0 0.23+0.0 0.2210.0 0.14+0.0

*Indicates significant difference between control and test groups (P=0.05).
T; : triiodothyronin,T4:thyroxin, fT; . free triiodothyronin,fT,. free thyroxin, GH: growth hormone, HDL: high density lipoprotein,
VLDL: very low density lipoprotein , TG: triglyceride, B-HBA: B-hydroxybutyrate, NEFA: non-esterified fatty acids.

The implication of galanin in the regulation of
feeding behavior has not been demonstrated in small
ruminants. In rodents, this neuropeptide has a
stimulating effect on food intake (Edwards et al., 1999;

Tempel et al, 1988). The involvement of this
hypothalamic  neuropeptide has been partially
demonstrated in studies that evaluate the effect of
undernutrition on the peptide level. Galanin, quantified
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by optic density, was greater in the mediobasal
hypothalamus of undernourished adult ewes (17
months) compared to controls with unlimited access to
food supplies. However, the number of galanin-
immunostained cells was unchanged (Barker-Gibb and
Clarke, 1996).

In adult ewes, long-term under nutrition (167 days)
leads to an increased number of galanin cells in the
infundibular nucleus and the dorsal hypothalamic area
(Chaillou et al., 2003). The same effect is also found in
libitum refed adult ewes after a long period of under
nutrition or feeding at maintenance rate in the preoptic
area, the infundibular nucleus and the dorsal
hypothalamic area (Chaillou et al., 2003).

In the present study, significant increase was found
in galanin concentration in fasted goats at day 10 of
training and the 2™ and 4% day of starvation in
comparison with fed goats. However, there were no
significant differences in galanin concentration in day 20
between control and test groups (P=0.05). Longer time
may be needed to change galanin neuron number and
galanin concentration in plasma as galanin seems to be
sensitive to long term starvation (167 days) in small
ruminant (Chaillou et al., 2003).

In rodents, starvation appears to act, at least in part,
by suppressing thyroid releasing hormone (TRH)
expression in the paraventricular nucleus (PVN). Thus, as
a consequence of starvation, T4 and T3 levels fall,
leading to central hypothyroidism. The dominant, and
perhaps sufficient, signal to the brain that suppresses
TRH expression in the PVN is a starvation-induced drop
in the level of the hormone leptin (Flier et al., 2000). A
fall in leptin acts through the hypothalamus to increase
appetite, decrease energy expenditure, and modify
neuroendocrine function in a direction that favors
survival. This cytokine like protein hormone is secreted
mainly by the adipose tissue and is believed to act
through hypothalamic nerve centers in mediation of
neuroendocrine responses to energy supply or
deprivation (Zhang et al., 1994). Leptin also signals the
switch from the fed to the starved state (Considine and
Caro, 1997; Friedman and Halaas, 1998; Yoshida et al.,
1997).

In rats, leptin decreases galanin expression in the
mediobasal hypothalamus and inhibits food intake
induced by galanin (Sahu, 1998b). The neurons
containing galanin in infundibular nucleus possess leptin
receptors (Hakansson et al., 1998). Galanin can regulate
eating behavior and hormonal control via leptin
(Hakansson et al., 1998; Sahu, 1998a).

The distribution of the leptin receptor (Ob-R) has
been described in sheep (Williams et al., 1999), with the
highest density found in the hypothalamus. As in
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rodents (Hakansson et al., 1998), numerous
neuropeptide containing neurons are potential targets
of leptin in the goat hypothalamus. Leptin injection
modifies some neuropeptide expression and interacts
with their action on feeding behaviour. For example,
intracerebroventricular injections of leptin for 5 days
decrease the expression of galanin mRNA in male rats
(Sahu, 1998a). All data suggest that the variations in
plasma levels of leptin that are related to nutrition act
on hypothalamic neuropeptides to regulate feeding
behaviour and/or pituitary hormonal secretions. No
direct interacting effects of leptin and hypothalamic
neuropeptides have been described for small ruminant
nutritional regulations. Major differences exist between
sheep and rodents, even if leptin and its receptor are
sensitive to nutrition. However, in adult undernourished
ewes, modifications in the number of galanin neurons
have been observed, with no effect on leptin plasma
level (Chaillou et al., 2002a; 2002b; 2003). In goat, the
role of leptin as a key regulator in the nutritional
modulation of hypothalamic neuropeptides remains to
be established.

Galanin may be inhibitory to TRH neurons and
contribute to the down regulation of the thyroid axis
during fasting. Galanin-containing axons establish a
prominent association with TRH neurons in the
periventricular and medial parvocellular subdivisions of
the PVN (Wittmann et al., 2004).

In the present study, significant decrease was
observed in leptin concentration between fed and
fasted goats at day 10 of training and the 2, 4th, 14th
and 20t day of starvation. Also, significant difference in
fT4 concentration between fed and fasted goats was
found at 10t day of starvation (P=0.05).

There was no significant difference in leptin
concentration between fed and fasted goats at day 10 of
training and the 20 day of starvation (P=0.05)
indicating that long term starvation had no effect on
leptin concentration in test group.

There was no significant difference in T,
concentration between fed and fasted goats at the 2"
and 10t day of starvation (P=0.05) suggesting that long
term starvation had no effect on thyroid hormones
concentration in test group. This finding is in agreement
with the report of Khazali (2008) in which no change was
observed in mean plasma concentrations of the T3 and
T4 in camels fed twenty five percent energy content in
diet for thirty days (P=0.01).

Galanin is a potent inhibitor of the release of a
number of neurotransmitters and hormones including
insulin. This may be the consequence of the
hyperpolarization brought about by opening of galanin-
receptor-coupled K*-channels, or a result of the galanin-
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receptor-mediated closure of some Ca?* channels- or of a
combination of galanin effects on K*-channel opening and
Ca%-channel closure (De Weille et al., 1988; Nilsson et al.,
1989). Interactions between insulin and hypothalamic
neuropeptides have been suggested in several studies. In
rats, intracerebroventricular injection of insulin leads to
galanin reduction (Wang and Leibowitz, 1997). As
demonstrated, no direct effect of insulin on neuropeptide
expression in goats has been described.

No significant difference was found in insulin
concentration between fed and fasted goats (P=0.05).
However, significant difference in glucose concentration
between fed and fasted goats was found at day 10 of
training and the 10%™, 14 and 20% day of starvation
(P=0.05). There was significant increase in glucose
concentration in fasted goats at the 20% day of
starvation compared to fed goats (P=0.05). This finding
is in agreement with the report of Khazali (2008) in
which mean plasma concentration of glucose was
significantly (P=0.01) lower in camels fed twenty five
percent energy content in diet for thirty days (Khazali,
2008) in comparison with controls.

Lack of changes in the concentration of insulin may
be due to unchanged concentration of galanin or leptin.

Ghrelin, in an antagonistic manner to leptin,
regulates synthesis and secretion of several
neuropeptides in the hypothalamus that regulate
feeding and energy balance. The secretion of ghrelin
increases under conditions of negative energy balance,
such as starvation, whereas its expression decreases
under conditions of positive energy balance such as
feeding, hyperglycemia, and obesity. In addition to
having a powerful effect on the secretion of growth
hormone, ghrelin stimulates food intake and transduces
signals to hypothalamic regulatory nuclei that control
energy homeostasis (Hosoda et al., 2006).

Little is known about the role of ghrelin in the
regulation of food intake and endocrine function in
species other than humans and rodents. The ruminant
presents an interesting model because the gut is not
emptied between periods of feeding. Despite this, there
is a well-discerned rise in plasma ghrelin levels before an
expected meal in sheep, with a postprandial rise in
plasma GH levels (Sugino et al., 2002a; 2004). In rams,
plasma ghrelin levels increase just before feeding, tend
to increase in pseudo-fed animals and decrease during
feeding (Sugino et al., 2002a). These secretion profiles
depend on the frequency of meal distribution (Sugino et
al., 2002b). No significant difference was observed in the
concentration of ghrelin between control and test
groups (P=0.05).

Glucose is an important regulator of GH secretion,
although GH responses to hypo- or hyperglycemia differ
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among animal species. In the present study, no
significant difference was observed in the concentration
of growth hormone between control and test groups
(P=0.05). The nutritional status also markedly affects
plasma insulin like growth factor | concentration.
Starvation causes complete resistance to GH, and
restriction of protein or calories causes a lesser degree
of resistance with a consequent reduction of hepatic
IGF-I production (Isley et al., 1983). Lack of changes in
the concentration of growth hormone may be due to
unchanged concentration of ghrelin.

Several lines of evidence indicate that galanin
regulates prolactin secretion in an auto- and/or
paracrine manner. These data further support the
hypothesis that galanin acts as a paracrine regulator of
prolactin expression and as a growth factor to the
lactotrophs  (Wynick et al.,, 1998). Galanin-like
immunoreactivities have been found in the anterior lobe
of rat and human pituitary glands (Hulting et al., 1989).
Specifically, galanin mRNA and peptide have been
detected in lactotrophs (Hyde et al., 1991) and galanin is
extremely sensitive to the estrogen status of the animal
(Hammond et al., 1997; Vrontakis et al., 1989). In the
present study, significant increase in prolactin
concentration between fed and fasted goats was found
at all days of starvation (P=0.05). As estrogen
concentration was not measured in this study and no
information was available on estrogen status of animals,
the accurate interpretation of prolactin is complicated.

The hydrolysis of TG causes the release of FA which
are known to alter neuronal activity and gene expression
in the brain (DeWille and Farmer, 1993; Oomura et al.,
1975). Also, in studies of galanin in the PVN, mRNA
levels of this peptide are found to be positively
correlated with levels of circulating TG as well as the
ingestion, specifically of fat, and are suppressed by an
antagonist of fat metabolism (Akabayashi et al., 1994;
Leibowitz, 2000; Wortley et al., 2003). The consumption
of a high fat diet, which raises TG and NEFA levels,
stimulates the expression of galanin in the PVN
(Leibowitz et al., 2004; Wortley et al., 2003). Injection of
GAL peptide directly into the PVN of rats caused a
significant upregulation of lipoproteinlipase (LPL)
expression in adipose tissue (Leibowitz et al., 2004; Yun
et al., 2005). A significant decrease in TG and VLDL
concentrations in test group was found at day 10 of
training and the 2" and 4% day of starvation in
comparison with control group (P=0.05). However, a
significant increase was found in galanin concentration
between fed and fasted goats at day 10 of training and
the 2" and 4% day of starvation, indicating that
activation of lipoprotein lipase by galanin causes
decrease in TG concentration. No significant difference
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was observed in the concentration of NEFA between
control and test groups (P=0.05).

Significant difference in HDL concentration between
fed and fasted goats was found at 10" and 12" day of
starvation (P=0.05). No significant difference was
observed in the concentration of cholesterol between
control and test groups (P=0.05).

In conclusion, this paper indicates that gradual
starvation provides time for animals to adapt their
metabolism to the new condition. The effect of long
term starvation on hormones and biochemical
parameters involved in energy metabolism in adult
goats and control of energy balance and the role of
galanin in adaptation to long starvation or endocrine
functions in goat are different from other species.
Further investigations are needed to support these
hypotheses.

Acknowledgements

The authors would like to thank the Research Council
of Shiraz University and School of Veterinary Medicine,
Shiraz University for financial and technical support of
this study (Grant No.71-GR-VT-5).

REFERENCES
Akabayashi, A., Koenig, J.l., Watanabe, Y., Alexander, J.T.,
Leibowitz, S.F., 1994. Galanin-containing neurons in
the paraventricular nucleus: a neurochemical marker
for fat ingestion and body weight gain. Proceeding of
the National Academy of Sciences of the United States
of America 91, 10375-10379.

Baranowska, B., Chmielowska, M., Wolinska-Witort, E.,
Roguski, K., Wasilewska-Dziubinska, E., 2001.The
relationship between neuropeptides and hormones in
starvation. Neuroendocrinology Letters 22, 349-55.

Barker-Gibb, M.L., Clarke, 1.J., 1996. Increased galanin and
neuropeptide-Y immunoreactivity within the
hypothalamus of ovariectomized ewes following a
prolonged period of reduced body weight is associated
with changes in plasma growth hormone but not
gonadotropin levels. Neuroendocrinology 64, 194-207.

Burtis, C.A., Ashwood, E.R., 1994. Tietz Textbook of Clinical
Chemistry. 2nd ed., W. B. Saunders Com, Philadelphia,
pp. 735-888.

Chaillou, E., Baumont, R., Chilliard, Y., Tillet, Y., 2002a. Several
subpopulations of neuropeptide Y-containing neurons
exist in the infundibular nucleus of sheep: an
immunohistochemical study of animals on different
diets. Journal of Comparative Neurology 444, 129-143.

Chaillou, E., Baumont, R., Tramu, G., Tillet, Y., 2002b. Long-
term undernutrition followed by short-term refeeding
effects on the corticotropin-releasing hormone
containing neurons in the paraventricular nucleus: an
immunohistochemical study in sheep. Journal of
Neuroendocrinology 14, 269-275.

Chailou, E., Baumont, R., Fellmann, D., Tramus, G., Tillet, Y.,
2003. Sensitivity of galanin and melatonin-

149

concentrating  hormone-containing  neurons to
nutritional status: an immunohistochemical study in
the ovariectomized ewe. Journal of
Neuroendocrinology 15, 459-467.

Considine, R.V., Caro, J.F., 1997. Leptin and the regulation of
body weight. International Journal of Biochemistry and
Cell 29, 1255-1272.

Crawley, J.N., 1999. The role of galanin in feeding behavior.
Neuropeptides 33, 369-375.

De Weille, J., Schmid-Antomarchi, H., Fosset, M., Lazdunski,
M., 1988. ATP-sensitive K+-channels that are blocked
by hypoglycemia-inducing sulfonylureas in insulin-
secreting cells are activated by galanin, a
hyperglycemia-inducing hormone. Proceeding of the
National Academy of Sciences of the United States of
America 85, 1312-1316.

DeWille, J., Farmer, S.J., 1993. Linoleic acid controls neonatal
tissue-specific stearoyl-CoA desaturase mRNA levels.
Biochimica et Biophysica Acta 1170, 291-295.

Edwards, C.M.B., Abusnana, S., Sunter, D., Murphy, K.G.,
Ghatei, M.A., Bloom, S.R., 1999. The effect of the
orexins on food intake: comparison with neuropeptide
Y, melanin-concentrating hormone and galanin.
Journal of Endocrinology 160, 7-12.

Flier, J.F., Harris, M., Hollenberg, A.N., 2000. Leptin, nutrition
and the thyroid: the why, the wherefore, and the
wiring. Journal of Clinical Investigation 105, 859-861.

Friedman, J.M., Halaas, J.L., 1998. Leptin and the regulation of
body weight in mammals. Nature 395, 763-770.

Gonzalez, L.C,, Pinilla, L., Tena-Sempere, M., Aguilar, E. 1998.
Leptin116-130 stimulates prolactin and luteinizing
hormone secretion in fasted adult male rats.
Neuroendocrinology 70, 213-220.

Hakansson, M.L., Brown, H., Ghilardi, N., Skoda, R.C., Meister,
B., 1998. Leptin receptor immunoreactivity in
chemically defined target neurons of the
hypothalamus. Journal of Neuroscience 18, 559-572.

Hammond, P.J., Khandan-nia, N., Withers, D.J., Jones, P.M.,
Ghatei, M.A., Bloom, S.R., 1997. Regulation of anterior
pituitary galanin and vasoactive intestinal peptide by
estrogen and prolactin status. Journal of Endocrinology
152, 211-219.

Hosoda, H., Kojima, M., Kangawa, K., 2006. Biological,
physiological, and pharmacological aspects of ghrelin.
Journal of Pharmacological Sciences 100, 398-410.

Hulting, A.L., Meister, B., Grimelius, L., Wersall, J., Anggard,
A., Hokfelt, T., 1989. Production of a galanin-like
peptide by a human pituitary adenoma:
immunohistochemical evidence. Acta Physiologica
Scandinavica 137, 561-562.

Hyde, J.F., Engle, M.G., Maley, B.E., 1991. Colocalization of
galanin and prolactin within secretory granules of
anterior pituitary cells in estrogen-treated Fischer 344
rats. Endocrinology 129, 270-276.

Isley, W.L., Underwood, L.E., Smith, E.P., Clemmons, D.R.,
1983. Dietary components that regulate serum



150

somatomedin-C concentrations in humans. Journal of
Clinical Investigation 71, 175-182.

Khazali, H., 2008. The effect of galanin on the mean plasma
concentrations of metabolic hormones in camel.
Endocrine Abstracts 15, 198.

Leibowitz, S.F., 2000. Macronutrients and brain peptides: what
they do and how they respond. In: Berthoud HR,
Seeley RJ, eds. Neural and metabolic control of
macronutrient intake. Boca Raton, FL: CRC Press, pp.
389-406.

Leibowitz, S.F., Dourmashkin, J.T., Chang, G.Q., Hill, J.0.,
Gayles, E.C., Fried, S.K., Wang, J., 2004. Acute high-fat
diet paradigms link galanin to triglycerides and their
transport and metabolism in muscle. Brain Research
1008, 168-178.

Lopez, F.J., Meade, E.H., Negro-Vilar, A., 1993. Endogenous
galanin modulates the gonadotropin and prolactin
surges in the rat. Endocrinology 132, 795-800.

McGowan, M.W., Artiss, J.D., Strandbergh, D.R., Zak, B., 1983.
A peroxidase coupled method for the colorimetric
determination of serum triglycerides. Clinical
Chemistry 29, 538-542.

Nilsson, T., Arkhammar, P., Rorsman, P., Berggren, P.O., 1989.
Suppression of insulin release by galanin and
somatostatin is mediated by a G-protein. An effect
involving repolarization and reduction in cytoplasmic
free Ca2+ concentration. Journal of Biological
Chemistry 264, 973-980

Oomura, Y., Nakamura, T., Sugimori, M., Yamada, Y., 1975.
Effect of free fatty acid on the rat lateral hypothalamic
neurons. Physiology & Behavior 14, 483-486.

Sahu, A., 1998a. Leptin decreases food intake induced by
melanin-concentrating hormone (MCH), galanin (GAL),
and neuropeptide Y (NPY) in the rat. Endocrinology
139, 4739-4742.

Sahu, A., 1998b. Evidence suggesting that galanin (GAL),
melanin-concentrating hormone (MCH), neurotensin
(NT), proopiomelanocortin (POMC) and neuropeptide
Y (NPY) are targets of leptin signaling in the
hypothalamus. Endocrinology 139, 795-798.

Silanikove, N., 2000. The physiological basis of adaptation in
goats to harsh environments. Small Ruminant Research
35, 181-193.

Sugino, T., Hasegawa, Y., Kikkawa, Y., Yamaura, J., Yamagishi,
M., Kurose, Y., Kojima, M., Kangawa, K., Terashima,
Y., 2002a. A transient ghrelin surge occurs just before
feeding in a scheduled meal-fed sheep. Biochemical
and Biophysical Research Communications 295, 255-
260.

Sugino, T., Hasegawa, Y., Kurose, Y., Kojima, M., Kangawa, K.,
Terashima, Y., 2004. Effects of ghrelin on food intake
and neuroendocrine function in sheep. Animal
Reproduction Science 82-83, 183-194.

Sugino, T., Yamaura, J., Yamagishi, M., Ogura, A., Hayashi, R.,
Kurose, Y., Kojima, M., Kangawa, K., Hasegawa, Y.,
Terashima, Y., 2002b. A transient surge of ghrelin
secretion before feeding is modified by different

Eskandarzade et al., J. Fac. Vet. Med. Istanbul Univ., 41 (2), 143-150, 2015

feeding regimens in sheep. Biochemical and
Biophysical Research Communications 298, 785-788.

Tempel, D.L., Leibowitz, K.J., Leibowitz, S.F., 1988. Effects of
PVN galanin on macronutrient selection. Peptides 9,
309-314.

Vrontakis, M.E., Yamamoto, T., Schroedter, I.C., Nagy, J.l.,
Friesen, H.G., 1989. Estrogen induction of galanin
synthesis in the rat anterior pituitary gland
demonstrated by in situ hybridization and
immunohistochemistry. Neuroscience Letters 100, 59-
64.

Wang, J., Akabayashi, A., Yu, H.J., Dourmashkin, J., Alexander,
J.T., Silver, 1., Lighter, J., Leibowitz, S.F., 1998.
Hypothalamic galanin: control by signals of fat
metabolism. Brain Research 19, 157-165.

Wang, J., Leibowitz, K.L, 1997. Central insulin inhibits
hypothalamic galanin and neuropeptide Y gene
expression and peptide release in intact rats. Brain
Research 777, 231-236.

Williams, L.M., Adam, C.L., Mercer, J.G., Moar, K.M., Slater,
D., Hunter, L., Findlay, P.A., Hoggard, N., 1999. Leptin
receptor and neuropeptide Y gene expression in the
sheep brain. Journal of Neuroendocrinology 11, 165-
169.

Wittmann, G., Sarkar, S., Hrabovszky, E., Liposits, Z., Lechan,
R.M., Fekete, C., 2004. Galanin- but not galanin-like
peptide-containing axon terminals innervate
hypophysiotropic TRH-synthesizing neurons in the
hypothalamic paraventricular nucleus. Brain Research
1002, 43-50.

Wortley, K.E., Chang, G.Q., Davydova, Z., Leibowitz, S.F., 2003.
Peptides that regulate food intake: orexin gene
expression is  increased  during states of
hypertriglyceridemia. American Journal of Physiology
284, 1454-1465.

Wynick, D., Small, C.J., Bacon, A., Holmes, F.E., Norman, M.,
Ormandy, C.J., Kilic, E., Kerr, N.C., Ghatei, M.,
Talamantes, F., Bloom, S.R., Pachnis, V., 1998. Galanin
regulates  prolactin  release  and  lactotroph
proliferation. Proceeding of the National Academy of
Sciences of the United States of America 95, 12671-
12676.

Yoshida, T., Monkawa, T., Hayashi, M., Saruta, T., 1997.
Regulation of expression of leptin mRNA and secretion
of leptin by thyroid hormone in 3T3-L1 adipocytes.
Biochemical and Biophysical Research Communications
232, 822-826.

Yun, R., Dourmashkin, J.T., Hill, J., Gayles, E.C., Fried, S.K.,
Leibowitz, S.F., 2005. PVN galanin increases fat storage
and promotes obesity by causing muscle to utilize
carbohydrate more than fat. Peptides 26, 2265-2273.

Zhang, Y., Proenca, R., Maffei, M., Barone, M., Leopole, L.,
Friedman, J., 1994. Positional cloning of the mouse
obese gene and its human homologue. Nature 372,
425-435.



