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Abstract  

Unlike mammals, the role of adipokines and more particularly of chemerin in the 

regulation of food intake is totally unknown in avian species. Here we investigated the effect 

of chemerin on the food and water consumption and on the body weight in chicken. We 

studied the effects on the plasma glucose and insulin concentrations and the hypothalamic 

neuropeptides and AMPK signaling pathway. Female broiler chickens were intraperitoneally 

injected, daily for 13 days with either vehicle (saline; n=25) or chemerin (8μg/kg; n=25 and 

16μg/kg; n=25). Food and water intakes were recorded 24h after each administration. 

Overnight fasted animals were sacrificed at day 13 (D13), 24h after the last injection and 

hypothalamus and left cerebral hemispheres were collected. Chemerin and its receptors 

protein levels were determined by western-blot. Gene expression of neuropeptide Y (Npy), 

agouti-related peptide (Agrp), corticotrophin releasing hormone (Crh), pro-opiomelanocortin 

(Pomc), cocaine and amphetamine-regulated transcript (Cart) and Taste 1 Receptor Member 1 

(Tas1r1) were evaluated by RT-qPCR. In chicken, we found that the protein amount of 

chemerin, CCRL2 and GPR1 was similar in left cerebral hemisphere and hypothalamus 

whereas CMKLR1 was higher in hypothalamus. Chemerin administration (8 and 16μg/kg) 

decreased both food intake and body weight compared to vehicle without affecting water 

intake and the size or volume of different brain subdivisions as determined by magnetic 

resonance imaging. It also increased plasma insulin levels whereas glucose levels were 

decreased. These data were associated with an increase in Npy and Agrp expressions and a 

decrease in Crh, Tas1r1 mRNA expression within the hypothalamus. Furthermore, chemerin 

decreased hypothalamic CMKLR1 protein expression and AMPK activation. Taken together, 

these results support that chemerin could be a peripheral appetite-regulating signal through 

modulation of hypothalamic peptides expression in chicken. 

 

Key words: chemerin, food intake, hypothalamic gene, chicken 
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1. Introduction 

 

In mammals, adipokines are mainly produced by white adipose tissue (WAT) (Luo 

and Liu 2016). They include proteins like leptin, resistin, adiponectin, visfatin and chemerin 

that play crucial role in the regulation of energy metabolism, insulin sensitivity but also in the 

appetite and satiety control (Spiegelman and Flier 2001). In rodents, recombinant leptin 

intravenous injection reduced food intake whereas central injection of recombinant visfatin or 

intravenous administration of recombinant adiponectin increased food intake (Brunetti, et al. 

2012, Kubota, et al. 2007). Even if resistin deficient mice and rats treated peripherally with 

recombinant resistin did not change their food intake (Rajala, et al. 2003), central injection of 

recombinant resistin decreased food intake acutely in fasted rats (Tovar, et al. 2005).  The 

actions of adipokines to regulate food intake fundamentally involve the hypothalamus (Henry 

and Clarke 2008). Indeed, several data showed that adipokines modulate feeding-related brain 

circuits that involve hypothalamic populations synthesizing anorexigens (pro-

opiomelanocortin (POMC), cocaine,amphetamine-regulated transcript (CART) and 

corticotrophin-releasing hormone (CRH) and orexigens (Agouti-related protein (AgRP), 

neuropeptide Y (NPY)) (Klockars, et al. 2019). In mammals, chemerin is a small 16-kDa 

protein that is encoded by the RARRES2 gene (Mattern, et al. 2014). It is mainly expressed in 

WAT but also in liver (Mattern, et al. 2014). After secretion, chemerin is able to bind three G 

protein-coupled receptors (GPCRs) including CMKLR1, GPR1 and CCRL2 to initiate various 

actions depending on the cell type (Kennedy and Davenport 2018). Chemerin and its 

receptors are present in distinct brain regions including hypothalamus in rodents (Helfer, et al. 

2016), baboons and chimpanzees (Gonzalez-Alvarez, et al. 2015) and pig (Smolinska, et al. 

2019). In rat, chemerin could be involved in the structural remodelling of the hypothalamus 

(Helfer, et al. 2016). Furthermore, peripheral and central recombinant chemerin 

administration decreased food intake in rats suggesting a role of chemerin in the regulation of 
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satiety (Brunetti, et al. 2014, Helfer, et al. 2016). In peripheral tissues, chemerin regulates 

adipogenesis, glucose homeostasis (Helfer and Wu 2018), and could be a modulator of bone 

mass in mammals (Muruganandan, et al. 2010, Zhao, et al. 2019).In avian species, the 

structures and physiological functions of adipokines are largely less known than in mammals, 

particularly in humans and rodents (Mellouk, et al. 2018a). In chicken, the role of leptin in 

energy metabolism and the presence of the resistin gene are still a debate (Beauclair, et al. 

2019, Dakovic, et al. 2014, Friedman-Einat and Seroussi 2019, Seroussi, et al. 2019). 

Concerning visfatin, central injection caused increased feed intake in chicks (Cline, et al. 

2008, Li, et al. 2018). The role of chemerin in the feeding behavior, glucose metabolism and 

bone developmentis still unknown in chickens. Chicken chemerin and its receptors are 

expressed in peripheral tissues (Mellouk, et al. 2018c, Mellouk, et al. 2018d) and ovary 

(Mellouk, et al. 2018b). Furthermore, plasma chemerin levels are negatively correlated with 

the percentage of animal fat content (Mellouk, et al. 2018d) and with the percentage of 

hatchability of fertile eggs in broiler hens (Mellouk, et al. 2018b). 

 Considering the role played by adipokines in the control of appetite in mammals, in 

the present work we aimed to investigate the effects of daily administration of chicken 

recombinant chemerin (8–16 μg/kg) injected intraperitoneally, on food and water intake, body 

weight, and plasma glucose and insulin. Since several hypothalamic genes (Npy (Boswell, et 

al. 1999, Higgins, et al. 2010, Zhou, et al. 2005), Agrp (Song, et al. 2012), Pomc (Higgins, et 

al. 2010), Cart (Tachibana, et al. 2003), Crh (Denbow, et al. 1999, Honda, et al. 2007, 

Tachibana, et al. 2006) and Tas1r1 (Byerly, et al. 2010) have previously been shown to be 

regulated in response to various feeding behaviors or nutritional states in birds, we 

investigated their expression following the chicken chemerin injections. We also studied 

protein levels of chemerin and its receptors and activation of the AMPK signaling pathway in 

chicken hypothalamus. Finally, we analyzed the impact of chicken chemerin on the volume 
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and surface of different brain subdivisions and on the development of the bones that could be 

potentially altered.  

2. Materials and Methods 

 

2. 1 Ethical issues 

All experimental procedures were performed in accordance with the French National 

Guidelines for the care and use of animals for research purposes (certificate of authorisation 

to experiment on living animals APAFIS number 10237-201706151202940v3). The 

Experimental Unit where birds were kept is registered by the ministry of Agriculture with 

license number C-37-175-1 for animal experimentation. Measurements performed in 

individual cages, blood sampling procedures, euthanasia procedures and scientific 

justification were approved by the ethics committee in Animal Experimentation of Val de 

Loire registered by the National Committee under the number C2EA-19. 

 

2.2 Chicken recombinant chemerin and antibodies 

The chicken chemerin recombinant protein (full length, rRARRES2) was obtained 

from the Gallus gallus sequence (NM_001277476.1), produced in E coli and purified by 

chromatography column-based on His-Tag under denaturation condition (Agro-Bio, La Ferté 

Saint Aubin, France). Mouse monoclonal antibody for vinculin was obtained from Sigma 

(Ref). Monoclonal chicken chemerin antibodies were produced by AgroBio (La Ferté Saint 

Aubin, France), and their specificity were tested as previously described (Mellouk, et al. 

2018a). All antibodies were used at 1/1000 dilution in western blotting.  

Specific antibodies against chicken CMKLR1 were produced by AgroBio (Orleans, 

France). Briefly, two peptides corresponding to 20 amino-terminal residues 

(DDSDTYDYLDYTYEEPGSV, CMKLR1-20) and 18 carboxy-terminal residues 
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(HRSFSKMSSMTEKETTVL, CMKLR1-18) of chicken CMKLR1 were conjugated to 

keyhole limpet hemocyanin using sulfhydryl chemistry (Sigma Genosys, Woodlands, TX). 

One hundred fifty micrograms of both conjugated CMKLR1-20 and CMKLR1-18 were 

emulsified with an equal volume of complete Freund's adjuvant and injected into two New 

Zealand White rabbits. Secondary immunizations were performed at day 14, 34, 57, 77, and 

98 (relative to primary immunization) followed by bleeding on day 105. Blood samples were 

collected from an ear vein for titer testing in microtiter plates at day 42, 63, and 84. The 

specific humoral immune response to targeted antigens (CMKLR1-20 and CMKLR1-18) was 

evaluated by a direct ELISA using 96-well microtiter plates. The IgG from the antiserums 

were purified by protein G-affinity chromatography with the use of a HiTrap protein-G 

column (GE Healthcare), and the protein content was quantified with the BCA kit (Sigma-

Aldrich). The specificity and activity of chicken CMKLR1 antibody were previously 

described (Estienne, et al. 2020). In the same manner, specific antibodies against chicken 

GPR1 were produced by AgroBio (Orleans, France). Two peptides corresponding to 18 

amino-terminal residues (CYSYFYDLPEEEESPQST) and 18 carboxy-terminal residues 

(VELSAHHDENLHDLLQDC) of chicken GPR1 were conjugated to keyhole limpet 

hemocyanin using sulfhydryl chemistry (Sigma Genosys, Woodlands, TX). 

 

2.3 Animals and management 

Eighty-five broiler breeder female chicks from Hendrix Genetics (Saint Laurent de la 

Plaine, France) were studied from day (d) 1 to 28 d of age. Animals were distributed on the 

ground on the day of hatching until d 15, in homogeneous groups of 8-9 birds in 10 pens, each 

pen with an area of 3 m². At 15 d of age, 75 chicks closest to the mean weight of 250g were 

raised in individual cages and randomly assigned to one of the three treatments until 28 d of 

age: treatment 1 (control, administration of saline, n=25), treatment 2 (administration of 
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chemerin 8 µg/kg, n=25) and treatment 3 (administration of chemerin 16 µg/kg, n=25). All 

the animals received ad libitum diet (cf Table 1 for the composition) throughout the duration 

of the experiment.  

 

2.4 In vivo intraperitoneal treatment, food and water intake and body weight 

measurements 

 Seventy-five female Cobb500  broiler chickens (15 days-old) with similar body weight 

were randomized into three groups of twenty five animals each, and injected intraperitoneally 

(i.p) daily, at 9 a.m for 13 days with either recombinant chicken chemerin (8 or 16 µg/kg of 

body weight) or vehicle (saline). The doses of recombinant chicken chemerin used were 

similar to those of rat chemerin injected in rat by Brunetti et al., 2014 (Brunetti, et al. 2014). 

Reccombinant chicken chemerinfor i.p administration was injected in a volume of about 0.2 

ml. Briefly, the intraperitoneal injection was performed using a 26G3 / 8 (or 0.45 * 10 mm) 

type needle suitable for the size of the animal and a 1 ml syringe. The needle was introduced 

at an angle of approximately 45°C in the lower right dial of the abdomen of the young animal 

then a slight aspiration was carried out, in order to ensure that there was no rising blood in the 

needle. The administration was then be continued by pushing the plunger steadily to deliver 

the full volume required. At the end of the administration, the needle was gently withdrawn 

from the abdomen of the animal. Twenty-four hours after each daily injection, food and water 

intake and body weight were recorded. Food eaten through the whole period was daily 

determined in each group by subtracting the remaining of food in the dispenser. Twenty-four 

hours after the last treatment animals were sacrified and their hypothalamus, their left cerebral 

hemisphere and blood samples were collected and stored at -20°C before use.  

 

2.5 Plasma biochemical parameters  
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Blood samples were collected from the occipital sinus into heparin tubes at 15 days-

old (before the first chemerin or vehicle injection), 22 days-old and 28 days-old (just before 

slaughtering). Plasma was recovered after centrifugation at 5000 g for 10 min at 4°C and 

stored at -20°C until use. Plasma concentrations of glucose and insulin were determined by 

enzymatic assay using specific kits: glucose GOD-POD (MG981780, ThermoScientific, 

Asnières sur Seine, France), and ELISA (MBS741090, MyBioSource, San Diego, USA), 

respectively. The measurements were performed according to the manufacturer’s protocol. 

For both assays, inter- and intra-experimental coefficients of variation were <12 and <8%, 

respectively. Samples were run in duplicate within the same assay. 

 

2.6 RNA extraction 

Total RNA was extracted from the hypothalamus using TRI Reagent (Sigma–Aldrich, 

St. Louis, MO), according to the manufacturer’s instructions. Briefly, each chicken 

hypothalamus was homogenized in 1 ml of TRI Reagent. The homogenate was centrifuged at 

12,000 g for 10 min at 4 ◦C to remove insoluble material. The supernatant, containing RNA 

and proteins, was added to 0.2 ml chloroform, then shaken vigorously and incubated on ice 

for 15 min. The next centrifugation at 12,000 g for 15 min at 4 ◦C separated the mixture into 

three phases: a red organic phase, containing proteins, an interphase, containing DNA, and a 

colorless upper aqueous phase, containing RNA. The aqueous phase was removed and RNA 

was precipitated with 0.5 ml of isopropanol, stored for 30 min at −20 ◦C and pelleted by 

centrifugation at 12,000 g for 10 min at 4 ◦C. The RNA pellet was washed with 1 ml of 75% 

ethanol, air dried and finally suspended in RNase-free water. Contaminating DNA was 

removed using 2 units of RNase-free DNase-1 (DNA-free kit, Ambion, Austin, TX), 

according to the manufacturer’s protocol. RNA purity and concentration were determined by 

spectrophotometry (Bio- Photometer Eppendorf, Hamburg, Germany). Concentration and 
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purity of isolated RNA were determined with a NanoDrop Spectrophotometer (Peqlab 

Biotechnologie GmbH, Erlangen, Germany). The integrity of RNA was checked on 1.25 % 

agarose-formaldehyde gels.  

 

2.7 Reverse transcription and real-time reverse transcription polymerase chain reaction 

(real-time RT PCR) 

The cDNAs were generated by reverse transcription (RT) of total RNA (1µg) in a 

mixture comprising: 0.5 mM each deoxyribonucleotide triphosphate (dATP, dGTP, dCTP, 

DTTP) 2 M of RT buffer, 15 μg / μL of oligodT, 0.125 U of ribonuclease inhibitor, and 0.05 

U MMLV (Moloney murine leukemia virus reverse transcriptase, Promega, Charbonnières-

les-Bains, France) for one hour at 37°C. Real-time PCR was performed using the MyiQ Cycle 

device (Bio-Rad, Marnes-la-Coquette, France), in a mixture of SYBR Green Supermix 1X 

reagent (Bio-Rad), 250 nM specific primers (Invitrogen ™ by Life Technologies ™, Villebon 

sur Yvette, France) (Table 2) and 5 μL of cDNA diluted to the fifth for a total volume of 20 

μl. The samples were duplicated on the same plate. PCR amplification with water, instead of 

cDNA, was performed systematically as a negative control. After incubation for 2 minutes at 

50°C and a denaturation step of 10 minutes at 95°C, samples were subjected to 40 cycles (30 

seconds at 95°C, 30 seconds at 60°C, 30 seconds at 72°C), following by the acquisition of the 

melting curve. Theprimers’ efficiency (E) was determined by using a five-points cDNA serial 

dilution . It was calculated with the following formula: E = 10-1/slope value and was ranged from 

1.85 to 2.00 (Table 2). PCRs were highly specific and reproducible (0.97 > R2 > 1.05). For 

each gene, expression was calculated according to primer efficiency (E) and quantification 

cycle (Cq), where expression = E−Cq. Then, relative expression of the target gene to the 

reference gene was analyzed. We have tested several reference genes and selected a 

combination of three genes: tyrosine 3-monooxygenase/tryptophan 5-monooxygenase 
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activation protein zeta polypeptide (Ywhaz), TATA box binding protein (Tbp), and 

Polymerase (RNA) II (DNA directed) polypeptide B (Polr2b) that were not affected by the 

variation of food intake and peripheral chemerin administration. Indeed, the geometric mean 

of multiple housekeeping genes has been reported as an accurate normalization factor 

(Vandesompele et al. 2002). Furthermore, Tbp and Polr2b  genes  are  suggested  to  be  used  

for normalization  in  chicken  hypothalamus  under  different  feeding  status (Simon, et al. 

2018). 

 

2.8 Western-blot 

Tissues (hypothalamus and left cerebral hemisphere) were lysed using an Ultraturax 

(Invitrogen ™ by Life Technologies ™, Villebon sur Yvette, France) in lysis buffer (Tris 1 M 

(pH 7.4), NaCl 0.15 M, EDTA 1.3 mM, EGTA 1 mM, VO4
3−  23 mM, NaF 0.1 M, NH2PO4 

1 %, Triton 0.5 %). The lysates were centrifuged for 20 minutes at 16,000 g at 4 °C and the 

supernatant containing proteins was collected and kept on ice. The protein concentration was 

measured using the bicinchoninic acid (BCA) protein assay (Interchim, Montluçon, France). 

Lysate protein (60 μg) was mixed with Laemmli buffer 5 X  and proteins were denatured for 5 

minutes by heat shock at 95 °C. Proteins were loaded in an electrophoresis sodium dodecyl 

sulfate-polyacrylamide gel (12 % for high protein weight (110 – 20 kDa) and 15% for low 

protein weight (< 20 kDa)). Then, proteins were transferred to a nitrocellulose membrane. 

Membranes were blocked with Tris-Buffered Saline Tween buffer containing 0.05% of 

Tween 20 and 5% of milk for 30 minutes at room temperature. Membranes were incubated 

overnight at 4 °C with the appropriate primary antibody (Table 3). The validation of all these 

antibodies was already reported in chicken (cf references in Table 3). Membranes were then 

incubated 90 minutes at room temperature with a HorseRadish Peroxidase-conjugated anti-

rabbit or anti-mouse IgG (Table 3). Proteins of interest were detected by enhanced 
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chemiluminescence (Western Lightning Plus-ECL, Perkin Elmer, Villebon-sur-Yvette, 

France) with a G-box SynGene (Ozyme, St Quentin en Yvelines, France) and GeneSnap 

software ((release 7.09.17), Ozyme). Then, proteins were quantified with GeneTools software 

(release 4.01.02).  

 

2.9 Computerized Tomography Analysis 

Chickens bone parameters (volume of whole bone (mm3), volume of tibia cortical 

bone volume (mm3) and length of tibia (cm)) were investigated by CT scan (Siemens 

Somatom Definition AS, Siemens Corp., Germany) after the 13 days of daily chicken 

chemerin administration in 6 euthanasied animals from each group. During the bone analysis, 

the chickens (n= 6 in each group) were placed on its back. The X-ray source was set at 100 

kV and 120 mA/s. A total of 500 images were acquired every 0.6 mm, with a pitch 0.45. The 

images were reconstructed using a filter Safire I26. Analyses of all data were carried out using 

Acquisition Sinogram Image Processing IDL’s virtual machine (ASIPro VM, Siemens 

Medical Solutions).  

 

2.10 Magnetic Resonance Imaging (MRI) method 

In this study we used a 3 Teslas (T) MRI scanner (Siemens Magnetom® Verio, 

Erlangen, Germany) to produce brain images of 8 anaesthetized chickens (n= 4 control and n= 

4 chemerin). General anesthesia for a period of 2 hours was performed on overnight fasted 

animals. The anesthetic, a mixture of ketamine (75 mg / kg) and diazepam (2.5 mg / kg) was 

administered intramuscularly. Throughout the duration of the anesthesia, monitoring for 

bradycardia was performed. During the MRI examination, the animals were stored between 

two polystyrene cousins to prevent any movement of the animals. We used two separate 

‘loop’ coils, with an inner diameter of 7 cm, so as to i) acquire the most normalized MRI 
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signal possible within the brain area and ii) and also to collect as much as MRI signal as the 

area is rather small compared to the size of the machine. Furthermore, the chicken heads were 

placed inside the two loop coils, which were positioned against, and parallel to each another. 

Two separate MRI image sequences (T1: spin-lattice or longitudinal relaxation time and T2: 

spin-spin or transverse relaxation time) were performed on the brains, in order to get two 

different image contrasts. The T1 3D and T2 3D were respectively the MPRAGE 

(Magnetization Prepared Rapid Acquisition Gradient Echo) and the SPACE (Sampling 

Perfection with Application-optimized Contrasts). The acquisition parameters for these T1 

and T2 anatomical images were as follow: 

- T1 3D: Repetition Time (TR) = 2120 ms, Echo Time (TE) = 3.72 ms, Inversion Time 

(TI) = 900 ms, flip angle = 9 degrees, Field-of-View (FOV): 81x81 mm², matrix: 256x256² 

and a slice thickness of 0.32 mm resulting in a voxel size of 0.32x0.32x0.32 mm3. A 

bandwidth of 150 Hz/Px was used. An integrated Parallel Acquisition Technique (iPAT) of 2 

was used with 4 Number of Excitations (NEX) producing an acquisition time of 19 min 40 

sec. 

- T2 3D: TR = 4000 ms, TE = 414 ms, TI = 380 ms, and bandwidth of 349 Hz/Px and 

a turbo factor of 309.The FOV was 180x180 mm², matrix: 256x256² with interpolation 

making in plane images of 0.35x0.35, and slice thickness: 0.35 mm thus ending with a voxel 

size: 0.35x0.35x0.35 mm3. 4 NEX were used, generating an acquisition time of 12 min 02 

sec. 

 

2.11 MRI analysis method 

The analysis of structure’s lengths was performed with the Syngo.Via software from 

Siemens. The analysis of the volumes on the MR images was done on the T1 images for the 

brainstem, cerebellum and telencephalon structures and on the T2 images for the lateral 
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ventricle as T2 contrast is clearly distinguishable for water content (supplemental figure). 

For the volume analyses, the Digital Imaging and Communication in Medicine (DICOM) 

images were converted to the Neuroimaging Informatics Technology Initiative (NIfTI) 

format. The NIfTI images were read using ITK Snap, a free post-processing software 

typically used to segment 3D medical image structures. The segmentation of ‘surface growth 

type was done automatically and then corrected manually. It was then possible to edit the 

volume of each segmented structure. 

 

2.12 Statistical analyses 

The Statview® software (version 9.3) was used for all analyses. Data were tested for 

homogeneity of variance by Bartlett’s test and for normal distribution by Shapiro-Wilk test. 

One-way analysis of variance (ANOVA) with repeated measures was performed on data from 

food intake water intake, body weight, and glucose and plasma insulin. One-way analysis of 

variance (ANOVA) with non-repeated measures was performed on data from protein and 

mRNA expression levels and from brain structure volume and size. All experimental data are 

presented as means ± SEM. The level of statistical significance was set at P < 0.05.  
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3. Results 
 

3.1 Effects of chicken recombinant chemerin intraperitoneal injections on food and 

water intake and body weight 

We determined food (Fig.1 A and B) and water (Fig.1 C) intake and body weight ( Fig.2) 

in female broiler breeder chicken daily injected with vehicle (0.2 ml saline) or chicken 

recombinant chemerin (8 or 16 µg/kg) at 9.00 am for 13 days. Compared to saline, chicken 

recombinant chemerin significantly decreased food intake from day 7 of treatment (repeated 

measures ANOVA, P < 0.05, Fig.1 A (daily) and B (cumulative), while no significant effect 

on water intake was observed throughout the experiment (P=0.2, Fig.1 C). As showed in 

Fig.2 A, chicken recombinant chemerin significantly decreased body weight from day 6 

(Repeated measures ANOVA, P < 0.05). During all the experiment, at similar body weights, 

the food intake of animals injected with chemerin (8 or 16 µg/kg) was significantly lower 

compared to the control animals (repeated measures ANOVA, P < 0.05) and this was 

observed consecutively from day 10 to day 13 of treatment (Fig.2 B). 

 

3.2 Effect of chicken recombinant chemerin intraperitoneal injection on the plasma 

glucose and insulin levels and bones development 

As showed in Table 4, chicken recombinant chemerin administration (8 or 16 µg/kg) 

significantly decreased plasma glucose (P<0.05) and increased plasma insulin (P<0.05) in 

both treated groups as compared with vehicle in control group after  7 days and 13 days of 

treatment. Since a recent study showed a key role of chemerin and its CMKLR1 receptor in 

bone remodeling and metabolism (Zhao, et al. 2019), we evaluated bone development by CT 

scan. As showed in Table 4, the volume of the whole bone (P=0.5), the tibia cortical bone 

volume (P=0.8) and the length of the tibia (P=0.2) were unchanged following 13 days of 

chicken recombinant chemerin treatment.  
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3.3 Effect of chicken recombinant chemerin intraperitoneal injection on the volume and 

the size of different brain subdivisions 

We studied the impact of the daily intraperitoneal injection of chicken recombinant 

chemerin (16µg/kg/day) for 13 days on the volume and the size of different brain 

subdivisions, such as the cerebellum, telencephalon, brainstem (supplemental figure) and 

lateral ventricle by using MRI. As shown in Table 5, intraperitoneal injection of chicken 

recombinant chemerin did not affect the volume and the size of these different cerebral 

structures when reported to the body weight of each animal. 

 

3.4 Protein expression of chemerin and its receptors in chicken hypothalamus 

As determined by western-blot, we observed a significant higher protein level of the 

chemerin receptor CMKLR1 in chicken hypothalamus than in left cerebral hemisphere 

(cortex) (P<0.05, Fig. 3A) whereas the amount of chemerin (Fig. 3B, P=0.3), GPR1 (Fig. 3C, 

P=0.4)  and CCRL2 (Fig. 3D, P=0.3) two chemerin receptors, was similar between the two 

cerebral structures. The left cerebral hemisphere and hypothalamus exert different functions 

in chicken. Indeed, the left hemisphere is more involved in auditory habituation (Rogers and 

Anson 1979) whereas the hypothalamus plays a pivotal role in feed intake and energy balance 

regulation (Kuenzel 1994, Kuenzel, et al. 1999). 

 

3.5 Effect of chicken recombinant chemerin intraperitoneal injection on the 

hypothalamic peptides expression 

We next investigated the effect of chicken recombinant chemerin on orexigenic and 

anorexigenic peptides mRNA expression in hypothalamus by RTqPCR. As observed in Fig.4, 

we showed a significant reduction in both orexigenic neuropeptides Npy (Fig. 4A, P<0.05) 
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and Agrp (Fig. 4B, P<0.05) gene expression in animals treated with chemerin (8 and 

16 μg/kg). In contrast, the anorexigenic neuropeptides Pomc (Fig. 4C, P=0.6) and Cart (Fig. 

4D, P=0.4) gene expressions were not modified with respect to vehicle-treated chickens. On 

the other hand, in animals treated with chemerin (8 and 16 μg/kg) we found a significant 

increase in both Crh (Fig. 4E, P<0.05) and Tas1r1 (Fig. 4F, P<0.05) gene expression.  

 

3.6 Effect of chicken recombinant chemerin intraperitoneal injection on chemerin 

system expression and AMPK activation in hypothalamus 

By western-blot we showed that the administration of chicken recombinant chemerin 

significantly reduced CMKLR1 protein content in hypothalamus (Fig. 5A, P<0.05) with a 

dose effect whereas chemerin (Fig. 5B, P=0.3), GPR1 (Fig. 5C, P=0.5) and CCRL2 (Fig. 5D, 

P=0.4) amounts were unchanged. In mammals, hypothalamic AMPK is involved in the 

regulation of energy balance and food intake (Minokoshi, et al. 2004). In chicken, activated 

AMPK is present in hypothalamic nuclei involved in regulation of food intake and energy 

balance suggesting similar effects to those observed in mammals (Proszkowiec-Weglarz, et al. 

2006). As shown in Fig. 6, hypothalamic AMPK phosphorylation was significantly decreased 

in response to chemerin treatment (Fig. 6, P<0.05), here again with a dose effect. 
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4. Discussion 

In the present study, we showed for the first time that chemerin and its receptors were 

expressed within the chicken hypothalamus. Furthermore, peripheral administration of 

chicken chemerin decreased food intake and body weight without altering water intake. At the 

hypothalamic level, these data were associated with a reduction in mRNA expression of 

orexigenic Npy and Agrp neuropeptides, a decrease of Cmklr1 mRNA expression and a 

decrease in the AMPK phosphorylation. In contrast, we observed an increase of the 

anorexigenic Crh and Tas1r1 mRNA expression. In addition, chicken chemerin 

administration did not affect the size or the volume of different brain subdivisions but it 

increased plasma insulin and reduced plasma glucose levels. 

 

We showed that chemerin and its receptors were expressed at the mRNA and protein 

levels within the chicken hypothalamus. The proteins were detected by using specific 

antibodies targeting chicken chemerin, CMKLR1 and GPR1. Until now, chemerin and its 

receptors had only beenidentified only in peripheral and reproductive tissues of avian species 

(Diot, et al. 2015, Mellouk, et al. 2018b, Mellouk, et al. 2018c, Mellouk, et al. 2018d). 

However, the expression of the Rarres2 gene was found in the hypothalamus of rodents 

(Helfer, et al. 2016, Miranda-Angulo, et al. 2014), baboon, chimpanzee (Gonzalez-Alvarez, et 

al. 2015) and pig (Smolinska, et al. 2019). In the brain, the hypothalamus is critical in sensing 

and integrating peripheral signals such as adipokines (Coll and Yeo 2013). In rat, Rarres2, 

Cmklr1 and Ccrl2 expression are localized in tanycytes and ependymal cells of ventricular 

zone and median eminence of the hypothalamus. These hypothalamic areas are involved in 

the regulation of the energy metabolism and are key sites of integration of the photoperiodic 

signal (Helfer, et al. 2016). However, in rat, Gpr1 mRNA expression was not detected in the 

relevant hypothalamic regions associated with energy balance control (Helfer, et al. 2016). In 
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contrast, in mice, chemerin is predominantly expressed in ependymal cells but not in the 

tanycytes (Miranda-Angulo, et al. 2014) suggesting a species-specific expression pattern of 

this adipokine. In human, chemerin was found in the cerebrospinal fluid (CSF) (Zhao, et al. 

2011) suggesting that in mammals, this adipokine could exert direct or indirect effects on the 

hypothalamus through its receptors. In birds, the hypothalamus is also the center  of energy 

homeostasis and feeding behavior regulation as in mammals (Kuenzel, et al. 1999). In 

chicken, it will be interesting to determine specifically in which cell types are expressed 

chemerin and its receptors in the hypothalamus in order to better understand the molecular 

mechanism of chemerin in the regulation of the food intake in this species. 

After seven day of daily chicken recombinant chemerin intraperitoneal injection, we 

showed a significant reduction of food intake and body weight. Our results are in a good 

agreement with data from literature reported in rodents. Indeed, Brunetti et al (2014) observed 

a decrease in food intake in rat after intraperitoneal injection of chemerin (8 or 16 µg/kg) 

(Brunetti, et al. 2014). In our experiment, we showed that the decrease of food intake was 

associated with a reduction in neuropeptides Npy and Agrp mRNA expressions and an 

increase of Crh  expression. Like in mammals, NPY and AgRP are orexigenic neuropeptides 

while CRH is an anorexigenic neuropeptide in avian species (Kuenzel 1994, Richards 2003, 

Song, et al. 2013). CRH has been previously shown to decrease feed intake in chickens 

(Denbow, et al. 1999). The hypothalamus senses and integrates diverse signals such as the 

levels of glucose (Anand, et al. 1964, Oomura, et al. 1974) from blood vessels and through the 

third ventricle, and thereby regulates food intake. In our study, we also observed an increase 

in the expression of Tas1r1 that is a hypothalamic sensor of glucose in mice (Ren, et al. 

2009). In chicken, Tas1r1  is expressed at  higher levels in animals selected for increased 

body fat than in their counterparts selected for leanness (Byerly, et al. 2010). Since glucose is 

the energetic fuel in brain, the increase in hypothalamic Tas1r1 mRNA may signal an 
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adaptation to the decrease in glucose levels observed after peripheral chicken chemerin 

injection.  Intracerebroventricular administration of chemerin into F344 rats (one of the few 

rat strains that retained its photoperiod sensitivity and undergoes pronounced cycles of weight 

gain and weight loss under different photoperiodic conditions (Tavolaro, et al. 2015)) alters 

their food intake and body weight with associated changes in hypothalamic neuropeptides 

involved in feeding and growth. However, this response is transient and not sustained over 

long term (Helfer, et al. 2016). A study in Sprague–Dawley rats has reported that acute 

injection of chemerin into the arcuate nucleus of the hypothalamus has no effect on food 

intake and body weight nor the expression of appetite-regulating neuropeptides. This negative 

result may be explained by the dose of chemerin (8μg/kg) and the injection site (injection into 

the arcuate nucleus of the hypothalamus) used in this study (Brunetti, et al. 2011). Later, the 

same authors used peripheral chemerin injections and showed a reduction in food intake and 

body weight, but this seemed to have only a minor effect on hypothalamic neuropeptide 

expression (Brunetti, et al. 2014). While these studies showed seemingly contradictory 

responses due to different routes, mode of delivery and doses used, the results indicate that 

chemerin might not act directly through known neuroendocrine appetite-regulating pathways 

to exert its effects. This idea is supported by the finding that mice lacking CMKLR1 show 

reduced food intake and body weight but no changes in hypothalamic neuropeptides (Ernst, et 

al. 2012). In contrast with rodents, the reduction in food intake and body weight observed in 

chicken after peripheral chemerin injection is associated with variations of hypothalamic 

neuropeptides. These data suggest a role of chemerin in the regulation of avian hypothalamic 

circuits involving the orexigenic and anorexigenic neuropeptides. We do not know yet 

whether chemerin is able to cross the blood-brain barrier (BBB) in mammals and even less in 

birds. Even if it is well known that adipokines act on receptors located in CNS regions 

participating in the regulation of nutritional disorders, their interactions with the BBB are not 
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clear (Pan and Kastin 2007). In the present study, we observed that chronic peripheral chicken 

chemerin injections induce an increase in CMKLR1 protein level in the hypothalamus without 

alteration of GPR1 and CCRL2 protein amount suggesting that CMKLR1 could be the main 

chemerin receptors involved in the food intake regulation in chicken. In mammals, reduced 

food intake, body mass and adiposity, were found in mice with a disrupted Cmklr1 gene as 

compared to the control animals (Ernst, et al. 2012). In contrast, Gpr1-knockout mice showed 

increased glucose intolerance on a high-fat diet compared to wild-type mice, but displayed no 

change in body weight, body composition and energy expenditure (Rourke, et al. 

2014).CMKLR1 is a Gi/o-protein-coupled receptor that signals through mitogen-activated 

protein kinase (MAPK), extracellular signal-regulated kinases (ERK), phosphatidylinositol 3 

kinase (PI3K)-AKT and adenosine monophosphate-activated protein kinase (AMPK) 

pathways to regulate biological functions such as angiogenesis, inflammation,  and ovarian 

steroidogenesis (De Henau, et al. 2016, Goralski, et al. 2007, Reverchon, et al. 2014, Sell, et 

al. 2009, Wittamer, et al. 2003, Zhang, et al. 2019). Unlike CMKLR1 and GPR1, the binding 

of chemerin to CCRL2 does not induce downstream signaling pathways, calcium mobilization 

or ligand internalization, and it is therefore designated as an atypical, silent or non-signaling 

chemokine receptor. CCRL2 seems to have the ability to amplify local chemerin 

concentration for CMKLR1 interaction (De Henau, et al. 2016, Zabel, et al. 2008). In 

mammals, hypothalamic AMPK plays a pivotal role in the food intake regulation (Andersson, 

et al. 2004, Kim, et al. 2004, Minokoshi, et al. 2004). In avian species, there are several 

reports about the role of hypothalamic AMPK in the regulation of feed intake (for review 

(Song, et al. 2013)). Thus, the decrease in food intake after peripheral chemerin injection in 

broiler breeder chicken could be mediated by a reduction of hypothalamic CMKLR1 and /or a 

decrease of hypothalamic AMPK. Interestingly, we showed that peripheral chemerin injection 

did not affect the volume or the size of cerebellum, telencephalon, brainstem and lateral 
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ventricle as determined by MRI. MRI technique has largely been used in chicken embryo 

(Goodfellow, et al. 2016, Zhou, et al. 2015) but more rarely in post-natal chickens. These 

results indicate that the peripheral administration of chemerin at 8 or 16µg did not alter the 

post-natal development of the chicken brain. 

In our study, we noted that chemerin significantly reduced plasma glucose and increased 

plasma insulin in chicken. In mammals, chemerin and its three receptors are expressed in 

pancreas and chemerin-deficient mice are glucose intolerant mainly due to increased hepatic 

glucose production and impaired insulin secretion (Takahashi, et al. 2011). Thus, we can 

hypothesize that chemerin injection in chicken increases insulin secretion and consequently 

decreases plasma glucose concentrations. Since it has been recently reported that CMKLR1 

deficiency leads to lower bone mass in male mice (Zhao, et al. 2019), we investigated the 

bone development in chicken after chemerin injection. However, the volume of the whole and 

cortical bone and the length of the tibia were unchanged, suggesting that chemerin does not 

affect bone development in this species or the treatment duration was not sufficient or the 

animals were too old. 

 

5. Conclusions 

Taken together, our results report for the first time the pattern of expression of chemerin 

and its receptor within the chicken hypothalamus. In addition, we found that peripheral 

chicken chemerin injections decrease food intake and body weight and this was associated to 

a modulation of hypothalamic neuropeptides expression and a reduction in AMPK 

phosphorylation. Furthermore, chemerin reduced plasma glucose and increased insulin 

secretion. Together, our results highlight a critical role for chemerin in the neuroendocrine 

control of energy metabolism. Further investigations are needed to evaluate the physiological 

relevance of chemerin in the regulation of food intake in chickens. 
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Figures legends 

 

 

Fig. 1. Time course of food (daily (A) or cumulative (B)) (g) and water (C) (ml) intakes  

in two-weeks old female chicken fed with a standard diet and treated with vehicle 

(0.2 ml saline) or chemerin (8–16 μg/kg). Vehicle or chicken recombinant chemerin was 

administered by intraperitoneal injections, during the light phase, at 09:00 h, for 13 

consecutive days, and individual food and water intakes were daily recorded until 24 h after 

the last injection. Data are expressed in grams (g) for food and milliliters (ml) for water as 

mean ± SEM for each group (n= 25) and analyzed by repeated measures analysis of variance 

(ANOVA), followed by Newman–Keuls post hoc test. Different letters indicate significant 

difference at P < 0.05. 

 

Fig. 2. Time course of daily body weight (g) (A) and ratio between daily food intake 

(g)/body weight (g) (B) in two-week old female chicken fed with a standard diet and 

treated with vehicle (0.2 ml saline) or chemerin (0.2 ml 8–16 μg/kg). Vehicle or chemerin 
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was administered by intraperitoneal injections, during the light phase, at 09:00 h, for 13 

consecutive days, and individual body weights and food intakes were recorded daily. Data are 

expressed in grams (g) as mean ± SEM for each group (n= 25) and analyzed by repeated 

measures analysis of variance (ANOVA), followed by Newman–Keuls post hoc test. 

Different letters indicate significant difference at P < 0.05. 

 

Figure 3: Protein level of CMKLR1 (A), chemerin (B), GPR1 (C) and CCRL2 (D) in 

hypothalamus and left cerebral hemisphere determined by immunoblot in control 28 

days-old female chicken. Vinculin was used as a loading control. Blots were quantitated, and 

the ratios of chemerin and its receptors to vinculin were represented. Data are expressed as the 

mean ± SEM; n = 8 animals for each tissue. Results were analyzed by one-way analysis of 

variance (ANOVA). Different letters indicate significant difference at P < 0.05. 

 

Figure 4: Gene expression of hypothalamic neuropeptides in response to peripheral 

chemerin treatment in female chicken 

Gene expression of hypothalamic orexigenic (Npy (A) and AgRp (B)) and anorexigenic (Pomc 

(C), Cart (D) and Crh (E)) neuropeptides and nutrient sensing (Tas1r1)(F), 24 h after the last 

treatment with vehicle or chemerin (8–16 μg/kg), were determined by real-time RT qPCR. 

Data are expressed as mean ± SEM for each group (n=8) and analyzed by one-way analysis of 

variance (ANOVA) followed by Newman–Keuls post hoc test. Different letters indicate 

significant difference at P < 0.05. 

 

Figure 5: Protein level of CMKLR1 (A), chemerin (B), GPR1 (C) and CCRL2 (D) within 

the hypothalamus determined by immunoblot in response to peripheral chemerin 

treatment in female chicken 
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Proteins amount of hypothalamic chemerin and its receptors, 24 h after the last treatment with 

vehicle or chemerin (8–16 μg/kg) were evaluated by western-blot. Vinculin was used as a 

loading control. Blots were quantitated, and the ratios of chemerin and its receptors to 

vinculin were represented. Data are shown as the mean ± SEM; n = 8 animals for each group 

and analyzed by one-way analysis of variance (ANOVA) followed by Newman–Keuls post 

hoc test. Different letters indicate significant difference at P < 0.05. 

 

 

Figure 6: Phosphorylation and protein levels of hypothalamic AMPK determined by 

immunoblot in response to peripheral chemerin treatment in female chicken 

 Hypothalamic phospho and total AMPK, 24 h after the last treatment with vehicle or 

chemerin (8–16 μg/kg) were evaluated by western-blot. Vinculin was used as a loading 

control. Blots were quantitated, and the ratios of phospho-AMPK/total AMPK, and total 

AMPK/vinculin are represented. Data are shown as the mean ± SEM; n = 8 animals for each 

group and analyzed by one-way analysis of variance (ANOVA) followed by Newman–Keuls 

post hoc test. Different letters indicate significant difference at P < 0.05. 

 

References 

Anand, BK, GS Chhina, KN Sharma, S Dua, and B Singh 1964 Activity of single neurons in the 

hypothalamic feeding centers: effect of glucose. Am J Physiol 207 1146-1154. 

Andersson, U, K Filipsson, CR Abbott, A Woods, K Smith, SR Bloom, D Carling, and CJ Small 2004 

AMP-activated protein kinase plays a role in the control of food intake. J Biol Chem 279 

12005-12008. 

Beauclair, L, C Rame, P Arensburger, B Piegu, F Guillou, J Dupont, and Y Bigot 2019 Sequence 

properties of certain GC rich avian genes, their origins and absence from genome assemblies: 

case studies. BMC Genomics 20 734. 

Boswell, T, IC Dunn, and SA Corr 1999 Hypothalamic neuropeptide Y mRNA is increased after feed 

restriction in growing broilers. Poultry Science 78 1203-1207. 

Brunetti, L, C Di Nisio, L Recinella, A Chiavaroli, S Leone, C Ferrante, G Orlando, and M Vacca 2011 

Effects of vaspin, chemerin and omentin-1 on feeding behavior and hypothalamic peptide 

gene expression in the rat. Peptides 32 1866-1871. 



26 

 

Brunetti, L, G Orlando, C Ferrante, L Recinella, S Leone, A Chiavaroli, C Di Nisio, R Shohreh, F 

Manippa, A Ricciuti, and M Vacca 2014 Peripheral chemerin administration modulates 

hypothalamic control of feeding. Peptides 51 115-121. 

Brunetti, L, L Recinella, C Di Nisio, A Chiavaroli, S Leone, C Ferrante, G Orlando, and M Vacca 2012 

Effects of Visfatin/Pbef/Nampt on Feeding Behavior and Hypothalamic Neuromodulators in 

the Rat. Journal of Biological Regulators and Homeostatic Agents 26 295-302. 

Byerly, MS, J Simon, LA Cogburn, E Le Bihan-Duval, MJ Duclos, SE Aggrey, and TE Porter 2010 

Transcriptional profiling of hypothalamus during development of adiposity in genetically 

selected fat and lean chickens. Physiol Genomics 42 157-167. 

Cline, MA, W Nandar, BC Prall, CN Bowden, and DM Denbow 2008 Central visfatin causes orexigenic 

effects in chicks. Behavioural Brain Research 186 293-297. 

Coll, AP, and GSH Yeo 2013 The hypothalamus and metabolism: integrating signals to control energy 

and glucose homeostasis. Current Opinion in Pharmacology 13 970-976. 

Dakovic, N, M Terezol, F Pitel, V Maillard, S Elis, S Leroux, S Lagarrigue, F Gondret, C Klopp, E Baeza, 

MJ Duclos, H Roest Crollius, and P Monget 2014 The loss of adipokine genes in the chicken 

genome and implications for insulin metabolism. Molecular Biology and Evolution 31 2637-

2646. 

De Henau, O, GN Degroot, V Imbault, V Robert, C De Poorter, S McHeik, C Gales, M Parmentier, 

and JY Springael 2016 Signaling Properties of Chemerin Receptors CMKLR1, GPR1 and CCRL2. 

Plos One 11 e0164179. 

Denbow, DM, N Snapir, and M Furuse 1999 Inhibition of food intake by CRF in chickens. Physiology 

& Behavior 66 645-649. 

Diot, M, M Reverchon, C Rame, P Froment, JP Brillard, S Briere, G Leveque, D Guillaume, and J 

Dupont 2015 Expression of adiponectin, chemerin and visfatin in plasma and different 

tissues during a laying season in turkeys. Reproductive Biology and Endocrinology 13 81. 

Ernst, MC, ID Haidl, LA Zuniga, HJ Dranse, JL Rourke, BA Zabel, EC Butcher, and CJ Sinal 2012 

Disruption of the Chemokine-Like Receptor-1 (CMKLR1) Gene Is Associated with Reduced 

Adiposity and Glucose Intolerance. Endocrinology 153 672-682. 

Estienne, A, M Reverchon, A Partyka, G Bourdon, J Grandhaye, A Barbe, E Caldas-Silveira, C Rame, 

W Nizanski, P Froment, and J Dupont 2020 Chemerin Impairs In Vitro Testosterone 

Production, Sperm Motility, and Fertility in Chicken: Possible Involvement of Its Receptor 

CMKLR1. Cells 9 1599. 

Friedman-Einat, M, and E Seroussi 2019 Avian Leptin: Bird's-Eye View of the Evolution of Vertebrate 

Energy-Balance Control. Trends in Endocrinology and Metabolism 30 819-832. 

Gonzalez-Alvarez, R, MDL Garza-Rodriguez, I Delgado-Enciso, VM Trevino-Alvarado, R Canales-Del-

Castillo, LE Martinez-De-Villarreal, A Lugo-Trampe, ME Tejero, NE Schlabritz-Loutsevitch, 

MDR Rocha-Pizana, SA Cole, D Resendez-Perez, M Moises-Alvarez, AG Comuzzie, HA 

Barrera-Saldana, R Garza-Guajardo, O Barboza-Quintana, and IP Rodriguez-Sanchez 2015 

Molecular evolution and expression profile of the chemerine encoding gene RARRES2 in 

baboon and chimpanzee. Biological Research 48 31. 

Goodfellow, FT, B Tesla, G Simchick, Q Zhao, T Hodge, MA Brindley, and SL Stice 2016 Zika Virus 

Induced Mortality and Microcephaly in Chicken Embryos. Stem Cells Dev 25 1691-1697. 

Goralski, KB, TC McCarthy, EA Hanniman, BA Zabel, EC Butcher, SD Parlee, S Muruganandan, and CJ 

Sinal 2007 Chemerin, a novel adipokine that regulates adipogenesis and adipocyte 

metabolism. Journal of Biological Chemistry 282 28175-28188. 

Helfer, G, AW Ross, LM Thomson, CD Mayer, PN Stoney, PJ McCaffery, and PJ Morgan 2016 A 

neuroendocrine role for chemerin in hypothalamic remodelling and photoperiodic control of 

energy balance. Scientific Reports 6 26830. 

Helfer, G, and QF Wu 2018 Chemerin: a multifaceted adipokine involved in metabolic disorders. 

Journal of Endocrinology 238 R79-R94. 

Henry, BA, and IJ Clarke 2008 Adipose tissue hormones and the regulation of food intake. J 

Neuroendocrinol 20 842-849. 



27 

 

Higgins, SE, LE Ellestad, N Trakooljul, F McCarthy, J Saliba, LA Cogburn, and TE Porter 2010 

Transcriptional and pathway analysis in the hypothalamus of newly hatched chicks during 

fasting and delayed feeding. BMC Genomics 11 162. 

Honda, K, H Kamisoyama, T Saneyasu, K Sugahara, and S Hasegawa 2007 Central administration of 

insulin suppresses food intake in chicks. Neuroscience Letters 423 153-157. 

Kennedy, AJ, and AP Davenport 2018 International Union of Basic and Clinical Pharmacology CIII: 

Chemerin Receptors CMKLR1 (Chemerin1) and GPR1 (Chemerin2) Nomenclature, 

Pharmacology, and Function. Pharmacol Rev 70 174-196. 

Kim, EK, I Miller, S Aja, LE Landree, M Pinn, J McFadden, FP Kuhajda, TH Moran, and GV Ronnett 

2004 C75, a fatty acid synthase inhibitor, reduces food intake via hypothalamic AMP-

activated protein kinase. J Biol Chem 279 19970-19976. 

Klockars, A, AS Levine, and PK Olszewski 2019 Hypothalamic Integration of the Endocrine Signaling 

Related to Food Intake. Curr Top Behav Neurosci 43 239-269. 

Kubota, N, W Yano, T Kubota, T Yamauchi, S Itoh, H Kumagai, H Kozono, I Takamoto, S Okamoto, T 

Shiuchi, R Suzuki, H Satoh, A Tsuchida, M Moroi, K Sugi, T Noda, H Ebinuma, Y Ueta, T 

Kondo, E Araki, O Ezaki, R Nagai, K Tobe, Y Terauchi, K Ueki, Y Minokoshi, and T Kadowaki 

2007 Adiponectin stimulates AMP-Activated protein kinase in the hypothalamus and 

increases food intake. Cell Metabolism 6 55-68. 

Kuenzel, WJ 1994 Central neuroanatomical systems involved in the regulation of food intake in birds 

and mammals. J Nutr 124 1355S-1370S. 

Kuenzel, WJ, MM Beck, and R Teruyama 1999 Neural sites and pathways regulating food intake in 

birds: a comparative analysis to mammalian systems. J Exp Zool 283 348-364. 

Li, ZJ, XL Liu, PP Zhang, RL Han, GR Sun, RR Jiang, YB Wang, XJ Liu, WY Li, XT Kang, and YD Tian 2018 

Comparative transcriptome analysis of hypothalamus-regulated feed intake induced by 

exogenous visfatin in chicks. BMC Genomics 19 249. 

Luo, LP, and ML Liu 2016 Adipose tissue in control of metabolism. Journal of Endocrinology 231 R77-

R99. 

Mattern, A, T Zellmann, and AG Beck-Sickinger 2014 Processing, signaling, and physiological 

function of chemerin. IUBMB Life 66 19-26. 

Mellouk, N, C Rame, A Barbe, J Grandhaye, P Froment, and J Dupont 2018a Chicken Is a Useful 

Model to Investigate the Role of Adipokines in Metabolic and Reproductive Diseases. 

International Journal of Endocrinology 2018 4579734  

Mellouk, N, C Rame, J Delaveau, C Rat, M Marchand, F Mercerand, A Travel, A Brionne, P Chartrin, 

LL Ma, P Froment, and J Dupont 2018b Food restriction but not fish oil increases fertility in 

hens: role of RARRES2? Reproduction 155 321-331. 

Mellouk, N, C Rame, J Delaveau, C Rat, E Maurer, P Froment, and J Dupont 2018c Adipokines 

expression profile in liver, adipose tissue and muscle during chicken embryo development. 

General and Comparative Endocrinology 267 146-156. 

Mellouk, N, C Rame, M Marchand, C Staub, JL Touze, E Venturi, F Mercerand, A Travel, P Chartrin, F 

Lecompte, LL Ma, P Froment, and J Dupont 2018d Effect of different levels of feed 

restriction and fish oil fatty acid supplementation on fat deposition by using different 

techniques, plasma levels and mRNA expression of several adipokines in broiler breeder 

hens. Plos One 13 e0191121. 

Minokoshi, Y, T Alquier, N Furukawa, YB Kim, A Lee, B Xue, J Mu, F Foufelle, P Ferre, MJ Birnbaum, 

BJ Stuck, and BB Kahn 2004 AMP-kinase regulates food intake by responding to hormonal 

and nutrient signals in the hypothalamus. Nature 428 569-574. 

Miranda-Angulo, AL, MS Byerly, J Mesa, H Wang, and S Blackshaw 2014 Rax regulates hypothalamic 

tanycyte differentiation and barrier function in mice. J Comp Neurol 522 876-899. 

Muruganandan, S, AA Roman, and CJ Sinal 2010 Role of chemerin/CMKLR1 signaling in adipogenesis 

and osteoblastogenesis of bone marrow stem cells. J Bone Miner Res 25 222-234. 

Oomura, Y, H Ooyama, M Sugimori, T Nakamura, and Y Yamada 1974 Glucose inhibition of the 

glucose-sensitive neurone in the rat lateral hypothalamus. Nature 247 284-286. 



28 

 

Pan, W, and AJ Kastin 2007 Adipokines and the blood-brain barrier. Peptides 28 1317-1330. 

Proszkowiec-Weglarz, M, MP Richards, R Ramachandran, and JP McMurtry 2006 Characterization of 

the AMP-activated protein kinase pathway in chickens. Comp Biochem Physiol B Biochem Mol 

Biol 143 92-106. 

Rajala, MW, S Obici, PE Scherer, and L Rossetti 2003 Adipose-derived resistin and gut-derived 

resistin-like molecule-beta selectively impair insulin action on glucose production. Journal of 

Clinical Investigation 111 225-230. 

Ren, X, L Zhou, R Terwilliger, SS Newton, and IE de Araujo 2009 Sweet taste signaling functions as a 

hypothalamic glucose sensor. Front Integr Neurosci 3 12. 

Reverchon, M, MJ Bertoldo, C Rame, P Froment, and J Dupont 2014 CHEMERIN (RARRES2) 

decreases in vitro granulosa cell steroidogenesis and blocks oocyte meiotic progression in 

bovine species. Biol Reprod 90 102. 

Richards, MP 2003 Genetic regulation of feed intake and energy balance in poultry. Poultry Science 

82 907-916. 

Rogers, LJ, and JM Anson 1979 Lateralisation of function in the chicken fore-brain. Pharmacol 

Biochem Behav 10 679-686. 

Ross, AW, G Helfer, L Russell, VM Darras, and PJ Morgan 2011 Thyroid hormone signalling genes are 

regulated by photoperiod in the hypothalamus of F344 rats. Plos One 6 e21351. 

Rourke, JL, S Muruganandan, HJ Dranse, NM McMullen, and CJ Sinal 2014 Gpr1 is an active 

chemerin receptor influencing glucose homeostasis in obese mice. Journal of Endocrinology 

222 201-215. 

Sell, H, J Laurencikiene, A Taube, K Eckardt, A Cramer, A Horrighs, P Arner, and J Eckel 2009 

Chemerin Is a Novel Adipocyte-Derived Factor Inducing Insulin Resistance in Primary Human 

Skeletal Muscle Cells. Diabetes 58 2731-2740. 

Seroussi, E, M Knytl, F Pitel, D Elleder, V Krylov, S Leroux, M Morisson, S Yosefi, S Miyara, S 

Ganesan, M Ruzal, L Andersson, and M Friedman-Einat 2019 Avian Expression Patterns and 

Genomic Mapping Implicate Leptin in Digestion and TNF in Immunity, Suggesting That Their 

Interacting Adipokine Role Has Been Acquired Only in Mammals. International Journal of 

Molecular Sciences 20 4489 

Simon, A, A Javor, P Bai, J Olah, and L Czegledi 2018 Reference gene selection for reverse 

transcription quantitative polymerase chain reaction in chicken hypothalamus under 

different feeding status. Journal of Animal Physiology and Animal Nutrition 102 286-296. 

Smolinska, N, M Kiezun, K Dobrzyn, E Rytelewska, K Kisielewska, M Gudelska, E Zaobidna, K Bogus-

Nowakowska, J Wyrebek, K Bors, G Kopij, B Kaminska, and T Kaminski 2019 Expression of 

Chemerin and Its Receptors in the Porcine Hypothalamus and Plasma Chemerin Levels during 

the Oestrous Cycle and Early Pregnancy. International Journal of Molecular Sciences 20 3887. 

Song, ZG, N Everaert, YF Wang, E Decuypere, and J Buyse 2013 The endocrine control of energy 

homeostasis in chickens. General and Comparative Endocrinology 190 112-117. 

Song, ZG, L Liu, YS Yue, HC Jiao, H Lin, A Sheikhahmadi, N Everaert, E Decuypere, and J Buyse 2012 

Fasting alters protein expression of AMP-activated protein kinase in the hypothalamus of 

broiler chicks (Gallus gallus domesticus). General and Comparative Endocrinology 178 546-

555. 

Spiegelman, BM, and JS Flier 2001 Obesity and the regulation of energy balance. Cell 104 531-543. 

Tachibana, T, M Sato, D Oikawa, and M Furuse 2006 Involvement of CRF on the anorexic effect of 

GLP-1 in layer chicks. Comp Biochem Physiol A Mol Integr Physiol 143 112-117. 

Tachibana, T, T Takagi, S Tomonaga, A Ohgushi, R Ando, DM Denbow, and M Furuse 2003 Central 

administration of cocaine- and amphetamine-regulated transcript inhibits food intake in 

chicks. Neuroscience Letters 337 131-134. 

Takahashi, M, Y Okimura, G Iguchi, H Nishizawa, M Yamamoto, K Suda, R Kitazawa, W Fujimoto, K 

Takahashi, FN Zolotaryov, KS Hong, H Kiyonari, T Abe, H Kaji, S Kitazawa, M Kasuga, K 

Chihara, and Y Takahashi 2011 Chemerin regulates beta-cell function in mice. Sci Rep 1 123. 



29 

 

Tavolaro, FM, LM Thomson, AW Ross, PJ Morgan, and G Helfer 2015 Photoperiodic effects on 

seasonal physiology, reproductive status and hypothalamic gene expression in young male 

F344 rats. J Neuroendocrinol 27 79-87. 

Tovar, S, R Nogueiras, LYC Tung, TR Castaneda, MJ Vazquez, A Morris, LM Williams, SL Dickson, and 

C Dieguez 2005 Central administration of resistin promotes short-term satiety in rats. 

European Journal of Endocrinology 153 R1-R5. 

Wittamer, V, JD Franssen, M Vulcano, JF Mirjolet, E Le Poul, I Migeotte, S Brezillon, R Tyldesley, C 

Blanpain, M Detheux, A Montovani, S Sozzani, G Vassart, M Parmentier, and D Communi 

2003 Specific recruitment of antigen-presenting cells by chemerin, a novel processed ligand 

from human inflammatory fluids. Journal of Experimental Medicine 198 977-985. 

Zabel, BA, S Nakae, L Zuniga, JY Kim, T Ohyama, C Alt, J Pan, H Suto, D Soler, SJ Allen, TM Handel, 

CH Song, SJ Galli, and EC Butcher 2008 Mast cell-expressed orphan receptor CCRL2 binds 

chemerin and is required for optimal induction of IgE-mediated passive cutaneous 

anaphylaxis. Journal of Experimental Medicine 205 2207-2220. 

Zhang, YX, NB Xu, Y Ding, DM Doycheva, YT Zhang, Q Li, J Flores, M Haghighiabyaneh, JP Tang, and 

JH Zhang 2019 Chemerin reverses neurological impairments and ameliorates neuronal 

apoptosis through ChemR23/CAMKK2/AMPK pathway in neonatal hypoxic-ischemic 

encephalopathy. Cell Death & Disease 10 92. 

Zhao, H, D Yan, L Xiang, C Huang, J Li, X Yu, B Huang, B Wang, J Chen, T Xiao, PG Ren, and JV Zhang 

2019 Chemokine-like receptor 1 deficiency leads to lower bone mass in male mice. Cell Mol 

Life Sci 76 355-367. 

Zhao, L, Y Yamaguchi, S Sharif, XY Du, JJ Song, DM Lee, LD Recht, WH Robinson, J Morser, and LL 

Leung 2011 Chemerin158K protein is the dominant chemerin isoform in synovial and 

cerebrospinal fluids but not in plasma. J Biol Chem 286 39520-39527. 

Zhou, WD, M Murakami, S Hasegawa, F Yoshizawa, and K Sugahara 2005 Neuropeptide Y content in 

the hypothalamic paraventricular nucleus responds to fasting and refeeding in broiler 

chickens. Comparative Biochemistry and Physiology a-Molecular & Integrative Physiology 141 

146-152. 

Zhou, Z, Z Chen, J Shan, W Ma, L Li, J Zu, and J Xu 2015 Monitoring brain development of chick 

embryos in vivo using 3.0 T MRI: subdivision volume change and preliminary structural 

quantification using DTI. BMC Dev Biol 15 29. 
 

 

 

 



Figure 1

A.

B.

C.

1 2 3 4 5 6 7 8 9 10 11 12 13

0

50

100

150

Day of treatment

Control

Chemerin 8ug/kg/day

Chemerin 16ug/kg/day

0

500

1000

1500

C
u

m
u

la
ti

v
e

f o
o

d
i n

ta
k

e
( g

)

1 2 3 4 5 6 7 8 9 10 11 12 13

Control

Chemerin 8ug/kg/day

Chemerin 16ug/kg/day

a a b

a
b b

a
b b

a
b b

a
b b

a
b b

a
b b

a

b
c

Day of treatment

D
a
il
y

f o
o

d
i n

ta
k

e
( g

)

1 2 3 4 5 6 7 8 9 10 11 12 13

0

50

100

150

200

250

Day of treatment

D
a
il
y

c
o

n
s

u
m

p
ti

o
n

o
f

w
a
te

r
(m

l ) Control

Chemerin 8ug/kg/day

Chemerin 16ug/kg/day

a

b

a

b
b b b

b

a
a a a

a
b

a



0 1 2 3 4 5 6 7 8 9 10 11 12 13

200

400

600

800

1000

1200

Day of treatment

B
o

d
y

 w
e

ig
h

t 
(g

)

Control

Chemerin 8ug/kg/day

Chemerin 16ug/kg/day

a

a
a

a

a

a

a

a

ab,b
b,b b,b

b,b

b,b

b,b

b,b
b,b

Figure 2

1 2 3 4 5 6 7 8 9 10 11 12 13

0.00

0.05

0.10

0.15

0.20

Day of treatmentR
a
ti

o
 d

a
il

y
 f

o
o

d
 i

n
ta

k
e

 (
g

)/
b

o
d

y
 w

e
ig

h
t 

o
f 

a
n

im
a
ls

 (
g

)

Control

Chemerin 8ug/kg/day

Chemerin 16ug/kg/day

a

b,b

a

b

c

a

b,b

a

a

b,b b,b

a

b,ab

A.

B.



Figure 3

GPR1

kDa

Vinculin

43

110

C.

0.0

0.2

0.4

0.6

0.8

1.0

Chemerin
kDa

16

110

Vinculin

B.

0.0

0.2

0.4

0.6

0.8

1.0

Hypothalamus Left cerebral

hemisphere

R
a
ti

o
 C

h
e
m

e
ri

n

/V
in

c
u

li
n

R
a
ti

o
 G

P
R

1

/V
in

c
u

li
n

CCRL2

kDa

Vinculin

56

110

D.

0.0
0.2
0.4

0.6
0.8
1.0
1.2

R
a
ti

o
 C

C
R

L
2

/V
in

c
u

li
n

Hypothalamus
Hypothalamus

CMKLR1
kDa

Vinculin

42

110

A.

0.0
0.2
0.4
0.6
0.8
1.0
1.2

Hypothalamus

R
a
ti

o
 C

M
K

L
R

1

/V
in

c
u

li
n

a

b

Left cerebral

hemisphere

Left cerebral

hemisphere

Left cerebral

hemisphere



C
ontr

ol 

C
hem

er
in

 8
ug/k

g/d
ay

C
hem

er
in

 1
6u

g/k
g/d

ay

0

1

2

3

NPY

R
e
la

ti
v
e
 m

R
N

A
 l
e
v
e
l

a c

a

b

C
ontr

ol 

C
hem

er
in

 8
ug/k

g/d
ay

C
hem

er
in

 1
6u

g/k
g/d

ay

0

2

4

6

8

AGRP

Treatment

R
e
la

ti
v
e
 m

R
N

A
 l
e
v
e
l

a
b

a

c

A. B.

C. D.

E. F.

C
ontr

ol  

C
hem

er
in

 8
ug/k

g/d
ay

C
hem

er
in

 1
6u

g/k
g/d

ay

0

2

4

6

CRH

Treatment

R
e
la

ti
v
e
 m

R
N

A
 l
e
v
e
l

a

a

b

C
ontr

ol 

C
hem

er
in

 8
ug/k

g/d
ay

C
hem

er
in

 1
6u

g/k
g/d

ay

0.0

0.5

1.0

1.5

POMC

Treatment

R
e
la

ti
v
e
 m

R
N

A
 l
e
v
e
l

C
ontr

ol 

C
hem

er
in

 8
ug/k

g/d
ay

C
hem

er
in

 1
6u

g/k
g/d

ay

0.000

0.005

0.010

0.015

0.020

0.025

CART

Treatment

R
e
la

ti
v
e
 m

R
N

A
 l
e
v
e
l

C
ontr

ol 

C
hem

er
in

 8
ug/k

g/d
ay

C
hem

er
in

 1
6u

g/k
g/d

ay

0

1

2

3

4

5

TAS1R1

Treatment

R
e
la

ti
v
e
 m

R
N

A
 l
e
v
e
l

a

b

c

C
o
n
tr
o
l 

C
h
e
m
e
ri
n
 8
u
g
/k
g
/d
a
y

C
h
e
m
e
ri
n
 1
6
u
g
/k
g
/d
a
y

0

1

2

3

NPY

R
e
l
a
t
i
v
e
 
m

R
N

A
 
l
e
v
e
l

a c

a

b

C
o
n
tr
o
l 

C
h
e
m
e
ri
n
 8
u
g
/k
g
/d
ay

C
h
em

e
ri
n
 1
6
u
g
/k
g
/d
ay

0

1

2

3

NPY

R
e
la

t
iv

e
 m

R
N

A
 l
e
v
e
l

a c

a

b

Saline

Chemerin 8 mg/kg

Chemerin 16 mg/kg

C
o
n
tr
o
l 

C
h
e
m
e
ri
n
 8
u
g
/k
g
/d
a
y

C
h
e
m
e
ri
n
 1
6
u
g
/k
g
/d
a
y

0

1

2

3

NPY

R
e
l
a
t
i
v
e
 
m

R
N

A
 
l
e
v
e
l

a c

a

b

C
o
n
tr
o
l 

C
h
e
m
e
ri
n
 8
u
g
/k
g
/d
ay

C
h
em

e
ri
n
 1
6
u
g
/k
g
/d
ay

0

1

2

3

NPY

R
e
la

t
iv

e
 m

R
N

A
 l
e
v
e
l

a c

a

b

Saline

Chemerin 8 mg/kg

Chemerin 16 mg/kg

Figure 4



Figure 5

C. D.

C
o
n
tr
o
l 

C
h
e
m
e
ri
n
 8
u
g
/k
g
/d
a
y

C
h
e
m
e
ri
n
 1
6
u
g
/k
g
/d
a
y

0

1

2

3

NPY

R
e
l
a
t
i
v
e
 
m

R
N

A
 
l
e
v
e
l

a c

a

b

C
o
n
tr
o
l 

C
h
e
m
e
ri
n
 8
u
g
/k
g
/d
ay

C
h
em

e
ri
n
 1
6
u
g
/k
g
/d
ay

0

1

2

3

NPY

R
e
la

t
iv

e
 m

R
N

A
 l
e
v
e
l

a c

a

b

Saline

Chemerin 8 mg/kg

Chemerin 16 mg/kg

C
ontr

ol 

C
hem

er
in

 8
ug/k

g/d
ay

C
hem

er
in

 1
6u

g/k
g/d

ay

0.0

0.5

1.0

1.5

R
a
ti

o
 G

P
R

1
/V

in
c
u

li
n

a

C
ontr

ol 

C
hem

er
in

 8
ug/k

g/d
ay

C
hem

er
in

 1
6u

g/k
g/d

ay

0.0

0.5

1.0

1.5

R
a
ti

o
 C

C
R

L
2
/V

in
c
u

li
n

a

GPR1

Vinculin

CCRL2

Vinculin

C
ontr

ol 

C
hem

er
in

 8
ug/k

g/d
ay

C
hem

er
in

 1
6u

g/k
g/d

ay

0.0

0.5

1.0

CMKLR1

Treatment

R
a
ti

o
 C

M
K

L
R

1
/V

in
c
u

li
n

a

b

c

a

A.

CMKLR1

Vinculin

kDa

42

110

kDa

43

110

kDa

40

110

B.

Chemerin

Vinculin

kDa

16

110

C
ontr

ol 

C
hem

er
in

 8
ug/k

g/d
ay

C
hem

er
in

 1
6u

g/k
g/d

ay

0.0

0.5

1.0

1.5

R
a
ti

o
 C

h
e
m

e
ri

n
/V

in
c
u

li
n

a



Figure 6

C
ontr

ol 

C
hem

er
in

 8
ug/k

g/d
ay

C
hem

er
in

 1
6u

g/k
g/d

ay

0.0

0.5

1.0

1.5

R
a
ti

o
 p

A
M

P
K

/A
M

P
K

a

a

b

c

C
ontr

ol 

C
hem

er
in

 8
ug/k

g/d
ay

C
hem

er
in

 1
6u

g/k
g/d

ay

0.0

0.5

1.0

1.5

R
a
ti

o
 A

M
P

K
/V

in
c
u

li
n

a

C
o
n
tr
o
l 

C
h
e
m
e
ri
n
 8
u
g
/k
g
/d
a
y

C
h
e
m
e
ri
n
 1
6
u
g
/k
g
/d
a
y

0

1

2

3

NPY

R
e
l
a
t
i
v
e
 
m

R
N

A
 
l
e
v
e
l

a c

a

b

C
o
n
tr
o
l 

C
h
e
m
e
ri
n
 8
u
g
/k
g
/d
ay

C
h
em

e
ri
n
 1
6
u
g
/k
g
/d
ay

0

1

2

3

NPY

R
e
la

t
iv

e
 m

R
N

A
 l
e
v
e
l

a c

a

b

Saline

Chemerin 8 mg/kg

Chemerin 16 mg/kg

Phospho-AMPK Thr172

Total AMPK

Vinculin

Saline Chemerin

8 mg/kg

Chemerin

16 mg/kg

kDa

62

62

62



Table 1: Composition (%) of the diet  
 

        

 

 

Corn 39.64 

Wheat 23.86 

Soybean meal 29.3 

Wheat bran 0 

Soy oil 2.2 

Sunflower oil 1 

Sodium Bicarbonate 0.18 

Calcium carbonate 0.86 

Phosphate 2.06 

Salt 0.3 

Methionine DL 0.1 

Lysine 0 

Mineral premix 0.5 

Soybean 0 

Grape Seed Extract 0 

 
 
 



Table 2: Oligonucleotide primer sequences 
 

Gene 

Product 

size 

(bp) 

Forward Reverse 

Number of 

accession 

Efficiency 

 

      

Rarres2 71 5'- CGCGTGGTGAAGGATGTG -3' 5'- CGACTGCTCCCTAAAGAGGAACT -3' NM001277476.1 1.90 

Cmklr1 64 5'- CGGTCAACGCCATTTGGT -3' 5'- GGGTAGGAAGATGTTGAAGGAA -3' NM001282407.2 1.95 

Gpr1 249 5'- ACCTGCCTGAGGAAGAAGAA -3' 5'- AAAGGCCAGTGGAAGCCCAT -3' XM004942654.2 2.00 

Ccrl2 72 5'- CACGCAGTGTTTGCTTTAAAAGC -3' 5'- CAACAGCCCACGTGACAATG -3' NM001045835.1 1.92 

Ywhaz 85 5'- AGTCATACAAAGACAGCACGCTA -3' 5'- GCTTCATCTCCTTGGGTATCCGA -3' NM001031343.1 2.00 

Polr2b 110 5'- ACACGTATGAATGCCGGGGA -3' 5'- AGGTGCAATGCTCATAGACATCA-3' NM001006448.1 1.95 

Tbp 85 5'- ATCAAGCCAAGAATTGTTCTGC -3' 5'- CTTCGTAGATTTCTGCTCGAACT -3' NM205103.1 2.00 

 

 



Table 3: List of primary and secondary antibodies used for protein detection by western 

blot. 
 

 

 

Primary antibodies Dilution Supplier Host 
Molecular weight 

(kDa) 

Validation for avian 

species 

VINCULIN 1/1000 Sigma (hVIN-1) Mouse 110 Mellouk et al., 2018 

RARRES2 1/1000 Agrobio Rabbit 16 Mellouk et al., 2018 

CMKLR1 1/1000 Agrobio Rabbit 42  

GPR1 1/1000 Agrobio Mouse 43  

CCRL2 1/1000 Sigma (SAB2100371) Rabbit 40 Diot et al., 2015 

Phospho-AMPK 

Thr172 
1/1000 New England Biolabs, Inc Rabbit 62 

Tosca et al., 2006 

Total AMPK 1/1000 Upstate Biotechnology, Inc Rabbit 62 Tosca et al., 2006 

Secondary antibodies      

Rabbit 1/50000 Biorad Goat   

Mouse 1/50000 Interchim Goat   

 

 



 

Table 4: Plasma glucose and insulin at day 0 (D0, no injection), 7 and 13 (A, n=25 animals 

in each group) and bone parameters at day 13 (B, n= 6 animals in each group) after 

intraperitoneal injection of vehicle and chicken recombinant chemerin 8 and 16 µg/kg, 
 

 

A.   

Time (day, d) D0  D7 D13 

Treatment C Chem 8 Chem 16 C Chem 8 Chem 16 C Chem 8 Chem 16 

Glucose (g/L) 2.11±0.06a 2.10±0.05a 2.11±0.05a 2.14±0.05a 1.92±0.04b 1.84±0.05b 2.09±0.04a 1.90±0.03b 1.87±0.04b 

Insulin (µg/L) 0.35±0.06a 0.37±0.04a 0.37±0.06a 0.40±0.06a 0.60±0.04b 0.62±0.07b 0.38±0.06a 0.66±0.08b 0.68±0.07b 

          

Different letter indicate significant differences at P<0.05. 

 

 

 

B. 

 
 

 

Time (day, d)  d13  
Treatment C Chem 8 Chem 16 

Whole bone volume (mm3) 5.8x105±1.7x106 5.9x105±2.1x106 6.1x105±1.5x106 

Tibia cortical bone volume 

(mm3) 588.33±23.03 584.33±23.16 577.83±78.33  

Length of tibia (cm) 7.13±0.09 6.91±0.06 7.13±0.10 

 

 



1 

 

Table 5 : Effect of daily chicken recombinant chemerin intraperitoneal injection (16 

µg/kg) for 13 days on the volume (A) and the size (B) of different cerebral structures of 

the brain (n=4 animals per group). 

 

A. 

Ratio volume 

(mm3)/ total body 

weight (g) 

Control Chemerin 

16µg/kg/day 

 

P value 

Cerebellum 0.45 ± 0.02 

 

0.46 ± 0.008 

 

0.76 

Telencephalon 2.23 ± 0.07 

 

1.98 ± 0.13 0.18 

Brainstem 0.13 ± 0.005 

 

0.12 ± 0.008 

 

0.29 

Lateral ventricle 0.02 ± 0.003 

 

0.02 ± 0.0007 

 

0.75 

Total volume 2.84 ± 0.72 

 

2.59 ± 0.12 

 

0.17 

 

B. 

Ratio size (mm)/ 

total body weight 

(g) 

Control Chemerin 

16ug/kg/day 

 

P value 

Cerebellum 

( Rostro-caudal 

axis) 

0.0009980 

±  

1.877e-005 

0.001055 

±  

2.806e-005 

0.17 

Cerebellum 

( Dorso-ventral 

axis) 

0.0009800 

±  

4.464e-005 

0.0009921 

±  

9.178e-006 

0.80 

 

Telencephalon 

(Rostro-caudal 

axis) 

0.001582 

±  

9.251e-005 

0.001511 

±  

5.024e-005 

0.54 

 

Telencephalon 

(Dorso-ventral 

axis) 

0.0008223 

±  

4.767e-005 

0.0009013 

±  

2.038e-005 

0.20 

 

Brainstem 

(Rostro-caudal 

axis) 

0.001578 

±  

6.577e-005 

0.001576 

±  

2.030e-005 

0.98 

 

Brainstem (right 

ventro – lateral 

axis) 

0.0003640 

±  

7.810e-006 

0.0003825 

±  

2.737e-006 

0.09 

 

Brainstem (left 

ventro – lateral 

axis) 

0.0003450 

±  

8.386e-006 

0.0003499 

 ±  

1.635e-005 

0.80 

 

 

 

 




