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ABSTRACT 
Fatty liver hemorrhagic syndrome is more common in laying hens with excess body weight (BW) and in the middle 

and late phase of egg production. However, no specific biomarkers in chickens can be used to diagnose liver steatosis 

or liver injury. The present study aimed to assess whether BW can be used to predict fatty liver in aged laying hens. 

This study also searched for potential plasma FLHS biomarkers. For these purposes, correlation among BW, relative 

weight of liver and abdominal fat, and plasma markers were analyzed in Hy-line brown laying hens. Furthermore, 

plasma levels of potential biomarkers were analyzed during the formation of fatty liver. Concentrations of 

triglycerides and total cholesterol were positively associated with BW in aged laying hens, while liver fat deposition 

was similar among chickens with different BW, indicating that BW cannot be used as the only criterion to 

discriminate aged laying hens with liver steatosis. A trend of increasing triglyceride, total cholesterol, fatty acid-

binding protein 4 (FABP4), and lipoprotein lipase levels was found as age increased, and they were positively 

associated with BW indicating that they might be risk markers for FLHS in laying hens. The findings indicated that 

the plasma level of FABP4 was positively associated with the severity of fatty liver in aged laying hens. All the above 

results suggested that FABP4 might be a potential diagnostic indicator for FLHS. 
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INTRODUCTION 
 

Similar to nonalcoholic fatty liver disease (NAFLD), fatty 

liver hemorrhagic syndrome (FLHS) is related to liver 

degeneration resulted from excessive fat deposition in the 

liver causing liver rupture, hemorrhage, and sudden death 

of chickens (Wolford and Polin, 1974; Whitehead 1979). 

Excessive fat deposition is also observed in the abdominal 

cavity. This disease mainly occurs in commercial caged 

laying hens leading to reduced egg production and death, 

and accordingly significant economic losses (Julian, 

2005). Nowadays, FLHS is the most common 

noninfectious cause of high mortality in laying hens (Trott 

et al., 2014). It is currently believed that nutrition, 

genetics, and environmental toxins are related to FLHS 

outbreaks in laying hen farms, and the low-protein and 

high-energy diet is the main reason for the occurrence of 

FLHS (Diaz et al., 1999; Choi et al., 2012; Rozenboim et 

al., 2016). There are no obvious symptoms in the early 

stage of the disease, and the diagnosis can only be 

confirmed by dissecting the chickens with sudden onset. 

Therefore, screening of specific biomarkers for liver 

steatosis or liver damage would help improve the quality 

and efficiency of large-scale farmed laying hens. 

Conventionally, FLHS is more prevalent in birds with 

excess body weight (BW) and in the middle and late 

phases of egg production. However, the idea of whether 

BW can be used as a marker for FLHS has remained to be 

verified. Additionally, in birds, the liver is the major organ 

of lipid metabolism, and steady changes in liver lipid 

metabolism are the basis of various forms of fatty liver 

disease. Excess fatty acid supply or inhibited oxidation in 

the liver may result in enhanced synthesis of triglycerides 

(TG) and disordered very low-density lipoprotein (VLDL) 

synthesis and secretion, which are observed in laying hens 

with FLHS (Dong and Tong, 2019; Gao et al., 2019). 

Circulating alanine aminotransferase (ALT) and aspartate 

aminotransferase (AST) are used as liver injury indicators 

and have been found to be increased in laying hens with 
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FLHS (Hamid et al., 2019). Furthermore, many proteins in 

the blood, including those related to lipid metabolism, are 

synthesized in the liver, and the abundance and structure 

of these proteins also change in the development of liver 

disease, making them potential biomarkers for liver 

diseases including NAFLD (Kim et al., 2011; Vilar-

Gomez and Chalasani, 2018). However, the clinical utility 

of these biomarkers has not been validated in chicken 

cohorts. The objectives of this study were, first, to assess 

whether BW can be used as an indicator for predicting 

fatty liver disease, and second, to screen potential plasma 

FLHS biomarkers in chickens. 

 

MATERIALS AND METHODS  

 

Ethical approval  

All animal protocols used in this study were 

approved by the Ethics and Animal Welfare Committee of 

Shanghai Academy of Agricultural Sciences, China, and 

performed according to the guidelines established by ‘the 

instructive notions with respect to caring for laboratory 

animals’ issued by the Ministry of Science and 

Technology of the People’s Republic of China (No. [2006] 

398). 

 

Animals and study design 

A total number of 102,000 commercial Hy-line 

brown laying hens (20 to 65 weeks old) were raised in 

eight-high modular manure belt cages (Chore-Time 

Equipment Inc., Milford, IN, USA), with nine chickens 

per cage (dimensions of 60 × 65 × 45.5 cm) under 

standard commercial conditions. A standard commercial 

corn-soy diet (Shanghai Haifeng Dafeng Poultry Co. Ltd. 

Dafeng, Jiangsu, China) containing 16.00% crude protein, 

0.73% lysine, 0.33% methionine, 4.1% calcium, 0.36% 

phosphorus, 0.17% salt, 19.3 ppm copper, 66 ppm iron, 80 

ppm manganese, 0.3 ppm selenium, 2.2 ppm iodine, 80 

ppm zinc, and 2700 kcal/kg calculated metabolizable 

energy was supplied for the layers. Feed and water were 

offered ad libitum throughout the experimental period. 

Separate groups of chickens were used for each 

experiment (Experiments 1-3). 

Experiment 1 

To verify whether BW can be used as a potential 

predictor of FLHS in aged laying hens, 60 laying hens 

aged 52 weeks were randomly divided into 4 groups 

according to the BW recommended by the Hy-line brown 

laying hens management guide (http://www.hy-

line.co.uk/services/management-guides/). These four 

groups included low-grade weight (LW, 5% below 

standard weight), normal weight (NW, in standard weight 

range), overweight/obese (OW/Ob, <5% over standard 

weight), and seriously overweight/obese (SW/Ob, 5–10% 

over standard weight). The standard BW of Hy-line brown 

laying hens at 52 weeks should be 1.89 to 2.01 kg. To 

determine plasma concentrations of ALT, AST, TG, total 

cholesterol (TC), VLDL cholesterol (VLDL-C), fatty acid-

binding protein 4 (FABP4), and lipoprotein lipase (LPL) 

blood samples from the experimental layers were obtained 

through the wing vein and collected in tubes containing 

EDTA as an anticoagulant. About 4 hours later, all the 

hens were killed by electric shock, and the abdominal fat 

and livers were removed and weighed immediately. The 

collected liver samples were immediately snap-frozen in 

liquid nitrogen and stored at −80 °C for expression 

analysis of lipid metabolism-related genes. Another 

portion of the liver was fixed in 4% paraformaldehyde for 

histological analysis. The relative weight of abdominal fat 

and liver was calculated as the weight of abdominal fat or 

liver in 100 g body weight (g/100 g BW). The severity of 

fatty liver was evaluated by liver color and scored, as 

modified based on a study conducted by Choi et al. 

(2012). The fatty liver was scored on a scale from 1 to 4 as 

follows: FS1, normal liver with dark red; FS2, mild case 

of FLHS with mild yellow liver and hemorrhages; FS3, 

moderate case of FLHS with light yellowish red liver and 

hemorrhages; and FS4, large and massive hemorrhages 

with putty-colored livers. The standard for the fatty liver 

score according to Avinash (2007) is indicated in Figure 1.  

Experiment 2 

To assess mRNA expression of lipid metabolism-

related genes, a total of 30 laying hens were killed by 

electric shock at specified ages (15 at the age of 27 weeks 

and 15 at the age of 52 weeks). All livers were harvested 

and checked for fatty liver by gross examination. The 

livers with dark red color and no hemorrhages were 

determined as normal liver and livers with light yellowish 

red color and hemorrhages were considered as fatty liver. 

From each group (normal and fatty liver), 4-5 samples 

were pooled together for mRNA expression analysis of 

some lipid metabolism-related genes, including 

apolipoprotein B (APOB), peroxisome proliferator-

activated receptor α (PPARα), PPARγ, LPL, and FABP4. 

Experiment 3 

To determine the changes in concentrations of some 

biochemical indicators, including TG, TC, ALT, AST, 

FABP4, and LPL, with age, blood samples from 40 laying 

hens were collected every 5 weeks from age 27 to 52 

weeks. At age of 52 weeks, all 40 laying hens were killed 

by electric shock, and checked for fatty liver as described 

above. 
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Figure 1. The standard for fatty liver score used for fatty 

liver examination in experiments 1-3. The color score, 

from 1 to 4 (from dark red to light yellowish-red), was 

judged by three investigators. 

 

Histological analysis 

The paraffin-embedded liver was cut into 5-μM 

sections and stained with hematoxylin and eosin. The 

degree of lipid accumulation was evaluated by the 

deposition of lipid droplets, which was quantified by 

ImageJ software (version 1.80, National Institutes of 

Health, Bethesda, MD, USA). The lipid accumulation was 

represented by the deposition of lipid droplets, with white 

pixel areas indicating fat vacuoles being divided by the 

total area scanned. The ImageJ software was used to 

quantify the staining of the liver section. 

 

Biochemical analysis  

Plasma samples were prepared by centrifugation 

(3,000 g for 15 min) and stored at 20 °C for future 

analysis. Concentrations of TG, TC, ALT, and AST were 

measured by colorimetric endpoint assays (A110-1-1, 

A111-1-1, C009-2-1, and C010-1-1 kits, respectively; 

Nanjing Jiancheng Bioengineering Institute, Nanjing, 

China). Total concentrations of plasma FABP4 and LPL 

were determined with chicken-specific commercial ELISA 

kits (Shanghai BlueGene Biotech Co. Ltd., China). Results 

were analyzed using the Thermo Multiskan Sky 

microplate reader (Thermo Fisher, Waltham, MA, USA). 

For liver TG and TC analysis, total proteins of liver were 

measured by bicinchoninic acid assay (kit A045-4-2; 

Nanjing Jiancheng Bioengineering Institute, Nanjing, 

China), the contents of liver TG and TC were measured by 

using kits A110-1-1 and A111-1-1, respectively (Nanjing 

Jiancheng Bioengineering Institute, Nanjing, China). All 

assays were performed according to the manufacturer’s 

instruction. 

 

Gene expression analysis  

Chicken liver RNA was extracted using TRIzol 

Reagent (Invitrogen, Carlsbad, CA, USA) and checked on 

a Nanotrop Bioanalyzer (Agilent 2100; Palo Alto, CA, 

USA) for integrity analysis. The mRNA expression was 

detected by RT-qPCR in the liver. A PrimeScript RT 

reagent Kit (TaKaRa Biotechnology Co., Japan) was used 

to reverse transcribe RNA to cDNA, and qPCR was 

performed with SYBR Premix Ex Taq (TaKaRa 

Biotechnology Co., Japan) using an ABI Q5 Real-time 

PCR instrument (Applied Biosystems, Foster City, USA) 

at 95 °C for 30 s, followed by 35 cycles of 95 °C for 5 s, 

and 60 °C for 30 s. For RT-qPCR data analysis, each 

sample was run in triplicate. The mRNAs were normalized 

to GAPDH mRNA. The primer sequences are shown in 

Table 1. Data were analyzed using the 2
−ΔΔCt 

method 

(Livak and Schmittgen, 2001). 

 

Statistical analysis 

Statistical analyses were carried out using SPSS 

version 21 (SPSS Inc., Chicago, IL, USA). Data were 

analyzed using one-way ANOVA and a post hoc Tukey 

test. P-value less than 0.05 was considered statistically 

significant. Spearman’s correlation coefficient was used to 

test the relationship between various variables. 

 

Table 1. Primers used in this study for RT-qPCR 

Gene Sequence (5'-3') 

β-actin-F AATGGCTCCGGTATGTGCAA 

β-actin-R GGCCCATACCAACCATCACA 

GAPDH-F GATGGGTGTCAACCATGAGAAA 

GAPDH-R CAATGCCAAAGTTGTCATGGA 

PPARα-F GCTTGTGAAGGTTGTAAGGGTT 

PPARα-R GACATTCCAACTGAAAGGCAC 

PPARγ-F GTCCTTCCCGCTGACCAAA 

PPARγ-R TCTCCTGCACTGCCTCCACA 

FABP4-F GGCCAAGCCTAATTTAACTATC 

FABP4-R TCCCATCCACCACTTTTCTC 

APOB-F ATACCCTGGGACTCTTGCCT 

APOB-R GAGAAGCTTTCAGGCTGGGT 

LPL-F ATTGCTGCCTCTTCTCCTTT 

LPL-R ATTGGTGACCTGCTTATGCTA 

GAPDH: glyceraldehyde-3-phosphate dehydrogenase; PPARα: 
peroxisome proliferator-activated receptor α, PPARγ: peroxisome 

proliferator-activated receptor γ; FABP4: fatty acid-binding protein 4; 

APOB: apolipoprotein B; LPL: lipoprotein lipase. 

 

RESULTS 

 

Experiment 1 

Liver and abdominal fat weight 

In Experiment 1, different groups were significantly 

different in terms of BW (P < 0.05, Table 2). The amount 

of abdominal fat sequentially increased in chickens with 
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the increase of BW, although there was no significant 

difference between the normal BW and OW/Ob group (P 

> 0.05). The relative weight of abdominal fat was similar 

in both low and normal BW hens, whereas a significant 

increase of the relative weight of abdominal fat was 

observed in the overweight chickens (OW/Ob and SW/Ob 

groups), compared to the low BW group (P < 0.05). The 

relative weight of abdominal fat increased in the SW/Ob 

group, compared to the OW/Ob group (P < 0.05). There 

was no significant difference in the relative liver weight 

among chickens with different BW (P > 0.05). The 

concentration of TG was significantly higher in the 

SW/Ob hens, compared to the LW and the NW groups, 

while the obtained values of LW, NW, and OW/Ob hens 

were similar. The concentrations of TC were significantly 

lower in the LW laying hens than in the overweight hens 

(OW/Ob or SW/Ob), and the levels of AST were 

significantly increased in the NW, OW/Ob, and the SW/ 

Ob groups in comparison to the LW hens. No significant 

differences in VLDL-C were observed among the four 

groups. 

 

Correlation of body weight, relative weight of liver 

and abdominal fat with plasma markers 

The abdominal fat pad weight, concentrations of TC 

and TG were significantly associated with BW (P < 0.05, 

Table 3). The concentrations of TC and TG were also 

positively correlated with the abdominal fat pad weight. 

The correlation between plasma TG and BW (r = 0.662) 

was stronger than that between plasma ALT and BW (r = 

0.108), or plasma TC and BW (r = 0.513). Although other 

biomarkers were associated with each other (TG vs. ALT, 

r = 0.224; TG vs. TC, r = 0.297; VLDL-C vs. abdominal 

fad pad weight, r = 0.169), their correlations were 

insignificant. There was no significant correlation between 

liver weight and other biomarkers. 

 

Table 2. Chicken body weights, relative weights of liver and abdominal fat, and plasma markers in the various body weight 

groups (Experiment 1)    

Parameters LW (n =15) NW (n =15) OW/Ob (n =15) SW/Ob (n =15) 

BW (g) 1665.71±40.03a 1956.70±19.68b 2084.43±14.17c 2291.59±40.95d 

Relative weight, g/100 g BW 

Abdominal fat 2.49±0.21a 3.05±0.27ab 3.99±0.38b 4.94±0.37c 

Liver 1.96±0.07 2.11±0.08 1.98±0.11 2.16±0.17 

Plasma markers 

ALT(U/L) 17.03±2.68 11.36 ± 1.43 21.48±6.63 25.41±5.01 

AST(U/L) 26.97±1.33a 36.14±1.94b 33.95±2.70b 35.57±1.88b 

TC (mmol/L) 2.13±0.26a 3.01±0.19ab 4.13±0.50b 3.57±0.27b 

VLDL-C (mmol/L) 2.25±0.21 3.64±0.50 2.95±0.34 3.34±0.76 

TG (mmol/L) 13.45±1.10a 16.58±1.20a 23.17±2.09ab 30.21±3.09b 

Values are expressed as mean ± SEM. a,b,c Mean values within a row with different superscript letters are significantly different (P < 0.05). ALT: Alanine 

aminotransferase, AST: Aspartate aminotransferase, TG: Triglyceride, TC: Total cholesterol, VLDL-C: Very low-density lipoprotein cholesterol, FS: Fatty 

liver score, BW: Body weight, LW: Low grade weight, NW: Normal weight, OW/Ob: Overweight/obese, SW/Ob: Seriously overweight/obese  

Table 3. Spearman correlation coefficients among the chicken body weights, relative weights of liver and abdominal fat, and 

serum markers (Experiment 1).   

Variables TG TC VLDL-C AST ALT 

Relative weight, g/100 g BW 

Abdominal fat 

weight 
Liver weight 

BW 0.662** 0.513** 0.235 0.248 0.108 0.658** 0.085 

TG 
 

0.297 0.097 0.152 0.224 0.318* 0.057 

TC 
  

-0.024 0.299 0.018 0.349** 0.075 

VLDL-C 
  

 0.142 -0.093 0.169 -0.107 

AST 
   

 -0.257 0.257 -0.003 

ALT 
    

 -0.033 0.057 

Relative abdominal fat weight, 

g/100 g BW       
-0.187 

BW: Body weight, TG: Triglyceride, TC: Total cholesterol, VLDL-C: Very low-density lipoprotein cholesterol, AST: Aspartate 

aminotransferase, ALT: Alanine aminotransferase. * P < 0.05, ** P < 0.01. 
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Hepatic lipid accumulation  

Pathological changes in the liver in all four groups at 

age 52 weeks are presented in Figure 2. The livers of 

overweight hens (OW/Ob and SW/Ob groups) were fragile 

and yellow, and some hemorrhagic spots appeared due to 

the high lipid accumulation when compared to layers with 

low BW (Figure 2a, b). The fatty liver score increased 

with BW. There was a significant increase in fatty liver 

score in the overweight groups (OW/Ob and SW/Ob 

groups), compared to the LW group (P < 0.05), while the 

fatty liver score in overweight hens (OW/Ob and SW/Ob 

groups) showed no significant difference between the two 

groups (P > 0.05, Figure 2c). However, the liver turned 

light yellow in the OW/Ob and SW/Ob groups indicating 

an increased fatty liver score, compared to the low and 

normal BW groups. To evaluate the consistency between 

liver lipid deposition and BW, the vacuolar areas of liver 

sections were quantified using image J software. The 

vacuolar area in the livers from overweight chickens 

(OW/Ob and SW/Ob groups) was significantly larger, 

compared to the low and normal BW groups (P < 0.05). 

No significant difference was observed between the two 

overweight groups (Figure 2d, P > 0.05). Concentrations 

of liver TG and TC were not significantly different in the 

chicken livers from the four groups (P > 0.05, Figure 2e). 

 

Expression of lipid metabolism-related genes 

The RT-qPCR analysis of lipid metabolism-related 

genes confirmed the changes in expression among the 

chickens with different levels of BW (Figure 3a). 

However, no regular expression of these genes was found 

among the layers with different BW values. As BW 

increased, APOB expression gradually decreased, and the 

mRNA expression of APOB decreased in the SW/Ob 

group compared to the LW group (P < 0.05), while it was 

not significantly different among the NW, OW/Ob, and 

SW/Ob groups (P > 0.05). Expression of PPARα was 

higher in the NW group, compared to the LW, OW/Ob, 

and SW/Ob groups (P < 0.05), however, no significant 

differences were observed among the three groups (P > 

0.05). The mRNA expression of FABP4 increased 

significantly in the NW, OW/Ob, and SW/Ob groups (P < 

0.05), compared to the LW group, with the highest 

expression in the NW group. The expression of PPARγ 

was highest in the SW/Ob group, whereas there was no 

significant difference among the other three groups (P > 

0.05). There was no significant difference in LPL mRNA 

expression among the four groups (P > 0.05) although it 

tended to increase with BW. 

 

Plasma concentrations of FABP4 and LPL 

Plasma concentrations of FABP4 and LPL in laying 

hens with different BW were also measured (Figure 3b). 

The concentration of FABP4 significantly increased as 

BW increased at age 52 weeks although no significant 

changes in LPL levels were observed among the four 

groups with different BW values. Plasma concentration of 

FABP4, measured by ELISA, was significantly 

upregulated and positively correlated with the fatty liver 

score (Figure 5c), indicating the diagnostic potential of 

plasma concentrations of FABP4. No significant 

correlation was found between plasma LPL and fatty liver 

score (data not shown). 

 

Experiment 2 

Increase of plasma FABP4 and LPL levels in 

chickens with fatty liver 

To screen potential biomarkers in this chicken model 

of FLHS, five known lipid metabolism-related genes, 

including APOB, PPARα, PPARγ, LPL, and FABP4 were 

selected for analyzing mRNA expression in normal and 

fatty livers. All samples from the laying hens of 52 weeks 

old were fatty liver. In laying hens of 27 weeks old, 12 out 

of 15 liver samples were normal; 3 liver with mild yellow 

color and hemorrhages were discarded from mRNA 

analysis. The results indicated that mRNA expression of 

FABP4 and LPL significantly increased (P < 0.05), while 

the expression of APOB, PPARα, and PPARγ decreased (P 

< 0.05) in fatty livers, compared to normal livers (Figure 

3c).  

Experiment 3 

Evaluation of changes in biochemical parameters 

with age of laying hens  

The plasma concentrations of TG, TC, AST, ALT, 

FABP4, and LPL were measured in 40 laying hens every 5 

weeks from age 27 to 52 weeks. The plasma 

concentrations of TG and TC displayed some variability 

among the individual layers. However, there was an 

increasing trend in TG levels with aging, compared to 

their concentrations in the laying hens at age 27 weeks 

(Figure 4a). At age 47 weeks, the concentrations of TG 

and TC were significantly higher than that at 32, 37, and 

42 weeks. A significant decrease in the concentration of 

TC was observed in the plasma of the layers at age 52 

weeks, compared to the obtained results at age 47 weeks, 

which was still higher than the obtained results of 27, 32, 

37, and 42 weeks. No difference was found for the 

activities of ALT and AST among the six time points of 



Zhu et al., 2020 

6 

the layers although the activities of ALT and AST tended 

to increase with age. According to the recommended 

weight range, the experimental chickens were overweight 

since age 32 weeks (Figure 4b). From 27 to 52 weeks of 

age, plasma TG and TC concentrations were significantly 

correlated with BW (r = 0.55, P < 0.01 and r =0.61, P < 

0.01, respectively, Figure 4c). This trend in BW was 

consistent with the increasing trends of TG and TC 

concentrations. Plasma TG concentrations were positively 

associated with TC (r = 0.68, P < 0.01). The obtained 

results of ELISA revealed that FABP4 was significantly 

upregulated during 32-52 weeks of age (Figure 5a, P < 

0.05). By age 52 weeks, the concentration of FABP4 and 

LPL was significantly higher than the age of 27 weeks (P 

< 0.05).  

Correlation of FABP4 and LPL concentrations with 

other variables  

Plasma FABP4 was positively correlated with LPL, 

TG, TC, and BW (r = 0.29, r = 0.39, r = 0.20, and r = 0.31, 

respectively, Figure 5b). Other markers were significantly 

associated with each other (LPL vs BW, r = 0.18; LPL vs 

TC, r = 0.22; and LPL vs TG, r = 0.28).

 

 

Figure 2. Results of evaluations of livers of chickens (52 weeks old) with different BWs. a: Representative images of various 

levels of liver hemorrhage. b: Representative images of histological sections of the liver after H&E staining. The arrow indicates the 

steatosis and lipid vacuolization inside the hepatocytes. Photographs were taken at 400× magnification. c: Mean fatty liver score in chickens 

with different BWs (score 1: normal liver with dark red; 2: mild case of FLHS with mild yellow liver and hemorrhages; 3: moderate case of 

FLHS, light yellowish red liver and hemorrhages; 4: severe case of FLHS, large and massive hemorrhages with putty-colored livers). d: 

Quantified results of fat vacuoles area within the liver section. e: Liver TG and TC concentrations in chickens with different BW. LW: Low 

body weight, NW: Normal body weight, OW/Ob: Overweight/obese, SW/Ob: Seriously overweight/obese, ALT: Alanine aminotransferase, 

AST: Aspartate aminotransferase, TG: Triglyceride, TC: Total cholesterol. 
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Figure 3. Evaluation of lipid metabolism-related parameters in relation to BW and liver condition. a: RT-qPCR analysis of lipid 

metabolism-related genes in livers of laying hens with different BW. b: Chicken plasma concentrations of FABP4 and LPL in laying hens 

with different BW (n = 15/BW group). c: RT-qPCR analysis of lipid metabolism-related genes in normal and fatty livers collected from 

laying hens of 27 and 52 weeks old, respectively. FABP4: Fatty acid-binding protein 4, LPL: Lipoprotein lipase, BW: Body weight, LW: 

Low body weight, NW: Normal body weight, OW/Ob: Overweight/obese, SW/Ob: Seriously overweight/obese. 

 

 
Figure 4. Evaluation of changes in biochemical parameters with age of laying hens. a: Plasma concentrations of TG, TC, ALT, and 

AST at six time points in laying hens. b: Comparison of measured BW of laying hens at different ages with recommended BW. c: 

Correlation of BW with TG and TC; Correlation of TG with TC. Values are expressed as mean ± SEM. ALT: Alanine aminotransferase, 

AST: Aspartate aminotransferase, TG: Triglyceride, TC: Total cholesterol, FLHS: Fatty liver hemorrhagic syndrome, BW: Body weight. 
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Figure 5. Evaluation of changes in FABP4 and LPL levels with age of laying hens. a: Scatter dot plot showing plasma 

concentrations of FABP4 and LPL in laying hens (n = 40) at different ages. b: Spearman’s correlation analyses between FABP4 and LPL 

concentrations and other variables using data measured from 27 to 52 weeks of age. c: Correlation between plasma concentrations of FABP4 

and FS of chickens (FS1: normal liver, n = 13; FS2: mild FLHS, n = 12; FS3: moderate FLHS, n =15; FS4: severe FLHS, n =10). FS: Fatty 

liver score, FABP4: Fatty acid-binding protein 4, LPL: Lipoprotein lipase, BW: Body weight. 

 

DISCUSSION 

 

FLHS is a metabolic disease characterized by excessive fat 

accumulation in the liver, accompanied by a hemorrhagic 

and pale liver, causing sudden death of laying hens (Shini 

et al., 2012). Signs of this metabolic disease are difficult to 

identify when the birds are alive, and it can only be 

determined through dissection. Therefore, it is urgent to 

find reliable noninvasive biomarkers to diagnose FLHS 

and monitor laying hens at an earlier time point when diet 

changes and potential health treatments can be used 

purposefully. The present study examined the relationship 

between BW and serum lipoproteins, and identified 

FABP4 as a potential novel circulating biomarker of 

FLHS.  
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Based on findings addressing production, aged layers 

have an increased risk of FLHS, and the BW of these 

layers is always higher than recommended values in the 

breeding manual (Dong and Tong, 2019). Previous studies 

have indicated that the occurrence of FLHS is the result of 

abnormal accumulation of liver fat, mainly due to the large 

increase in liver TG, and the abnormal accumulation of fat 

caused by dysfunction in liver fat metabolism (Dong and 

Tong, 2019; Shini et al., 2019; Zhuang et al., 2019; Shini 

et al., 2020). The present study demonstrated that 

concentrations of TG, TC, and VLDL-C were positively 

correlated with BW in aged laying hens, and the amount of 

abdominal fat and the concentration of TG in aged layers 

significantly increased with BW gain. Lipid accumulation 

and hemorrhage were more severe in the overweight 

layers of the low BW group. These results suggested that 

the higher the weight, the higher the risk of FLHS in aged 

layers. However, it is worth noting that no difference was 

observed in the relative liver weight and the concentration 

of VLDL-C among chickens with different values of BW. 

The concentrations of TG were also similar among the 

NW and OW/Ob group hens. Also, the relative weight of 

abdominal fat was similar between LW and NW hens. In 

addition, no significant difference in the fatty liver score 

was observed between layers in adjacent BW groups. 

Based on this, it can be found that the differences between 

layers in adjacent BW groups were relatively small, and 

BW within the standard range recommended by the 

manufacturer could not be used as an indicator of FLHS in 

aged layers. Thus, these findings indicated that BW of 

laying hens should be monitored at all times during 

production, but BW cannot be used as the sole criterion to 

discriminate aged laying hens with liver steatosis. 

    TG represent the main form of storage and 

transport of fatty acids in cells and circulating system, and 

they have been suggested to have the potential for 

diagnosis of NAFLD (Safaei et al., 2016). Evidence also 

suggests that TC is a risk factor for NAFLD, and as the 

level of TC improves, the incidence of NAFLD increases 

as well (Ballestri et al., 2016; Ren et al., 2019). High 

levels of TG and TC were also reported in previous studies 

in laying hens with FLHS (Dong and Tong, 2019; Gao et 

al., 2019). To find potential serum markers for early 

prediction of FLHS, changes in the plasma concentrations 

of TG and TC were examined every 5 weeks from 27 

weeks (normal liver) to 52 weeks (FLHS was confirmed 

through dissection at the end of the experiment) of age in 

40 laying hens. Furthermore, the serum activities of AST 

and ALT were examined during this period as liver injury 

indicators. It was found that TG and TC levels, which 

were positively associated with BW, increased as chickens 

grew older. This means that TG and TC are good risk 

markers for FLHS although further confirmation is needed 

since the current study did not address the correlation of 

FLHS morphology with TG and TC levels at different 

periods. Furthermore, no difference was found in the 

activities of ALT and AST among the six time points, 

indicating that the classic liver injury indicators, AST and 

ALT, were unable to predict chicken FLHS, which was 

consistent with the conclusion drawn for NAFLD (Ekstedt 

et al., 2006). The results were also in line with a previous 

study conducted by Diaz et al. (1999) who found no clear 

correlation between plasma enzyme activities (AST, ALT, 

and lactate dehydrogenase) and the degree of liver 

hemorrhage in laying hens.    

Finally, five known lipid metabolism-related genes, 

APOB, PPARα, PPARγ, LPL, and FABP4, were selected 

for mRNA expression analysis in fatty and normal livers. 

Expression of APOB, PPARα, and PPARγ decreased in 

fatty livers, compared to the normal liver as opposed to the 

results reported by Li et al. (2015). They analyzed the liver 

transcriptome of young chickens (age 20 weeks) and 

laying hens (age 30 weeks) by sequencing, and found that 

the mRNA levels of fatty acid uptake and transport 

(PPARγ, APOB, and FABP3) increased in the liver of 

laying hens (Li et al., 2015). This difference may be due to 

the age of the birds studied. The current study examined 

the expression of lipid metabolism-related genes in the 

liver of aged chickens with FLHS, while Li et al. (2015) 

focused on younger birds at peak production. A similar 

result was reported by Song et al. (2017), in which 

obvious decreases in apolipoprotein (apo) A-I and 

apoB100 levels were observed in the hepatic tissues. The 

authors reported that expression of apoA-I decreased on 

day 60 while the apoB100 levels slightly increased on day 

30 and then decreased on day 60 in the liver of an FLHS 

model induced by a low-protein high-energy diet, and they 

speculated that this decrease was due to liver injury from 

FLHS (Song et al., 2017). APOB plays an important role 

in the hepatic export of triacylglycerols by interacting with 

TG, cholesterol, and phospholipids (Kessler et al., 2014; 

Devaraj and Jialal, 2020). The fatty acid oxidation related 

gene PPARα, together with PPARγ and PPARβ/δ, is 

involved in many aspects of lipid metabolism (Bougarne 

et al., 2018). Hepatocyte PPARα deletion impairs fatty 

acid catabolism resulting in hepatic lipid accumulation 

(Gao et al., 2015; Montagner et al., 2016). Hence, the 

downregulation of APOB and PPARα may contribute to 

the hepatic lipid accumulation in the liver of aged laying 

hens with FLHS as suggested by Lu et al. (2019). 
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The mRNA expression of FABP4 and LPL 

significantly increased in the liver of FLHS chickens. 

FABP4 is an important lipid chaperone that plays an 

important role in lipid-mediated cellular physiological 

processes and metabolism. FABP4 is mainly expressed in 

adipocytes and macrophages, and high expression of 

FABP4 is closely related to the metabolic syndrome 

caused by obesity (Kralisch and Fasshauer, 2013). 

Elevated expression of hepatic FABP4 is positively 

correlated with the severity of NAFLD (Thompson et al., 

2018). High levels of serum FABP4 are also reported in 

NAFLD patients, however, its use as a prognostic marker 

in serum is still controversial (Koh et al., 2009; Kim et al., 

2011; Coilly et al., 2019). LPL transports plasma lipids 

into tissues and plays an important role in the regulation of 

lipid metabolism and energy balance (Li et al., 2014). In 

contrast, there is almost no LPL expression in normal 

adult liver, while increased hepatic LPL mRNA expression 

is observed in obese humans, which is postulated to 

contribute to hepatic TG accumulation (Pardina et al., 

2009). Consistent with the obtained results of NAFLD, 

mRNA analysis indicated that expression of FABP4 and 

LPL was upregulated in the liver of laying hens with 

FLHS. Plasma FABP4 and LPL concentrations 

sequentially increased in chickens with increased BW 

indicating that plasma FABP4 and LPL might be risk 

markers for FLHS in laying hens. Accordingly, there was 

a positive correlation between the plasma level of the 

FABP4 and the severity of fatty liver in aged laying hens 

suggesting that FABP4 might be a potential diagnostic 

marker for FLHS.  

 

CONCLUSION 

 

In conclusion, plasma TC, TG, FABP4, and LPL are 

positively associated with BW, and risk of FLHS. 

Determination of these biomarkers in plasma samples 

from FLHS hens could provide a rapid and first-line 

diagnosis of FLHS for clinical application. 
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