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ABSTRACT Blood biochemistry and bone meta-
bolism were evaluated to investigate the etiology and
mechanism of spontaneous femoral head necrosis
(FHN) in broilers. According to the femoral head score
of the fourth, fifth, and sixth week old FHN-affected
broilers, they were divided into 3 groups, namely
Normal group, femoral head separation group, and
femoral head separation with growth plate lacerations
group, and then carried out a comparative study. The
results showed that the liver function (alanine
aminotransferase and aspartate aminotransferase) and
lipid metabolism (high-density lipoprotein and tri-
glyceride) levels of broilers with spontaneous FHN
were significant changed compared with the normal
group. At the same time, accumulation of lipid drop-
lets appeared in the liver, which illustrated that the
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occurrence of FHN may be related to lipid metabolism
disorders. Tibia and femur parameters showed signif-
icant changes in bone mineral density and bone
strength. The distribution of chondrocytes in the
articular cartilage of broilers with FHN was irregular
and vacuoles appeared, which indicated that cartilage
homeostasis was destroyed. TUNEL staining showed
that the apoptosis rate of articular chondrocytes in
broilers with FHN in 6-week-old was significantly
higher than that of normal broilers. Meanwhile, the
bone markers (bone glaprotein and bone-specific
alkaline phosphatase) changed significantly, indi-
cating that the articular chondrocyte apoptosis and
bone metabolism disorder may occur in FHN-affected
birds. Therefore, FHN in broilers may be caused by
dyslipidemia and abnormal bone metabolism.
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INTRODUCTION

Improvement of the breeding technology increases the
feed utilization rate and decreases the occurrence of dis-
eases; as a result, the growth rate of broilers has pro-
moted by 300% compared with the 1960s (Dinev et al.,
2019). However, the rapid growth not only improves
the economic benefits but also causes the certain nega-
tive metabolic disorders, and the bone growth and devel-
opment cannot meet the weight support of overgrown
broilers (Williams et al., 2004), increasing of the inci-
dence of bone diseases and welfare concerns (Cook,
2000; Julian, 2005; Sanchez-Rodriguez et al., 2019).
The leg problems in broiler are attributed to various
musculoskeletal disorders leading to lameness, infection,
pain, and discomfort (Bessei, 2006; Packialakshmi et al.,
2015b). As broilers gain weight, body posture signifi-
cantly changes the center of gravity, making the prox-
imal femur vulnerable to severe exercise (Paxton et al.,
2014). Femoral head necrosis (FHN) is one of the most
common bone diseases. It is characterized by separation
of the epiphysis and articular cartilage, necrosis of
trabecular bone, and finally subchondral fracture. Ac-
cording to the severity, it can be divided into femoral
head separation (FHS) or femoral head separation
with growth plate lacerations (Durairaj et al., 2009; Li
et al., 2015).

Femoral head necrosis is a disorder with a variety of
traumatic and nontraumatic etiologies. Traumatic fac-
tors may include physical damage to the epiphysis
caused by habitat conditions, capture, handling, and
other environmental factors (Packialakshmi et al.,
2015b), whereas nontraumatic factors may include
vascular occlusion, dyslipidemia, and chondrocyte
abnormal apoptosis (Cui et al., 1997; Seamon et al.,
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2012; Wideman and Prisby, 2012; Li et al., 2015; Zhang
et al., 2017; Yu et al., 2020). In fast growing broilers, the
body weight (BW) increased linearly from 0 to 6 wk,
whereas FHN occurs at 46 wk of age (Applegate and
Lilburn, 2002). Kerachian et al. found that prednisolone
can cause thromboembolism and affect the occurrence of
FHN through hyperlipidemia (Kerachian et al., 2009).
Excessive glucocorticoids administration induces hyper-
lipidemia and fat deposition within the femoral head
intramedullary tissue and fat embolism, and these fac-
tors may lead to FHN and its development (Yin et al.,
2006; Kitajima et al., 2007; Chen et al., 2008; Song
et al., 2017; Zhang et al., 2018). Glucocorticoids treat-
ment affects the proliferation, differentiation, endo-
plasmic reticulum stress, and apoptosis of articular
chondrocytes (Li et al., 2015; Zhang et al., 2017, 2019;
Yu et al., 2020). At present, most of the models are
used to study the FHN, however, this experiment is to
study the spontaneous FHN in broilers to determine
the etiology and the related pathways that may be
involved.
MATERIALS AND METHODS

Experimental Materials

Chicken IL-1b, IL-6, and TNF-a enzyme-linked
immunosorbent assay (ELISA) kits were procured from
ML Biotech (Shanghai, China). Chicken bone–specific
alkaline phosphatase (BALP), bone glaprotein (BGP),
type I collagen carboxy-terminal peptide (CTX), and
tartrate resistant acid phosphatas-5b (TRACP-5b)
ELISA kits were purchased from Nanjing Angle Gene
Biotechnology Co., Ltd. (Nanjing, China). Total pro-
tein, albumin, alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), alkaline phosphatase
(ALP), calcium (Ca), phosphorus (P), triglyceride
(TG), total cholesterol, high-density lipoprotein
(HDL), and low-density lipoprotein (LDL) assay kits
were purchased from Mindray Biomedical Electronics
Co., Ltd. (Shenzhen, China). TUNEL assay kit was ob-
tained from Servicebio biological technology Co., Ltd.
(Wuhan, China).
Sample Collection

The broilers (Ross 308 birds) of both sexes were from a
farm in Jiangsu Province. The experiment was conduct-
ed in full accordance with the “Guidelines for Laboratory
Animals” issued by the Ministry of Science and Technol-
ogy and approved by the Animal Protection and Utiliza-
tion Committee of Nanjing Agricultural University
(#NJAU-Poult-2019102205, approved on October 22,
2019). Birds were fed a 3-phase commercial diet ad libi-
tum: a starter ration (21.00% crude protein, 1.00% Ca,
0.52% total P, 0.45% methionine) from 0 to 21 d, a
grower ration (19.00% crude protein, 0.95% Ca, 0.47%
total P, 0.38% methionine) from 22 to 35 d and a ration
(17.00% crude protein, 0.90% Ca, 0.42% total P, 0.34%
methionine) from 36 to 42 d, the end of the experimental
period. At the fourth, fifth, and sixth week of age, the
birds with lameness were selected for serum, plasma,
and tissue samples collection. After the BW was
recorded, blood samples were collected from inferior
pterygoid vein and subjected to centrifugation at 4,000
! g for 10 min. The serum and plasma were collected
and stored at 220�C until analysis. Then, the broilers
were euthanized, and the liver was collected, and the
weight was recorded. Liver index was computed as the
ratio of liver weight to BW. Bone samples, including fe-
mur and tibia, were collected and cleaned of all adherent
tissue, and bone weight and length were measured. In
addition, bone index was calculated as the ratio of
bone weight to BW. Then, the liver and femoral head tis-
sues in broilers with FHN were collected immediately,
rinsed with saline solution, and stored in 4% paraformal-
dehyde (PFA) and220�C for ELISA analysis and histo-
logical analysis. According to FHN score standard
(Durairaj et al., 2009), the broilers were divided into 3
groups. Eight broilers each group were used for analysis.
Biochemical Analysis

The level of biochemical was measured by BS-300
automatic biochemical detector (Mindray Biomedical
Electronics Co., Ltd.). The contents of TG, total choles-
terol, HDL, and LDL in plasma were used to represent
the level of blood lipid components.
ELISA Analysis

The levels of BALP, BGP, CTX, and TRACP-5b in
serum were used to represent the bone metabolism
markers of broilers. And, the levels of IL-1b, IL-6, and
TNF-a in liver homogenate were measured to reflect
the level of inflammation.
Histopathological Analysis

The femoral head was fixed with 4% PFA, washed
overnight with flowing water, and decalcified in 10%
EDTA for 2 wk (Yu et al., 2020). The decalcified carti-
lage tissue and PFA fixed liver tissue were dehydrated
in ethanol, transparent in xylene, and embedded in
paraffin. The cartilage and liver tissues were stained
with hematoxylin and eosin for histological observation.
Bone Mineral Density Analysis

The bone mineral density (BMD) of tibia and femur
were tested by a dual energy X-ray bone densitometer
(MEDIKORS, Gyeonggi, Korea) with a fast scan, high-
energy parameters of 80 kVp/1.0 mA, and low-energy
parameters of 55 kVp/1.25 mA. The acquired image
was analyzed by analyzer 1.0 image processing system.
Bone Strength Analysis

Bone strength was measured by 3-point bending test.
The span of bone strength measurement was determined



LIPID AND BONE METABOLISM IN BROILERS WITH FEMORAL HEAD NECROSIS 3
according to the average bone length of each group. The
bone was placed on the working platform of universal
material testing machine (LR10K Plus, Lloyd Instru-
ments Ltd., England, UK). The parameters were set as
follows: preload 5 N, preload speed 15 mm/min, and
the test was stopped when the bone was fractured. The
bone strength curve was obtained by NEXYGEN Plus
software. The highest point of the curve was the bone
strength value (N).

TUNEL Staining

The cartilage tissue was sliced according to the
manual of TUNEL assay kit and observed with Upright
fluorescence microscope (NIKON ECLIPSE C1;
NIKON, Tokyo, Japan) after staining.

Statistical Analysis

SPSS Statistic 25.0 Software (SPSS Software Inc.,
Chicago, IL) was used for statistical analysis. Differences
in the samples of normal broilers and FHN broilers were
determined with one-way analysis (ANOVA, LSD). The
histogram was drawn by GraphPad Prism 7.0 (Graph-
Pad Software Inc., San Diego, CA). All values were
expressed as mean 6 SEM. All measurements were
repeated 3 times. Significant differences were defined
at 2 levels as follows: P , 0.05 (significant) and P ,
0.01 (extremely significant).
RESULTS

Clinical Realization of FHN Broilers

The clinical symptoms of FHN were collected and
recorded in this experiment. The limbs of normal broilers
were healthy (Figure 1A), whereas the broilers with
FHNwere in squatting state (Figure 1B) and later devel-
oped into unilateral hemiplegia or even bilateral
Figure 1. Clinical and anatomical manifestations of FHN broilers at 4 w
broiler. (D) Right hemiplegic broiler. (E) Bilateral paralyzed broiler. (F) No
cartilage and growth plate. (H) Complete separation of cartilage and growt
Abbreviation: FHN, femoral head necrosis.
paralysis (Figures 1C–E). Lame broilers were difficult
to get food and water, resulting in artificial elimination
or dehydration death. The collected femoral heads
were scored according to the FHN scoring standard
(Durairaj et al., 2009). As shown in Figures 1G, 1H,
the cartilage of the femoral head was separated from
the growth plate of the lower layer, but there was no
visible lesion in the growth plate, which named FHS, if
the growth plate was damaged or even the epiphysis is
broken, it is named femoral head separation with growth
plate laceration (Figures 1I, 1J).
Biochemical Examination in Broilers With
Spontaneous FHN

The levels of ALP, P, and Ca (Figures 2E–G) in
broilers with FHN were significantly lower compared
with the normal group (P , 0.05), whereas the contents
of ALT (Figure 2B) and AST (Figure 2C) were signifi-
cantly higher than that of normal broilers (P , 0.05),
indicating that liver parenchyma was damaged.
Changes of Liver Morphology and Lipid
Metabolism in Broilers With FHN

Liver tissue morphology and plasma lipid metabolism
were detected to determine whether the liver and lipid
metabolism were changed. Results as shown in
Figures 3B, 3C, the hepatic cord structure was disor-
dered and fat vacuoles appear in liver tissue of broilers
with FHN. Compared with the normal group, the level
of liver index (Figure 3D), HDL (Figure 3E), and TG
(Figure 3H) in FHN birds were significantly changed
(P , 0.05), whereas other lipid metabolism indexes did
not change significantly (P . 0.05) and showed an up-
ward trend, demonstrating that the occurrence of FHN
may be related to liver lipid metabolism disorder.
k of age. (A) Normal broiler. (B) Crouching broiler. (C) Left hemiplegic
rmal femoral head. (G) Femoral head Incomplete separation of articular
h plate. (I) Damage to the growth plate. (J) Fracture of the epiphysis.



Figure 2. Changes of biochemical level between spontaneous FHN broilers and normal broilers. (A) The level of ALB. (B) The level of ALT. (C)
The level of AST. (D) The level of TP. (E) The level of ALP. (F) The level of P. (G) The level of Ca. Date were presented as mean6 SEM (n5 3). *P,
0.05. Abbreviations: ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; FHN, femoral
head necrosis; TP, total protein.
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Changes of Bone Parameters Related to
Tibia and Femur in Broilers With FHN

Then, the bone parameters of the long bones in
broilers, namely tibia and femur, including bone length
(Figures 4A, 4E), bone index (Figures 4B, 4F), BMD
(Figures 4C, 4G), and bone strength (Figures 4D, 4H)
were measured (Zhang et al., 2019). The results showed
that the BMD and bone strength of tibia (Figures 4C,
4D) and femur (Figutres 4G, 4H) in FHN broilers were
significantly changed compared with the normal group
(P, 0.05), revealing that the bone density and strength
of long bones may be affect in FHN-affected birds.

Changes of Cartilage Morphology and Bone
Metabolism in Broilers With FHN

As the related bone parameters of long bone changed
significantly (Figure 4), the effect of articular cartilage of
femoral head on FHN was detected. The results showed



Figure 3. The changes of liver histomorphology, lipid metabolism factors, and proinflammatory factors. H&E staining of liver in broilers with
normal (A), FHS (B), and FHSL (C) at 6 wk of age. (D) Organ index of liver. (E) The content of HDL. (F) The content of LDL. (G) The content
of TC. (H) The content of TG. Levels of IL-1b (I), IL-6 (J), and TNF-a (K) in liver of 6-week-old broilers. Date were presented as mean 6 SEM
(n 5 3). *P , 0.05. Scale bar: 50 mm. The area where the arrow points is fat vacuoles. Abbreviations: FHS, femoral head separation; FHSL, femoral
head separation with growth plate laceration; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TC, total cholesterol; TG, triglyceride.
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Figure 4. Changes of bone parameters related to tibia and femur in broilers with FHN. (A) Bone length of tibia. (B) Bone index of tibia. (C) BMDof
tibia. (D) Bone strength of tibia. (E) Bone length of femur. (F) Bone index of femur. (G) BMD of femur. (H) Bone strength of femur. Date were pre-
sented as mean 6 SEM (n 5 3). *P , 0.05. Abbreviations: BMD, bone mineral density; FHN, femoral head necrosis.
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that the articular chondrocytes of FHN broilers were irreg-
ularly distributed and vacuoles increased (Figures 5B,
5C), illustrating that cartilage homeostasis was damaged.
At the same time, the results of TUNEL staining dis-
played that the apoptotic rate of articular chondrocytes
in 6-week-old broilers with FHN (Figure 6) was signifi-
cantly increased (P , 0.01), and the bone metabolism-
related targets of BGP (Figure 5F) and BALP
(Figure 5G) were significantly decreased. It was suggested
that apoptosis of articular chondrocytes and bone meta-
bolism disorder may lead to FHN in broilers.
DISCUSSION

Many studies have shown that FHN is one of the main
factors of lameness in broilers (Kincaid, 1993; McNamee
et al., 1998; Dinev et al., 2019). However, most of the
current research on FHN focuses on glucocorticoid
modeling (Zhang et al., 2017, 2019; Yu et al., 2020),
and few studies have been conducted on naturally occur-
ring broilers to explore the causes and possible involve-
ment of FHN-related mechanisms. In this experiment,
the relevant quotas of 46 wk-old-broilers were detected
to determine the body changes of broilers with sponta-
neous FHN. First, the overall level of body was judged
by detecting the routine biochemical indexes of serum.
The levels of ALT (Figure 2B) and AST (Figure 2C)
in FHN group were significantly higher than those in
normal group (P , 0.05), illustrating that liver paren-
chyma was damaged in FHN group. Therefore, the in-
flammatory factors in the liver were detected. The IL-
1b is a typical inflammatory factor, which can promote



Figure 5. Detection of H&E staining and bonemetabolism in the articular chondrocytes of femoral head. H&E staining of articular chondrocytes of
broiler chickens with normal (A), FHS (B), and FHSL (C) at 6 wk of age. (D) Content of CTX. (E) Content of TRACP-5b. (F) Content of BGP. (G)
Content of BALP. Date were presented as mean6 SEM (n5 3). *P, 0.05, **P, 0.01. Scale bar: 100 mm. The area where the arrow points was empty
lacunae. Abbreviations: BALP, bone–specific alkaline phosphatase; BGP, bone glaprotein; CTX, type I collagen carboxy-terminal peptide; FHS,
femoral head separation; FHSL, femoral head separation with growth plate laceration; TRACP-5b, tartrate resistant acid phosphatas-5b.
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inflammatory reaction. High expression of IL-1b can
induce inflammatory mechanism, which can reflect the
degree of cell injury and inflammation (Libby, 2017;
Szekely and Arbel, 2018; He et al., 2019). The IL-6 and
TNF-a are commonly used clinical markers of inflamma-
tion (Liu and Meng, 2018; Lu et al., 2019; Wang et al.,
2020). Wang et al. have reported that IL-6 can be used
as an early inflammatory factor to promote the secretion
of other inflammatory factors and to amplify the inflam-
matory response (Wang et al., 2015). In this experiment,
the level of IL-6 (Figure 3J) in broilers with FHN was
significantly higher than that in the normal group (P
, 0.05), which showed that the birds had an inflamma-
tory reaction.

The relationship between lipid metabolism and leg
diseases has been reported by many studies
(Packialakshmi et al., 2015a, 2016; Wang et al., 2018).
Guo et al. considered that leg diseases are associated
with impaired growth, bone mass, bone structure and
lipid metabolism (Guo et al., 2019). Packialakshmi



Figure 6. TUNEL staining and positive rate of apoptotic chondrocytes in femoral head of 6-week-old broilers. Date were presented as mean6 SEM
(n 5 3). **P , 0.01. Scale bar: 100 mm. Abbreviations: FHS, femoral head separation; FHSL, femoral head separation with growth plate laceration.

LIU ET AL.8
et al. reported that the changes of body weight and blood
lipid could be used as noninvasive biomarkers of FHN
(Packialakshmi et al., 2015a, 2016). In this experiment,
it showed that the content of HDL (Figure 3E) was
significantly decreased (P , 0.05), the level of TG
(Figure 3H) was significantly increased (P , 0.05),
and the accumulation of lipid droplets in liver tissue
became larger, which prompted that lipid metabolism
in FHN broilers was in disorder, which was consistent
with previous studies.

The serological markers of bone metabolism mainly
consist of bone formation and resorption markers. The
BGP and BALP are typical markers of bone formation.
The BGP is involved in the regulation of bone resorp-
tion, but more importantly, it is involved in the mineral-
ization process of the matrix and the differentiation of
osteoblasts and related to bone turnover (Chopin
et al., 2012; Niimi et al., 2014). The BALP participate
in the process of bone formation and is stable in serum.
It is considered as one of the most accurate markers of
bone formation (Galliera et al., 2012; Sarvari et al.,
2015). The concentration of BALP usually reflects the
rate of bone formation in bone tissue (Sarvari et al.,
2015). The BALP has been used in many studies to
assess the extent of bone growth and bone metastasis
(Schindler et al., 2008; Heidenreich et al., 2019). In this
study, the level of BGP (Figure 5F) and BALP
(Figure 5G) in broilers with FHN were significantly
decreased than that of normal broilers, demonstrating
that the bone resorption level of FHN broilers has
changed. The TRACP-5b, mainly derived from osteo-
clasts, is a specific and highly sensitive bone resorption
index (Halleen, 2003; Morisawa et al., 2017; Wu et al.,
2017). The level of CTX reflects the bone resorption ac-
tivity of osteoclasts and is an important bone meta-
bolism index to reflect bone resorption (Jung et al.,
2004; Zhao et al., 2011). Although TRACP-5b and
CTX (Figures 5D, 5E) did not change significantly,
they still showed an upward trend compared with
normal broilers, and the level of P (Figure 2F) and Ca
(Figure 2G) in broilers with FHN were significantly
decreased than those in normal broilers (P , 0.05),
which demonstrated that the bone formation level of
FHN broilers was lower than bone resorption level,
which led to the decrease of BMD. Relevant studies
have reported that the imbalance of intrachondral ho-
meostasis may play an important role in the occurrence
and development of FHN in broilers (Zhang et al., 2017,
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2019; Yu et al., 2020). In recent years, studies have
shown that chondrocyte apoptosis is closely related to
FHN and osteoarthritis (Matsuo et al., 2001; Calder
et al., 2004; Hembree et al., 2007; Tak�acs-Buia et al.,
2008; Youm et al., 2010; Chen et al., 2014; Fan et al.,
2014; Mutijima et al., 2014). The results (Figures 5, 6)
obtained in this experiment are consistent with the pre-
vious results (Zhang et al., 2019; Yu et al., 2020); that is,
the irregular distribution of articular chondrocytes in
broilers with FHN and the appearance of vacuoles
revealed that the steady state of cartilage was destroyed,
and the level of apoptosis was significantly increased
(P , 0.01).
In conclusion, inflammation, liver parenchyma dam-

age, lipid metabolism disorder and bone metabolism dis-
order, and chondrocyte apoptosis occurred in
spontaneous FHN broilers. The FHN may be related to
the disorder of lipid metabolism and apoptosis of artic-
ular chondrocytes.
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