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Simple Summary: This study evaluated the ameliorating effect of anacardic acid (AA) in tibial
dyschondroplasia (TD) chickens. Our results showed that AA can increase the feed conversion
ratio, improve the weight, length and width of the tibia. AA administration restored the antioxidant
parameters significantly (p < 0.05). The gene expression analysis revealed a decrease in wingless-type
member 4 (Wnt4) expressions in TD chickens as compared to the control group, while AA treatment
up-regulated the Wnt4 expression. The present study demonstrates that the AA plays an important
role to prevent the lameness and restore the size of the tibial growth plate of chickens by regulating
the expression of Wnt4.

Abstract: Tibial dyschondroplasia (TD) is a tibia bone problem in broilers. Anacardic acid (AA) is
a traditional Chinese medicine, which is commonly used to treat arthritis in human. The purpose
of the present study is to investigate the effect of AA against TD. A total of 300 day-old poultry
birds were equally divided and distributed into three different groups: Control, TD and AA groups.
The results showed that the feed conversion ratio was significantly lower in the TD group than
control chickens. The tibia bone parameters including weight, length and width were of low quality
in TD chickens, while the width of the tibial growth plate was enlarged remarkably. Whereas, in the
AA treatment group, the tibia bone parameters showed improvement and tend to return to normal.
The antioxidant parameters level of glutathione peroxidase (GSH-Px), superoxide dismutase (SOD),
total and antioxidant capacity (T-AOC) was significantly decreased, while malondialdehyde (MDA)
level was increased significantly in TD affected chickens. AA administration restored the antioxidant
parameters significantly. The gene expression revealed a decrease in Wnt4 expression in TD chickens
as compared to control chickens, while AA treatment up-regulated the Wnt4 expression. The present
study demonstrates that the AA plays an important role to prevent the lameness and restore the size
of tibial growth plate of chickens by regulating the expression of Wnt4.
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1. Introduction

Tibial dyschondroplasia is a major poultry leg problem in rapidly growing birds, especially
chickens around the world, in which growth plate (GP) cartilage presents excessive amount in
metaphyseal of tibia [1–3]. This dull white GP is characterized by reduced endochondral ossification,
tibial metaphyseal cartilage cell proliferation, a vascular and non-mineralized cartilage wedge, which
ultimately leads to overt locomotion problems [4,5]. In 1978, this disease was first described in turkeys
and a recent statistical study revealed that almost 30% of bone disease was Tibial dyschondroplasia (TD)
in chickens and turkeys with high morbidity, mortality and the condemnation at the processing plant,
which is responsible for huge economic losses to the poultry industry [4,5]. Moreover, lameness which
is commonly related to TD is also a serious animal welfare issue in broiler chickens. Many studies
have been reported that it is caused by a disturbance in vascular development, osteoblast formation
and genes related to bone vascularization and mineralization [3,6].

Wingless-type member 4 (Wnt4), helps in cell proliferation, and differentiation in humans and
other species [7]. Wnt4 is a secreted protein from osteoblasts and has a significant effect to inhibit bone
resorption [8]. Traditional Chinese herbal medicines have been proven to be effective for the treatment
of various diseases and conditions in both humans and animals. History goes back to thousands of
years of practice with safe and wide sources. Along with other benefits, the mandatory action makes
such drugs as a first choice in drug screening [9].

Anacardic acid (AA) is a Chinese traditional medicine, which is purified from the bark of
Amphiptery giumadstringens. Recent research showed that AA could inhibit the proliferation of different
kinds of tumor cells (lung, liver and prostate cancer). It is also capable of inducing apoptosis [10].
Moreover, some researchers found that sumac acid has played a good role against bone arthritis in
mice through the regulation of matrix metalloproteinases (MMPs) expression for the treatment of
osteoarthritis. Wnt4 is an important secreted protein; secreted more from osteoblasts confirmed a
protective effect against chronic inflammation and bone loss. Considering the characteristics of AA,
we hypothesized that AA could better treat TD via improving Wnt4 expression. Therefore, the main
objective of this study is to check the therapeutic effect of AA on TD affected chickens and to explore
its molecular mechanisms.

2. Materials and Methods

2.1. Ethical Approval

All animal experiments were carried out according to the guidelines of the Animal Care, Health
and Supervisory Committee of Huazhong Agricultural University, China (approval no. 31273519).

2.2. Chickens Husbandry

Three hundred day-old Arbor Acres chickens (weighing 49 ± 7 g) were brought from a market
and raised under standard temperature and humidity conditions. All the chickens were fed standard
ad libitumdiet according to the guideline of the National Research Council (1994). After 3 days, the
chicks were randomly distributed between the control group (n = 100) with a standard diet, and thiram
group (n = 200). Thiram group was offered a standard diet with the addition of thiram (50 mg/kg
ofdiet). On day 7, one hundred birds from thiram group were separated and named as AA group,
which was fed on standard feed along with AA @5 mg/kg/day until the end of the experiment.
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2.3. Morphological, Production Parameters Analysis and Sample Collection

All the groups were reared for 18 days, while data regarding the number of lame birds in
each group was recorded on daily basis. Twenty chickens from each group were randomly selected
and slaughtered on days 7, 10, 14 and 18. After euthanizing, the tibia bones were measured for
morphological examination including weight, length, and width of tibial bone and size of tibial GP by
an electronic balance and Digital Calipers respectively. The TD score was calculated in all the groups
according to Pines et al. [11]. From each group, liver, blood and tibia bones collected and immediately
stored at −70 ◦C for further analysis.

2.4. Hematoxylin and Eosin (H and E) Staining

The tibia bone samples were decalcified in Ethylene diaminetetraacetic acid (EDTA) fluid (10%),
dehydrated alcohol solutions, cleaned in xylene and fixed in paraffin wax. The sections were sliced
to prepare the slides. In the end, histological sections were stained with H and E to observe the
pathological changes under the light microscope according to a previous study [12]. The Image-Pro®

Plus 6.0 (Media Cybernetics, Georgia, USA) was used to analyze the blood vessel area.

2.5. Measurement of SOD, MDA Contents, GSH-Px, and T-AOC Activity

The analysis of superoxide dismutase (SOD), malondialdehyde (MDA) contents,
glutathioneperoxidase (GSH-Px), and total antioxidant capacity (T-AOC) was performed using the
commercial assay kit (Nanjing Institute of Biological Engineering Inc. Jiangsu, China) as mentioned
in a previous study [13]. Briefly, the liver samples in each group were rinsed, measured and then
homogenized for 10 min. After that, centrifugation was performed @ 3000 rpm for 10 min at 4 ◦C.

2.6. Reverse Transcription Quantitative-Polymerase Chain Reaction (RT-qPCR)

Total RNA of primary tibial growth plates was extracted using the TRIzol (Google biological,
Wuhan, China), and then converted into cDNA by using a cDNA kit (Tian Gen, China) as per
manufacturer’s recommendations.

The primers for the Wnt4 gene were designed with Primer Premier Software (version 5.0, Premier,
Canada) as F, AGCTCTTAGACTGGCTTGTGT; R, TGCTCGGGTCAGTCAAACTC. The RT-qPCR
was run in quadruplex by using the specific primers and with cycling protocol of Shahzad et al. [6].
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as a control and housekeeping gene.

2.7. Western Blot Analysis

The growth plate of individual tissues was homogenized and kept at 4 ◦C for 2 h and then
centrifuged. After that, concentrations of the total proteins were determined according to our previous
study Zhang et al. [14].

2.8. Statistical Analysis

The differences and means among various groups were compared through Analysis of variance
(NOVA) and student t-test to compare by using SPSS 19.0 software (SPSS Version 17.0. Chicago, IL,
USA). The data are presented as means ± S.E.M (standard error of means).

3. Results

3.1. Effects of AA on Lameness, Growth-Plate and Morphology

The visual examination of chickens showed depression, weakness, lameness, feeding difficulties
and poor body condition in TD chickens. While, after AA medicine treatment, the chickens started to
walk properly with no lameness. The size of the tibial growth plate (GP) was markedly increased in
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the thiram group compared with the control group. The AA medicine administration significantly
reduced the size of GP compared with the TD group (Figure 1).
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Figure 1. The effects of AA on TD dependent lameness and tibia bone. AC= articular cartilage, BV
= blood vessel, TDL = tibial dyschondroplasia lesion, GP = growth plate. AA = Anacardic acid,
TD = tibial dyschondroplasia.

3.2. TD Score

The results showed that thiram can induce TD; almost 90% of chickens were found lame after
day 4 of thiram administration. In the control group, tibia had almost normal phenotype and less
average TD score. However, AA group showed that chicken restored the TD pathogenesis after the
administration of AA and more than 30% of chickens were found healthy and more than 60% of
chickens showed less TD (score 1) on day 18 (Figure 2).
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Figure 2. Effect of thiram and AA on TD scores in chickens. TD severity score on day 7, 10, 14 and 18.
Compared with the TD group, the AA gave significant decreased in TD, especially on day 14 and 18.
AA = Anacardic acid, TD = tibial dyschondroplasia.

3.3. Tibial Parameters Evaluation

The tibial parameters like tibial length, width, weight and width of GP in chickens were recorded
among all the groups on days 7, 10, 14 and 18. An overall performance parameters analysis of tibia
bone showed that there was a positive trend among length of tibia, width and weight of tibia from
day 7 to day 18, but the difference was not significant. Meanwhile, the width of GP was significantly
enlarged (p < 0.05) in the TD group than the control group. However, with the administration of AA,
GP width was decreased significantly in the AA group compared with the TD group (Figure 3).
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3.4. Histological Examination of Tibial Growth Plate

Tibial growth plates were evaluated with hematoxylin and eosin (H and E) and there was
a prominent difference between TD and control group. The columns were well-conserved and
surrounded with a large number of blood vessels in the hypertrophic and proliferative zone of
GP in the control group. In TD affected birds, the histological examination showed that the GP
revealed necrosis and few blood vessels with immature cartilage cells and cells were arranged tightly.
Whereas administration of AA medicine resulted in new blood vessels formation, the width of the
hypertrophic region reversed and angiogenesis was observed significantly (Figure 4A). The blood
vision analysis indicated that there was a significant difference between TD and AA group during the
entire study period on various days (Figure 4B).Animals 2019, 9, x 6 of 10 
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Figure 4. The H and E analysis of normal GP indicates regular columns and cells surrounded by many
blood vessels. (A) H and E analysis. (B) Trabecular bone volume assay of different groups. Growth
plates in the TD group were less vascularized and AA restored angiogenesis. * p < 0.05; ** p < 0.01.
AA = Anacardic acid, TD = tibial dyschondroplasia.
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3.5. Liver Antioxidant Levels

Our results indicated that compared to the control group, the level of SOD, T-AOC and GSH-Px
were significantly less (p < 0.05) in the TD group. Whereas, the level of MDA was enhanced in the TD
group as compared to control group chickens. However, the AA treatment reversed these variations,
the SOD, T-AOC and GSH-Px level was increased and MDA level was decreased significantly (p < 0.05)
as shown in Figure 5.
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3.6. Effects of AA on Expression of Wnt4 Gene in Growth Plate

RT-qPCR and western blot were employed to investigate the expressions of Wnt4 mRNA levels in
the growth plate. The overall expression levels of Wnt4 were decreased significantly in TD affected
chickens as compared to the control group. While the mRNA level of that gene was increased on day
10, 14 and 18 after the administration of AA (Figure 6). Furthermore, the western blot analysis results
were also parallel to gene expression results (Figure 7).
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4. Discussion

Tibial dyschondroplasia is mainly atibiotarsal bone abnormality, which is common in fast-growing
birds especially in chicken and turkey worldwide [15]. It is characterized by endochondral
ossification, a mass of avascular opaque white cartilage wedge in metaphysical part of tibiotarsus
and tarsometatarsus bones [16,17]. The mechanism being responsible for the development and the
treatment of these lesions is still unclear [5]. We checked the pathological changes in the tibial growth
plate by histological assessments. According to our results, GP has a circular arc of cartilage with
uniform thickness and smooth edges in normal broilers; while the growth plate cartilage showed
non-vascular, non-mineralized white cartilaginous mass in TD affected chickens. This makes it very
easy for visual examination. This cartilaginous mass ultimately results in movement problem and
obstacles in standing.

Wnts are important for the mesenchymal precursor cells [18,19]. Adipogenesis disturbs the normal
process of osteogenesis [20]. Wnt4 helps in cell proliferation, and differentiation in human and other
species [7], it protects the bone from resorption and stops the osteoclast formation [21,22]. Wnt4 was
also reported to associate with femoral neck BMD and lumbar spine in previous studies [23,24].
The present study also investigates causality between common and rare genetic variations inWnt4 in
TD affected chickens. In our study, we found that the Wnt4 level was decreased significantly in TD
chickens as compared to the controlgroup on day 7 to day 14. However, the gene expression levels
were restored by AA on day 18 compared with TD chickens. Our results indicated that AA has a
protective effect over bone loss and bone resorption.

Thiram is widely used in pesticide practices in agriculture region, but it is also used to induce TD [14,
23]. Some reports showed that it interacts with GP and disturb the metabolism and the development of
chondrocytes to cause TD [25–27]. On the other hand, it is reported that thiram has noxious effects on
liver [4,28–30], which release MDA as an end product during lipid peroxidation and ultimately result in
oxidative imbalance [31,32]. Li et al. [33] reported that thiram destroyed the oxidative balance through
decreasing SOD and GSH-Px and induced oxidative processes in chicken liver such as lipid peroxidation.
Altogether, higher MDA concentrations affected the liver function and caused TD in broilers. In this
study, the level of SOD, T-AOC and GSH-Px were significantly less (p < 0.05) in the TD group compared
to the control group. Whereas, the level of MDA was increased in TD chickens as compared to normal
chickens. On the other hand, with the use of AA, the level of antioxidants parameter was significantly
increased, while oxidative stress was decreased significantly (p < 0.05).
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5. Conclusions

The present study demonstrates that AA plays an important role in preventing the lameness and
restoring the size of tibial growth plate of chickens by regulating the expression of Wnt4.
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