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Simple Summary: Bovine laminitis is the leading cause of lameness, which results in significant financial losses 
and animal health concern in the global dairy sector. Indeed, its pathogenesis remains unexplored. Apoptosis 
may play a significant role in the pathogenesis of laminitis in dairy cows. In this research, the apoptosis status 
in the dairy cows laminar tissue with oligofructose (OF)-induced laminitis was investigated at gene and protein 
level. Up-regulated gene expression levels of Bax, and P53 were discovered in the OF group’s laminar tissue of 
dairy cows. Nonetheless, gene expression levels of Bcl2 were down-regulated. The protein expression level of 
Bax, Bif1, caspase3, caspase8, and caspase9/9p was up-regulated. In addition, the down-regulated protein 
expression level of Bcl2 were seen in the laminar tissue of OF dairy cows. The obtained findings confirmed that 
unregulated genes and proteins status of apoptosis-associated indicators may be the stem cause for the 
epidermal detachment which proved that apoptosis was evoked in the laminar tissue of laminitis dairy cow’s 
claw. 

Abstract: The objective of this research was to examine apoptosis status in the laminar tissue of dairy cows 
with OF-induced laminitis. A total of 12 clinically healthy non-pregnant Holstein cows were randomly 
allocated into 2 groups of 6 cows each: the control group and the oligofructose treated group (OF group), 
respectively. At 0 h, 17 g/kg BW of oligofructose dissolved in 20 mL/kg BW of warm deionized water were 
administered to the dairy cows of OF group via a stomach tube, and dairy cows in control group were received 
with the said volume of deionized water by the same method. At -72 h before and 0 h, 6 h, 12 h, 18 h, 24 h, 36 
h, 48 h, 60 h, and 72 h after OF overload, clinical examination in both groups were performed. After 72 h, 
laminar tissues of dairy cows in both groups were taken to determine genes and proteins. We observed that 
the gene expression of Bax (P<0.01), and P53 (P<0.05) significantly up-regulated, whereas that of Bcl2 
significantly down-regulated (P<0.01) in the afflicted cows compared to the control cows. The protein 
expression of Bax (P<0.01), Bif1 (P<0.01), caspase3 (P<0.01), caspase8 (P<0.05), and caspase9/9p (P<0.05) 
significantly up-regulated, while that of Bcl2 significantly downregulated (P<0.01) in the afflicted cows 
compared to the control cows. Moreover, the distribution of Bax (P<0.01) and P53 (P<0.01) proteins in laminar 
tissue significantly up-regulated (P<0.01) in the sick cows compared with the control cows. These results 
suggested that unregulated genes and proteins status of apoptosis-associated indicators may be a typical cause 
for epidermal attachment failure which serves a key role in the pathogenesis of dairy cow laminitis. 
Nevertheless, further large-scale gene and protein-level studies are required to fully explain the pathogenesis 
of laminitis in dairy cows. 
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1. Introduction 

Bovine laminitis causing large economic losses and major animal-health concern in the global 
dairy sector [1]. This disease was first characterized as a diffuse process involving aseptic 
inflammation of the dermal lamellae of the claw [2]. Subsequently, researchers offered a broader 
definition for bovine laminitis as a system disorder with localized signs in the claw [3]. This disease 
may result in different laminitis related claw horn disruption (CHDs) including sole ulcer, sole 
hemorrhage and white line disease [4]. The overall prevalence of these lesions is highly linked to 
breeding, management, and environmental factors [5]. In clinical contexts, bovine laminitis is 
primarily ranked to secondary to many inflammatory disorders, including ruminal acidosis, metritis, 
and gram-negative pleuropneumonia [3]. Experimental models of dairy cow laminitis have been 
developed by simulating these clinical scenarios. The OF-induced model is more legitimate and 
widely used than the some other types of inducement models [6,7]. This model has similar clinical 
manifestations and characteristic histopathological changes with acute laminitis cases [8,9]. A latest 
research group confirmed that excessive oligofructose (a type of non-structural carbohydrate) have 
been shown to cause serious clinical issue including acute laminitis and respiratory adaptations for 
acute metabolic acidosis [10]. In the past, the OF-induced model was employed more commonly in 
equine laminitis research than in cow laminitis [11,12]. Thus, this investigation based on the 
successful induction of laminitis in dairy cows with oligofructose, for the first time to examine the 
apoptosis response at gene and protein level in the lamellae of dairy cow’s claw. 

The investigators have come across the evidence showing that bovine laminitis affects the 
structural integrity of the lamellae. These tissues are relevant to provide appropriate orientation of 
the third phalanx (P3) and transmit primarily mechanical load to the hoof as they connect P3 to the 
hoof capsule [13]. In the lamellae structure, epidermal lamellae and dermal lamellae are 
interconnected, separated by a contact interface known as the basement membrane (BM) [14]. 
Disruption of epidermal and dermal lamellae allows P3 to sink and rotate inside the capsule, causing 
severe lameness and pain [15]. The BM, as a boundary between two distinct layers, is a primary part 
of the extracellular matrix (ECM). BM destruction and separation are the two main histological 
changes that are believed to cause epidermal separation in bovine laminitis [16,17]. Nevertheless, the 
underlying biological pathway is still unknown.    

Apoptosis is the most composite and necessary biological progression that, during animal 
development, cellular homeostasis and illness, destroys and removes aggravated cells by bacterial 
inhibition [18]. Apoptosis has been suggested to play a role in causing acute laminitis. Researchers 
proposed that when an animal is exposed to carbohydrate and black walnut overload, apoptosis of 
cells takes place that bind to the lamellar layers of the hoof and cause sepsis-related laminitis [19]. 
According to the toxic and metabolic models of laminitis, a rise in apoptotic basal lamina may be 
caused by the fact that bacterial infections can cause apoptosis in a variety of cell types [20]. In vivo 
studies have shown that thermolysin and streptococcal oncogenic exotoxin B aggravate the 
detachment of horse lamellar sprouts [21]. The vascular theory for laminitis proposes that any 
ischemia event may increase the proportion of apoptotic basal layer cells in the lamellae of laminitic 
horses as compared to non-laminitic horses [20]. Apoptosis has been reported to trigger cell death 
following ischemia-reperfusion injuries in humans [22], rats [23], rabbits [24] heart muscle tissue, and 
rat liver [25]. In these species, it was noticed that apoptosis occurs during the reperfusion period. In 
this period, oxygen free radicals are formed that can cause apoptosis in different cells [25]. Recently, 
it was reported that the death of basal layer cells takes place after 34 to 72 hours of a laminitis-
inducing dose of carbohydrates [26]. Moreover, Mungall and Pollitt (2002) revealed that MMP 
activity can also be initiated by ischemia-reperfusion events [27]. Thus, the existence and activation 
of MMPs in the lamellar tissue of laminitic dairy cows  may occur as a consequence of an ischemia 
event and start an apoptotic cascade [28]. Even though hundreds of articles have been published on 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 October 2024 doi:10.20944/preprints202410.2378.v1

https://doi.org/10.20944/preprints202410.2378.v1


 3 

 

the role of apoptosis in both biological and pathological processes in different species, there is a 
scarcity of data on apoptosis in dairy cow hooves.     

To the best of our understanding, no studies on the apoptotic status in the laminar tissue of OF-
induced bovine laminitis have been completed. Thus, the present study focused largely on 
determining the apoptotic status of laminar tissue in OF dairy cows at the gene and protein levels, as 
well as the identification of potential treatment avenues for this sickness. We speculated that oral 
oligofructose challenge induces apoptosis in the laminar tissue of laminitis dairy cow. 

2. Materials and Methods 

2.1. Experimental Animals  

In this experiment, 12 healthy non-pregnant Chinese Holstein cows, which have normal 
locomotion [29], lacking a history of claw horn lesions were utilized. Cows body weight ranged from 
335-403 kg (379.71±19.87 kg), age ranged from 18-26 months (20.67±3.01 mo) and BCS [30] ranged 
from 2.7-3.3 (3.00±0.23). All the cows used in this experiment bought from the Qingxi dairy farm in 
Xiangfang District Harbin, P.R. China. The experimental cows were housed in the University animal 
hospital shed with a rubber floor thirty days before experimental trial. The cows were provided with 
adequate supply of clean drinking water and mixed forages ad libitum. The experimental cows were 
monitored for their hoof temperature, body temperature, and blood pressure, and walk for 5 min, 
daily to evaluate their health. At the end of the acclimation period, there was no discomfort in the 
experimental animals earlier the experiment was started. 

2.2. Experimental Design and Treatment 

Twelve dairy cows were assigned into two groups, comprising OF-treated group (n = 6) and 
Control group (n = 6). 17g/kg BW of oligofructose (Bailong Biotech, Inc., Dezhou, Shandong, China) 
dissolved in 20 mL/kg BW of deionized water was given to the OF-treated group, while the control 
group accepted 20 mL/kg BW of deionized water at 0 h via a stomach tube (length 2.2 m, diameter 25 
mm) following the method represented by [6,7]. Oligofructose (5%) was given orally once daily for 
three days. Shortly before overloading the advanced oral dose of OF, cow were trained for the clinical 
examination.  

Limping examination was evaluated at -72, 0, 6, 12, 18, 24, 36, 48, 60, and 72 h. During this period, 
cows were directed to walk and trot by hand in a straight line, and then to turn in a small circle on 
the same ground of Animal Hospital, Northeast Agricultural University Harbin, China. Each cow's 
limp scores were examined by five licensed veterinarians adopting the approach reported by [29]. 
Once all licensed vets examined a score of ≥2, then cow was recommended lame. At every 6 h, all 
cows were allowed for the clinical examination including respiratory rate, heart frequency range, the 
rectal temperature, eating routine, and feces consistency, hoof coronary band, weight shift, diastolic 
blood pressure (electronic sphygmomanometer), hoof temperature, and rumen movements, hoof 
discomfort, rumen pH (pH meter; Benchtop; Mettler Toledo Inc., Switzerland). After 72 h of OF-
overloading, a dose of 20 mg/kg of pentobarbital sodium and phenytoin sodium (Fatal-plus; 20 mg/kg 
IV) were overdosed to each cow by intravenous injection to be euthanized [6,7]. Considering cow 
welfare ethics, supportive therapy, including Ringer lactate (15 mL/kg of BW; Heping Animal 
Medicine Co., Ltd. Harbin, China) at 18 and 24 h and calcium borate (14 mg of Ga/mL; 1.4 mL/kg of 
BW; Heping Animal Medicine Co., Ltd. Harbin, China) at 18 h were presented following OF overload.  

2.3. Laminar Tissue Sampling 

After 72 h of OF overload, when the clinical signs of the cows in the OF group mimicked acute 
laminitis in dairy cows [6,7], the cows in the control and OF groups were slaughtered and hoof 
laminar tissue biopsies were obtained. Following the procedure outlined by [8], the deceased animals' 
left hind claws were detached in 5-10 min, put in an iced pack, and instantly taken to the laboratory. 
Laminar tissue was exposed by cutting the hoof wall, and hoof capsule was isolated. Then, a laminar 
tissue was separated into small tissue sections (1-2 mm2). It was then instantly refrigerated in a liquid 
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nitrogen and transported to storage at -80˚C. The rest hoof tissue was placed in a 10% formalin-
phosphate buffer and fixed overnight (room temperature). The entire work was performed in ice. 
Proper gloves and sterile mask were utilized to prevent the tissue exposure. Remarkably, the tissue 
of the laminar wall is present inside hoof capsule and is tightly bound to it. The lamella wall 
specifically covers the entire axial, abaxial, and dorsal side of the claw, reaching 3–7 cm from the 
coronet to the sole corium. The unconnected lamella wall derived 2cm beneath the coronet includes 
the axial and abaxial aspects of the laminar wall tissue. Laminar wall tissue dimension commonly 
measures (6 x 3 cm) in length and width .  

2.4. RNA Isolation and cDNA Synthesis 

The total RNA was extracted from laminar tissue of 12 cows using the RNA Miniprep-Kit 
(Invitrogen, Carlsbad, USA) following the manufacturer's instructions. The tissue samples (100 mg) 
were homogenized with 1 mL of TRIzol reagent (Invitrogen, Carlsbad, USA). Then, it was subjected 
to a non-DNAse/RNAse centrifuge tube, and the total RNA without DNA, protein and isopropanol 
precipitates was taken out with chloroform and washed with 75% ethanol. The quality and quantity 
of the isolated total RNA were determined utilizing an ultranucleic acid protein testing kit. (NO-
ONE, Gene Company, USA). Quality of each RNA samples was assessed by 1% agarose gel 
electrophoresis (Bio-Rad Laboratories, Hercules, CA, USA). Then the extracted RNA samples were 
reduced to 1ug/uL by measuring optical density. 1ug of total RNA was extracted from each sample 
using the manufacturer's protocols for Prime-Script™ RT Kit (Takara, Dalian, Liaoning, China). 
Reverse transcription was done to get Complementary DNA (cDNA). For Realtime RT-qPCR 
analysis, the cDNA thus acquired was diluted 1:3 with DEPC water and preserved in -20˚C until 
further utilized. DEPC water was prepared from dH2O with DEPC and then autoclaved to take out 
DEPC. 

2.5. Quantitative Real-Time Polymerase Chain Reaction (RT-qPCR) 

In the present work, the primers used for identifying the genes which includes glyceraldehyde-
3-phosphate dehydrogenase (GAPDH), Bcl2, Bax, and P53, were designed from the Shanghai Sheng 
Gong Biotechnology, Co., Ltd. (BBI Life Sciences, Shanghai, China) (Table 1). The efficiency of all 
primer sequences were determined by the Blast Computer Program from the (NCBI) National Center 
for Biotechnology Information database (Bethesda, Maryland, USA). 

Table 1. Primer sequences. 

Genes RefSeq accession No. Primer sequences (5`-3`) 

Bcl2 NM_001166486.1 
Forward: AGGGGTCATGTGTGTGGAGAGC 

Reverse: GTGTGCAGGTGCCGGTTCAG 

Bax NM_173894.1 
Forward:  CGGCCTCCTCTCCTACTTTGGG 

Reverse:  TGGTGAGCGAGGCGGTGAG 

P53 NM_174201.2 
Forward: AGACCGCCGCACTGAGGAAG 

Reverse: TGTGGAGAGGAGCTGGTGTTGG 

GAPDH DQ402990 
Forward: GGGTCATAAGTCCCTCCACGA 

Reverse: GGTCATAAGTCCCTCCACGA 

RT-qPCR was performed utilizing the Green chimeric florescence detection method of SYBR 
Premix Ex Taq TM ‖ Kit (Takara, Dalian, Liaoning, China) through with the Light Cycler 480 RT-PCR 
system (Roche, Germany). The PCR reaction mixture (20 μL final volume) comprises of 2 μL cDNA 
template and 18 μL of principal blend for the PCR.  Then, PCR master mix composed of 6.4 uL DEPC 
water, 10 uL SYBR green florescence dye , and 1.6 uL miscellaneous primer solution (10 uM for each 
forward and reverse primer). The ultimate primer dosage volume consisted of 0.4 uM/uL. PCR 
conditions are as follows: pre-denaturation, 1 cycle, 95°C, 1 min; quantitative valuation, 40 cycles of 
95°C 5s and 60°C 1 min; melting curve analysis, 95°C 5s, 60°C 1min, 95°C 1 cycle; cooling, 1 cycle at 
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50°C for 30s. The Ct values for the different genes were calculated by Light Cycler 480 software 2.0 
(Roche, Germany) and the Abs Quant/Fit points approach. Using the △△Ct technique, GAPDH as 
the internal reference gene, the PCR efficiency of each gene was evaluated. 

2.6. Western Blot 

The 100 mg of preserved laminar tissue was intermingled to RIPA lysis buffer (Beyond Biotech, 
Shanghai, China). The main ingredient of RIPA buffer included 1% deoxycholate, 1% Triton X-100, 
and sodium lauryl sulfate (0.1%). After adding 10 μL of phenylmethylsulfonyl fluoride (protease 
inhibitor, Beyond Biotech, Shanghai, China), the tissue underwent grinding in a grinder (4°C, 4 min), 
before spinning (12,000 rcf/min, 15 min). BCA method was utilized to find out the concentration of 
protein. By utilizing SDS- PAGE, the concentration of protein was ascertained in the tissue sample. 
10 μL of protein sample was poured into each well. The total concentration of protein was measured 
as 25 μg. After separation on 10% polyacrylamide gel, the desirable proteins were moved to 
nitrocellulose (NC) filter membranes applying the semi-dry technique (300 mA, 1.5 h). The membrane 
was blocked by shaking it in 5% nonfat milk in TBS (Tris-buffer saline) containing Tween-20 (0.1% 
Tween-20 TBS; TBST) for 2 h at ambient temperature. After blocking, the membranes were exposed 
to primary antibodies such as Bcl2 (1:750), Bax (1:1000), Bif-1 (1:1000), and caspase-3 (1:500), caspase-
8 (1:1000), caspase-9/9p (1:1000), and β-actin at 1:2000 dilution, from (BIOSS Antibodies Beijing 
Biosynthesis Biotechnology Co., LTD. P.R. China), followed by incubation (4°C, 12 h), and thrice 
washing with TBST (15 min/washing). The membrane was subsequently diluted with secondary 
antibody (HRP-labeled goat anti-rabbit IgG) at a ratio of 1:5,000 in 1 x TBST (BBL Life Sciences, 
Shanghai, China) and incubated at room temperature for 2 hours, followed by shaking (2 hours, room 
temperature). NC membrane was thrice washed with TBST (15 min) using rocking. Finally, the strip 
was settled on the plate of the TANON 5200 exposure device, and the liquid was absorbed using filter 
paper. The ECL solution (Meilun Biotechnology Co., Ltd., Dalian, China) was subsequently diluted 
to evenly coat the protein bands after the drops. A photograph of the western blot with the proper 
exposure time was acquired. ImageJ software was utilized to find out the gray value of the protein in 
each gel, and the gray ratio of the desired protein band to the internal reference protein band was 
calculated to find out the relative expression of the desirable protein. 

2.7. Immunohistochemistry 

Immunohistochemistry was conducted to measure the expression level of Bax, and P53 in 
laminar tissue. Tissue samples were chopped into an appropriate size, followed by fixation (4% 
paraformaldehyde, 24 h), and sectioned and embedded. The dewaxing of sections was carried out by 
an overnight incubation in oven (80 °C), followed by immersion in H2O2 solution (3%) in the dark 
(10 min) for blockade of endogenous peroxidase, and repaired antigen in a pressure pan with sodium 
citrate solution. The segment were covered with BSA (20 min, room temperature), then overnight 
primed (4℃) with primary antibody (1:200, Bax; 1:200, P53 Novus Biologicals, USA), and treated with 
streptavidin- labeled streptavidin-labeled horseradish peroxidase (HRP) (30 min, room temperature). 
The segment were then glued with neutral glue, followed by staining with hematoxylin and 3,3′-
Diaminobenzidine (DAB), and preserved in an oven. Finally, the stained tissue segment from each 
group were evaluated through a microscope, and calculated with Image-Pro Plus 6.0 software (Media 
Cybernetics, USA).  

2.8. Statistical Analysis  

Data analysis was completed utilizing GraphPad Prism software (Version 7.04, GraphPad 
software Inc., San Diego, CA, USA). The experimental data were analyzed with normal distribution. 
When assessing results from local histology investigations, differences across groups were analyzed 
by the independent student-t test and Bonferroni’s multiple comparison tests. Differences were 
assumed when P<0.05. All data were presented as mean ± SD. 

3. Results 
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3.1. Clinical Manifestation of Dairy Cow Laminitis 

All dairy cows of OF group displayed clinical signs of distinctive acute ruminal and systemic 
acidosis manifestations, including persistent profuse diarrhea, absence of dietary intake, in-
appetence, depression, anorexia, swelled of carpal (tarsal) joints, inflamed hoof coronary band, 
altered weight displacement, raised heart rate, raised diastolic blood pressure, raised hoof 
temperature, raised body temperature, reduced respiration, and inattention of digital (toe) arteries, 
decreased rumen contraction, hoof pain, reduced rumen pH, intermittent fever, and lameness [28,31–
33]. The cows of control group showed no symptoms of systemic illness. All these symptoms were 
the identical as those described by [6–8]. During limping examination, clinical signs of laminitis were 
initially ascertained at 24 hours after OF overload and continued to change until a maximal limp 
score of 3–5 was observed at 60 h to 72 h [33], which were in line with Danscher et al [7], who 
confirmed acute laminitis at 60–120 h of OF-overload.  

3.2. Apoptosis-Related Genes Expression in Laminar Tissue of Laminitis Dairy Cow  

The expressions of apoptosis-related genes such as Bcl2, Bax, and P53 in control and OF groups 
are shown in Figure 1. We observed that the expression level of Bcl-2 (P<0.001) highly significantly 
reduced in the OF cows laminar tissue compared with the control cows. Similarly, the expression 
level of Bax (P=0.0037) highly significantly enhanced (P<0.01), while P53 (P=0.011) significantly 
enhanced (P<0.05) in the laminar tissue of OF group compared with the control group. These research 
results confirmed that enhanced or reduced expression of genes may be associated to severe 
apoptosis in damaged laminar tissue suggesting that apoptosis was induced in laminar tissue of OF 
cows. 
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Figure 1. RT-qPCR results of mRNA concentration of apoptosis-related genes including, Bcl2, Bax, 
and P53 in laminar tissue of the both groups. “* “show (P<0.05); “**” show (P<0.01). 

3.3. Apoptosis-Related Proteins Expression in Laminar Tissue of Laminitis Dairy Cow  

Apoptosis-related proteins expression such as Bcl2, Bax, Bif1, Caspase3, Caspase8, and 
Caspase9/9p in OF and control groups are shown in Figure 2. The Bcl2 protein expression (P=0.0008) 
was highly significantly decreased (P<0.01), while the Bax (P=0.0017) and Bif1 (P=0.0092) proteins 
expression were highly significantly enhanced in the laminar tissue of OF group as compared with 
the the control group. However, the caspase3 (P=0.0141), caspase8 (P=0.0276), and caspase9/9p 
(P=0.0238) proteins expression significantly increased (P<0.05) in the OF group's laminar tissue 
compared with the control group. These results confirmed that enhanced or reduced expression of 
proteins may be associated to apoptosis in afflicted cows. 
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Figure 2. western blot results of apoptosis-related proteins expression including Bax, Bcl2, Bif1, 
caspase 3, caspase 8, and caspase 9/9p in the laminar tissue of the both groups. “* “show (P<0.05); “**” 
show (P<0.01). 

3.4. Immuno-Expression of Bax and P53 Proteins in Laminar Tissue of Laminitis Dairy Cow 

The immunohistochemical results of Bax protein expression in the cows laminar tissue showed 
that the mean Bax staining in the cytoplasm of the OF group laminar tissue was 7.18 %, whereas it 
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was 1.98% in the control tissue. Statistically, the expression of Bax protein was highly significantly 
increased in the cytoplasm of laminar tissue in the OF group than in the control group (P=0.0038), as 
shown in Figure 3. This may be due to severe apoptosis in the laminar tissue confirming that increase 
in Bax expression play important role in the laminar tissue damage of OF cows. 

 

 

 

Figure 3. Immunohistochemical staining of Bax in laminar tissues: Scale=100μm, 200X, (A, B, and C) 
control cows; (D, E, and F) OF-treated cows. “**” show (P<0.01). 

The immunohistochemical findings for the expression of P53 protein in the laminar tissue of 
cows showed that the mean P53 staining in the cytoplasm of the OF group laminar tissue was 0.77 %, 
whereas it was 0.17 % in the control tissue. Statistically, the expression of P53 protein was highly 
significantly increased in the cytoplasm of laminar tissue in the OF group than in the control group 
(P=0.0028), as shown in Figure 4. This may be due to severe apoptosis in the laminar tissue of OF 
cows. 

 

 

Figure 4. Immunohistochemical staining of P53 in laminar tissues: Scale=100μm, 200X, (A, B, and C) 
control cows; (D, E, and F) OF-treated cows. “*” show (P<0.01). 

Control OF 

Control OF 
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4. Discussion  

 The damaging effects of oligofructose (OF) overload in dairy cows has been widely investigated 
in acute rumen acidosis (ARA), laminitis and synovitis [7,34,35]. Overconsumption of digestible 
carbohydrates leads to the alterations in the microbial balance and fermentation process. During 
acute rumen acidosis, lactate levels in the rumen juice was elevated and dissolved into systemic blood 
stream [36]. In tandem with lactate, lipopolysaccharide (LPS) is believed to play an important role in 
the progression of rumen acidosis. LPS is expected to move into the circulation when experimentally 
elicited subacute ruminal acidosis (SARA) [37–39]. These compounds trigger systemic inflammatory 
process as well as many organ damage such as laminitis, ruminitis, and synovitis, however the role 
of apoptosis in the dairy cow laminar tissue during the induction of OF-induced laminitis remains 
unknown. In our published data, research proved that bovine laminitis was successfully constituted 
using the OF-overload method, and OF cows attained clinical hallmarks of typical acute ruminal and 
systemic acidosis manifestation and obvious histological evidence in the laminar tissue, which 
includes BM injury and detachment, sinking of the epidermal lamellae, and changes to the basal cell 
configuration [28,31,32]. We obtained an same portion of laminar tissue from our previous work and 
examined the apoptotic indicators at the gene and protein levels.    

In the present work, the expression of apoptosis-associated genes, involving Bcl2, Bax, and P53; 
Bax, Bcl2, caspase 3, caspase 8, and caspase 9/9p proteins expressions; and the distribution of of Bax 
and P53 proteins positive cells in the laminar wall tissue were assessed to examine alterations in 
apoptosis activity in the cow's hoof with OF overload-induced laminitis. The present work found that 
OF overload-induced bovine laminitis caused an increase in Bax and P53 gene expression, a decline 
in Bcl2 gene expression, and an raise in  Bax, Bif1, caspase 3, caspase 8, and caspase 9/9p protein 
expressions inside the laminar tissues. Nevertheless, the immunohistochemical examination of P53 
and Bax discovered that the number of positive cells of P53 and Bax enhanced in the laminitic cows 
laminar tissue. This demonstrated that OF dairy cow caused an increase in apoptosis in the laminar 
tissue.   

Apoptosis is programmed cell death that shows a main role in development, ageing, and 
homeostasis by regulating cell numbers in tissue [40]. Tissue damage and dysfunction, however, are 
related to abnormal apoptosis. B-cell lymphoma 2 (Bcl2), an essential anti-apoptotic protein, has been 
documented to have a major impact on sustained cell survival by inhibiting apoptosis [41], which has 
been highly significantly decreased in the OF-treated cows than the control cows. In a dynamic cell, 
Bcl2 generally stays linked to one of the pro-apoptotic associates, such as Bax, until stimulation of the 
stimulus of apoptosis occurs, and Bax is the protein that aids homo di/oligomerization generates 
pores in the mitochondrial membrane within the cell [42]. Bax-interacting factor 1 (Bif-1) is another 
protein that connects mitochondrial morphological alterations to Bcl2-regulated programmed cell 
death [43]. In response to particular apoptotic signals, a substantial proportion of Bif-1 binds Bax at 
the mitochondrial outer membrane despite the close linkage with Bax reimposition and cytochrome 
c discharge [44]. Furthermore, Bif-1 overexpression enhances apoptosis, whereas Bif-1 deficiency 
abolishes the ubiquitination of Bax and inhibits the apoptotic process via numerous intrinsic death 
signals. As a result, it has been proposed that Bif-1 is an essential Bax activator [44,45]. Moreover, Bax 
and Bif-1 expression were noticeably increased in the OF-treated cows than in the control cows. This 
is in line with previous work showing a significant decrease in Bcl2 in SARA cows [46], and milk 
cows with ketosis [47]. Harris and Levine (2005) reported that P53 activation results in an organized 
cell cycle arrest, apoptosis, or cellular senescence [48]. In the present work, the P53 mRNA and protein 
expression enhanced significantly in the OF-treated cows relative to the control cows. This is similar 
with recent research that indicated a rise in the expression of P53 in cows of thermal stress [49] and 
in cows with milk that have ketosis [47].  

The cysteine-aspartic acid protease family includes caspases. When specific signals trigger 
caspases, the inactive zymogen state generates activating enzymes that initiate a cascade of events 
that degrades a series of proteins that enhance apoptosis. Factors that initiate apoptosis in caspase8 
and caspase9 stimulate the downstream cascade of caspases which induce apoptosis. Furthermore, 
caspase3 is the primary apoptotic executor, and activation of this enzyme indicates irreversible 
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apoptosis [50,51]. Current research has indicated that high-concentration feeding promotes the 
activation of caspase3, caspase8, and caspase9 in milk cows with subacute rumen acidosis in the 
rumen epithelium and mammary epithelial cells [46,52]. In a previous study, major differences in 
caspase3 and caspase9 expressions were also found in milk cows with ketosis [47]. In this study, OF-
treated cows showed significantly higher caspase3, caspase8, and caspase9/9p protein expressions in 
the laminar tissue, highlighting that dairy cow laminitis induces apoptosis. 

5. Conclusions 

In conclusion, the impaired activation of Bcl2 in laminar wall may lead to laminar tissue damage. 
Thus, our findings indicate that the imbalanced state of apoptosis at the gene and protein level may 
be a typical cause for epidermal attachment failure which serves a key role in the pathogenesis of 
dairy cow laminitis, which directly or indirectly results in the damage of laminar tissue in dairy cows. 
Therefore, the obtained results in this study may offer theoretical clues and a base of knowledge at 
core for better prevention as well as management strategies related to laminitis among dairy cows. 
Nonetheless, further large-scale gene and protein-level studies are required to fully explain the 
pathogenesis of laminitis in dairy cows. 
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