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Abstract 
Fetal dystocia in buffaloes elicit changes in haemato-biochemical parameters and inflammatory 

molecules attributed primarily to stress. This study aimed to investigate the gene expression patterns of certain 

pro-inflammatory and anti-inflammatory cytokines as well as heat shock proteins (HSPs) in peripheral blood 

mononuclear cells of buffaloes affected by fetal dystocia. Buffaloes with fetal dystocia and eutocia were examined 

and RNA was isolated from peripheral blood mononuclear cells using the TRIzol method. First-strand cDNA 

synthesis was performed and qPCR was conducted to analyze the expression of TNF-α, IL-10, HSP70 and HSP90 

genes. The results revealed significant (P<0.05) up-regulation of TNF-α, IL-10, HSP70 and HSP90 in buffaloes 

affected by fetal dystocia compared to eutocia. These findings suggest that dystocia induces cellular stress leading 

to tissue damage and inflammation as evidenced by the altered expression of inflammatory cytokines and HSPs. 

Further research is needed to elucidate the mechanisms underlying these molecular changes and their implications 

for the prognosis of dystocia in buffaloes. 
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Introduction  
Fetal dystocia is associated with changes in hematobiochemical parameters, as well as alterations in 

certain inflammatory molecules which were mainly ascribed to stress factors (Prasad et al., 2017; Charitha et al., 

2023). During parturition, the uterus becomes exposed to foreign materials and microorganisms, resulting in 

bacterial contamination post-calving (Mette et al., 2010). Cytokines are regulatory proteins secreted mainly by 

immune cells in response to various stimuli and play a crucial role in modulating local and systemic inflammation 

(Stanilov et al., 2024; Henderson and Wilson, 1996). Many cytokines are interleukins, indicating that they are 

secreted by leukocytes and act upon other leukocytes (Entrican, 2002). pro-inflammatory cytokines such as IL-1, 

IL-2, IL-6, IL-8, IL-12, TNF-α and IFN-γ amplify the inflammatory responses, whereas anti-inflammatory 

cytokines including IL-1 Ra, IL4, IL-10, IL-13 and TGF-β suppress the genes for pro-inflammatory cytokine 

synthesis and aid in the resolution of inflammation (Stanilov et al., 2024). 

Pro-inflammatory cytokine mRNA expressions are elevated during the peripartum period to ward off 

infections, and together with anti-inflammatory cytokines, they regulate immune responses and determining 

reproductive outcomes (Wani et al., 2018). Parturition and other calving-related disorders, including dystocia, 

alters the expression of Heat Shock Proteins (HSPs) expression and elevated HSP levels serve cytoprotective role 

and acts as markers of cellular injury under stressful conditions (Kregel, 2002; Catalani et al., 2010; Biradar et 

al., 2024 and).  

Few studies have investigated the gene expression in buffaloes during fetal dystocia and eutocia, 

highlighting the need for further research. With this backdrop, the present study was aimed to analyze pro- and 

anti-inflammatory cytokines expression in peripheral blood mononuclear cells of fetal dystocia and eutocia-

affected buffaloes. 

Materials and methods 
The present study was carried out in fetal dystocia affected Graded Murrah buffaloes, which were 

presented to the Obstetrical ward, Department of VGO, NTR CVSc, Gannavaram, Andhra Pradesh and from local 

dairy farms were selected. Fetal dystocia affected buffaloes categorized as Group-I (n=6), while normal calved 

buffaloes categorized as Group-II (n=6). 

Sample collection  

Whole blood samples were collected aseptically from six buffaloes affected with fetal dystocia and six 

eutocia buffaloes in EDTA coated sterile vacutainers for the isolation of Peripheral Blood Mononuclear Cells.  

Gene expression analysis 

 PBMCs were isolated from whole blood using Histopaque- 1077 via density gradient centrifugation 

(Sigma-Aldrich, Cat. No. 10771) as per the manufacturer’s protocol. The PBMC pellet was washed with PBS and 

total RNA was extracted using TRIzol reagent (Invitrogen, USA), according to manufacturer’s instructions with 

minor modifications (Manjari et al., 2015). Spectrophotometer (Nanodrop, ND-1000, Thermo-scientific, USA) 

was used to assess the quality and quantity of RNA and sample with acceptable absorbance ratios of 260/280 and 

260/230 were used for cDNA synthesis. 

The iScriptTM Select cDNA Synthesis Kit (Bio-Rad, USA) was employed to convert RNA into first-

strand cDNA. Primers for the target genes (TNF-α, IL-10, HSP70 and HSP90) and the housekeeping gene 

(GAPDH) were designed using Primer3plus software from NCBI and validated using BLAST. The primer 

sequences of target genes were mentioned in Table 1. Assay optimization involved standard PCR amplification, 

melt-curve profiling and systematic evaluation of optimal primer and template concentration. Target gene 

expression levels were normalized against GAPDH and analysed using the 2-ΔΔCTmethod, while amplicon 

specificity was confirmed by agarose gel electrophoresis with standard DNA ladders. 

Statistical analysis 
The statistical analysis of the data was done adopting computer software programme for Windows XP 

(version 17.0, SPSS Inc. Munich) and as per the procedures described by Snedecor and Cochran (1994). Relative 

gene expression i.e., fold change was calculated by 2-ΔΔCTmethod. 

Results 
mRNA expression of pro-inflammatory cytokine (TNFα) and anti-inflammatory cytokine (IL-10) in 

buffaloes affected with fetal dystocia and eutocia: 

The mean±SE values of ΔCq, ΔΔCq and fold change for TNFα and IL10 were depicted in Table 2. The 

mRNA expression of TNFα and IL-10 were significantly (P<0.05) up-regulated in fetal dystocia affected buffaloes 

compared to eutocia buffaloes (Fig.1 and 2, respectively). The amplicon size of qPCR product of TNFα and IL-

10 visualized on 2% agarose gel was presented in Fig. 5. 

mRNA expression of heat shock proteins (HSP70 and HSP90) in buffaloes affected with fetal dystocia and 

eutocia: 
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The mean±SE values of ΔCq, ΔΔCq and fold change for HSP70 and HSP90 were depicted in Table 2. 

The mRNA expression of HSP70 and HSP90 were significantly (P<0.05) up-regulated in fetal dystocia affected 

buffaloes compared to eutocia buffaloes (Fig.3 and 4, respectively). The amplicon size of qPCR product of HSP70 

and HSP90 were visualized on 2% agarose gel was presented in Fig. 5.  

Discussion 
In the present study, the mRNA expression of pro-inflammatory cytokine (TNFα) was significantly 

(P<0.05) up-regulated in fetal dystocia affected buffaloes compared to control animals (Wani et al., 2018). On the 

contrary, non-significant increase in TNFα expression at 35 days postpartum in dystocia affected buffaloes was 

recorded (Wakayo, 2014), while significant increase in TNFα level at the time of parturition in buffaloes during 

the transition period was observed (Gomaa et al., 2021). On the other hand, a non-significant difference in TNFα 

levels during transition period in dairy cows was also on record (Sabzikar et al., 2023). The higher mRNA 

expression of TNFα in fetal dystocia affected might be due to manipulative procedures at delivery that caused 

increased tissue injury and bacterial contamination of the uterus, which favoured creation of persistent 

inflammatory state with up-regulation on inflammatory mediators (Goto et al., 2024).  

In the current study, the mRNA expression of anti-inflammatory cytokine (IL10) was significantly 

(P<0.05) up-regulated in fetal dystocia affected buffaloes compared to control animals. These findings were in 

agreement with the previous studies (Wani et al., 2018, Van Engelen et al., 2009). Van Engelen et al. (2009) also 

reported that IL10 expression increased 10 folds at parturition when compared with 185th day of pregnancy, while 

Sheikh et al. (2016) recorded higher values of IL10 on the day of parturition. The higher mRNA expression of IL 

10 in fetal dystocia affected buffaloes might be due to dystocia induced stress and tissue damage during assisted 

calving which lead to inflammation and the inflamed cells would respond by producing anti-inflammatory 

cytokines.  

Table 1: Primer sequences of TNF-α, IL10, HSP70, HSP90 and GAPDH genes 

Genes Accession number Forward primer (5----˃3) Reverse primer (3---˃5) Product 

size (bp) 

TNF-α XM_006041930.4 5’GAAGTTGCTTGTGCCTCAGC3’ 5’AACCAGAGGGCTGTTGATGG3’ 143 

IL-10 NM_001290845.1 5’TCAGCACTACTCTGTTGCCTG’ 5’AGTAAGCTGTCCAGTTGGTCC3 185 

HSP 70 XM_006041891.2 5’TCCCCATCCGAACCGTATCA3’ 5’ATCGGTGAAGGCCACATAGC3’ 205 

HSP 90 XM_025271500.3 5’CACAAGCACATACGGCTGGAC’ 5’GGCAGCCATGTAACCCATCG3’ 91 

GAPDH XM_006065800.4 5’AAAGTGGACATCGTCGCCAT3’ 5’CCGTTCTCTGCCTTGACTGT3’ 116 

 

Table 2: Mean±SE of ΔCq, ΔΔCq and fold change of pro-inflammatory cytokine (TNFα), anti-inflammatory 

cytokine (IL-10), HSP70 and HSP90 in buffaloes affected with fetal dystocia and eutocia 
Cytokines and HSPs Group ΔCq ΔΔCq Fold change 

Pro-inflammatory 

cytokine (TNFα)  

Eutocia (control) 3.94±0.17 0.00±0.00 1.00±0.00a 

Fetal dystocia 3.38±0.14 -0.57±0.15 1.50±0.16b 

Anti-inflammatory 

cytokine (IL-10)  

Eutocia (control) 4.92±0.15 0.00±0.00 1.00±0.00a 

Fetal dystocia 4.54±0.21 -0.37±0.12 1.31±0.10b 

HSP70 Eutocia (control) 3.37±0.12 0.00±0.00 1.00±0.00a 

Fetal dystocia 2.73±0.24 -0.64±0.18 1.60±0.18b 

HSP90 Eutocia (control) 1.13±0.07 0.00±0.00 1.00±0.00a 

Fetal dystocia 0.72±0.06 -0.41±0.07 1.33±0.06b 

Means with different superscripts (a,b) in a column for fold change differ significantly (P<0.05). 

ΔΔCq = ΔCq(Target) – ΔCq(Reference); ΔΔCq = ΔCq(Treatment) – ΔCq(control); Fold change = 2^- ΔΔCq, 
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Figure 1: mRNA expression of TNFα in PBMC of fetal 

dystocia affected buffaloes 
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Figure 2: mRNA expression of IL10 in PBMC 

of fetal dystocia affected buffaloes 
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Figure 3: mRNA expression of HSP70 in PBMC of fetal 

dystocia affected buffaloes 
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Figure 4: mRNA expression of HSP90 in PBMC 

of fetal dystocia affected buffaloes 
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Fig 5: Amplicon sizes: L= ladder (100bp), C= GAPDH (116bp), 1=TNFα (143bp), 2= IL10 (185bp), 3= HSP70 

(205bp), 4= HSP90 (91bp) 

In the present investigation, the RNA expression of HSP70 and HSP90 were significantly (P<0.05) up-

regulated in fetal dystocia affected buffaloes when compared with normal parturition controls. Sheikh et al. (2016) 

reported a higher expression of HSP70 and 90 on the day of parturition in cows and Aggarwal et al. (2012) 

recorded higher plasma levels of HSP70 on the day of parturition in cows. Whereas, Catalani et al. (2010) found 

peak levels of HSP72 on day14 post calving in periparturient Holstein cows. Yaniz et al. (2009) reported that 

concentration of HSP70 increased as the gestation progresses in Holstein-Friesian cows. Relatively higher mRNA 

expression of HSP70 and HSP90 might be due to higher degree of stress during assisted calving. Generally, 

activation of heat shock proteins would occur during cellular stress and would provide cytoprotective effect 

(Swelum et al., 2020). Nevertheless, the current study’s findings showed that during the process of abnormal 

delivery there was an increased stress levels at the cellular level which leads to tissue damage and further 

aggravated by bacterial contamination which favorably influenced the development of a persistent inflammatory 

state and the upregulation of pro-inflammatory mediators and heat shock proteins. The cells that are inflamed may 

react by producing anti-inflammatory mediators in an effort to reduce inflammation. Therefore, heat shock 

proteins, pro-inflammatory mediators and anti-inflammatory mediators were used to evaluate the prognosis of the 

condition. 

Conclusion 

The present study provides significant insights in to the molecular alterations associated with fetal 

dystocia in buffaloes, with upregulation of TNFα, IL-10, HSP70 and HSP90 mRNA expression highlights a 

pronounced cellular response to stress and inflammation during assisted parturition, thereby underlining the 

complexity of physiological and immunological responses during dystocia and emphasizing the importance of 

these markers in evaluating stress and inflammation.  
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