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Abstract 
Abundant evidence suggests that NF- B has a role in the physiology and pathophysiology of labour. The current study was undertaken 
to test the hypothesis that NF- B may play a role in the pathogenesis of retained placenta (RP) in buffalo. Results of the present study 
revealed that there is a significant decrease in the serum level of NF- B in buffalos with retained placenta (BRP) compared with its level 
in buffalos with normal placental release (NPR). Significant decreases in the serum levels of TNF-α and NO were also observed in BRP. 
Meanwhile, PGE2 level was significantly increased in the serum of BRP while the serum level of oxytocin (OT) was not significantly 
changed in both groups. The possible effect of the decreased activity of NF- B in reducing myometrial contraction and in causing 
immunosuppression as two basic mechanisms in the etiology of RP was discussed. 
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Introduction 
Retention of fetal membranes in cows is a very serious disorder 
which occurs in the last phase of parturition. It has a significant 
negative influence on health, welfare, milk productivity and 
further reproduction in the postpartum (Laven & Peters, 1996) 

[23]. Understanding the physiological events regulating the 
separation and expulsion of fetal membranes is a prerequisite for 
the treatment and prevention of retained fetal membranes in the 
bovine. 
Retained placenta (RP) constitutes a syndrome, in that it is the 
outcome of multiple etiologies. Nuclear factor-kappa B (NF- B) 
is a transcription factor family classically associated with 
inflammation, and is activated in response to infection and pro-
inflammatory cytokines. This transcription factor has been 
proposed to have a pivotal role in parturition (Lindström & 
Bennett, 2005; Kim et al ., 2015) [25, 19]. Many pro-inflammatory 
and labour-associated genes are regulated by NF- B, and 
aberrant NF- B activity underlies a number of inflammation-
related disorders (Lindström & Bennett, 2005) [25]. Human labour, 
both at term and preterm, is preceded by NF-κB-mediated 
inflammatory activation within the uterus leading to myometrial 
activation, fetal membrane remodelling and cervical ripening 
(Kim et al ., 2015) [19]. Thus, aberrant NF-κB activity is expected 
to be one of the mechanisms underlying the pathogenesis of 
several reproductive diseases.  
The current study was undertaken to elucidate the possible role 
that NF-κB may play in the pathogenesis of RP and to our 
knowledge the first study to date to address this topic in buffalo.  
 
Material and methods  
This study was conducted at the Animal farm, Faculty of 
Veterinary Medicine in Ismailia (Egypt). All animals in the farm 
were kept under veterinary supervision and vaccinated against 

some infectious diseases. The study consisted of two groups of 
buffalos (a, b) divided according to the time of placental 
expulsion: a. buffalos with normal placental release (NPR) and b. 
buffalos with retained placenta (BRP) for more than 12 h after 
parturition. According to Grunert (1983) [12] the fetal membranes 
were considered retained when they had not been expelled within 
12h post-partum. Blood was withdrawn from the jugular vein 2-
3 hours after calving. Blood samples were collected in plain clean 
centrifuge tubes and centrifuged for collection of sera, then stored 
at -20°C until assayed. 
Serum samples were analyzed by the Biochemistry and 
Molecular Biology Unit in the Faculty of Medicine, Cairo 
University, for the determination of NF-κB, TNF-α, NO, PGE2, 
and OT levels. Commercially available Cayman CHEMICALS 
ELISA kits were used for the measurement of the NF-κB (catalog 
# 10007889), TNF-α (catalog # 589201), PGE2 (catalog # 
500141) and OT (catalog # 500440). Cayman CHEMICALS 
colorimetric assay kit (catalog # 780001) was used for the 
measurement of NO. 
 
Statistical analysis 
The results are represented as mean ± SE and statistically 
analyzed by using one-way ANOVA. Accepted level of 
significance (P ≤ 0.05). 
 
Results  
Data concerning serum levels of NF- B, TNF-α, NO, PGE2 and 
OT are presented in Tables 1, 2.  
BRP showed significantly reduced serum levels of NF- B, TNF-
α and NO compared to their levels in the sera of NPR animals (P≤ 
0.05). On the other hand, the serum level of PGE2 was 
significantly higher in BRP than in NPR buffalos. A non-
significant variation was seen in the serum level of OT between 
the two groups of normally released and RP buffalos.  
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Table 1: Serum levels of NFKβ and TNFα in buffalos with normal 
placental release (NPR) and buffalos with retained placenta (BRP) 

 

 NF- β (µg/ml) TNFα (µg/ml) 
NPR 1.7 ± 0.098 2.47 ± 0.254 
BRP 0.826 ± 0.073* 1.258 ± 0.184* 

Data are presented as means ± SE of at least three replicates. 
* P≤ 0.05 NPR versus BRP.  
 

Table 2: Serum levels of OT, PGE2 and NO in buffalos with normal 
placental release (NPR) and buffalos with retained placenta (BRP) 

 

 OT (pg/µl) PGE2 (pg/dl) NO (nMOL/ml) 
NPR 68.95 ± 2.107 203 ± 3.175 12.2 ± 0.231 
BRP 72.783 ± 10.758 231.875 ± 3.380* 9.785 ± 0.374* 

Data are presented as means ± SE of at least three replicates. 
* P≤ 0.05 NPR versus BRP.  
 
Discussion 
Results of the current study suggest that low activity of NF- B 
may play a an essential role in the biochemical events associated 
with the pathogenesis of RP.  
NF-κ B activity increases in the fetal membranes at the time of 
labour in human (Lim et al ., 2012) and in the myometrium both 
in human (Chapman et al ., 2004; Khanjani et al ., 2011) and 
rodents (Alina et al ., 2013). Uterine contractility seems to play 
an important role in the expulsion of the placenta. The studies of 
Janszen et al . (1993) [16] and Lye (1996) [26] have shown that the 
approach of labour in cow is characterized by increased OT and 
prostaglandin synthesis and release resulting in mechanical 
contraction of the uterus that is vital for normal 
delivery. Contraction persists into stage 3 of labor and is 
responsible for the mechanical expulsion of fetal membranes 
(Laven & Peters, 1996) [23]. 
Importantly, is the finding that activation of NF-κB increases 
uterine contractility and that this effect is mediated by two 
mechanisms. On the one hand, activated NF-κB increases 
expression of target genes that cause increased myometrial 
contractility, such as cyclooxygenase-2 (COX-2) (Terzidou et al 
., 2011) [24] and the oxytocin receptor (OTR) (Terzidou et al , 
2011) [24]. On the other hand, NF-κB p65 has been reported to 
interact with progesterone receptor (PR) to reduce its DNA 
binding and transcriptional activity (Kalkhoven et al ., 1996) [17]. 
In this manner, p65 may antagonize PR activation of target genes 
that modulate uterine quiescence. Therefore, It can be concluded 
that, the low level of NF-κB detected in the serum of BRP may 
lead to the inhibition of the functional progesterone withdrawal 
'reduction of PR number'. Consequently, the expected increase in 
myometrial PR in BRP should of course increase the sensitivity 
of myometrial tissue to progesterone, thus mediating reduced 
myomterial contractility in these animals.  
 Although current data show unchanged levels of OT in BRP 
compared with those with NPR (table2), a role of the low level of 
the NF-κB in reducing OT activity is expected in BRP. Earlier 
studies have shown that in human parturition, in contrast to OT, 
the oxytocin receptor (OR) may be essential for the uterine 
contractile effect of OT (Blanks & Thornton, 2003) [4] and that 
increased levels of OT are not evident during labour (Sanu & 
Lamont, 2010) [32]. Actually, increased myometrial sensitivity to 
OT at term was reported to be mediated through increased OR 
expression which can be modulated by local rather than 
circulating, factors (Terzidou et al ., 2006) [24]. On the other hand, 

the study of Terzidou et al . (2006) [24] revealed that NF-κB is 
likely to play a role in OR expression in the amnion at term. 
Therefore, it is possible to suggest that NF-κB is an important 
factor modulating the local sensitivity to OT. The low level of 
NF-κB clearly suggests a mechanism by which OR may be down-
regulated in the etiology of RP in buffalo.  
It has been suggested that the fetal placenta must be recognized 
as "foreign" tissue and rejected by the immune system after 
parturition to cause expulsion of the placenta (Gunnink, 1984) 
[11]. Thus, Immune suppression is suggested to be a possible 
mechanism in the etiology of RP. In human, the immune response 
that affects placental rejection at the time of parturition involves 
the infiltration of leukocytes which are the source of 
inflammatory cytokines (Thomson et al ., 1999) [28]. In dairy 
cattle, impaired neutrophil chemotaxis and phagocytic activity 
were hypothesized to cause RP (Kimura et al ., 2003; Islam et al 
., 2017) [15, 20]. Also, depressed production of IL-8 has been 
reported to be an important factor affecting neutrophil function in 
cows developing RP (Kimura et al ., 2003) [20]. Importantly, are 
the studies of McDonald et al . (1998) [27] and Page et al . (1999) 
reporting that NF-κB is activated by many of the same stimuli 
that elicit the production of IL-8 and other chemokines/cytokines 
in neutrophils. Moreover, TNF-α and other cytokines were 
reported to be among other factors that possess the capacity to 
trigger the secretion of copious amounts of IL-8 by neutrophils 
(Janszen et al ., 1993) [16]. On the other hand, the inflammatory 
cascade associated with parturition involves elevation of 
inflammatory cytokines e.g. IL-1., IL-6 and TNF-α and 
chemokines e.g. IL-8, CCL2 and CCL5 in amnion and 
myometrium (Osman et al ., 2003; Shynlova et al ., 2013) [28], 
35]. Moreover, increased levels of proinflammatory cytokines, 
including IL-1β, IL-6, IL-8, and TNF-α, in reproductive tissues, 
amniotic fluid (AF) and maternal serum were found to 
accompany both preterm and term labour (Cox et al ., 1997) [8]. 
This elevated cytokines level may account for the enhanced 
activity of NF- B that accompany parturition. It is documented 
that NF- B is highly inducible by pro-inflammatory stimuli 
including IL-1ß, IL-8 and TNF-α (Kniss et al ., 2001; Lappas et 
al ., 2001) [21, 22]. On the other hand, NF- B is known to promote 
the formation of cytokines in many cell types (Cindrova-Davies 
et al ., 2007) [7]. Cytokine-induced NF- B can therefore 
precipitate a positive feed-forward loop resulting in amplification 
of cytokine production and further NF- B activation to stimulate 
NF- B activity in uterine tissue. Therefore, this positive feed- 
forward loop may account for the reduced levels of both NF- B 
and TNF-α seen in BRP (Table 1). Based on the above discussion, 
the reduced levels of NF- B and TNF-α may reflect reduced 
neutrophil chemotaxis in BRT i.e. immune suppression in these 
animals, thus having a negative impact on placental release. Of 
importance is the finding that cytokines, especially TNF-α induce 
synthesis and secretion of endothelial adhesion molecules which 
have been demonstrated to mediate leukocyte recruitment to sites 
of inflammation (Sahnoun et al ., 1998) [31]. In turn, the induction 
of cell adhesion molecules (ICAM-1, VCAM-1 and E-selectin) is 
mediated by the activation of transcriptional factors, especially 
the NF- B (Sahnoun et al ., 1998) [31]. On the other hand, the 
study of Osman et al . (2004) has documented an up regulation 
of ICAM-1 and PECAM mRNA expression in fetal membranes 
following labour. This points to the possible role of the 
inflammatory cytokines and the NF- B in modulating the effects 
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of endothelial adhesion molecules in the process of parturition. 
Therefore, the decreased levels of NF- B and TNF-α in BRP 
could be one mechanism mediating the possible down regulation 
of cell adhesion molecules in BRP. 
Within this context, it is important to refer the results of our 
earlier study (Sharawi & Moustafa, 2006) [34] reporting increased 
levels of c ortisol in BRP. Cortisol is a powerful immune-
suppressive factor that reduces the leukocyte proliferation and 
fundamental functions and does not allow for the normal efficient 
maternal immune recognition and rejection of fetal membranes 
(Davies et al ., 2004) [7]. 
It is worthy to mention that the immunosuppressive and anti-
inflammatory effects of glucocorticoids are caused by their 
enhancing the production of IκB which traps activated NF- B in 
inactive cytoplasmic complexes (Auphan et al ., 1995) [3]. 
Therefore, the increased levels of cortisol may account at least in 
part for the diminished activity of NF- B in BRP. The increased 
cortisol level suggests that stress is strongly linked to the 
development of RP in buffalo. The increase in PGE2 in BRP 
(table 2) could be the source of increased cortisol level in BRP. It 
has been reported that PGE2 is responsible for the stimulation of 
the foetal hypothalamic- and hypophyseal-adrenal axis to 
produce cortisol and to induce parturition (Thorburn, 1992) [41]. 
Indeed, increased cortisol and PGE2 levels has previuosly been 
reported in cows affected with RP (Wischral et al ., 2001 ) [43].  
It has been reported that nitric oxide plays a key role in the 
process leading to cervical ripening in term pregnancy in humans 
(Ekerhovd et al ., 2003) [10] and in prelabor cervical ripening in 
the bovine (Aalberts et al ., 2007) [1]. Interestingly, is the finding 
that the physiological expression of NOS-2 and COX-2 in 
trophoblasts involves a sustained activation of NF- B which 
inhibition abrogates the inducibility of both genes (Callejas et al 
., 1999) [5]. Consequently, the reduced NF- B level in BRP may 
account for reduced level of NO observed in these animals. This 
reduced NO level may disturb the process of cervical ripening 
which may have a negative impact on the process of placental 
separation. Indeed, the study of Stjernholm-Vladic et al . (2004) 
[36] has shown that if the process of cervical ripening is disturbed, 
either resulting in a preterm delivery or to a prolonged delivery 
time. 
In conclusion, the current results seem to support the claim that 
NF- B may play a critical role in the pathogeneses of RP and to 
our knowledge this is the only study to date demonstrating this 
topic in buffalo.  
The possible effects of the reduced levels of the NF- B and TNF-
α in reducing myometrial contractility and in causing immune 
suppression were discussed as potential mechanisms in the 
etiology of RP. Assessment of OTR and PR in the fetal and 
maternal parts of the placenta as well as neutrophil functions and 
their link to NF- B and inflammatory cytokines in buffalos 
affected with RP warrant further investigation. 
 
References 
1. Aalberts M, van Dissel-Emiliani FM, van Tol HT, Taverne 

MA, Breeveld-Dwarkasing VN. High iNOS mRNA and 
protein levels during early third trimester suggest a role for 
NO in prelabor cervical ripening in the bovine. Mol Reprod 
Dev,2007:74:378-85.  

2. Alina P. Montalbano, Samuel Hawgood, Carole R. 
Mendelson. Mice Deficient in Surfactant Protein A (SP-A) 

and SP-D or in TLR2 Manifest Delayed Parturition and 
Decreased Expression of Inflammatory and Contractile 
Genes. Endocrinology,2013:154:483–498.  

3. Auphan N, DiDonato JA, Rosette C. Helmberg A, Karin M. 
Immunosuppression by glucocorticoids: inhibition of NF-
kappa B activity through induction of I kappa B synthesis. 
Science,1995:270(5234):286-90.  

4. Blanks AM, Thornton S. The role of oxytocin in parturition. 
BJOG,2003:110:46– 51.  

5. Callejas NA1, Casado M, Boscá L, Martín-Sanz P. 
Requirement of nuclear factor kappaB for the constitutive 
expression of nitric oxide synthase-2 and cyclooxygenase-2 
in rat trophoblasts. J Cell Sci,1999:18:3147-55.  

6. Chapman NR, Europe-Finner GN, Robson SC. Expression 
and deoxyribonucleic acid-binding activity of the nuclear 
factor kappaB family in the human myometrium during 
pregnancy and labor. Journal of Clinical Endocrinology and 
Metabolism,2004:89:5683–5693.  

7. Cindrova-Davies T, Spasic-Boskovic O, Jauniaux 
E, Charnock-Jones DS, Burton GJ. Nuclear factor-kappa B, 
p38, and stress-activated protein kinase mitogen-activated 
protein kinase signaling pathways regulate proinflammatory 
cytokines and apoptosis in human placental explants in 
response to oxidative stress: effects of antioxidant vitamins. 
Am J Pathol,2007:170:1511-20.  

8. Cox SM, Casey ML, MacDonald PC. Accumulation of 
interleukin-1β and interleukin-6 in amniotic fluid: a sequela 
of labour at term and preterm. Hum Reprod Update, 
1997:3:517– 527.  

9. Davies CJ, Hill JR, Edwards JL, Schrick FN, Fisher PJ, 
Eldridge JA et al . Major histocompatibility complex antigen 
expression on the bovine placenta: its relationship to 
abnormal pregnancies and retained placenta. Anim Reprod 
Sci,2004:82:267-280.  

10. Ekerhovd E, Bullarbo M, Andersch B, Norström A. Vaginal 
administration of the nitric oxide donor isosorbide 
mononitrate for cervical ripening at term: a randomized 
controlled study. Am J Obstet Gynecol, 2003: 189:1692-7.  

11. Gunnink JW. Retained placenta and leukocyte activity. Vet. 
Quart,1984:6:49-51. 

12. Grunert E. Etiology, pathogenesis and treatment of placental 
retention in the cow. Wein. Tieraerztl. Monatsschr, 
1983:70:230–235. 

14. Hayden MS, Ghosh S. Signaling to NF-kappa B. Genes 
& Development,2004:18:2195–2224.  

15. Islam R, Kumar H, Singh G, Krishnan BB, Dey S. Depressed 
polymorphonuclear cell functions in periparturient cows that 
develop postpartum reproductive diseases. Vet Res 
Commun,2017:41:201–209.  

16. Janszen BPM, Bevers MM, Ravenshorst MM, et al . The 
relation between prostaglandin-induced luteolysis and 
temporary inhibition of myometrial activity in late pregnant 
cows with progestagen containing ear implants. J Reprod 
Fert,1993:97:457–461.  

17. Kalkhoven E, Wissink S, van der Saag PT, van der Burg B. 
Negative interaction between the RelA(p65) subunit of NF-
kappaB and the progesterone receptor. J Biol 
Chem,1996:15:271(11):6217-6224.  

18. Khanjani S, Kandola MK, Lindstrom TM, Sooranna SR, 
Melchionda M, Lee YS et al . NF-kappaB regulates a 

  



International Journal of Educational Research and Development  www.journalofeducation.in 

48 

cassette of immune/inflammatory genes in human pregnant 
myometrium at term. J Cell Mol Med, 2011: 15: 809-824.  

19. Kim SH, Mac Intyre DA, Firmino Da Silva M, Blanks 
AM, Lee YS, Thornton S, et al . Oxytocin activates NF-κB-
mediated inflammatory pathways in human gestational 
tissues. Mol Cell Endocrinol,2015:403:64-77.  

20. Kimura K, Goff JP, Reinhardt TA, Saito S, Tyler HD. 
Association between retained placenta and impaired 
neutrophil function in dairy cows. Acta Vet Scand, 
2003:44:24.  

21. Kniss DA, Rovin B, Fertel RH, Zimmerman PD. Blockade 
NF-kappaB activation prohibits TNF-alpha-induced 
cyclooxygenase-2 gene expression in ED27 trophoblast-like 
cells. Placenta,2001:22:80–89. 

22. Lappas M, Permezel M, Georgiou HM, Rice GE. Nuclear 
factor kappa B regulation of proinflammatory cytokines in 
human gestational tissues in vitro. Biology of Reproduction, 
2001:67:668–673.  

23. Laven RA, Peters AR. Bovine retained placenta: Aetiology, 
pathogenesis, and economic loss. Vet Rec,1996:139:465–
471.  

24. Lim S, Macintyre DA, Lee YS, Khanjani S, Terzidou V, 
Teoh TG, et al . Nuclear factor kappa B activation occurs in 
the amnion prior to labor onset and modulates the expression 
of numerous labor associated genes. PLoS One, 
2012:7:e34707.  

25. Lindström TM, Bennett PR. The role of nuclear factor kappa 
B in human labour REVIEW). Reproduction,2005:130:569- 
581. 

26. Lye SJ. Initiation of parturition. Anim Reprod Sci, 
1996:42:495–501.  

27. McDonald PP, Russo MP, Ferrini S, Cassatella MA. 
Interleukin-15 (IL-15) induces NF-B activation and IL-8 
production in human neutrophils. Blood, 1998:92:4828–
4835.  

28. Osman I, Young A, Ledingham MA, Thomson AJ, Jordan F, 
Greer IA. Norman JE Leukocyte density and pro-
inflammatory cytokine expression in human fetal 
membranes, decidua, cervix and myometrium before and 
during labor at term. Molecular Human Reproduction, 
2003:9:41-45.  

29. Osman I, Crawford M, Jordan F, Young A, Norman J, 
Thomson A. J Reprod Immunol. Expression and localization 
of cell adhesion molecules in human fetal membranes during 
parturition. J Reprod Immunol,2004:63(1):11-21. 

30. Page SM, Gleich GJ, Roebuck KA, Thomas LL. Stimulation 
of neutrophil interleukin-8 production by eosinophil granule 
major basic protein. Am J Respir Cell Mol Biol, 
1999:21:230–2.  

31. Sahnoun Z, Jamoussi K, Zeghal KM. Free radicals and 
antioxidants: physiology, human pathology and therapeutic 
aspects (part II). Therapie,1998:53:315-39.  

32. Sanu O, Lamont RF. Critical appraisal and clinical utility of 
atosiban in the management of preterm labor. Ther Clin Risk 
Manag,2010:6:191-9.  

33. Schmitz ML, Mattioli I, Buss H, Kracht M. NF-kappaB: a 
multifaceted transcription factor regulated at several levels. 
Chembiochem: A European Journal of Chemical Biology, 
2004:5:1348–1358.  

34. Sharawi SA, Moustafa SA. Relationship between oxidative 
stress and retained placenta. Assiut Med J, 
2006:52(110):298-311. 

35. Shynlova O, Lee YH, Srikhajon K, Lye SJ. Physiologic 
uterine inflammation and labor onset: integration of 
endocrine and mechanical signals. Reproductive sciences, 
2013:20:154-167. 

36. Stjernholm-Vladic Y, Stygar D, Mansson C, Masironi 
B, Akerberg S, Wang H, et al . Factors involved in the 
inflammatory events of cervical ripening in humans. Reprod 
Biol Endocrinol,2004:2:74.  

37. Sugita N, Kimura A, Matsuki Y, Yamamoto T, Yoshie H, 
Hara K. Activation of transcription factors and IL-8 
expression in neutrophils stimulated with lipopolysaccharide 
from Porphyromonas gingivalis. Inflammation, 
1998:22:253–267.  

38. Terzidou V1, Lee Y, Lindström T, Johnson M, Thornton 
S, Bennett PR. Regulation of the human oxytocin receptor 
by nuclear factor-kappaB and CCAAT/enhancer-binding 
protein-beta. J Clin Endocrinol Metab, 2006:91:2317-26.  

39. Terzidou V, Blanks AM, Kim SH, Thornton S, Bennett PR. 
Labor and inflammation increase the expression of oxytocin 
receptor in human amnion. Biol Reprod,2011:84:546-552. 

40. Thomson AJ, Telfer JF, Young A, Campbell S, Stewart CJ, 
Cameron IT, et al . Leukocytes infiltrate the myometrium 
during human parturition: further evidence that labour is an 
inflammatory process. Hum Reprod,1999:14:229–236.  

41. Thorburn GD. The placenta, PGE2 and parturition. Early 
human development,1992:29:63-73. 

42. Vollebregt M, Hampton MB, Winterbourn CC. Activation of 
NF-B in human neutrophils during phagocytosis of bacteria 
independently of oxidant generation. FEBS Lett, 
1998:432:40–44.  

43. Wischral A, Verreschi ITN, Lima SB, Hayashi, LF, Barnabe 
RC. Pre-parturition profile of steroids and prostaglandin in 
cows with or without foetal membrane retention. Animal 
Reproduction Science,2001:67181–188. 


