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Abstract. Postpartum uterine diseases in dairy cows have undesirable effects on reproductive efficiency. The current study
aimed to evaluate hormones and some metabolites which can predict postpartum uterine disorder in dairy cows (Holstein Friesian)
during the transition period. A total of 32 dairy cows were divided into two groups; 9 control healthy cows without any postpartum
uterine disorder, and 23 cows suffered from the postpartum uterine disorder, which further subdivided into12 cows with retained
fetal membranes (RFM) and 11 cows with postpartum metritis (PM). Blood samples were collected from the jugular vein of each
cow weekly from 21 days’ prepartum to 21 days postpartum early in the morning. Glucose (BG), triglyceride (TG), cholesteral,
progesterone (P4), cortisol, calcium (Ca), phosphorus (P), magnesium (Mg), aspartate aminotransferase (AST), alanine
aminotransferase (ALT), total protein (TP) and albumin, were measured. The results showed that TG, TC, P4, cortisol, Ca, P, Mg,
TP, and albumin were higher at the prepartum period than the postpartum one in all dairy cows. In contrast, BG, AST, and ALT
were significantly higher in all dairy cows during the postpartum period. Cows with RFM had higher serum prepartum levels of TC,
P4, and cortisol. However, prepartum levels of TG, TP, AST, and ALT were significantly higher in cows with PM. A negative energy
balance (NEB) and disturbance in some metabolites and hormones at prepartum could induce PM and RFM as postpartum uterine
disorders during the transitional period in the dairy cows.
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1. Introduction

Negative energy balance (NEB) in dairy cows, especially in late pregnancy and early lactation periods, was associated with
reduced dry matter intake (DMI), increased requirements for the development of the embryo, and synthesis of milk [1]. Reduction
in minerals, proteins, and vitamins [2] leads to excessive tissue fat mobilization [3], ultimately increase susceptibility for metabolic
diseases as ketosis and hypocalcemia, causing a higher incidence of postpartum disorders as puerperal metritis (PM), retained
fetal membranes (RFM) and endometritis [4]. Metabolic disturbances during the prepartum period play a significant role in the
puerperal period [5]. The delay in the postpartum ovarian resumption creates a severe problem for the reproduction and production
of highly lactating dairy farms by lowering the reproductive efficiency and infertility in dairy cows [6].

The early postpartum periods are critical periods with a significant concern on the farm of dairy cows; RFM and PM are the
prevalent disturbances in the postpartum period in dairy cows [7]. PM usually develops after RFM, but it can develop alone in many
cases; a few weeks' prepartum, cows suffered from RFM showed high ketone bodies (KB) and plasma cortisol [8]. Hypoglycemia
was not involved in cows with RFM or high blood KB concentrations, but it may be related to high levels of cortisol, which is
considered a stress hormone responsible for RFM and PM directly or indirectly [9]. Concentrations of plasma cortisol increase 3—
4 folds of baseline in cows during parturition; however, it may increase 5-7 times during postpartum disorders. Besides, dystocia
and other stress factors at parturition cause elevation in the cortisol level, which has an immune suppressive effect [10].
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Disturbances in the concentrations of hormones as progesterone (P4) and estrogen (E2) are also involved in postpartum
disorders. Serum P4 is a helpful indicator for postpartum ovarian resumption; also, the corpus luteum is considered functionally
active when the P4 level is more than 1 ng/dl [11]. Kotwica et al. [12] suggested that the reduction in oxytocin level during calving
is considered a risk factor in RFM. Also, Grillo-Ardila et al. [13] found that the prostaglandins (PG) have an essential role in standard
placental delivery through activation of the uterine contraction and help in the delivery of the placenta). The PG production is
usually highly related to estrogen (E2); therefore, the PG level reduction in RFM can result from E2 deficiency [14]. Prostaglandin-
F-2-alpha (PG-F2a) is necessary for the destruction of CL. So the low PG-F2a level act as one of the contributing factors for the
development of RFM [15]. The transition period in dairy cows extends from three weeks’ prepartum to three weeks postpartum,
where the cows are significantly affected, especially in the lactation cycle [16]. Considerable physiological, nutritive, metabolic, and
immunological variations occur within this time as the productive cycle of cow shifts from the gestational non-lactating case to the
beginning of milk manufacture and production. Cows have adapted metabolically to the maximum increase in energy and nutrient
requirements for milk yield in the following lactation [17].

Evaluation of some blood metabolites at the prepartum period helps indicate the nutritional, metabolic, and health status of
dairy cows, which helps predict postpartum metabolic and uterine disorders [15]. Moreover, the changes in the levels of blood
metabolites in healthy cows versus diseased ones may give insight into the possible risk factors behind disease occurrence [17].
Metabolic changes that occur 2 weeks before calving significantly affect dairy cows’ reproductive activity after calving [18].
Therefore, the present study aimed to evaluate some hormones and blood metabolites to use these parameters to predict some
postpartum uterine disorders in dairy cows during the transition period.

2. Materials and methods
2.1. Animals and experimental design

The present study was carried out using 32 dairy cows (Holstein Friesian, 2-6 parity, 20-23 Kg/day average milk production)
were selected from two dairy farms with the same nutritional and environmental conditions, in New Assuit city, at Assiut
governorate, Egypt from December 2016 to March 2017. These cows were examined during prepartum (-21 days) and postpartum
(+21 days) periods. They were divided into two groups control (n=9), which consisted of healthy cows without any postpartum
uterine disorder, and uterine disorder group (n=23), which were subdivided into cows that had retained fetal membrane (RFM;
n=12), and those had puerperal metritis (PM; n=11). Gynecological examination through rectally and vaginal examination was
performed considering the following parameters: a) RFM: when fetal membranes were not released within 24 h postpartum [19].
b) PM: when cows had enlarged uterus and exhibited offensive vaginal discharge, they were usually watery red-brown within the
first 10 days postpartum and the presence of systemic illness as fever [20].

2.2. Blood samples collection and analysis

Blood samples were collected from the jugular vein of each cow weekly from 21 days prepartum to 21 days postpartum early
in the morning. They were collected in two Wisterman tubes; the first one containing sodium fluoride and potassium oxalates
anticoagulants for BG estimation, while the second one was a plain tube for analysis of other biochemical parameters. Blood
samples were centrifuged at 3000 rpm for 15 minutes, and the obtained plasma and serum were stored at -80°C at a deep freezer
until the measurement of biochemical and hormonal parameters.

2.3. Measurements of biochemical parameters

Total protein (TP), blood glucose (BG), cholesterol (TC), and triglyceride (TG) calometeric kits were obtained from Diamond
(Egypt). Calometric albumin and kinetic alanine aminotransferase (ALT) and aspartate aminotransferase (AST) kits were
purchased from the Human Company (Germany). Calcium (Ca?*) and magnesium (Mg2*) kits were obtained from Spectrum
Company (Germany). Based on the manufacturer's instructions, phosphorus (P) (Catalog no. 294001) was estimated by a
commercially available kit (Egyptian Company for Biotechnology, Cairo, Egypt). Progesterone (P4) level was measured using a
linked immunosorbent assay kit provided by Bio Check, Inc., South San Francisco, USA (Catalog number; BC-1113). According
to manufacturer instructions, cortisol level was determined using cortisol ELISA kit (Diagnostics Biochem. Canada Inc., Canada,
Catalog no. CAN-C-270).
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2.4, Statistical analysis

The analysis was carried out using a standard statistical software program (SPSS version 16, SPSS Inc, Chicago). The
data were expressed as means + standard error of the mean (SEM). The paired sample T-test estimated the differences
between the groups. Differences were considered statistically significant at P < 0.05.

3. Results and discussion
3.1. Blood Glucose, Triglyceride, and Total Cholesterol levels

TG and TC were significantly (P<0.001) elevated in all cows at the prepartum period compared with the control ones. At the
postpartum period, TG was raised while TC decreased compared with the control cows (Figure 1). BG levels were markedly
reduced in cows who suffered from postpartum disorders (PM+RFM) at the two periods (pre and postpartum) compared to the
control cows. Comparing dairy cows who suffered from RFM and PM during the two periods, we found that BG, TG, and TC were
significantly lowered in the postpartum period than in the prepartum period. The early predictions of postpartum uterine problems
are critical for optimizing dairy animals' productive and reproductive performance. Postpartum uterine disorder remains a significant
challenge affecting fertility, overall reproductive efficiency, and dairy industry [21]. Glucose is a primary metabolic fuel essential for
the functions of vital organs, fetal growth, and milk synthesis [18]. This explains our results concerning significant hypoglycemia
were noted in our results mainly at the first week postpartum than prepartum period; these findings may be the same line with
Mohebbi-Fani et al. [22], who noted that BG levels decreased significantly in dairy cows 3-5 days postpartum as compared with
that found during 3-5 days’ prepartum. Doepel et al. [23] reported a temporary reduction in the BG in the first week after calving
secondary to increased lactose synthesis and decreased gluconeogenesis. This decrease in the BG levels may be due to the diet’s
energy restriction, mainly at early lactation periods, along with high glucose utilization in the mammary gland [24].

Our results revealed significantly lower BG levels in cows suffering from postpartum uterine disorders than those in the
healthy cows, in agreement with the findings of Galvao et al. [25]. They suggested that glucose reduction in the dairy cows during
the transition period is a predisposing factor for postpartum uterine disorders (RFM, PM, and clinical endometritis). Moreover, Mili
et al. [26] found a negative relation between BG level and postpartum uterine disorders in buffaloes; this may be due to NEB during
the early lactation period besides immune suppression, which enhances the development of postpartum infections.

B BG (mg/dI) = TG (mg/dl) ® TC(mg/dl)
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Figure 1. BG, TG, and TC levels (mean + SE) in control dairy cows versus diseased ones suffered from postpartum uterine
disorders during the transition period.

According to our findings, BG levels were slightly lower in cows suffered from RFM than healthy ones during the prepartum
period in harmony with that observed by Doepel et al. [23]. RFM in cows can cause uterine inflammation and bacterial growth,
especially during the early puerperium, resulting in subsequent endometrium, cervical, or vaginal inflammation. Moreover, our
result revealed a significant decrease in the BG level in cows suffered from PM than those who suffered from REF. This BG
reduction may have considered a risk factor for PM [4]. TC levels were significantly higher at prepartum than postpartum, in our
findings were in the same line with Kim and Suh [27]. They showed that energy deficiency at early lactation was associated with a
reduction in the cholesterol level, indicating that TC level may be helpful in the prediction of energy status during this period and
may be related to NEB and decreased DMI after calving. Besides, reduced food intake and increased cortisol subsequently
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decreased cholesterol synthesis [28]. Moreover, cholesterol is known as an ovarian steroidogenic precursor that stimulates P4
synthesis in the luteal tissue. Higher prepartum TC level in cows suffered from RFM, as denoted in our study, was similar to Quiroz-
Rocha et al. [29], who reported that RFM risk was higher with increased prepartum cholesterol levels.

Significantly higher TG levels at prepartum than postpartum in the present work and the presence of TG at the highest levels
during prepartum followed by reduction at parturition and postpartum and declared that this increase might be due to elevation of
mammary lipoprotein lipase activity. Due to NEB and decreased DMI, fat mobilization occurs, linked to immunosuppression [30].

3.2. Plasma progesterone (P4) and Cortisol levels

At the prepartum period, dairy cows suffered from RFM, and PM had significantly higher (P<0.05-0.01) P4 and serum cortisol
levels compared with control ones. The same results were obtained from caws in the postpartum period (Figure 2). When
comparing caws with postpartum disorders, P4 and serum cortisol levels were markedly decreased in the postpartum period
comparing with a prepartum period. Higher P4 and cortisol levels in cows suffered from RFM during the prepartum period, as noted
in our results, were in harmony with Kaczmarowski et al. [6]. The latter denoted that elevated P4 inhibits collagenase activity,
leading to RFM and delayed uterine involution. During parturition as a stressful condition, glucocorticoids released stimulating P4
production in placental tissue and blocked proteolytic activities, impairing placental delivery. LeBlance [18] mentioned that cows
suffered from RFM had higher serum cortisol levels for several days before calving, which inhibited neutrophil function.

Moreover, significantly higher postpartum P4 and cortisol levels in cows affected by RFM and PM than the healthy cows in
the present data were similar to the findings of Kimura et al. [31], who found that RFM and PM cows had higher P4 and cortisol
levels in comparison to the control ones between 5t and 8t days postpartum. They also reported that the high postpartum P4
levels cause immunosuppression that may be responsible for postpartum uterine infections, reduced leukocytic activity, and
increased RFM and PM incidence. Scheibl and Zerbe [32] found that the high P4 level in the uterus postpartum causes
immunosuppression as P4 causes decreased polymorph nuclear cells (PMN) migration gravid uterus, bacterial persistence, and
the accumulation of the immunosuppressive protein in the uterine lumen. Therefore, the uterus becomes more susceptible to
bacterial infection and persistence.

P4 (ng/ml) = Cortisol (ug/dl)

Pre-partum postpartum

Figure 2. Serum P4 and Cortisol levels (mean + SE) in control dairy cows versus diseased ones suffered from postpartum
uterine disorders during the transition period.

3.3. Serum minerals levels (Ca, P and Mg)

Concerning mineral profile, in the prepartum period, Ca, P, and Mg levels in all dairy cows were significantly decreased
(p=0.05- 0.01) than control cows (Figure 3). It was noted that the Ca, P, and Mg levels in all dairy cows at the postpartum period
were significantly decreased (p<0.05- 0.01) than other cows at prepartum. Minerals are essential for fetal growth, lactation, and
fertility in dairy animals, and any alteration in Ca-P-Mg homeostasis may lead to the occurrence of reproductive problems [33]. The
significantly low levels of Ca and P in the postpartum dairy cows in the current work were similar [34]. In contrast, a very high P
level impairs Ca homeostasis. Moderate P reduction may be due to its needs in the colostrum synthesis, insufficient feed supply,
and prolonged anorexia [35]. Our results agreed with Sheldon et al. [19], who noted a relationship between low serum Ca and P
and the development of uterine diseases in lactating cows. Ca is essential in normal muscle contraction, sensitization of female
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genitalia for the oxytocin hormone. Therefore, Ca deficiency may be a predisposing factor in uterine inertia, leading to dystocia,
RFM, and PM [36]. Also, Lower P may contribute to the reduction of uterine muscle contraction.

Moreover, they added that cows with low Ca, P, and Mg values during the prepartum and the post-calving periods were more
predispose to RFM. Furthermore, hypocalcemia is associated with immunosuppression and uterine diseases such as RFM and
PM [37]. Cows with RFM have a reduction in neutrophil count and phagocytic function, leading to PM occurrence. Mg plays a vital
role during the metabolism of carbohydrates, proteins, and lipids [31]. In our study, postpartum hypomagnesemia was similar to
Masoero et al. [38], who demonstrated that Mg reduction frequently occurs in postpartum cows. This reduction may be due to its
participation in the regulation of bone resorption.

m Ca(mg/dl) ®mP (mg/dl) = Mg (mg/dl)
p 884 8.53 8.46 8.61 8.07 7.87
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Figure 3. Serum calcium, phosphorus, and magnesium levels (mean + SE) in control dairy cows versus diseased ones suffered
from postpartum uterine disorders during the transition period.

3.4. Liver enzymes activities (AST and ALT)

The changes in the activities of liver enzymes (AST and ALT) at prepartum and postpartum periods in the control of dairy
cows and those suffering from uterine disorders were shown in (Figure 4). Their activities were significantly increased in cows
affected by uterine disorders than the control ones in both pre and postpartum.
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Figure 4. Serum AST and ALT levels (mean £ SE) in control dairy cows versus diseased ones suffered from postpartum uterine
disorders during the transition period.

Their activities were significantly higher (P<0.05) during the postpartum period than in the prepartum period in all dairy cows.
Regarding the hepatic enzymes, the increases in AST and ALT activities in dairy cows postpartum than prepartum, as
demonstrated in our study, were in agreement with Djokovic et al. [39], who found higher AST activities at calving and postpartum
than prepartum. Our study revealed higher enzyme activities in cows affected by uterine disorders than the healthy cows.
Sahinduran et al. [40] showed that high liver enzyme activity mainly occurred in diseases accompanied by hepatic damage. Our
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results pointed to a significant increase in AST and ALT activities in cows affected by PM in agreement with Cui et al. [41], who
declared that inflammation leads to increased permeability of cell membrane and leakage of liver enzymes into the bloodstream.
Goff [42] suggested that in PM had NEB, excessive consumption of body fat for energy supply during postpartum resulted in
accumulation of TG within the hepatocytes and impaired liver function.

3.5. Total protein (TP) and albumin levels

TP concentrations were significantly decreased (p<0.001) in diseased cows than control ones in the two periods. The TP
and albumin levels significantly lower (P<0.01) during postpartum than prepartum (Figure 5). Additionally, cows that suffered from
RFM showed significantly (P<0.05) lower TP than PM. In comparison, cows with PM show a reduction in albumin levels than those
suffered from RFM. Based on our findings, lower TP and albumin levels during postpartum were similar to a previous result,
Roussel et al. [35] found a reduction in their concentrations with the progression of lactation. TP reduction may be due to the
requirements of proteins for milking and the formation of immunoglobulins. Xu et al. [43] declared that this reduction is highly
attributed to the abnormality in the liver function of diseased cows. Our results also denoted that RFM cows had significantly
lowered TP levels than the healthy or PM cows. Magnus and Lali [44] found that buffaloes with RFM had significantly low TP levels
four weeks postpartum. Otherwise, Van Saun [45] demonstrated that cows with low serum albumin concentrations in dry cows
resulted in a higher risk for postpartum problems. Albumin is considered a diagnostic indicator of liver function, and he also reported
a low serum albumin level in severe hepatic fatty infiltration associated with a reduction in albumin synthesis by the liver [46]. Also,
NEB and energy deficiency in the diet at the prepartum period can lead to the decreased serum level of glucose and insulin
concentrations, resulting in excess lipolysis of body fat and elevated serum Non-Esterified Fatty Acids (NEFA) levels. Increased
the hepatic outfit of fatty acids, the elevation of their esterification may be several times higher than average, leading to the
pathological deposition in the liver in the form of triglycerides (TG), resulting in the fatty liver formation and ketosis [47]. The
reduction of the NEB is substantial for the prevention of fatty liver formation. This can be carried out by preventing unbalanced
feeds, fat cattle, and environmental stress [48].
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Figure 5. Serum TP and Albumin levels (mean £ SE) in control dairy cows versus diseased ones suffered from postpartum
uterine disorders during the transition period.

4. Conclusion

Deficiency of essential metabolites and hormones at the prepartum period, besides fetus and milk production, acts as a
stress factor that may contribute to PM and RFM as a postpartum uterine disorder the transition period in the dairy cows. Therefore,
itis highly recommended to improve the nutritional and immune health status of dairy animals at the prepartum and early lactation
time, which most probably significantly affects animals at these periods.
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