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Effects of prolactin suppression by norprolac administration during summer on plasma hormone levels and semen quality of crossbred bulls

Abstract

High peripheral prolactin levels can adversely affect male fertility. A study was undertaken to investigate the effects of suppression of high prolactin secretion during summer by prolactin-release inhibitor (norprolac) administration on plasma prolactin and testosterone concentration and semen quality of Karan Fries (Holstein Friesian × Tharparkar) bulls. To standardize the dose of norprolac in bull three doses i.e. 2.5 mg, 5.0 mg and 10.0 mg intramuscular (i.m.) per animal were attempted. The dose of 5.0 mg per animal was found suitable to suppress the peripheral prolactin concentration. Norprolac treatment @ 5 mg i.m. on alternate day for 10 days in summer effectively (p<0.05) reduced peripheral prolactin concentration without altering testosterone level significantly (p>0.05). Semen volume, sperm viability, sperm concentration, HOS-reactive spermatozoa and acrosome integrity spermatozoa% did not differ (p>0.05) between the treated (n=4) and control bulls (n=4). It is concluded that short term prolactin suppression by norprolac administration might not affect plasma testosterone concentration and semen quality of crossbred bulls during summer.
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1. Introduction
Heat stress induced reduced reproductive efficiency of cattle is a major concern for breeders in tropical and sub tropical countries. High ambient temperature during summer may cause endocrine disturbances (Khodaei-Motlagh et al., 2011) and decrease in semen quality of bulls (Valeanu et al., 2015). Prolactin, a polypeptide hormone, is best known for its role in lactogenesis in females whereas normal serum prolactin level exerts a permissive role in the male reproductive tract (Chandrashekar and Bartke, 1988). Environmental temperature and photoperiod have shown to influence the levels of circulating prolactin in several species of farm animals (Roy & Prakash 2007; Sanford and Baker 2010; Mallick et al., 2016). Prolactin secretion by anterior pituitary is controlled by the inhibitory hypothalamic dopamine. High prolactin level has been suggested as a mechanism involved in infertility (Das and Khan, 2010).  Additionally, prolactin is a well known inhibitor of GnRH release. In males, hyperprolactinemia led to decreased testosterone production by the Leydig cells (Morales et al., 2004).  Various studies have investigated impact of prolactin suppression by dopamine agonists in dairy cattle/buffalo reproduction. Norprolac (Quinagolide hydrochloride) is a third generation non-ergot antiprolactin drug which mimics the action of dopamine in pituitary to reduce the prolactin level (Barlier and Jaquet 2006). Previously, Roy and Prakash (2009) demonstrated that norprolac treated repeat breeding Murrah buffalo heifers showed better expression of estrous behavior during extreme summer months and there was an increase in conception rate. In case of males Colao et al. (1996) reported that chronic treatment with non-ergot prolactin inhibitor restored the gonadal function in hyperprolactinemic males. 
Although prolactin is considered as an intricate regulator of the pituitary-gonadal system its role in semen production is not fully known. A recent study reported that high levels of prolactin negatively affected the cryoresistance of ram sperm (Flores-Gil et al., 2021). Information on the effect of hyperprolactinemia on the semen quality of bovines is very limited. Karan Fries is one of the most potent dairy crossbreed in India. However, seasonal sub-fertility of this crossbred has been reported by several authors (Chauhan et al., 2010; Soren et al 2016). Since high prolactin is considered as antigonadal, we hypothesized that suppression of high prolactin level during summer season may improve testosterone level and semen production of bulls. With this background, the present study aimed to determine the effects of norprolac administration during summer on plasma hormones concentration and semen quality of Karan Fries bulls. 
2. Materials and Methods

2.1 Experimental animals 

The experiment was conducted at Artificial Breeding Research Centre (ABRC), ICAR-National Dairy Research Institute (NDRI), Karnal, Haryana, India. A total of eight adult Karan Fries (Holstein Friesian×Tharparkar) bulls of 3-4 years of age were selected and equally divided into experimental and control groups of four animals each. All the experimental procedures and animal experimentation methods were approved by the Institutional Animal Ethical Committee (IAEC) of ICAR- NDRI. 
2.2 Standardization of dose of norprolac 

To select the accurate dose of norprolac in bulls for the actual experiment during summer, three different doses (2.5 mg, 5.0 mg and 10 mg) irrespective of body weight were tested in six adult Karan Fries bulls. Measured quantity of norprolac was dissolved in pyrogen free injectable doubled distilled water and administered through intramuscular (i.m.) route to two bulls under each dose group. Blood samples were collected at 6 hourly intervals from 0 to 30 hours post injection. Then subsequent sampling was done up to 7 day post treatment at 24 hours interval. Dose of 5.0 mg was found suitable for the prolactin suppression treatment. 
2.3 Norprolac treatment and plasma hormones estimation 
During summer, bulls (n=4) were administered with norprolac (5mg/animal i.m.) on alternate day for 10 days in the month of April. Blood sampling was done on these days followed by 7th day post final norprolac injection and thereafter at fortnightly intervals till the completion of experiment. Control animals were sampled in the respective days of sample collection from the treated animals. Plasma was separated and enzyme immunoassay (EIA) procedures as standardized previously in our laboratory were used for plasma prolactin (Roy & Prakash 2007) and testosterone (Gulia et al., 2010) estimation. 
2.4 Semen analysis 
Semen was collected weekly using artificial vagina method. The semen volume was recorded immediately after collection in a graduated collection vial with 0.1 ml calibration.  Sperm viability was determined using Eosin-Nigrosin stain (Campbell et al. 1953). Sperm concentration was estimated using haemocytometer (improved Neubauer’s chamber) as described by Salisbury et al. (1985). Percentage of spermatozoa with intact acrosome was assessed by Giemsa staining method as per procedure given by Watson (1975). The percentage of membrane-intact spermatozoa was estimated using hypoosmotic swelling test method as described by Jeyendran et al. (1984).
2.5 Statistical analysis

Data were expressed as mean ± SEM. Two-way ANOVA with interaction was used to test the effect of norprolac treatment, periods and interaction between treatments and periods on various parameters. Analysis was performed with Graph pad PRISM® 5.0 software.

3. Results and Discussion
3.1 Standardization of dose of norprolac

In the present study dose of 2.5 mg was not effective for inhibiting prolactin concentrations whereas doses of both 5.0 mg and 10.0 mg i.m. consistently reduced prolactin concentration even after 24 hrs (Fig. 1). Therefore dose of 5.0 mg was finalized for the prolactin suppression treatment during summer. In a previous investigation norprolac administration @ 10.0 mg per animal i.m. in Murrah buffalo heifers, significantly reduced prolactin concentration (Roy & Prakash 2009). Barlier and Jaquet (2006) also noted quinagolide as a valuable treatment option for hyperprolactinaemia. Our results also showed that norprolac administration effectively decreased prolactin concentration in bulls.  
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Fig. 1 Comparison of different doses of Norprolac for suppression of prolactin in bulls 
The mean (±SEM) of plasma prolactin profile during the experimental period is given in Fig. 2. Plasma prolactin concentration was very high at the time of the first Norprolac injection with a mean value of 183.69±27.97 ng/ml. Within 24 hr of Norprolac injection, the prolactin levels declined to very low levels ranging from 12.5 to 25.99 ng/ml plasma.
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Fig. 2 Changes in plasma prolactin concentration in Norprolac treated and control animals

During the entire period of 10 days of treatment, the levels of prolactin remained very low within a range of 12.18 to 30.76 ng/ml plasma. Thereafter, the concentrations of prolactin steadily increased and fluctuated at a higher level. However, the concentrations of the hormone did not return to the pre-treatment levels till the end of the experimental period. During summer plasma prolactin decreased in norprolac treated bulls and remained at low level with a steady rise afterwards. Several fold decrease in plasma prolactin concentrations following treatment with dopamine agonists such as cabergoline and bromocryptine have been reported earlier. Our observations with quinagolide are similar to this.  
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Fig. 3 Changes in plasma testosterone concentration in Norprolac treated and control animals
The mean (±SEM) plasma testosterone concentration of norprolac treated and control animals are presented in Fig 3. Plasma testosterone concentration did not differ significantly (P>0.05) between the groups and during different days of sampling in the experimental period. However, the results do not support the hypothesis that suppression of prolactin would induce testosterone production. The mean plasma testosterone concentration did not differ significantly between the treated and control animals. The effect of different periods of sampling and interaction between treatments and periods were also not significant. However, the levels of testosterone observed in our study are similar to earlier reports in Karan Fries bulls (Rajak et al., 2014). There has been conflicting evidence regarding the effect of prolactin suppression on testosterone concentration. Evans et al. (1988) found that prolactin suppression due to feeding of endophyte infected hay did not impair circulating testosterone levels in Holstein bulls. Similarly, suppression of prolactin secretion with bromocriptine in rams although increased the amplitude of LH, however, did not alter testosterone secretion in either long or short days (Sanford and Baker 2010). These studies support our findings. In contrast, Regisford and Katz (1993) found that bromocriptine-induced hypoprolactinemia significantly lowered testosterone in treated rams than the control in autumn. Testosterone is secreted mainly by the Leydig cells of testes and a small quantity by adrenal cortex in male. We assume that in a continuous breeding species like, cattle short term prolactin inhibition has little impact on testicular/adrenal steroidogenesis. 

Mean (±SEM) semen parameters are presented in Table 1. Ejaculate volume of norprolac treated and control animals were similar (p>0.05) throughout the experimental period. 
Table1. Semen characteristics of bulls in norprolac treated and control animals

	Semen parameters
	          Days of semen collection

	
	0
	15
	30
	45
	60

	Semen volume (ml)
	
	
	
	
	

	Control
	4.25±0.52
	4.38±0.29
	4.50±0.54
	4.36±0.57
	4.01±0.55

	Treatment
	4.42±0.62
	4.17±0.54
	4.12±0.21
	4.10±0.35
	4.27±0.34

	Sperm viability (%)
	
	
	
	
	

	Control
	73.75±6.51
	72.50±4.29
	76.15±2.90
	77.50±2.39
	72.34±0.66

	Treatment
	73.00±3.08
	71.25±5.21
	74.50±2.49
	75.00±4.06
	72.75±3.35

	Sperm Concentration (×106/ml)
	
	
	
	
	

	Control
	860.75±61.13
	852.50±49.04
	841.25±40.99
	822.50±25.04
	832.50±27.02

	Treatment
	866.25±40.27
	856.33±47.98
	837.50±43.22
	825.00±35.96
	846.71±24.64

	HOST
	
	
	
	
	

	Control
	44.75±1.49
	42.50±1.19
	43.75±1.70
	45.00±0.70
	43.25±2.13

	Treatment
	42.00±1.08
	43.00±1.29
	42.00±3.18
	44.00±1.95
	44.50±0.64

	Acrosome integrity
	
	
	
	
	

	Control
	97.50±0.64
	97.00±0.57
	96.75±0.47
	97.25±0.47
	97.50±0.28

	Treatment
	97.00±0.40
	97.50±0.28
	96.75±0.94
	96.75±0.25
	97.65±0.21


*P>0.05
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Fig. 4 Assessment of semen parameters in norprolac treated and control bulls A) HOST (white arrow indicate HOS+ve and HOS –ve sperm B) Eosin-nigrosin staining method (black and white arrows indicate live and dead sperms respectively C) Giemsa staining (black and white arrows indicate intact and reacted acrosome respectively 

To the best of our knowledge this is the preliminary report describing semen characteristics in bulls subjected to norprolac treatment. Semen volume was not affected in the treated bulls on different days of semen collection up to 60 days of norprolac administration. Similar to our results semen characteristics in yearling Angus bulls fed with low-level ergot daily for 9 weeks were not significantly affected (Chohan et al., 2021). At the same time high prolactin levels in control animals showed no adverse effect on semen quality. Hence it can be suggested that summer induced hyperprolactinemia is probably not antigonadal in bulls. Our finding is similar to Stolla et al. (1979) who reported that bromocriptine administration did not affect semen volume even up to 10 weeks post treatment. No significant differences (P>0.05) were observed between the two groups in sperm concentration or viability %. Thomson et al.  (1996) reported that sperm concentration in stallions treated with bromocriptine did not alter which is similar to our observations.  Moreover, it is apparent from our results that suppressing prolactin concentration alone cannot affect the semen attributes by itself. Other hormones or factors may mediate semen production in bulls. In contrast to our findings, De Rosa et al. (1998) reported that bromocriptine treatment in male subjects progressively increased sperm viability after the 3rd month of treatment until the 6th month. However, the study was conducted in macroprolactinoma patients. We assume that in apparently healthy bulls with prolactin level in normal physiological range even after prolactin suppression have no effect on reproductive performance. The sperm membrane integrity is important for sperm metabolism and is a useful indicator of fertilizing ability of spermatozoa. In the present study, HOS reacted sperm % of control and treated bulls did not differ (P>0.05) between the groups nor on different sampling days. The acrosome is a large secretory granule lying beneath the plasma membrane of sperm. Structurally and biochemically intact acrosome is essential for optimum fertility. Acrosome integrity of spermatozoa of control and treated bulls were within the range of 97.31±0.10 and 97.25±0.12 respectively which did not differ significantly (P>0.05). There are no reports available in literature on the effect of prolactin suppression on acrosome integrity of spermatozoa. It might be that the prolactin levels, though significantly lowered, may still be sufficient to maintain male fertility.
4. Conclusion
Norprolac @ 5.0 mg i.m. administration during summer effectively reduced peripheral prolactin concentration without altering plasma testosterone level and semen quality of Karan Fries bulls. Neither summer induced hyperprolactinemia nor its suppression had any direct influence on the semen quality of crossbred bulls. 
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