


ANALYSIS OF SPERM QUALITY AND KINEMATIC PARAMETERS OF ROHU CARP (Labeo rohita) USING A CASA SYSTEM


Abstract
[bookmark: _GoBack]Intraspecies variability in sperm quality is common among aquaculture species, thus necessitating an urgent need to establish reliable molecular biomarkers to screen for males with high-quality sperm. The quality of sperm is a key factor inducing fertilization success and the efficiency of seed production in carp aquaculture. The current research evaluated the quality and kinematic characteristics of rohu carp (Labeo rohita) sperm through a computer-assisted sperm analysis (CASA) system to deliver an objective evaluation of sperm functional ability. Semen samples were collected from hormonally stimulated mature males and examined for motility characteristics and specific kinematic parameters with a Biovis CASA 2000 system. A comparative evaluation of two semen lots showed notable variations in total and progressive motility, velocity metrics, and trajectory features. Lot 2 showed notably greater overall motility (98%), a higher percentage of rapidly progressive sperm, and increased velocity metrics such as curvilinear velocity (VCL), average path velocity (VAP), and straight-line velocity (VSL), as well as enhanced linearity and straightness, suggesting enhanced sperm swimming effectiveness and fertilization capability. The noted changes in CASA parameters highlight the impact of biological and methodological factors on sperm functionality. The research validates the reliability and sensitivity of CASA in evaluating rohu sperm quality and sets standard kinematic profiles for this species. The results endorse the use of CASA as a uniform instrument for assessing broodstock, evaluating semen quality, and enhancing breeding and cryopreservation methods in carp hatchery management. Future investigations need to concentrate on determining species-specific CASA reference values and verifying essential kinematic parameters by examining their relationship with fertilization success, hatching rates, and post-thaw outcomes.
Key words: Labeo rohita, CASA technology, sperm kinematics, sperm motility and semen quality.
Introduction
Major carps, native freshwater fish in South Asian nations, are economically valuable fish species with high market demand. Coastal rural people can cultivate them in their own seasonal, largely underutilized, small homestead ponds with low input and understanding. However, the major problems with fish production in this region are the lack of quality carp seed and appropriate culture techniques (Hossain et al., 2022). The key component of freshwater aquaculture in India is carp culture, which is dominated by rohu (Labeo rohita) and catla (Catla catla) (Laxmappa, 2015). Rohu (Labeo rohita), the most popular species among Indian large carps, is also widely cultivated in other Asian nations, particularly on the Indian subcontinent (Khan et al., 2004). It breeds seasonally and spawns from April to September during the south-west monsoon (Sanders & Peterson, 2011). Because it lacks certain environmental cues necessary for neurological stimulation to generate gonadotropin-releasing hormone and subsequent spawning, L. rohita does not breed in captivity. Therefore, in order to promote and synchronize spawning (Piska & Naik, 2007) for the mass generation of fish seed (Khan & Chattah, 2016), first pituitary extract (1970s) and subsequently Ovaprim, a synthetic equivalent (1980s) is being used. 
Selection of males for reproduction is of great importance for the poultry industry. It is therefore mandatory to monitor semen quality traits routinely to evaluate their reproductive capacity. Standard staining techniques used to evaluate semen quality and spermatozoa are usually inadequate to recognize abnormalities in the morphological structure of sperm cells (Tesfay et al., 2020). Sperm quality, a measure of sperm's capacity to successfully fertilize an egg, varies greatly and is influenced by a number of external factors, including environmental temperature, feed quality, and feeding schedule (Adewumi et al., 2005; Islam and Akhter, 2011). Sperm morphology, semen production indicators (such as sperm volume and density), sperm motility, and seminal plasma composition are some of the factors that are used to evaluate the quality of sperm (Stoss, 1983; Billard et al., 1995; Linhart et al., 2000; Rurangwa et al., 2004; Alavi and Cosson, 2006). Sperm quality is assessed by its capacity to fertilize an egg, followed by the ability to produce viable offspring. The most used sperm quality biomarkers are motility and velocity, but these kinematic parameters only assess one portion of the cell's attributes - the ability to move toward the egg (Hess et al., 2024).
About 20 years ago, a new technology called computer-aided sperm analysis (CASA) was introduced for assessing sperm motility. It has drawn a lot of attention because of its speed, ease of use, repeatability, and objectivity (Fauvel et al., 2010). The CASA system uses a variety of photomicrography and video-micrography techniques to see and digitize successive images of sperm. According to Fauvel et al. (2010), the CASA has provided accurate and significant information on sperm quantity, kinetics, and dynamics. Furthermore, to provide accurate information on sperm quality, computer-assisted sperm analysis (CASA) systems are being employed more and more to evaluate motility characteristics like linearity (LIN), average path velocity (VAP), and curvilinear velocity (VCL) (Sahu et al., 2023). It is acknowledged that, in contrast to microscopic subjective procedures, CASA technology has offered an accurate assessment of sperm motility.
MATERIALS AND METHODS
Source of Animal
The present study was conducted using ten sexually mature male rohu (Labeo rohita) obtained from the Live Fish Germplasm Resource Centre, ICAR–NBFGR. Individual body weight were recorded and PIT tags were injected into the dorsal region of the species for proper identification. In the hatchery, healthy male brood fish were held separately in shadowed tanks and supplied with well-aerated water. Brood stock were fed a commercial diet at 2% of body weight per day, and feeding was stopped 24 h prior to stripping. To keep the temperature steady and the levels of ammonia and nitrites at zero, well water was used, maintained between 6 and 8 ppm of oxygen. Fish were transported to the hatchery 12–24 h prior to stripping and acclimatized in 5000 L tanks under continuous showering for 6 h before hormonal induction.
Semen Collection
The male brood fish were induced with WOVA-FH (Biostadt India Limited, Mumbai) at a dose of 0.2 mg/kg body weight. Prior to semen collection, the male brood fish were anesthetized using phenoxyethanol (Bernath et al., 2016) at 0.4 ml/L. The abdominal surface was carefully wiped with tissue paper to remove moisture and water if any, to avoid unexpected activation of the spermatozoa. The milt was collected from the fish after 4 hours of hormonal administration by the hand stripping method in a dry plastic sperm collection box. Milt collected from the fish was kept separately for estimating the quality of milt.
Refrigerated (non-frozen) Storage & Shipping of Semen Samples
Collected milt samples were immediately kept on crushed ice (4°C) above the aluminium foil and transported to the laboratory as early as possible for quality assessment. For each male, separate milt boxes were used for milt collection with proper labelling to avoid cross-contamination.
Evaluation of Semen Quality
Subjective Sperm Motility
Sperm motility was initially determined subjectively using a light microscope (OLYMPUS, CX43RF, Japan) at 20X magnification. A 2 µl aliquot of the sperm sample was activated with 8µl of distilled water on a glass slide.  Motility was defined visually as the percentage of spermatozoa moving in a forward motion. Only samples exhibiting ≥80% motility were selected for CASA analysis. An arbitrary scoring system modified from Kurokara (1984) was used to evaluate sperm motility.
CASA based sperm motility and kinematics
Sperm motility and kinematic parameters were analyzed using a Biovis CASA 2000 system (Expert Vision Labs, Mumbai). For analysis, 10µl of milt sample was diluted with 590 µl of extenders [stock solution 1.0 g/10 ml]: Extender 9C (6500 µl/100 ml NaCl, 1420 µl/100 ml KCl, 300 µl/100 ml CaCl2,200 µl/100 ml MgSO4.7H2Oand 540 µl/100 ml Glucose), Extender 9B (6500 µl/100 ml NaCl, 1420 µl/100 ml KCl, 300 µl/100 ml CaCl2, 200 µl/100 ml MgSO4.7H2O and  5000 µl/100 ml Glycine) and Extender 7 (NaCl 7500, KCl 200, CaCl2 200 and NaHCO3 200. From this mixture,0.2µl of milt solution was loaded onto a Shukratara chamber and activated with 0.8µl of distilled water. The percentage of motility of the spermatozoa was evaluated microscopically at 20 X magnification. Those milt samples showing more than 80% motility alone were selected for further processing. Carp sperm movement was characterized by motility characteristics, including motile (%), immotile (%), rapid prog (%), slow prog (%), curvilinear velocity (VCL), average path velocity(VAP), straight line velocity (VSL), linearity(LIN%), straightness(STR%), wobble(WOB%), beat cross frequency (BCF), amplitude of lateral head displacement (ALH), and distance related movement parameters.
Statistical Analysis
Data were analyzed using IBM SPSS Statistics version 25. Results are expressed as mean ± standard deviation (SD). Differences between groups were analyzed using Duncan’s multiple range test, and statistical significance was accepted at p < 0.05.
Results and Discussion
This study was carried out with computer assisted sperm analysis (CASA) system to determine sperm motility and kinematic parameters between two semen lots (Table 1) in rohu fish. 
	Parameter
	Lot 1 (Mean ± SD)
	Lot 2 (Mean ± SD)

	Motility (%)
	0.94±0.04
	0.98±0.02

	Immotile (%)
	0.05±0.04
	0.01±0.02

	Rapid Prog (%)*
	0.55±0.18*
	0.81±0.09*

	Slow Prog (%)
	0.27±0.14
	0.10±0.08

	VCL- Curvilinear Velocity (µm/sec)
	85.08±24.03
	105.98±23.77

	VAP- Average Path Velocity (µm/sec)
	58.34±13.42
	73.10±11.32

	VSL- Straight Line Velocity (µm/sec)*
	48.68±12.03*
	64.96±9.30*

	LIN- Linearity (%)
	0.57±0.03
	0.61±0.05

	STR- Straightness (%)*
	0.81±0.03*
	0.87±0.01*

	WOB- Wobble (%)
	0.69±0.03
	0.69±0.05

	BCF- Beat Cross Frequency (Hz)
	4.26±1.46
	4.80±0.14

	ALH- Amplitude of Lateral Head displacement (µm)
	34.62±5.13
	30.20±3.83

	DNC- Distance of Net Curvilinear displacement (sqµm/sec)
	1769.38±303.85
	2165.44±857.78

	DNM Distance of Normalized mean path (sqµm/sec)
	35.88±3.54
	32.72±9.79


Table 1. Comparative Analysis of Sperm Motility and Kinematic Parameters between Lot 1 and Lot 2 in Rohu Milt
Lot 2 exhibited significantly higher total motility (98 ± 2%) compared to Lot 1 (94 ± 4%), suggesting a higher proportion of migrating sperm. Rapid progressive sperm were also significantly higher in Lot 2 (81 ± 9%) than in Lot 1 (55 ± 18%), indicating superior fertilization potential. Lot 2, superior overall performance is further supported by its reduced immotile (0.01±0.02) than Lot 1 (0.05±0.04) and slow Prog was reported lower in Lot 2 (0.10±0.08%) than Lot 1 (0.27±0.14). 
Velocity parameters VCL (105.98 µm/sec), VAP (73.10 µm/sec), and VSL (64.96 µm/sec) were consistently higher in Lot 2, suggesting faster and more directed sperm movement.Additionally, higher linearity (LIN %) and straightness (STR %) values (0.61±0.05%) and (0.87±0.01%) observed in Lot 2 indicate efficient forward progression which is essential for successful fertilization. Lot 2 exhibits a little higher beat-cross frequency BCF (Hz) (4.80±0.14) than Lot 1 (4.26±1.46) indicating more vigorous flagellar motility, even though both lots had comparable wobble (WOB%) values Lot 1’s (0.69±0.03) and Lot 2’s (0.69±0.05). Although Lot 1 showed slightly higher ALH (4.62±5.13µm) values than Lot 2 (30.20±3.83µm) which suggests more lateral sperm head movement may reflect less efficient swimming trajectories. Overall, the superior motility and kinematic performance of Lot 2 suggest better sperm quality. 
	Literature
	Our findings
	Ozgur et al. (2019)
	Varkonyi et al. (2019)
	Cejko et al. (2014)

	VCL (µm/sec)
	105.98±23.77
	114.13±10.41
	119±10
	190.0 ± 46.2

	VSL (µm/sec)
	64.96±9.30
	48.44±5.10
	98±7
	133.5 ± 41.6

	VAP (µm/sec)
	73.10±11.32
	45.65±7.19
	-
	-

	LIN (%)
	0.61±0.05
	19.74±8.17
	82±4
	51.5 ± 6.8

	ALH (µm)
	34.62±5.13
	20.91±6.13
	1.4±0.3
	1.5 ± 0.2


Table 2. Comparison of CASA-based sperm kinematic parameters of Labeo rohita with previous studies
Our findings showed that the values differed from those of other researchers (Table 2). The differences in the investigated values may be due to different computer assisted sperm analyzer systems (Boryshpolets et al 2013), differences in the diet of fish (Izquierdo et al 2001), stress factors of mature fish (Kime, D. E., & Nash, J. P. (1999), breeding season and age of mature fish (And, V. V., & Zohar, Y. (1999). Brood stock genetics, environmental factors, hormonal treatments, handling, and activating solution can all cause variations in sperm kinematics, demonstrating the need for standard evaluation techniques.
Conclusion
The current research shows the reliability of computer-assisted sperm analysis (CASA) in objectively assessing sperm quality and kinematic parameters in rohu carp (Labeo rohita). Differences in motility and velocity characteristics among semen batches suggest variations in sperm functional capability. Future investigations need to concentrate on determining species-specific CASA reference values and verifying essential kinematic parameters by examining their relationship with fertilization success, hatching rates, and post-thaw outcomes. These research efforts will enhance the use of CASA in selecting broodstock, cryopreservation, and optimizing hatcheries in carp aquaculture.
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