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			Abstract | Vasectomy is a male contraceptive method considered effective and safe because it is performed under local anesthesia where ductus deferens end up in ligation through a small scrotal incision. However, the effect of short-term period after vasectomy has not been well studied. This study aimed to determine the effect of short-term period after vasectomy on hematological profile and sperm quality. This study used 13 mice (Mus musculus) BALB/c strains which were divided into two groups, namely control group (Sham) and treatment (vasectomy). After 14 days, blood sampling was performed for hematology profile examination, and spermatozoa had been collected from cauda epididymis for analysis of spermatozoa quality. The results showed that the average value of erythrocyte count, hemoglobin, and hematocrit were significantly increased 21%, 14.77 %, and 18.28 % respectively in the treatment group, and mean corpuscular hemoglobin (MCH) decreased in the treatment group (p<0.05). The monocyte percentage parameter was significantly decreased in the treatment group compared to the control group (p<0.05). An increase in spermatozoa concentration occurred in the treatment group while spermatozoa motility decreased. Changes in hematological values were still within normal limits and there were no health problems. Differences in hematological values are caused by changes in nutrition and stress conditions after vasectomy surgery. In addition, vasectomy caused a decrease in sperm quality in mice. 
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			Introduction

			 

			Population growth has become a significant public health problem because of its multidimensional consequences (Perrott and Holland, 2005). Vasectomy is a sterilization method that involves cutting or blocking the vas deferens to prevent sperm from mixing with semen. Vasectomy results in ejaculation that does not carry sperm and cannot fertilize an egg (Fainberg and Kashanian, 2018 ). Although there are various methods of contraception, sterilization shows the most effective results (WHO, 2004). Vasectomy is a very effective and safe method of male contraception and is performed under local anesthesia where the ductus deferens ends in ligation through a small scrotal incision (Shafik, 2000). Currently, more than 100 million men worldwide have used vasectomy for family planning purposes (Jl, 1997). Vasectomy is also used to control animal populations such as elephants, horses, sheep, pigs, deer, cattle, bison (Vitoria et al., 2019), and birds (Samour, 2010). However, currently, the interest in vasectomy is still low (Labrecque et al., 2005). This reflects the concern that surgery is considered to cause health problems and reduce sexual function (Puri et al., 2000).

			 

			In a study on the chronic effects of vasectomy in laboratory animals such as rats, hamsters, and monkeys, the formation of sperm granulomas is either in the area where ligation was applied to the vas deferens or in the cauda epididymis (Bedford, 1976). After vasectomy, semen analysis is periodically performed to evaluate sperm count and motility (Sokal and Labrecque, 2009). In long term, spermatogenic damage can occur to a pressure resulting in a decrease of sperm count (oligospermia) until no sperm is found (azoospermia) (Xiang et al., 2013). However, the effect of short-term period after vasectomy has not been well studied. In addition, there are no reports on studies of the impact on vasectomy on the hematological profile. The presence of metabolic disorders, disease, damage to organ structure or function, the influence of drugs, and stress can be identified with changes in the hematological profile (Iheidioha et al., 2012). Thus, the study aimed to determine the effect of short-term period after vasectomy on hematological profile and sperm quality. This study provides supporting data to see how vasectomy affects the hematological profile and sperm quality.

			 

			Materials and Methods

			 

			Research ethics 

			The study was approved by Committee for Animal Research Ethics, Faculty of Medicine, Universitas Padjadjaran. (Research ethics number: 1326/UN6. KEP/EC/2019).

			 

			Animal treatment 

			Male mice (Mus musculus) strain BALB/c, with aged eight to nine weeks old and weighed around 30-40 grams were obtained from P.T. Bio Farma, Bandung, West Java, Indonesia. The animal was acclimatized to seven days to adapt to a new environment. All mice were provided food and water ad libitum and caged in room temperature with 12/12 light dark cycle and adequate air circulation. Thirteen mice were divided into two groups, control groups (n=7) and treatment groups (n=6). Anesthesia procedure was conducted before and during surgery. The mice in the treatment group were anesthetized using a combination of ketamine-Xylazine with a mixed formulation of 7 cc aquades, 1.5 cc Ketamine, 1.5 cc Xylazine, then 0.3 ml was injected intraperitoneally, the anesthetized mice were then vasectomy by cutting the mice’s vas deferens in two points at once (Bermejo-Alvarez et al., 2014). All mice in both the control and treatment groups were kept for 14 days to analyze the hematological profile and sperm quality before being sacrificed.

			 

			Samples collection

			Mice were fasted for approximately 8-12 hours, and body weight was measured on the last day of treatment. The samples used in this study consisted of blood samples for hematological analysis and spermatozoa collected from the cauda epididymis for analysis of the spermatozoa quality. After the mice lost consciousness, 1-1.5 ml of blood was taken through a heart puncture and transferred to a 10% EDTA (Ethylenediamine Tetra-Acetic Acid) microtube as an anticoagulant. The testes and epididymis were isolated by removing them from the connective tissue.

			 

			Hematology analysis

			The blood profile was analyzed by using a hematology analyzer (Sysmex Automated Hematology Analyzer; Sysmex Corporation, Japan) according to manufactures protocol. The collected data were red blood cell profiles (erythrocyte count, hemoglobin content, hematocrit, mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), red cell distribution width coefficient variation (RDWC), white blood cell profiles (total number of leukocytes, lymphocytes, monocytes, granulocytes, lymphocyte percentage, monocyte percentage, and granulocyte percentage) and platelet profiles (platelet count, platelet crit (PCT), mean platelet volume (MPV) and platelet distribution width coefficient variation (PDWC). 

			 

			Spermatozoa concentration

			Spermatozoa collected from the cauda epididymis were then finely chopped in a petri dish containing 1mL of normal saline NaCl solution 0.9 %. A total of 10 ml of the mixture was transferred into the hemocytometer and left to settle. Neubauer’s haemocytometry was placed under a microscope (Olympus CX 21, Japan) at a magnification of 200 x and followed by calculating sperm concentration (x106 sperm cells/mL).

			 

			Spermatozoa motility

			One drop of semen was placed on the object glass and added with one drop of physiological NaCl solution 0.9 %, then covered with a cover glass. Spermatozoa motility was observed under a microscope at a magnification of 100x (Olympus CX21, Japan). Spermatozoa motility was grouped into categories of fast progressive spermatozoa cells (A), slow progressive (B), not progressive (C), and not motile (D), then calculated simultaneously. Motility percentage was calculated based on the calculation formula as follows:

			 

			(A+B) / (A+B+C+D) × 100%

			Statistical analysis

			The parametric independent sample t-Test was conducted to evaluate the differences between control and treatment group. The P-value of <0.05 was considered statistically significant. Statistical analysis in this study was assisted by Graph Pad statistics software prism 9.0.

			 

			Result and Discussion

			 

			The results of the examination of the hematological profile and sperm quality were statistically processed using the T-test to determine whether there was a significant difference between the control group and the treatment group (P<0.05). In this study, the authors present the data as the mean ± standard deviation (SD).

			 

			The results of the analysis of the erythrocyte profile with several assessment parameters are presented in Figure 1. The erythrocyte count parameter showed a significant difference between the control and treatment groups (P<0.05). The mean value of the number of erythrocytes tended to increase in the treatment group compared to the control group [(8.84±0.93) vs (7.30±0.99), P=0.0082]. Hemoglobin parameter showed a significant difference between the control and treatment groups (P<0.05). The mean value of hemoglobin tends to increase in the treatment group compared to the control group [(14.92±5.77) vs (13.00±1.74), P=0.0390]. The hematocrit parameter showed a significant difference between the control and treatment groups (p<0.05) (Figure 1). The mean hematocrit value tended to increase in the treatment group compared to the control group [(42.19 ± 3.72) vs (35.67 ± 4.54), P=0.0012]. Parameters mean corpuscular hemoglobin (MCH) showed a significant difference between the control and treatment groups (p<0.05; Figure 1). The average MCH value tended to decrease in the treatment group compared to the control group [(16.88 ± 0.23) vs (17.83 ± 0.68), P=0.0082].

			 

			The mean values of the erythrocyte count, hemoglobin, and hematocrit increased significantly higher 21%, 14.77%, and 18.28%, respectively in the vasectomy treatment group, and the mean corpuscular hemoglobin (MCH) decreased to a lower 5.3% in the vasectomy treatment group compared to the control group. Parameter analysis mean corpuscular volume (MCV) tended to decrease in the treatment group compared to the control group [(47.67 ± 2.16) vs (49.00 ± 2.31), (P=0.2279)]. This is similar to the examination carried out on other erythrocyte profile parameters, namely the mean corpuscular hemoglobin concentration (MCHC) which tends to decrease in the treatment group compared to the control group [(35.38±1.33) vs (17.83±0.33 68), (P=0.1911)], then the red cell distribution width coefficient variation (RDWC) parameter tends to decrease in the treatment group compared to the control group [(21.08 ± 0.88) vs (23.59 ± 3.33), P=0,1026]. There was no significant difference in all groups of mice with parameters MCV, MCHC and RDWC (P>0.05). This shows that the vasectomy procedure does not affect the parameters of MCV, MCHC, and RDWC.

			 

			[image: Figure%201.PNG] 

			Figure 1: The average value of the red blood cell profile in the control group and the treatment group was measured after 14 days after vasectomy. RBC, Red Blood Cells; Hb, Hemoglobin; Hct, Hematocrit; MCV, Mean Corpuscular Volume; MCH (Mean Corpuscular Hemoglobin; MCHC, Mean Corpuscular Hemoglobin Concentration; RDWC, Red Cell Distribution Width (RDWC). *, P<0.05.

			 

			The results of the analysis of the leukocyte profile with several assessment parameters are presented in Figure 2. The leukocyte count parameter tended to decrease in the treatment group compared to the control group [(5118 ± 2729) vs (7680 ± 7341), (P=0.9452)]. Lymphocyte counts tended to decrease in the treatment group compared to the control group [(3417 ±2803) vs (4801 ± 5837), P=0.7308]. The number of monocytes tended to increase in the treatment group compared to the control group [(405.0 ± 341.5) vs (1713 ± 1852), P=0.1014]. The number of granulocytes tended to increase in the treatment group compared to the control group [(1290 ± 774.0) vs (1164 ± 650.2), P=0.7560). The percentage of lymphocytes tended to increase in the treatment group compared to the control group [(61.64 ± 17.18) vs (61.64 ± 17.18), P= 0.2741]. The percentage of the number of granulocytes tended to increase in the treatment group compared to the control group [(1290 ± 774.0) vs (1164 ± 650.2), P=0.7712]. This indicates that the vasectomy procedure did not affect the leukocyte profile parameters (P>0.05). A significant difference between the control and treatment groups (p<0.05), was found in the percentage of monocytes (P=0.0406). The percentage of monocytes tended to decrease in the treatment group compared to the control group [(7.650 ± 3,261) vs (24.09 ± 16.98)].
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			Figure 2: The average value of the white blood cell profile in the control group and the treatment group was measured after 14 days after vasectomy. WBC, White Blood Cells; *, P<0.05.

			 

			The results of the analysis of the platelet profile with several assessment parameters are presented in Figure 3. The platelet profile consists of several parameters, namely the number of platelets, plateletcrit (Pct), mean platelet volume (MPV), and platelet distribution width coefficient variation (PDWC) significant between the control group and the treatment group (P>0.05). Platelet count [(574667±123262) vs (564571±1974), P=0.9158]. Parameters Pct [(0.23 ± 0.07) vs. (0.20 ± 0.07), p = 0.4972], MPV [(3.967 ± 0.6022) vs (3.743 ± 0.6051), P=0.5190) and PDW [(34.00 ± 1.221) vs (33.50 ± 1.770) tended to show a mean value that the same in both the treatment group and the control group.
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			Figure 3: The average value of the platelet profile in the control group and the treatment group was measured after 14 days after vasectomy. All parameters tend to show the same average value in both the control and treatment groups. PCT, Platelet; MPV, Mean Platelet Volume; PDWC, Platelet Cells Distribution Width.
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			Figure 4: The average value of sperm concentration and sperm motility in the control and treatment groups after 14 days after vasectomy. *, p<0.05.

			 

			The results of the analysis of sperm quality with parameters for assessing sperm concentration and sperm motility are presented in Figure 4. Overall sperm quality parameters showed a significant difference between the control and treatment groups (P<0.05). Parameters of sperm concentration tended to increase in the treatment group compared to the control group [(108.5 ± 21.36) vs (57.57 ± 3.259), P=0.0001]. Sperm motility parameters tended to decrease in the treatment group compared to the control group [(3500 ± 5.505) vs (34.57 ± 1.718), P=0.0012].

			 

			The vasectomy method is preferred more than the castration method, which are considered more complicated, time-consuming, and requires intensive postoperative care in animals (Dhanlakshmi et al., 2007). However, the short-term effect of this method is considered to affect health conditions and sexual function (Puri et al., 2000). In this study, vasectomy showed changes in hematological assessment, where the vasectomy procedure caused a decrease in the parameters of erythrocyte count, hemoglobin, hematocrit, and mean corpuscular hemoglobin (MCH). The vasectomy procedure in this study had a positive impact because based on the results of the study showed that the vasectomy procedure did not cause blood and health problems, changes in the hematological profile that occurred in this study were thought to be caused by several factors. such as nutrition and stressful conditions due to the application of vasectomy. vasectomy procedures in mice.

			 

			The results showed that the number of erythrocytes increased in the treatment group compared to the control group. The increase in the number of erythrocytes in the treatment group can be caused by various factors, one of which is stress conditions, this is supported by research by Mariotti (2015) which states that stress conditions can cause various adverse effects on the body system, especially the immune system and hematopoiesis (Mariotti, 2015). Mice that received treatment tended to experience higher stress than the control group, stress conditions that occurred in the treatment group could be caused by discomfort due to the response to pain and swelling of the post-vasectomy wound (Leach et al., 2012). Physiologically, stressful conditions activate the hypothalamus, which controls two neuro-endocrine systems, namely the sympathetic and adrenal cortex systems. The sympathetic nervous system will signal the adrenal medulla to release the hormones epinephrine and norepinephrine into the bloodstream, which can cause the increase of heart rate, the improve the blood flow to muscles, and oxygen demand to increase. These conditions can be the cause of accelerated erythropoiesis in bone marrow. However, the increase in the number of erythrocytes in this study did not indicate a blood disorder (polycythemia) because the number of erythrocytes was still in normal range of 6.89-11.7 106/µL (Heryanita et al., 2018).

			 

			The results showed that the average value of hemoglobin in the treatment group tended to be higher than the control group. The hemoglobin level depends on the number of erythrocytes. If the erythrocyte count is high, the hemoglobin will be high and vice versa. This is in line with the results of research showing an increase in the number of erythrocytes, so that the hemoglobin value will also increase. An increase in hemoglobin level in the blood that exceeds the upper limit of the normal range is called polycythemia (Norsia, 2015). The hemoglobin value in mice can be influenced by several factors such as age, nutrition, and animal health conditions (Smith and Jarecki, 2011). Unbalanced nutrition can affect the physiological condition of the animal’s body, if the animal’s body undergoes physiological changes, the blood components will also experience changes (Guyton, 1995). Unbalanced nutritional conditions can cause physiological changes in the body of mice, where pain due to incisions and suturing due to vasectomy surgery is thought to affect the nutritional status of mice (Leach et al., 2012).  The average hemoglobin value of mice in this study was still in normal range, and this is in line with previous studies, where the hemoglobin value of normal mice was in the field of 12.79-15.90 g/dl (Benkovic et al., 2012; Osanaiye et al., 2015), so it can be stated that this vasectomy procedure does not cause health problems or disturbances in hemoglobin.

			 

			The results showed that the hematocrit value in the treatment group tended to be higher than the control group. Hematocrit on treatment can be increased due to dehydration and stress conditions. Mice in the treatment group will tend to experience higher stress than the control group, the stress that occurs can trigger an increase in pain or after vasectomy surgery. This situation causes the high concentration of erythrocytes in the spleen to be high. This is supported by research conducted by Robergs (1997) which states that when animals experience stress, the hormone epinephrine will increase spleen contraction so that red blood cells in the blood circulation become more numerous and ultimately increase the hematocrit value. The value of hematocrit in healthy animals is that normal animals have a hematocrit value that is proportional to the number of erythrocytes and hemoglobin levels. The same thing was found in this study, where a rise followed an increase in the hematocrit value in the number of erythrocytes and hemoglobin. The increase of hematocrit values in the treatment group did not indicate a blood disorder because the hematocrit value in this study was still within the normal range of hematocrit in mice, namely 33.1-49.9% (Kusmawati, 2004).

			 

			The results showed that the average MCH value decreased in the treatment group compared to the control group. A decrease in the MCH value may indicate that the individual has hypochromic microcytic anemia (Gandasoebrata, 2013). This type of anemia can be caused by several factors, one of which is low iron intake. Vasectomy surgery is possible to affect the nutritional status of mice, where pain due to incisions and suturing can occur after vasectomy surgery (Leach et al., 2012) so that during the 14-day postoperative maintenance, the mice chose to focus on pain compared to the feed that should have been maximally fulfilled for the nutritional needs of the mice, causing a decrease in appetite and automatically imbalanced nutrition in mice. The dietary components contained in the feed used to compose the formation of MCH are Fe (iron) and protein (Saputro and Junaidi, 2015). Other erythrocyte profile parameters such as MCV, MCHC, and RDWC did not show any significant difference between the control and treatment groups. This reflects that statistically the vasectomy procedure does not affect the number of erythrocytes.

			 

			The results of this study showed that the leukocyte profile with the parameter of monocyte proportion showed a decrease in the treatment group compared. Leukocytes are one of the body’s defense compartments. A substantial reduction in the proportion of monocytes occurred in mice in the treatment group. The level of monocytes decreased significantly after receiving treatment in the form of vasectomy surgery. Monocytopenia or decreased monocyte percentage can be both physiological and pathological. Physiological monocytopenia occurs in the early stages of stress (due to the vasectomy procedure), whereas pathological monocytopenia occurs after the acute phase of the disease ends (Preanger et al., 2016).  The percentage of monocytes in the control group and shows an abnormal range, this is supported by previous studies which state that the normal range of monocytes in mice is in the range of 0.1-3.5% (Clauss et al., 2012; Fahrimal et al., 2014). The difference in the percentage of monocytes in this study was due to the absence of infection, according to the study of Utami et al. (2013) the decrease in the proportion of monocytes is related to the function of monocytes themselves, namely as macrophages, where monocytes are not really needed for phagocytosis because there is no infection that enters the body that triggers monocyte production.

			 

			Unlike the case with examining all components of the platelet profile, which statistically did not show any significant differences between the control and treatment groups. The average value of all parameters of the platelet profile tends to offer the same average value in both control and treatment groups. Platelets serve as the first line of defense against bleeding, contributing to the process of thrombosis, neoplasia, and inflammation (Holinstat, 2017). Changes in platelet values can be caused by several factors such as blood collection procedures and techniques, the effect of anticoagulants, and storage conditions for test samples (Cora et al., 2012; Rosidah et al., 2020; Fitria et al., 2016). Platelets serve as the first line of defense against bleeding, contributing to the process of thrombosis, neoplasia, and inflammation (Holinstat, 2017). In this case, the vasectomy procedure does not affect to the platelet count.

			 

			In addition to affecting the hematological profile, the application of the vasectomy procedure for 14 days in this study was found to have a significant effect on sperm quality. Sperm concentration is the number of spermatozoa obtained in one storage. The assessment of spermatozoa concentration is an essential factor that describes the characteristics of sperm used as one of the criteria for determining semen quality. Sperm concentration can be influenced by several factors, including sexual development, feed quality, reproductive health, testicular size, age, and frequency of male ejaculation (Salisbury and Van Demark, 1985). In this study, sperm motility in the vasectomy treatment group decreased up to 89,87% compared to the control group. This indicates that the vasectomy procedure reduces sperm motility in vasectomy rats (Longquan et al., 2011). Sperm motility is related to fertility, where sperm motility is essential for efficient penetration (Farrell et al., 1998; Fetterolf and Roger, 1990). Based on research that has been done, protein plays a critical role in spermatozoa maturation and sperm function at the site of fertilization. Vasectomy significantly reduces the concentration of significant proteins) cysteine-rich secretory protein (CRISP-1), minor protein, phosphatidylethanolamine-binding protein, and prostaglandin D2 (Turner et al., 1999, 2000).

			 

			Furthermore, a study demonstrated that applying a 14-day vasectomy procedure could alter the synthesis overall epididymal protein, including CRISP-1 synthesis and secretion (Turner et al., 1999). Therefore, persistent changes in epididymal protein synthesis and secretion may alter the sperm maturation process and affect male fertility. This suggests the application of contraceptive methods. In this study, the vasectomy method of contraception showed an effect on fertility which was indicated by a decrease in the percentage of sperm motility.

			 

			The conclusions in this study indicate that the changes in hematological values in this study were still within normal limits and there were no health problems, the difference in the average values for each parameter was thought to be caused by several factors such as nutrition and stress conditions, therefore the application of the vasectomy procedure could be improved. through good and correct pain management and postoperative management in mice. In addition, the application of the vasectomy procedure affected sperm quality as indicated by an increase in sperm concentration and a decrease in sperm motility in the treatment group compared to the control group.
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Hematology Profileand Sperm Quality in Mice (Mus musculus) Balb/C
Strain Post Vasectomy
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Abstract | Vasectomy is a male contraceptive method considered effective and safe because it is performed under local
anesthesia where ductus deferens end up in ligation through a small scrotal incision. However, the effect of short-term
period after vasectomy has not been well studied. This study aimed to determine the effect of short-term period after
vasectomy on hematological profile and sperm quality. This study used 13 mice (Mus musculus) BALB/c strains which
were divided into two groups, namely control group (Sham) and treatment (vasectomy). After 14 days, blood sampling:
was performed for hematology profile examination, and spermatozoa had been collected from cauda epididymis for
analysis of spermatozoa quality. The results showed that the average value of erythrocyte count, hemoglobin, and
hematocrit were significantly increased 21%, 14.77 %, and 18.28 % respectively in the treatment group, and mean
corpuscular hemoglobin (MCH) decreased in the treatment group (p<0.05). The monocyte percentage parameter was
significantly decreased in the treatment group compared to the control group (p<0.05). An increase in spermatozoa
concentration occurred in the treatment group while spermatozoa motility decreased. Changes in hematological values
were still within normal limits and there were no health problems. Differences in hematological values are caused by
changes in nutrition and stress conditions after vasectomy surgery. In addition, vasectomy caused a decrease in sperm
quality in mice.
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INTRODUCTION fertilize an egg (Fainberg and Kashanian, 2018). Although

there are various methods of contraception, sterilization

Population growth has become asignificant public health  shows the most effective results (WHO, 2004). Vasectomy
problem because of its multidimensional consequences  is a very effective and safe method of male contraception
(Perrott and Holland, 2005). Vasectomy is a sterilization and is performed under local anesthesia where the ductus
method that involves cutting or blocking the vas deferens  deferens ends in ligation through a small scrotal incision
to prevent sperm from mixing with semen. Vasectomy (Shafik, 2000). Currently, more than 100 million men
results in ejaculation that does not carry sperm and cannot ~ worldwide have used vasectomy for family planning
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