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Abstract---This study aims to determine the increase in the quality of spermatozoa and testosterone after giving L-

carnitine to white rats (Rattus norvegicus). This study was conducted by giving L-carnitine as a treatment for 42 

days in white rats with a dose variation of 100 mg/kg bw, 150 mg/kg bw, and 200 mg/kg bw and user controls as a 

comparison. The variables observed in this study were the quality of spermatozoa, namely: morphology, motility, 

viability, membrane integrity, and seeing the levels of the hormone testosterone. The research data were processed 

using a computer statistical program (SPSS 22.0 for Windows) using the One Way Anova test. The results showed 

that giving high doses of L-carnitine supplements for a long time could cause decreased spermatozoa quality, 

namely: morphology, motility, viability, membrane integrity and decreased levels of the hormone testosterone. 

Keywords---quality of spermatozoa, testosterone L-carnitine hormone, white rats. 

 

 

Introduction 

 

One of the disorders of male reproductive health that occurs at childbearing age is infertility. Infertility is the 

inability to conceive and give birth to a live baby after one year of regular intercourse and not using any 

contraceptives (Djuwantono, 2008). Alternative medicine to treat infertility is being intensively carried out. Many 

studies have been conducted to identify natural substances that can protect the body from oxidative stress such as the 

use of antioxidant compounds found in fruits, vegetables, whole grains, and health supplements. One of the 

ingredients in health supplements that can be used as an alternative to infertility treatment is L-carnitine. 

The content of L-carnitine is a substance derived from the essential amino acids methionine and lysine which 

have vitamin-like properties but cannot be categorized as a vitamin. L-carnitine, which is often consumed for the 

process of burning body fat, turns out to be an essential substance that can increase male fertility because of its 

ability to help increase energy metabolism and maturation of spermatozoa (Vicari et al., 2001; Dorado et al., 2011; 

Ciereszko et al., 2000; Ermayanti et al., 2016). Therefore, it is necessary to research the infertility test by looking at 

the quality of spermatozoa which includes motility, morphology, viability, the integrity of the spermatozoa 

membrane, and measuring the levels of the hormone testosterone in male white rats (Rattus norvegicus) by giving 

pure L-carnitine. 
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Methods 

 

This research was conducted by giving L-carnitine as a treatment for 42 days to white rats. The research design used 

a completely randomized design (CRD) which consisted of four groups where one control group and three treatment 

groups (Figure 1). The grouping was done randomly. Each group will be given treatment orally for 42 days based on 

1 cycle of spermatogenesis in rats. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Research design 

 

Schematic description: 

Control male mice were given mineral water without L-carnitine 

100 mg / kg body weight L-carnitine orally as much as 1 mL/day for 42 days 

150 mg / kg body weight L-carnitine Male rats were given L-carnitine at a dose of 100 mg/kg BW orally 

as much as 1 mL/day for 42 days. 

200 mg / kg bw L-carnitine Male rats were given L-carnitine at a dose of 150 mg/kg BW orally 

as much as 1 mL/day for 42 days. 

 

On the 42nd day, the rats were sacrificed and then operated on, the rats were sacrificed using chloroform and 

dissected in the abdomen, then the testes were cleaned from other tissues. The cauda epididymis was taken. For 

testing the testosterone hormone using blood taken from the heart, measuring the hormone levels using KIT ELISA. 

 

Collections of epididymal spermatozoa 

 

The cauda epididymis was cut and chopped in 1 mL of 0.9% NaCl solution with a pH of 7.2-7.4 using scissors to 

form a suspension of spermatozoa. Spermatozoa fluid is used to measure sperm quality which consists of: 

a) Spermatozoa motility 

b) Morphology of spermatozoa 

c) Viability of spermatozoa 

d) Spermatozoa membrane integrity 

 

 

Results 

 

Research conducted using supplements containing L-Carnitine as an ingredient to improve the quality of 

spermatozoa and testosterone hormone levels after research was carried out by giving supplements containing L-

Carnitine to male white rats with doses according to the steps in a predetermined research design (Antari et al., 2016; 

Ri, 2013; Sherwood, 2011). The research data was tested using SPSS 21.0 where the results obtained using the 

Kolmogrov-Smirnov test showed that the data were not normally distributed with a value of P <0.05, then a 

homogeneity test was carried out which showed that the data was not homogeneous, with a P-value <0.05. After that, 

Sample  Randomization  

Control 

100 mg/kg bb 

150 mg/kg bb 

200 mg/kg bb  
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it was continued with the Kruskal-Wallis test to determine the significant value of the test results. The statistical test 

results will be described below: 

 

Effect of L-Carnitine on sperm motility 

 

In the measurement results of the measured motility speed on 100 spermatozoa cells with 3 times of repetition and 

using 2 categories, namely: 

A: spermatozoa that move fast forward 

B: spermatozoa moving in place 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Effect of L-Carnitine on sperm motility where the value of an in Control and P2 shows insignificant results.  

Meanwhile, letters a, b, and c indicate a significant difference between the control group with P1 and P3 with a value 

of P <0.05 

 

Effect of L-Carnitine on the morphology of spermatozoa 

 

The results of the calculation of sperm morphology were carried out using a light microscope with a magnification of 

40x10, where the morphological calculations of the spermatozoa were divided into 2 categories, namely: 

A: Normal spermatozoa are characterized by a head that is shaped like a hook or crescent moon, a complete and 

straight tail 

B: Characterized by a severed head, the presence of cytoplasmic droplets remaining in the spermatozoa cell 

membrane, a curved and broken tail. 

 

Effect of L-Carnitine on the morphology of spermatozoa 

 

The results of the calculation of sperm morphology were carried out using a light microscope with a magnification of 

40x10, where the morphological calculations of the spermatozoa were divided into 2 categories, namely: 

A: Normal spermatozoa are characterized by a head that is shaped like a hook or crescent moon, a complete and 

straight tail 

B: Characterized by a severed head, the presence of cytoplasmic droplets remaining in the spermatozoa cell 

membrane, a curved and broken tail. 
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Figure 3. Effect of L-Carnitine on spermatozoa morphology where the value of an in Control and P2 shows 

insignificant results. Meanwhile, letters a, b and c indicate a significant difference between the control group with P1 

and P3 with a value of P <0.05 

 

Effect of L-Carnitine on the viability of spermatozoa 

 

Measurement of the viability of spermatozoa was carried out using a light microscope with a 400x magnification on 

100 spermatozoa cells (Karadeniz et al., 008; Matalliotakis & Koumantakis, 2000). Dead spermatozoa are 

characterized by the absorption of 1% Eosin and 10% Nigrosin dyes while living spermatozoa are characterized by 

no color absorption (clear). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Effect of L-Carnitine on the viability of spermatozoa where the value of an in Control and P2 shows 

insignificant results. Meanwhile, letters a, b, and c indicate a significant difference between the control group with 

P1 and P3 with a value of P <0.05 

 

Effect of L-Carnitine on the integrity of the spermatozoa membrane 

 

Observation of the integrity of the spermatozoa membrane was carried out using a light microscope with a 400x 

magnification of 100 spermatozoa cells. Good spermatozoa membrane integrity can be seen from the swelling and 

coiling of the tail, while the damaged (poor) sperm membrane integrity can be seen from the absence of swelling and 

a straight tail. 
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Figure 5. Effect of L-Carnitine on the integrity of spermatozoa where the value of an in Control and P2 shows 

insignificant results. Meanwhile, letters a, b and c indicate a significant difference between the control group with P1 

and P3 with a value of P <0.05 

 

Effect of L-Carnitine on Testosterone Hormone Levels 

 

Testosterone levels were calculated using the Enzyme-Linked Immunosorbent Assay (ELISA) method. The 

absorbance value of the ELISA results was calculated using an ELISA reader at a wavelength of 450nm. 

 

 
Figure 6. Effect of L-Carnitine on testosterone levels where the value of an in Control and P2 shows insignificant 

results. Meanwhile, letters a, b, and c indicate a significant difference between the control group with P1 and P3 with 

a value of P <0.05 

 

 

Discussion 

 

In this study, L-carnitine has an increased effect on the motility of spermatozoa group A, namely spermatozoa that 

move fast forward, but at certain doses, namely in the study used a dose of 200 Mg/bb showed a decreased effect on 
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the motility of class A spermatozoa. This is because L-carnitine is toxic if consumed in excessive amounts. L-

Carnitine plays a role in the transport of long-chain fatty acids into the mitochondria for oxidation (Chatzifotis & 

Takeuchi, 1997; Owen et al., 2001), regulation of the CoA / CoA-SH ratio which is important in the catabolism of 

carbohydrates and fats and the rate of the Krebs cycle (Chatzifotis et al., 1996; Vaz et al., 2002). The provision of L-

carnitine in feed can increase the protein-sparing action of fat, so that energy from protein is mostly used for body 

protein synthesis. 

The movement of the spermatozoa tail is controlled by the driving part or dynein (outer dynein arm and inner 

dynein arm) and the radial spokes that compose the microtubules. The movement of spermatozoa uses the energy 

generated from the mitochondria, where the mitochondria are arranged spirally and are protected by the cell 

membrane. Mitochondria will produce energy through the ATP hydrolysis process where the movement occurs by 

converting chemical energy into kinetic energy through the enzyme ATP-ase (Hayati, 2011). 

L-Carnitine with high levels in spermatozoa results in high levels of ROS, high levels of ROS resulting from 

reduced oxidants causing oxidative stress, resulting in the cell membrane protecting the mitochondria in the tail 

being damaged and disrupting the function of the mitochondria in producing ATP for movement (Hoek et al., 2002; 

Neuman et al., 2002; NG et al., 2004). 

The ATP-ase enzyme maintains internal homeostasis for sodium and potassium ions. If the activity of the ATP-

ase enzyme is disturbed, the homeostasis of sodium and potassium ions will be disturbed so that the intracellular Na 

+ concentration increases, the Na + gradient across the cell membrane will decrease, so that the release of Ca2 + will 

also decrease (Ganong, 2001). If the Ca2 + ion is reduced, the membrane will lose its ability to transport dissolved 

materials into the cytoplasm (Haryati, 2003). The disruption of the permeability of the sperm membrane will disrupt 

the transport of nutrients needed by spermatozoa for their movement. 

The analysis of spermatozoa morphology in this study showed that the morphological results in the control group 

and P2 were not significant, this shows that L-Carnitine with the appropriate dose wherein the study a dose of 150 

Mg/bb was used can improve normal morphology. In this case, L-Carnitine can stimulate androgen hormones so that 

it can increase the normal spermatogenesis process and the maturation of spermatozoa (Suharyati & Hartono, 2013; 

Mohammadi et al., 2021; Sundseth & Waxman, 1992). 

The P3 group showed a decrease in normal morphology and increased abnormal morphology in male white rat 

spermatozoa, this was due to the high dose of L-carnitine consumed which caused damage during the 

spermatogenesis process due to high levels of ROS in the testes resulting in damage to the cell membrane. From the 

seminiferous tubules so that toxic free radicals can enter the seminiferous tubules. Increased levels of ROS will result 

in oxidative stress due to high ROS levels and antioxidants are not able to reduce oxidant levels, causing damage to 

cells, tissues, and organs. There are primary and secondary abnormalities in spermatozoa, where the primary 

abnormalities are visible in the form of small heads, amorphous heads, and spiral tails, while the secondary 

abnormalities were seen are spermatozoa without a head and a tail. This is because ROS affects the spermatozoa 

plasma membrane which contains large amounts of phospholipids and unsaturated fatty acids, where unsaturated 

fatty acids are susceptible to ROS, especially hydroxyl radicals which are the most reactive derivatives, this is 

because hydroxyl radicals will cause a chain reaction called lipid peroxidation. Thus resulting in breaking the chain 

of fatty acids into compounds that are toxic to spermatozoa cells (Murray, 2007). 

The increase in the quality of male spermatozoa given L-Carnitine is due to the effectiveness of L-Carnitine as a 

powerful antioxidant and prevents the formation of free radicals in sperm formation (Agarwal & Said, 2004). This 

can be explained by the presence of high amounts of long-chain polyunsaturated fatty acids (PUFAs) in the 

spermatozoa membrane. Peroxides cause fundamental changes in the composition of the sperm, especially the 

acrosome area, and cause a significant reduction in the viability and integrity of the spermatozoon membrane. Free 

radicals reduce the quality of spermatozoa and prevent the acrosome reaction with the membrane (Aitken & 

Clarkson, 1987; Aitken et al., 1993). The role of L-Carnitine in improving spermatozoa quality is to prevent the 

formation of free radicals, which form peroxides that cause oxidation of the spermatozoa membrane (Sarica et al., 

2007). 

Supplementation containing L-Carnitine has a role in stimulating an increase in follicle-stimulating hormone 

(FSH) and luteinizing hormone (LH). This is evidenced by the increase in the concentration of FSH, LH, and 

testosterone in blood serum. FSH is directly responsible for stimulating the spermatogenesis process, increasing 

testis size, differentiation of Sertoli cells, and seminiferous tubule size (O'Shaughnessy et al., 2010). On the other 

hand, LH plays a basic role in the differentiation and maturation of Leydig cells and the production of testosterone in 

the interstitial tissue of the testes. Testosterone has an important role in spermatogenesis and in improving the quality 

and quantity of semen. High concentrations of this hormone promote testicular growth and maintenance (Jacyno et 

al., 2007). 
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Conclusion 

 

Providing high doses of L-carnitine supplements for a long time can cause a decrease in the quality of spermatozoa 

which includes: morphology, motility, viability, and integrity of the spermatozoa membrane, as well as lowering 

levels of the hormone testosterone in the blood. 
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