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Abstract 

 Introduction: Although for centuries digoxin was widely used for the treatment of 

variable heart problems and is still used, it is important to evaluate its effects on 

reproductive organs.                 

Aim:  The present study is designed to compare the effects of this medication in male 

and female rats.                                                                                                                                                    

Materials and Methods: The study included four groups as follows: 3 groups treated 

with different doses of digoxin solution for 90 days and the 4th group as control.                                       

 Results: The results revealed significant changes in liver enzymes and urea levels in 

male rats. On the other hand, there were no significant differences in serum troponin 

and creatinine levels between male and female rats. Histopathological changes 

showed varying degrees of suppression of spermatogenesis along with emptying of 

epididymis tubules, while the ovaries revealed small non-active corpora lutea without 

Graafian follicles in comparison to control groups.                                                                                                                                         

Conclusion: The study conclude that male rats appear to be affected more than female 

rats and digoxin hurts biochemical markers as well as gonadal tissue on both genders.    

Keywords: Digoxin, Troponin, Biochemical parameters, Gonadal histopathology.

1. Introduction  

 Digoxin is a commonly prescribed medication for the treatment of various 

cardiovascular conditions (1). One area of concern is the impact of digoxin on gonadal 

tissue, which plays a crucial role in reproductive function and overall health.  Digoxin 

toxicity occurs because the differences between therapeutic dose and toxic dose is very 

small through blocking the sodium/potassium ATPase (NKA) pump in cardiac tissue 

and other organs (2). Some factors that are associated with increased digoxin toxicity 

the gender, age, and disease state, in which several studies mentioned that male gender 

experiences more toxicity than females (3, 4).  In the case of digoxin toxicity, the gender 

differences in its impact on the reproductive system and fertility in rats have not been 

well documented. This study is designed to fill existing knowledge gaps regarding the 

effects of digoxin on gonadal tissue in male and female rats and to elucidate gender 

response to digoxin toxicity. 
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2. Materials and methods 

2.1. Experimental Animals 

Forty-eight adult male and female rats weighing 170 ± 40g, 12 weeks old were used in 

the study. The animals were kept for acclimatization for two weeks at the laboratory 

animal house, where they were housed as six rats in each cage, and the male rats were 

separated from female rats under standard conditions 12 hours light on, mechanical 

ventilation, ad libitum, tap water and the room temperature 24 ± 2oC.  

2.2. Digoxin Solution 

   Reference tablets of digoxin, England origin were obtained from private pharmacy 

0.25mg (therapeutic dose) of digoxin. These tablets were dissolved in distilled water 

to prepare a digoxin solution. 

2.3. Experiment design 

The study included 24 male and 24 female rats which were divided into four groups; 

each group was composed of six rats of each gender that were dosed daily with oral  

digoxin solution for 90 days as follows: 

High Dose Group: dosed 6mg /kg digoxin orally. Intermediate Dose Group: dosed 

3mg /kg digoxin orally. Low Dose Group: dosed 1.5mg /kg digoxin orally. Control 

Group: treated with distilled water. 

2.4. Collection of blood samples 

On day 90th of the experiments, all animals were sacrificed and blood samples were 

collected from vena cava, then serum was obtained from blood samples by 

centrifugation at 5000 rpm for 15 minutes and stored in an Eppendorf tube at -20OC for 

laboratory analysis. 

2.5. Biochemical parameters measurements 

Serum troponin concentration was measured using IchromaTM Tn-I kit (Boditech Med 

Incorporated) by fluorescence immunoassay (5).    Liver function tests including AST 

and ALT activity and kidney function tests involving urea and creatinine concentrations 

were measured by U.V assay according to the International Federation of Clinical 

Chemistry and Laboratory Medicine (IFCC) in an automatic analyzer ACCENT-200 II 

GEN (6). 

2.6. Gonadal tissue histopathology 

Gonadal tissue including testes and ovary was collected from all sacrificed animals 

and preserved in 10% formalin for histopathological evaluation (7).  

2.7. Statistical analysis 

Data were expressed as mean ± standard deviation and analyzed statistically using the 

Microsoft Program SPSS version 11. Specific group differences were determined using 

least significant differences (LSD).  
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3. Results 

3.1. Biochemical parameters  

The biochemical parameters were found different within the group between male and 

female rats including a significant (P<0.05) increase in serum urea, AST and ALT 

enzyme levels in male rats in comparison to female rats. However, other parameters 

involving troponin and creatinine showed no significant (P>0.05) differences between 

male and female rats as shown in the table. 

Table Shows the effects of digoxin on biochemical parameters in male and female 

rats. (Mean ± SD). 

Parameters 
Male 

rats 

Female 

rats 
LSD  

    

Troponin 

1.29 ± 

0.42   

a 

1.23 ± 

0.34   a 
0.18 

AST 

236.41 

± 73.4  

a 

205.20 

± 48.8 

b 

10.08 

ALT 

122.62 

± 56.1  

a 

79.91 ± 

28.4 b 
26.1 

Urea 

68.04 

± 14.7  

a 

57.62 ± 

8.42 b 
6.46 

Creatinine 

0.94 ± 

0.16   

a 

0.86 ± 

0.14   a 
0.11 

*Values expressed in the red small letters mean significant differences (P<0.05) level. 

3.2. Histopathological changes of testes 

The testes of the control group showed normal spermatogenesis in seminiferous tubules 

as in Figure (1). The treated groups showed marked suppression of spermatogenesis in 

seminiferous tubules and no spermatozoa were seen as in figures (2 & 3) associated 

with vacuolation of spermatogonia and primary spermatocytes as shown in figure (4). 

It is also noted that the epididymis tubules appeared to be empty as a result of 

suppression of spermatogenesis as in Figure (5).
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Figure (1): Testes of control rats showed normal spermatogenesis in seminiferous 

tubules. Figures (2 & 3): Testes of rats treated with 6mg/kg, 3mg/kg digoxin showed 

severe suppression of spermatogenesis in seminiferous tubules respectively. Figure (4): 

Testes of rat treated with 1.5mg/kg digoxin showed marked suppression of 

spermatogenesis associated with vacuolation of spermatogonia and primary 

spermatocyte. Figure (5):  Testes of rat treated with 3mg/kg digoxin showed empty 

tubules of epididymis associated with suppression of spermatogenesis. H&E stain 

100X.

3.3. Histopathological changes of ovary:   

1 2 

3 4 

5 
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The ovary of control rats showed large corpora lutea and dilated secondary follicles, 

Graafian follicle and normal structure as in figure (6 & 7). All treated groups show 

small nonactive corpora lutea and secondary follicles only without graafian follicles 

as in Figure (8, 9 & 10). 
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Figure (6 & 7): Ovary of control rat showed large corpora lutea and dilated secondary 

follicles. Figure (8, 9 & 10): Ovary of rat treated with 6mg/kg, 3mg/kg and 1.5mg/kg 

digoxin showed corpora lutea and secondary follicles. H&E stain 

4. Discussion 

The current study showed that there was a significant increase in serum urea, AST and 

ALT level in male when compared to female rats, this indicates that different doses of 

6 
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5 

7 
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digoxin have more toxic effect on male rat in comparison with female rat by affecting 

liver and kidney functions. This result is in line with (8, 9) who found that patient with 

digoxin concentration out of therapeutic level was almost male, this may be related to 

the changes in activity of P-glycoprotein in which digoxin is a substrate leading to their 

high digitalis bioavailability and more toxicity (10). Similarly, digoxin administration 

in albino rats causes an elevation of all biochemical parameters studied along with a 

significant reduction in total protein, albumin and globulin protein suggesting liver 

damage (11).   

Whitbeck et al., (12) reported that there was no gender interaction with digoxin therapy, 

in which both men and women experienced significantly increased overall mortality 

with digoxin use. 

On the other hand, the present study didn't show any significant differences in serum 

troponin and creatinine levels between male and female rats within the groups. this may 

be related to those parameters requiring a longer duration of treatment with digoxin to 

display changes between male and female rats. This result does not match with (13) 

who reported that male rats had a 10-fold greater serum cardiac troponin than age-

matched female rats. Testicular tissue appeared to be severely affected by high dose 

digoxin in which the treated groups showed marked suppression of spermatogenesis in 

seminiferous tubules associated with vacuolation of spermatogonia and primary 

spermatocytes. Therefore, no spermatozoa were observed in seminiferous tubules and 

the epididymal tubules appeared to be empty. This result may be related to the toxic 

effect of high digoxin dose on testicular tissue and may be a result of the oxidative 

stress that led to tissue injury; digoxin act directly on testes to decrease testosterone 

production by inhibiting of cAMP production and cytochrome P450scc activity which 

considered the rate-limiting enzyme of the pathway leading to testosterone biosynthesis 

(1).  

   Blanco et al., (14) found that blockage of Na-K/ATPase α4 isoform that is present in 

male gonadal tissues, especially in spermatozoa which is essential for ionic homeostasis 

of the germ cells of the testes leads to impairment of spermatogenesis, germ cells 

development and interfere with male fertility (15). These findings support the 

histopathological changes of testes in this study associated with digoxin treatment. 

Several studies have shown that digoxin hurts sexual hormones and causes an increase 

in serum estrogen along with a reduction in serum luteinizing and testosterone hormone 

levels; these changes can cause atrophy of Leydig cells and impairment of it is 

development with suppression of testosterone production (16). However, other studies 

report the impact of digoxin on sperm motility that harms fertilizing capacity (17).   

   The present study observed that all treated groups showed small nonactive secondary 

follicles and corpora lutea only without any Graafian follicles, which may be related to 
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either ovarian tissue defect or hormonal deficiency (18). This result may be related to 

the toxic doses of digoxin in the present study which may disturb ovarian tissue germ 

cells for which there was neither a primary follicle seen nor a secondary follicle and 

Graafian follicle developed. 

5. Conclusion 

It has been noted that digoxin may hurt fertility by affecting both gonadal tissues of 

laboratory rats and this may be related to it is effect either on sexual hormonal level or 

blocking of NKA channel that presents in germinal cells of gonads thus affecting ionic 

homeostasis of testes and ovary tissues, on the other hands, the biochemical parameters 

also affected by digoxin administration in both genders but the male rats being with 

more prominent negative effect than female rats.   

Conflict of Interest. 

None declared. 

 

References 

1.Lin H, Wang S-W, Tsai S-C, Chen J-J, Chiao Y-C, Lu C-C, et al. Inhibitory effect 

of digoxin on testosterone secretion through mechanisms involving decreases of 

cyclic AMP production and cytochrome P450scc activity in rat testicular interstitial 

cells. British journal of pharmacology. 1998;125(8):1635. 

https://doi.org/10.1038%2Fsj.bjp.0702229 

2.Patocka J, Nepovimova E, Wu W, Kuca K.Digoxin: Pharmacology and 

toxicology—A review. Environmental Toxicology and Pharmacology. 

2020;79:103400. https://doi.org/10.1016/j.etap.2020.103400 

3.NarayanGoit L, Shaning Y. digoxin toxicity: a review. International Journal of 

Science Inventions Today. 2018, 7(6),1025-1034. 

http://www.ijsit.com/admin/ijsit_files/DIGOXIN%20TOXICITY_IJSIT_7.6.4.pdf 

4.Li Q, Wu G, Lu P. Determination of digoxin serum level in patients with heart 

failure. Cellular and Molecular Biology. 2022;68(8):102-4. 

https://doi.org/10.14715/cmb/2022.68.8.18 

5.McNeil A. The trouble with troponin. Heart, Lung and Circulation. 2007;16:S13-S6. 

https://doi.org/10.1016/j.hlc.2007.03.017 

6.Tietz NW, Andresen BD. Textbook of clinical chemistry. (No Title). 1986. 

7.Luna LG. Manual of histologic staining methods of the Armed Forces Institute of 

Pathology.  Manual of histologic staining methods of the Armed Forces Institute of 

Pathology1968. p. xii, 258-xii, . 

8.Baris N, Kalkan S, Güneri S, Bozdemir V, Guven H. Influence of carvedilol on 

serum digoxin levels in heart failure: is there any gender difference? European journal 

of clinical pharmacology. 2006;62:535-8. https://doi.org/10.1007/s00228-006-0138-7 

http://doi.org/10.36582/j.Alkuno.2024.09.08
http://journals.kunoozu.edu.iq/1/archive
https://doi.org/10.1038%2Fsj.bjp.0702229
https://doi.org/10.1016/j.etap.2020.103400
http://www.ijsit.com/admin/ijsit_files/DIGOXIN%20TOXICITY_IJSIT_7.6.4.pdf
https://doi.org/10.14715/cmb/2022.68.8.18
https://doi.org/10.1016/j.hlc.2007.03.017
https://doi.org/10.1007/s00228-006-0138-7


ISSN 2706-6231 (ONLINE)           AL-KUNOOZE SCIENTIFIC JOURNAL  (KSJ) (2024) (79-87)               ISSN 2706-6223 (PRINT) 
 

 

 

http://doi.org/10.36582/j.Alkuno.2024.09.08 

Al-Kunooze University College 

Journal homepage: http://journals.kunoozu.edu.iq/1/archive & 

https://www.iasj.net/iasj/journal/340 

 

 

87 
 

9.Souza FC, Marques EB, Scaramello R, Christianne B. Study of digoxin use in a 

public health unit. Anais da Academia Brasileira de Ciências. 2015;87:1033-40. 

https://doi.org/10.1590/0001-3765201520140133 

10.Ali I, Guidone D, Nicolazzo JA, Brouwer KL. Impact of reduced P‐glycoprotein 

function on digoxin concentrations in patients with dementia. British Journal of 

Clinical Pharmacology. 2019;85(10):2351-9. https://doi.org/10.1111/bcp.14049 

11.Helal EG, Soliman MG, Abdel-Kawi NA, Badawi MM, Abozaid NM, Yousef HN. 

Adverse effects of digoxin, as xenoestrogen, on some hormonal and biochemical 

patterns of male albino rats. The Egyptian Journal of Hospital Medicine. 

2013;53(1):837-45. DOI: 10.12816/0001646 

12.Whitbeck MG, Charnigo RJ, Khairy P, Ziada K, Bailey AL, Zegarra MM, et al. 

Increased mortality among patients taking digoxin—analysis from the AFFIRM 

study. European heart journal. 2013;34(20):1481-8. 

https://doi.org/10.1093/eurheartj/ehs348 

13.O'brien P, Smith D, Knechtel T, Marchak M, Pruimboom-Brees I, Brees D, et al. 

Cardiac troponin I is a sensitive, specific biomarker of cardiac injury in laboratory 

animals. Laboratory animals. 2006;40(2):153-71. 

https://doi.org/10.1258/002367706776319042 

14.Blanco G, Sánchez G, Melton RJ, Tourtellotte WG, Mercer RW. The α4 isoform 

of the Na, K-ATPase is expressed in the germ cells of the testes. Journal of 

Histochemistry & Cytochemistry. 2000;48(8):1023-32. 

https://doi.org/10.1177/002215540004800801 

15.Syeda SS, Sánchez G, McDermott JP, Hong KH, Blanco G, Georg GI. The Na+ 

and K+ transport system of sperm (ATP1A4) is essential for male fertility and an 

attractive target for male contraception. Biology of reproduction. 2020;103(2):343-56. 

https://doi.org/10.1093/biolre/ioaa093 

16.Kula K, Walczak-Jędrzejowska R, Słowikowska-Hilczer J, Oszukowska E. 

Estradiol enhances the stimulatory effect of FSH on testicular maturation and 

contributes to precocious initiation of spermatogenesis. Molecular and cellular 

endocrinology. 2001;178(1-2):89-97. https://doi.org/10.1016/S0303-7207(01)00415-4 

17.Oyedeji K, Abidoye A, Shallangwa M, Obisesan A. Effect of Digoxin on 

Reproductive Parameters in Male Wistar Rats. Journal of Pharmaceutical Sciences 

and Research. 2020;12(9):1242-6. 

18.Stoffer SS, Hynes KM, Jiang N-S, Ryan RJ. Digoxin and abnormal serum 

hormone levels. Jama. 1973;225(13):1643-4. 

doi:10.1001/jama.1973.03220410045010

 

 

http://doi.org/10.36582/j.Alkuno.2024.09.08
http://journals.kunoozu.edu.iq/1/archive
https://doi.org/10.1590/0001-3765201520140133
https://doi.org/10.1111/bcp.14049
https://doi.org/10.1093/eurheartj/ehs348
https://doi.org/10.1258/002367706776319042
https://doi.org/10.1177/002215540004800801
https://doi.org/10.1093/biolre/ioaa093
https://doi.org/10.1016/S0303-7207(01)00415-4

