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Abstract: Ischaemic-reperfusion injury (IRI) is 

a complex phenomenon that induces cell 

damage through a biphasic process and 

reperfusion. This results in oxidative damage 

via the reactive oxygen species, inflammatory 

cytokines and adhesion molecule generated 

during reperfusion. This study aimed to 

investigate the modulatory effect of L-

carnitine on Red blood cells and their indices 

following testicular torsion. Forty-five adult 

male Wistar rats were used for this study. The 

animals were divided into three groups 

comprising fifteen (n=5) in each group. Five 

(n=5) animals from each group i.e. Sham, IRI 

and IRI treated with 500mg/kg of L-carnitine 

were sacrificed on day twenty-two (22), forty-

two (42) and sixty-two (62) of the study 

respectively. At the end of the study, blood 

samples were collected from each of the 

animals through cardiac puncture and a full 

blood count was done using an automated 

haematological analyzer to determine the Red 

blood cells and their indices. Our findings 

revealed a significant increase in RBCs count 

(6.30±0.44 x106
 µL) for the group the IRI+L 

treated 62 groups when compared with sham 

treated group for the same duration and also 

when compared with the 1RI+L for 22 days. 

The Haemoglobin concentration (13.49±0.35 

g/dL) increased significantly in the IRI+L for 

42 days when compared with the Sham group 

for the same duration. A similar trend also 

was recorded in the Mean Cell Volume 

(MCV), Mean Cell Haemoglobin (MCH) and 

Mean Cell Haemoglobin Concentration 

(MCHC). Treatment of Wistar rats induced 

with testicular torsion with L-carnitine 

improved significantly the RBC and their 

indices. 
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1.0 Introduction 
 

Ischemia-reperfusion (I/R) injury is a 

deleterious clinical entity in the organism that 

occurs when blood circulation is restored after 

an episode of acute ischemia. In this type of 

injury the blood supply of the tissue is 

interrupted initially which leads to damage of 

metabolically active tissues, but the restoration 

of blood flow to the tissues, which initiates 
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paradoxic cascade of events, leads to further 

cellular and tissue damage eventually (Akbas 

et al.,2005).  

Successful salvage of the torsioned testis is 

directly related to the time elapsed from the 

onset of ischemia (Ramachandra et al., 2015). 

If exploration is performed within 4-6 hours of 

symptom onset, salvage rates may approach 

90%; with delayed intervention, however, 

these rates drop dramatically to 50% at 12 

hours after symptom onset and to almost 10% 

after 24 hours. In contrast, perinatal testicular 

torsion almost always results in loss of the 

involved testis (salvage rate < 5%) 

(Davenport, 1996). 

Blood act as a pathological reflector of the 

status of the exposed animals to toxicants and 

other conditions. The examination of blood 

provides the opportunity to clinically 

investigate the presence of metabolites and 

other constituents in the body of animals and it 

plays a vital role in the physiological, 

nutritional and pathological status of an 

animal. Blood constituents change the 

physiological status of an animal. These 

changes are important in assessing the 

response of farm animals to various 

physiological situations (Etim, 2014). 

L-carnitine (L-3-hydroxytrimethylaminobutan 

-oate) is a naturally occurring substance that 

can be synthesized in mammals from the 

essential amino acids lysine and methionine or 

ingested in diet (Kraemer et al.; 2008). It acts 

as a carrier for fatty acids across the inner 

mitochondrial membrane for subsequent β-

oxidation (Rebouche, 2004). It is also an 

antioxidant that reduces metabolic cells 

(Gulcin, 2005). Therefore, LC has an 

important function by transporting the 

medium-, short- and long-chain fatty acids 

through the mitochondria membrane in the 

oxidation process that strengthens animal 

immunity, improving antioxidant status and 

increasing reproductive performance (Pirestani 

et al., 2009) 

Many investigations have been carried out on 

the protective effects of exogenous substances 

on testicular torsion concerning oxidative 

stress biomarkers. They include the protective 

effect of famotidine onischemia–reperfusion 

injury following testicular torsion in rats 

(Tanriverdi et al., 2021), Antioxidant property 

of Plantago major leaf extracts reduces 

testicular torsion/detorsion-induced 

ischemia/reperfusion injury in rats (Moradi-

Ozarlou et al., 2020), Protective effects of 

crocin on testicular torsion/detorsion in rats 

(Ganjiani et al., 2021) amongst others. In the 

studies cited above, the duration of ischaemia 

was short, as well as the reperfusion cycle. In 

our study, we try to mimic what is obtainable 

in real life. From the onset of scrotal pain to 

arrival at differential diagnosis of testicular 

torsion, there is usually a time-lapse and in 

most cases, the time interval may span into 

several hours and even days. Six hours or 

more may be about the minimum time needed 

before surgical intervention and treatment. The 

treatment in this study is longer than what is 

reported in most studies. Longer treatment is 

also required to ascertain the effect of the 

antioxidant on the blood cells and testicular 

tissue. L- carnitine has been found to contain 

anti-oxidative and anti-inflammatory 

properties. In general, it seems to be well 

tolerated by the body; harmful effects related 

to high-dose have not been established 

(Hendler et al.; 2011).  
 

2.0 Materials and Methods 

2.1 Materials 
 

Cages, normal saline, scissors, buffered 

distilled water, EDTA bottles, syringes (1 ml, 

2 ml and 5 ml), soap, masking tape, oral 

intragastric tube, watch, cotton wool, 

chloroform, dissection kit, filter paper, , 

chromic suture, Haematology analyzer 
 

2.2 Animals 
 

Forty-five (45) Male Wistar rats weighing 

104g-230g were used for the study. The 

animals were purchased in the animal house of 

the Department of Human Physiology, 

Ahmadu Bello University, Zaria. They were 

kept in well-aerated laboratory cages and 
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given access to growers' mash from Labar 

Feeds and Grains Merchant, Zaria, Nigeria and 

water ad libitum. 
 

2.3 Methods 
 

The animals were weighed and divided 

randomly into three (3) groups made up of 

fifteen (15) animals each.  

GROUP 1 (SHAM): In this group, the testes 

were brought through the scrotal incision and 

then replaced with the scrotal sac and sutured. 

The rats were given distilled water 1 ml/kg 

each day orally after detorsion and five 

Animals each were sacrificed on day 22 day 

42 and day 62 respectively.  

GROUP 2 (IRI): Rats in this group were 

experimentally induced with torsion for 6 

hours followed by detorsion. Five Animals 

each were sacrificed on day 22, day 42 and 62 

respectively. 

GROUP 3 (IRI+L-CARNITINE ): Rats in this 

group were experimentally induced with 

torsion for 6 hours followed by detorsion and 

then treated with 500mg/kg of L-Carnitine 

(Dokmeci et al., 2007) orally. Five Animals 

each were sacrificed on day 22, day 42 and 62 

respectively. 
 

2.3  Surgical induction of torsion and 

detorsion  
 

The rats were anaesthetised by chloroform 

inhalation in a closed chamber and thereafter 

sacrificed. The testes were exposed through 

identically-opened and closed right-sided ilio-

inguiral incision. The testicles were exposed 

by incising the tunica vaginalis. The spermatic 

cords were exposed and torsions were created 

by rotating the testes 7200 clockwise. The 

rotated testes were maintained for six hours by 

fixing them medially and laterally to the 

scrotum using a surgical silk suture. The 

detorsions were carried and the animals 

remained in that state until sacrifice were 

carried on. The testicles were surgically 

removed through a lower abdominal incision 

according to the method described by Akusu 

et al. (1985) and Oyeyemi and Ubiogoro 

(2005). 
 

2.4  Full blood count  
 

The blood sample was drawn into the test tube 

containing an anticoagulant (EDTA). A 

haematology analyzer was used to perform a 

complete blood count. 17µL was aspirated 

through narrow tubing followed by an aperture 

and a laser flow cell. It carried out quantitative 

and qualitative analyses of red and white 

blood cells. Detection by electrical impedance 

involved determining cell number by 

conductivity variations and volume by 

changes in voltage. Optical systems emitted a 

beam of light whose path was altered by the 

blood cells which allowed their size and 

content to be determined. Mean corpuscular 

volume (MCV), Mean corpuscular 

haemoglobin (MCH), Mean corpuscular 

haemoglobin concentration (MCHC) and 

Haemoglobin (Hb) in the RBCs were 

determined.                                                                                                                                                                                                                                                                                                                                                      
 

3.0 Results and Discussion 
 

Table 1 Shows the Effects of L-carnitine on 

Red blood cell count in testicular IRI in Wistar 

rats. There was a significant decrease in the 

IRI+L for 42 days when compared with the 

sham-treated group for the same time and 

when compared with IRI+L for 22 days. There 

was also a significant increase in the IRI+L for 

62 days when compared with sham treated 

group for the same duration and when 

compared with IRI+L for 22 days. 

 

Table 1: Effects of L-carnitine on Red blood 

cells count in testicular IRI in Wistar rats 
 

Duration 

(days) 

Sham 

(×106/µL) 

IRI IRI+L 

22 7.25 ± 

0.24 

7.04 ± 

0.19 

6.57 ± 

0.21 

42 7.32 ± 

0.23 

8.31 ± 

0.14x 

6.30 ± 

0.44x 

62 6.72 ± 

0.47 

6.30 ± 

0.44y 

7.96 ± 

0.16y 
x,y= Means on the same row with different 

superscript letters differ significantly (P < 0.05) 

compared with the sham groups 
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Table 2 Shows the Effects of L-carnitine on 

Haemoglobin concentration in testicular IRI in 

Wistar rats. There was a significant increase in 

the IRI+L for 42 days when compared with 

sham treated group for the same duration and 

when compared with IRI+L for 22 days. 
 

Table 2: Effects of L-carnitine on 

haemoglobin concentration in testicular IRI 

in Wistar rats 

 

Duration 

(days) 

Sham 

(g/dL) 

IRI IRI+L 

22 13.00 ± 

0.41 

12.70 ± 

0.30 

12.30 ± 

0.44 

42 12.96 ± 

0.11 

14.80 ± 

0.75a,x 

13.49 ± 

0.35b,z 

62 13.20 ± 

1.53 

15.22 ± 

0.82y 

14.25 ± 

0.29 
 

a,b= Means on the same column with different 

superscript letters differ significantly (P < 0.05) 

compared with the sham groups 
x,y,z= Means on the same row with different 

superscript letters differ significantly (P < 0.05) 

compared with the groups treated for 22 days 

 

Table 3 shows the Effects of L-carnitine on 

Mean cell volume in testicular IRI in Wistar 

rats.  
 

Table 3: Effects of L-carnitine on mean cell 

volume in testicular IRI in Wistar rats 

 

Duration 

(days) 

Sham 

(fL) 

IRI IRI+L 

22 52.62 ± 

1.34 

54.10 ± 

1.05 

61.80 ± 

1.40 

42 53.67 ± 

1.11 

52.00 ± 

0.95b 

64.58 ± 

0.90a,y 

62 56.80 ± 

3.44 

56.22 ± 

3.78 

52.56 ± 

0.68x 
 

a,b,= Means on the same column with different 

superscript letters differ significantly (P < 0.05) 

compared with the sham groups 
x,y= Means on the same row with different 

superscript letters differ significantly (P < 0.05) 

compared with the groups treated for 22 days 

There was a significant difference in IRI+L for 

42 days when compared with sham treated 

group for the same duration and IRI+L for 22 

days. There was a significant decrease in 

IRI+L for 62 days when compared with sham 

treated group for the same duration and when 

compared with IRI+L for 22 days. 

Table 4 shows the effects of L-carnitine on 

Mean cell haemoglobin in testicular IRI in 

Wistar rats. There was a significant increase in 

the IRI+L for 42 days when compared with 

IRI+L for 22 days and a significant decrease 

when compared with sham and IRI for the 

same duration. 

 

Table 4: Effects of L-carnitine on Mean cell 

haemoglobin in testicular IRI in Wistar rats 

 

Duration 

(days) 

Sham 

(pg) 

IRI IRI+L 

22 17.94 ± 

0.42 

18.04 ± 

0.25 

18.70 ± 

0.31 

42 50.30 ± 

9.23x 

71.40 ± 

2.84b,x 

24.60 ± 

2.80a,x 

62 19.78 ± 

2.36y 

19.68 ± 

1.72y 

17.93 ± 

0.22y 
 

a,b= Means on the same column with different 

superscript letters differ significantly (P < 0.05) 

compared with the sham groups 
x,y= Means on the same row with different 

superscript letters differ significantly (P < 0.05) 

compared with the groups treated for 22 days 

 

Table 5 shows the effects of L-carnitine on 

Mean cell haemoglobin concentration in 

testicular IRI  in Wistar rats. There was a 

significant increase in the IRI+L for 42 days 

when compared with sham and IRI treated 

group for the same duration and when 

compared with IRI+L for 22 days. 

Antioxidants have been shown to have a 

number of beneficial effects, protecting 

against RBC lipid peroxidation and increasing 

levels of reduced glutathione (GSH) while 

reducing levels of ROS (Balushi et al., 2019). 

The main function of red blood cells is the 
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transport of respiratory gases along the 

vascular tree. To fulfil their task, RBCs can 

elastically deform in response to mechanical 

forces and pass through the narrow vessels of 

the microcirculation. 
 

Table 5: Effects of L-carnitine on mean cell 

haemoglobin concentration in testicular IRI 

in Wistar rats   
 

Duration 

(days) 

Sham 

(g/dL) 

IRI IRI+L 

22 34.12 ± 

0.10 

33.44 ± 

0.19a 

30.30 ± 

0.32b 

42 19.52 ± 

3.86x 

13.44 ± 

0.39a,y 

37.73 ± 

3.73b 

62 34.44 ± 

1.83y 

34.82 ± 

0.63z 

34.07 ± 

0.02 

                   
a,b= Means on the same column with different 

superscript letters differ significantly (P < 0.05) 

compared with the sham groups 
x,y,z= Means on the same row with different 

superscript letters differ significantly (P < 0.05) 

compared with the groups treated for 22 days 
 

Decreased RBC deformability is observed in 

pathological conditions linked to increase in 

oxidative stress as seen in TT (Diederich et al., 

2018). Oxidative stress decreases  the level of 

antioxidant capacity, irreversibly damages 

erythrocytes, resulting in their eventual 

damage by haemolysis and their removal from 

circulation because mature RBCs are cells 

without nucleus and other cell organelles, they 

have no capacity to repair the damaged 

components (Waggiallah and Alzohairy, 

2011).  

In our study, there was a significant increase 

in the number of RBCs in the IRI+L for 62 

days when compared with both the sham-

treated group for the same duration and with 

IRI+L for 22 days. From the result obtained, 

the length of time during treatment with L-

carnitine significantly increased the number of 

RBCs. This could have been achieved the 

ability of the L-carnitine to reduce the 

permeability of the transport pathways 

mediating hydration (Balushi et al.; 2019). 

The result agrees with the findings of 

Smercioz et al., (2017) in which they recorded 

an increased in the number of RBCs in the 

groups treated with antioxidants following TT 

as against control and sham-treated groups. 

The erythrocyte cytoskeleton consists of 

several proteins that form a filamentous 

network under the lipid bilayer. The network 

is composed of spectrin, ankyrin, actin, and 

protein 4.1. Cytoskeletal proteins interact with 

integral proteins and lipids of the bilayer to 

maintain membrane integrity. The 

cytoskeleton has an important role in 

erythrocyte shape, flexibility, and lipid 

organization. According to literature, L-

carnitine stabilizes the membrane of red blood 

cells via interaction with cytoskeletal 

membranes proteins (Konov et al.; 2022). The 

stability confer on the cell membrane of the 

animals treated with L-carnitine for 62 days 

could be responsible for the increase seen 

when compared with the sham treated group 

for the same duration and also with the group 

that was just treated with L-carnitine for 22 

days. This implies that length of time also 

improved the number of RBCs significantly. 

Hemoglobin in the red cell continuously 

undergoes redox reactions. Redox reactions 

with oxygen produce superoxide and hydrogen 

peroxide. Hydrogen peroxide can then react 

with hemoglobin producing ferryl hemoglobin 

and eventually degrading the heme (Rifkind et 

al., 2003). There is a strong significant effect 

of oxidative stress (reduced glutathione) on 

glutathione peroxidase, glutathione reductase 

level, these may reduce haemoglobin 

concentration. Glutathione reductase plays an 

important role in protecting haemoglobin, red 

cell enzymes and biological cell membranes 

against oxidative damage by increasing the 

level of reduced glutathione. Reduction or 

deficiency in the enzyme can lead to 

haemolysis of the cells and degradation of the 

haemoglobin (Waggiallah and Alzohairy, 

2011). In the present study, there was an 

increase in the Hb concentration of the IRI+L 

for 42 days when compared with the sham-
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treated group for the same duration. There was 

also an increase in the Hb concentration of the 

IRI+L for 42 days when compared with IRI+L 

for 22 days. 

The red cell is of subject of interest in any 

research that involves oxidative stress due to 

ischaemia. It undergoes a high endogenous 

rate of production of H2O2 from haemoglobin 

autoxidation which can markedly increase in 

cells with unstable haemoglobin (Waggiallah 

and Alzohairy, 2011). RBC indices such as 

MCV, MCHC, and red cell distribution width 

are laboratory parameters that are frequently 

overlooked in clinical practice but they can 

assist in establishing a diagnosis in anaemic 

patients (Cavaliere, 2004). MCV, MCH and 

MCHC are the three leading RBCs that help 

measure RBCs’ average size and haemoglobin 

composition (Moshtagh et al., 2023). MCH 

denotes the haemoglobin average mass per 

RBC in the blood sample, MCHC denotes the 

haemoglobin level in packed red blood cell 

volume (Adeyemo-Salami and Ewuola, 2015) 

while MCV denotes the average volume of 

RBC and gives an idea of the size of each 

RBC in an animal (Somade et al.; 2022). Our 

study revealed significant increase in the 

MCV, MCH and MCHC in all the groups with 

IRI+L for 42 when compared with the groups 

that received treatments for just 22 days. The 

increased in Hb content in the red cells as seen 

in the significant increase in MCHC and MCH 

values may be as a result of the compensatory 

mechanism to improve the oxygen-carrying 

capacity of the blood already compromised by 

haemolysis of the RBCs occasioned TT. MCH 

and MCHC define the concentration of Hb and 

suggest the restoration of oxygen-carrying 

capacity of the blood (Afolabi et al.; 2019).  
 

4.0  Conclusion 
 

Treatment of Wistar rats that were 

experimentally induced with TT with 

500mg/kg of L-Carnitine resulted in 

improvement in the values of RBC count and 

its indices. The results obtained could play a 

very vital role in using inexpensive test like 

the evaluation of haematological parameters 

to improve differential diagnosis of acute 

scrotum cases and eventually anticipate the 

fate of the testis in TT. 
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