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Abstract This research investigates the effects of four oral antiretroviral drugs on erythrocyte catalase activity and 

the relative stability of the erythrocyte membrane in wistar rat. Sixty (60) rats with average body weight 100 grams 

were allowed to acclimatize for two weeks and were distributed into four (4) groups. Blood samples were collected 

from the experimental animals by cardiac puncture. Catalase activity was determined spectrophotometrically, 

allowing the enzyme to split H2O2 for different periods of time. The osmotic fragility of the erythrocytes was 

determined by measuring the release of haemoglobin from blood added to tubes containing serially diluted 

phosphate buffered saline (PBS, pH 7.4). Results revealed that catalase activity decreases significantly (p<0.05) in 

the presence of lamivudine (from 17.13±3.01to 16.40±2.04) efavirenz (from 17.05±1.18 to 16.41±1.11) abacavir 

sulfate (from 16.36±0.28 to 15.60±2.18); nevirapine caused non-significant (p>0.05) decrease. All drugs 

investigated increased the mean corpuscular fragility of rat erythrocyte membrane. Efavirenz and abacavir caused 

significant (p<0.05) increases from 0.34±0.03 to 0.543±0.10 and 0.34±0.00 to 0.45±0.05 respectively, while the 

increases from 0.33±0.0 to0.40±0.02 and from 0.34±0.06 to 0.42±0.08 respectively in the presence of nevirapine 

and lamivudine were not significant (p>0.05). All the drugs investigated destabilized the rat erythrocyte. All drugs 

investigated may reduce the ability of the erythrocyte to withstand oxidative stress, and they have the capacity to 

increase the permeability of the erythrocyte membrane and can compromise the integrity and functionality of the 

erythrocyte. 
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Introduction 

The biconcave disc shape of the erythrocyte provides a surface area to volume ratio that is optimal for gas exchange 

and tolerates high amounts of shear force. The erythrocyte is equipped with a specialized cytoskeleton which 

provides mechanical stability and flexibility. The erythrocyte membrane has elastic network of skeletal protein, 

which makes it to cope with fluid stresses [1]. When erythrocytes are placed in hypotonic solution in which 

osmolarity is diminished they are transformed to spheres. This phenomenon is put into practical use in the osmotic 

fragility test, which determines the release of haemoglobin from erythrocyte in hypotonic saline solution. Thus 

osmotic fragility index as defined by Oyewale and Ajibade, [2] is a measure of the resistance of erythrocyte to lysis 

by osmotic stress. The test is generally useful to ascertain the level of stability and functionality of plasma 

membrane [3], erythrocyte mean cell volume (MCV) and surface area-to-volume ratio (SAVR) and diagnosis of 

hereditary spherocytosis [4-5]. 

Catalase (E C. 1.11.1.6) is primarily an intracellular enzyme; itshighest concentrations in mammals are found in 

erythrocytes and liver and occasionally in the kidney [6]. It plays very important role in maintenance of human body 

ambiance mainly through regulation of hydrogen peroxide metabolism [7]. For instance, in red blood cells, catalase 

prevents the accumulation of hydrogen peroxide (H2O2) formed during oxygen transport [8]. It catalyzes the 

dissociation of hydrogen peroxide directly into H2O and O2. The altered catalase activity has been observed in 

number of disease conditions [9-10]. 
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Antiretroviral drugs are drugs used for the treatment of infection by retroviruses primarily HIV that causes AIDS. 

Different classes of antiretroviral drugs are available that acts at different stages in the progression of HIV infection 

[11]. This study focuses on four reverse transcriptase inhibitors, namely nevirapine, efavirenz, lamivudine and 

abacavir sulfate. This research investigates the effects of four oral antiretroviral drugs on the erythrocyte catalase 

activity and fragility of rat erythrocyte. 

 

Materials and methods 

Antiretroviral drug were obtained from the Pharmacy Department of the Federal Medical Centre, Yenagoa, Bayelsa 

state, Nigeria. 

All other chemicals used in this experiment were products of sigma chemicals, England. Distilled water was used all 

through the experiment. 

 

Experimental Design: Sixty rats with average body weight 100 grams were allowed to acclimatize for two weeks 

and were distributed into four groups. Each group was divided into five subgroups. The first in each subgroup 

served as control while the other four groups served as tests to which four different dosages: 0.2, 0.4, 0.6 and 

0.8mg/100g body weight (for nevirapine and lamivudine); and 0.6, 0.8, 1.0and 1.2mg/100g body weight (for 

efavirenz and abacavir sulfate) of the drugs were administered to the rats by intubation. Blood samples were 

collected by cardiac punction each week for analysis. 

 

Determination of Osmotic Fragility: Osmotic fragility of the erythrocytes was determined by the method 

described by Benford and Kenned [12]. 20 lµ of blood was added to tubes containing 5 ml of phosphate buffered 

saline (pH 7.4) of serial concentrations ranging from 0 - 0.85% saline. The mixtures were allowed to stand for 60 

minutes at room temperature (24°C) and then centrifuged (B. Bran Scientific and instrument company, England)  at 

1580 cpm for 5 minutes. The supernatant was decanted and its haemoglobin was determined spectrophotometrically 

at 540 nm using distilled water as a blank. The percentage of haemolysis in each concentration of buffered saline 

was calculated assuming 100% haemolysis in the concentration with the highest absorbance. 

Stability evaluation: The corresponding concentration of PBS solution that caused 50% haemolysis of erythrocyte 

is known as the mean corpuscular fragility (MCF) index. MCF was extrapolated from the osmotic fragility curve. 

The relative capacity of the four antiretroviral drugs to stabilize or destabilize the erythrocyte was evaluated using 

the relationship as expressed byParpartet al., [13-14]. 

 

Relative Stability (%) =
𝑀𝐶𝐹𝑐𝑜𝑛𝑡𝑟𝑜𝑙 −𝑀𝐶𝐹𝑡𝑒𝑠𝑡

𝑀𝐶𝐹𝑐𝑜𝑛𝑡𝑟𝑜𝑙
 X 100 

 

Catalase Activity 

Catalase activity was determined according to the method described by Sinha [15]. It involves the reduction of 

dichromate in acetic acid to chromic acetate when heated in the presence of H2O2, Exactly 1ml of properly diluted 

haemolysate was added to a flat bottom flask containing 4ml of H2O2 solution and 5ml of phosphate buffer; pH 7.0. 

Exactly 1ml portion of the reaction mixture was withdrawn and blown into 2 ml dichromate/acetic acid reagent at 60 

seconds intervals and optical density measured with a spectrophotometer (Jenway, Model 6400) at 570nm. 

 

Results and Discussion 

The mean±SD of catalase activity, the mean corpuscular fragility and stability of rat erythrocytes in the presence of 

the four oral antiretroviral drugs investigated are reported in tables 1, 2 and 3. The activity of catalase in vivo 

decreased in a dose-dependent manner in the presence of nevirapine (table 1), though the group administered 0.8 

mg/100g body weight decreased significantly (p<0.05) when compared to the control.  

Lamivudine, efavirenz and abacair sulfate caused significant (p< 0.05) dose dependent decreased in catalase activity 

as presented in table 1. 

The present study was designed to investigate the effect of four oral antiretroviral drugs on erythrocyte catalase 

activity and stability of the erythrocyte membrane when administered in the absence of the Human 

Immunodeficiency Virus (HIV).   

It is generally accepted that hydrogen peroxide can be detoxified by catalase, which removes it whenhydrogen 

peroxide present at high concentration and glutathione peroxidase, which destroys it when it present at a steady state 

[16]. Erythrocyte catalase is the main regulator of hydrogen peroxide metabolism, thus any inherited or acquired 

deficiency in erythrocyte catalase may increase hydrogen peroxide concentration with both physiologic and toxic 

effects [17-18]. Snyder et al.,[19] have demonstrated that treatment of erythrocytes with H2O2 has an effect on the 
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lateral organization of membrane lipids even though the transbilayer lipid distribution remains unaffected. They 

concluded that the H2O2-induced changes in lipid packing were due to altered membrane protein-lipid interactions. 

Such modifications are potentially very important, since the membrane lipid microdomain structure has been linked 

to membrane function in erythrocytes [20]. 

The fact that catalase activity in this research decreased in the presence of the drugs investigated indicate that the 

drugs may induce oxidative stress likely through lipid peroxidation. This conclusion is logical due to the fact that the 

erythrocyte membrane is made more fragile by the drugs in this investigation.Kayode and Kayode [21] reported 

decreases in the catalase activities in the kidney in the presence of lamivudine, efavirenz and abacaiir sulfate 

suggesting that the organ may not be able to protect itself from cellular damage (especially those caused by 

hydrogen peroxide) in the case of hydrogen peroxide and hydroxyl radical–induced oxidative stress.  

 

Table 1: Effects of Different Concentrations of nevirapine lamivudine, efavirenz and abacavir on Rat erythrocyte 

catalase activity. 

Dosage 

(mg/100g body 

weight) 

Catalase activity                                   

(units/gHb) 

Dosage 

(mg/100g body 

weight) 

Catalase activity                                   

(units/gHb) 

Nevirapine Lamivudine Efavirenz Abacavir 

0.00 

0.20 

0.40 

0.60 

0.80 

16.48±1.02
a
 

16.21±0.25
a
 

16.01±0.50
a
 

15.90±0.11
a
 

15.73±0.30
b
 

17.13±3.01
a
 

16.64±3.05
b
 

16.80±3.19
a
 

16.55±2.02
b
 

16.40±2.04
b
 

0.00 

0.60 

0.90 

1.00 

1.20 

17.05±1.18
a
 

16.92±2.01
b
 

16.84±1.04
b
 

16.68±1.25
b
 

16.41±1.11
b
 

16.36±0.28
a
 

15.65±2.15
b
 

15.44±0.19
b
 

15.28±1.14
c
 

15.60±2.18
b 

Values are recorded as MEAN±SD of triplicate determinations. Means in the same column with same superscript letters 

are not statistically different at 95% confidence limit (p<0.05) 

Table 2: Effects of Different Concentrations of Nevirapineand Lamivudine, onRat Erythrocyte Mean 

Corpuscular Fragility (MCF) Index. 

 NEVIRAPINE  LAMIVUDINE  

Conc (mg/ml) MCF 

(g/100ml) 

Relative stability (%) MCF  

(g/100ml) 

Relative stability (%) 

0.00 

0.20 

0.40 

0.60 

0.80 

0.33±0.00
a
 

0.36±0.03
a
 

0.37±0.06
a
 

0.41±0.01
b
 

0.40±0.02
b
 

100 

-9.09
D
 

-12.12
D
 

-24.24
D
 

-21.218
D
 

0.34±0.06
a
 

0.36±0.05
a
 

0.38±.0.05
a
 

0.41±.0.02
b
 

0.42±0.08
b
 

100 

-5.88
D
 

-11.76
D
 

-20.58
D
 

-23.53
D
 

D = destabilized. Values are recorded as MEAN±SD of triplicate determinations. Means in same column 

with same superscript letters are not statistically different at 95% confidence limit (p<0.05).  

 

Table 3: Effects of Different Concentrations of Efavirenz and Abacavir sulfate onRat Erythrocyte Mean 

Corpuscular Fragility (MCF) Index. 

 EFAVIRENZ  ABACAVIR  

Conc (mg/ml) MCF 

(g/100ml) 

Relative 

stability (%) 

MCF  

(g/100ml) 

Relative 

stability (%) 

0.00 

0.60 

0.80 

1.00 

1.20 

0.34±0.03
a
 

0.35±0.03
a
 

0.37±0.01
b
 

0.38±0.06
b
 

0.43±0.10
c
 

100 

-2.94
D
 

-8.82
D
 

-11.76
D
 

-26.47
D
 

0.34±0.00
a
 

0.35±0.05
a
 

0.39±0.05
b
 

0.40±0.03
b
 

0.45±0.05
c
 

100 

-2.94
D
 

-14.71
D
 

-17.65
D
 

-32.35
D
 

D = destabilized. Values are recorded as MEAN±SD of triplicate determinations. Means in same 

column with same superscript letters are not statistically different at 95% confidence limit (p<0.05) 

 

The mean corpuscular fragility (MCF) index represented and interpreted level of erythrocyte membrane stability. 

The mean corpuscular fragility (MCF) is the concentration of PBS solution that caused 50% haemolysis of the 

erythrocyte. 

Results of the present investigation showed that all the drugs investigated increased the MCF of the erythrocyte 

membrane. The increases due to nevirapine and lamivudine were not significant (p>0.05). However abacavir sulfate 



Wodu E et al                                                                                 The Pharmaceutical and Chemical Journal, 2016, 3(3):49-53 

 

        The Pharmaceutical and Chemical Journal 

52 

 

and efavirenz increased the fragility of the erythrocyte significantly (p<0.05) as can be seen in tables 2 and 3. The 

destabilizations of the erythrocytes due to all four drugs investigated were dose dependent.  

All the drugs tend to increase the permeability of rat erythrocyte membrane, as can be seen in the increases in the 

MCF (tables 2 and 3). The drugs investigated increased the permeability of the membrane, thus increasing its 

fragility. Wodu et al., [22] reported that nevirapine, efavirenz; lamivudine and abacavir sulfate may be involved in 

the modification of the physical condition of the erythrocyte membrane, which resulted in change in the 

permeability of the membrane. Thus the drugs investigated may be involved in the modification of the physical 

condition of the erythrocyte membrane. Increase of water into the cell leads to an increase in hydrostatic pressure on 

the inner membrane that ultimately end in haemolysis [23]. Kuchel et al., [24] reported that erythrocyte fragility is 

increased n patients with haemolyticanaemia. The ability of the drugs to stabilize or destabilize the rat erythrocyte 

membrane revealed that all drugs investigated have varying capacity to destabilize the erythrocyte, thus 

compromising the integrity of its membrane. The destabilization is in the order abacavir 

sulfate>lamivudine>efavirenz>nevirapine. It was reported by Wodu et al., [22] that human erythrocytes in vitro 

were stable at certain concentrations of nevirapine, efavirenz; and lamivudine. However they were destabilized by 

abacavir sulfate 

The destabilization of the erythrocytes by these reverse transcriptase inhibitor class antiretroviral drugs may be due 

to the production and accumulation of reactive oxygen species which likely overwhelm the capacity of the 

antioxidant defense to maintain and sustain membrane integrity of the erythrocytes. Reactive oxygen species are 

generated as by-products of oxidative metabolism particularly in mitochondria of aerobic cells as well as in 

erythrocyte corresponding to spontaneous oxidation of hemoglobin to methemoglobin [25]. Gutteridge et al.,[26] 

reported that extensive lipid peroxidation in biological membranes cause loss of fluidity, decrease in membrane 

potential, increased permeability to ions and eventual rupture leading to release of cell and organelle contents. 

Likely these antiretroviral drugs may induce oxidative stress leading to increased lipid peroxidation which may 

increase the permeability of the erythrocyte membrane to ions and eventual lead to rupture and release of cell and 

organelle contents. Erythrocyte cell membrane is also prone to lipid peroxidation owing to its high content of 

polyunsaturated lipids [27] and it has been extensively used to investigate the role of oxidative membrane damage in 

various pathological conditions [28]. 

Studies have shown that HIV infection is accompanied with a progression in the oxidative stress process [29-31], 

thus any antiretroviral drug whose administration potentially induces oxidative stress in non-infected animals would 

only increase the oxidative damage in HIV- infected animals. Therefore, the findings of the presentstudy suggest 

that these antiretroviral drugs have deleterious effect on the erythrocyte and thus may compromise the integrity and 

functionality of rat erythrocyte membrane. 
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