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Abstract: The present study evaluated the toxic effects of exposure of cement kiln dust, an environmental toxicant on 

erythrocyte fragility, lipid peroxidation and the ameliorative effect of ascorbic acid and Hibiscus sabdariffa in wistar rats. 

Thirty six adult male wistar rats divided into six groups of six rats each were used for the study. Rats in group I, II, III and V 

were administered distilled water (2 ml), ascorbic acid (100 mg/kg), cement kiln dust (250 mg/kg) and Hibiscus sabdariffa 

(100 mg/kg) respectively. Rats in group IV and VI were treated with ascorbic acid (100 mg/kg) and Hibiscus sabdariffa (100 

mg/kg) respectively 30 minutes before administration of cement kiln dust (250 mg/kg). The treatments were administered by 

gavage once daily for 90 days. The animals were sacrificed at the end of the treatment period and blood samples collected were 

analyzed for erythrocyte osmotic fragility and malondialdehyde concentrations using standard methods. The study recorded a 

higher (p < 0.05) significant malondialdehyde concentration with values of 3.3 ± 0.1 µmol/l in group III (cement kiln dust 

treated group), while the lowest significant (p < 0.05) was obtained in group II (ascorbic acid group) with values of 0.6 ± 0.1 

µmol/l. However the groups administered ascorbic acid and Hibiscus sabdariffa prior to cement kiln dust had significant (p < 

0.05) lower levels when compared with group III (cement kiln dust treated group). There was significant (p < 0.05) increase in 

erythrocyte osmotic fragility in the cement kiln dust treated group, which decreased in the groups co-administered cement kiln 

dust and ascorbic acid or Hibiscus sabdariffa. The study concluded that prolonged exposure to cement kiln dust caused an 

increase in malondialdehyde concentration and high erythrocyte osmotic fragility, thus increased hemolysis probably due to 

increased lipid peroxidation, and administration of ascorbic acid and Hibiscus sabdariffa ameliorated these alterations. 
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1. Introduction 

The cement industry is the building block of a nation's 

construction industry and life without cement in the 21st 

century is inconceivable, as few construction projects can 

take place without utilizing cement somewhere in the design 

[1]. However, there is increase concern globally as a result of 

the environmental pollution caused during cement 

production. The dust emitted from these cement industries 

appear to have adverse effects on air, water and land [2]. 

Cement dust has been reported to contain several heavy 

metals including lead, chromium, cadmium, nickel, arsenic 

and zinc [3] which have been shown to be potentially 

harmful to the biotic and abiotic components of the 

environment when in concentrations above the regulatory 

limits. These heavy metals have been implicated in many 

diseases, including blood and genetic diseases, lung, liver 

and kidney damage and skin and eye defects [4] [5] [6]. 

Increased development results in frequent exposure of 
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animals and humans to the cement dust. Higher elements 

levels may be attributed to duration of exposure which is a 

determining factor in serum elements concentration. 

However, the continuous exposure via inhalation or ingestion 

makes even the smallest concentration of such toxic elements 

a concern to the health of animals, humans and the 

environment. This is because the effects of exposure to any 

hazardous substance depend on the route of the exposure, 

duration of exposure and concentration of substance [7]. The 

heavy metals generate free radicals, which in turn may 

induce hepatotoxicity, neurotoxicity, nephrotoxicity and 

degenerative diseases in humans and animals [8] [9]. These 

observed effects are related to cement kiln dust which must 

have been transported by the blood stream to the organs and 

tissues [10]. The damaging actions of free radicals are known 

to be quenched by antioxidants [11] [12]by preventing and 

repairing damages caused by reactive oxygen species 

(ROS)and reactive nitrogen species (RNS). There is therefore 

the need to prevent the adverse effects of cement kiln dust 

exposure. This informed the use of ascorbic acid and 

Hibiscus sabdariffa as antioxidants. Ascorbic acid is a 

powerful water-soluble antioxidant that directly scavenges 

oxygen free radicals with or without enzyme catalysts [13]. 

Hibiscus sabdariffa is an exogenous antioxidant which is 

plant based and is said to possess flavonoids [14] which are 

potent antioxidant principles [15]. 

The present study was aimed at determining the 

antioxidant potential of ascorbic acid (vitamin C) and the 

aqueous extract of Hibiscus sabdariffa in reversing or 

minimizing the oxidative stress and associated damage 

induced by cement kiln dust. 

2. Materials and Methods 

2.1. Animals and Treatments 

Forty six (46) adult male wistar rats weighing between 170 

-200 g were used for the study. They were housed in cages in 

the Department of Veterinary Physiology, Pharmacology and 

Biochemistry, College of Veterinary Medicine, University of 

Agriculture, Makurdi, Benue State. They were fed with 

growers mash (Vital feed
®
, Nigeria Limited, Jos) containing 

14.5 % crude protein, 7 % fat, 7.2 % crude fibre, 1.2 % 

mineral and vitamin premix supplement. Clean drinking 

water was provided ad libitum. 

2.2. Collection and Reconstitution of Cement Kiln Dust 

The cement kiln dust was collected according to the 

method described by [16] from a dust trap placed 1 km from 

the cement industry located on Makurdi – Gboko road in 

Benue state. The dust-laden water was decanted and the dust 

particles air dried in a controlled environment which was free 

from dust and other external interference. The weight of the 

cement kiln dust collected was 385 g. One (1) gram of 

cement kiln dust was reconstituted in 10 ml of distilled water 

to make a 10 % (100 mg/ml) stock solution. 

2.3. Collection of Hibiscus sabdariffa and Aqueous Extract 

Preparation 

The dried flowers of the plant Hibiscus sabdariffa were 

obtained from a commercial seller, and identified by a 

botanist in the Department of Biological Sciences, University 

of Agriculture, Makurdi, Benue State and a voucher number 

500230 was given. 

The flowers were pulverized with the help of a mortar and 

pestle to fine powder and stored in an air tight container. One 

hundred (100) grammes of Hibiscus sabdariffa powder was 

dissolved in 1000 ml of distilled water in a conical flask. The 

mixture was thoroughly shaken and allowed to stand 

overnight, and thereafter filtered with whatman filter paper 

No 1 into a measuring cylinder. The filtrate was then 

concentrated in a rotary evaporator (Rotavapor R210, Buchi, 

Switzerland) to produce a dark semi solid extract. The extract 

was preserved in an air tight bottle and stored in a 

refrigerator at 4 ºC until required for use [17]. 

Ten (10) grammes of the extract of Hibiscus sabdariffa 

flower obtained from aqueous method of extraction was 

measured and placed in a beaker and 100 ml of distilled 

water added to prepare 10 % stock solution (100 mg/ml) that 

was stored in a refrigerator at 4ºC until required 

2.4. Chemical Acquisition and Preparation 

Ascorbic acid (Vitamin C, Emzor Pharmaceutical
® 

Industries, Ltd, Lagos, Nigeria) was purchased from a 

reputable pharmacy and 100 mg was dissolved in 2 ml of 

distilled water to make a 50 mg/ml suspension daily before 

administration. 

2.5. Acute Toxicity Estimation of Cement Kiln Dust and 

Hibiscus sabdariffa in Wistar Rats 

Ten(10) adult male wistar rats (5 each for cement kiln dust 

and Hibiscus sabdariffa) with an average weight of 147 g 

were used for the determination of acute toxicity adopting the 

method of [18] as modified by [19] [20] using the up and 

down procedure. 

2.6. Effect of Hibiscus sabdariffa or Ascorbic acid on the 

Oxidative Stress and Associated Damage Induced by 

Cement Kiln Dust 

Thirty six (36) adult wistar rats divided randomly into six 

(6) groups of six (6) animals each were used. Rats in group I, 

II, III and V were administered distilled water (2 ml), 

ascorbic acid (100 mg/kg), cement kiln dust (250 mg/kg) and 

Hibiscus sabdariffa (100 mg/kg) respectively. Rats in group 

IV and VI were treated with ascorbic acid (100 mg/kg) and 

Hibiscus sabdariffa (100 mg/kg) respectively 30 minutes 

before administration of cement kiln dust (250 mg/kg). All 

treatments were administered by gavage once daily for 90 

days. During the treatment period, rats were observed for 

clinical signs of toxicity and death. Weekly body weight 

changes were recorded using a digital weighing balance. At 

the end of the study period, the rats were sacrificed by 
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jugular venesection after light chloroform anaesthesia and 

blood samples were collected into two test tubes, one with 

anticoagulant EDTA and the other without. The blood with 

anticoagulant was used for determination of erythrocyte 

osmotic fragility (EOF) using the method of [21]. The blood 

collected without anticoagulant was allowed to clot and 

centrifuged at 800 × g for 10 min to obtain serum samples for 

the determination of malondialdehyde (MDA)[22] using 

standard methods. The animals were handled in accordance 

with international guiding principle for biochemical research 

involving animals [23]. 

2.7. Statistical Analysis 

All data obtained were subjected to statistical analysis 

using one-way analysis of variance (ANOVA) followed by 

Tukey’s post-hoc multiple comparison test using Graph Pad 

Prism version 4.00 for Windows (www.graphpadprism.com). 

They were expressed as mean ± standard error of mean. 

Values of p ˂ 0.05 were considered significant 

3. Results and Discussion 

The administration of cement kiln dust and Hibiscus 

sabdariffa to rats orally at the dose of 5000 mg/kg did not 

produce death nor delayed toxicity signs. Therefore the 

median lethal dose (LD50) was assumed to be greater than 

5000 mg/kg. 

There was a significant(p ˂ 0.05) increase in percentage 

hemolysis in the group dosed with CKD alone at 0.3, 0.5, 0.7 

and 0.9 g/l sodium chloride concentrations with values of 

96.2 ± 1.7 %, 9.8 ± 1.2 %, 5.7 ± 1.1 % and 6.1 ± 1.2 % 

respectively when compared to the other treated groups. The 

percentage hemolysis of cement kiln dust treated group alone 

at these sodium chloride concentrations decreased upon co-

administration of cement kiln dust with vitamin C or 

Hibiscus sabdariffa (Figure 1). 

The serum malondialdehyde concentration in the group 

treated with cement kiln dust alone (3.3 ± 0.1 µmol/l) was 

significantly (p ˂ 0.01) higher when compared to the groups 

treated with distilled water (control) and the other treatment 

groups. Administration of vitamin C or Hibiscus sabdariffa 

decreased the levels of malondialdehyde concentration when 

compared to that of the control group. The combinations of 

vitamin C + cement kiln dust and Hibiscus sabdariffa + 

cement kiln dust resulted in significantly (p < 0.05) decreased 

malondialdehyde concentration when compared to that of 

cement kiln dust treated rats alone. These observed decreases 

were significantly (p ˂ 0.05) higher when compared to the 

value obtained in the control group (Figure 2). 

 

Figure 1. Erythrocyte osmotic fragility variations in wistar rats dosed with cement kiln dust and/or Vitamin C and Hibiscus sabdariffa and their combinations 

(n = 7 observations). 
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Figure 2. Malondialdehyde concentrations in wistar rats exposed to cement kiln dust alone, and in combination with vitamin C or Hibiscus sabdariffa (n = 7 

observations). 

The acute oral toxicity study of cement kiln dust and 

Hibiscus sabdariffa at a dose rate of 5000 mg/kg body weight 

did not produce mortality or signs of delayed toxicity in the 

rats. According to [24], substances with per os LD50 of 1000 

mg/kg body weight are regarded as being safe or of low 

toxicity. The LD50 of above 5000 mg/kg obtained in the study 

with both cement kiln dust and Hibiscus sabdariffa may be 

an indication that the cement kiln dust and Hibiscus 

sabdariffa could be administered with a high degree of safety 

especially through oral route. Absorption of substances might 

be hindered to some extent due to inherent factors limiting 

their absorption along the gastrointestinal tract [25]. 

The present study clearly shows the ability of cement kiln 

dust to increase lipid peroxidative damage to the erythrocyte, 

subsequently increasing erythrocyte fragility of the 

membranes and increase MDA concentration in the cement 

kiln dust treated rats alone. This is in agreement with earlier 

studies by [26] [27]which showed that plasma MDA levels 

were much higher in cement kiln dust - exposed workers 

when compared to non exposed ones. [28] in their study also 

observed an increase in MDA concentration in plants on 

exposure to cement kiln dust which was attributed to 

increased lipid peroxidation. MDA is a by-product of 

lipoperoxidation resulting from interaction of oxygen radicals 

with polyunsaturated fatty acids residues in membrane 

phospholipids that damage proteins and DNA [29] [30]. The 

high MDA concentration in the serum of cement kiln dust 

treated rats in this study is an indication of the level of 

lipoperoxidative change. Erythrocytes have become a centre 

of ROS attack due to their high level of iron and 

polyunsaturated fatty acids [31], as well as their ability to 

possess nucleus and other organelles coupled with the 

constant exposure to high oxygen tension [32]. [33] reported 

that ROS play a vital role in cellular and tissue damage, 

including those of erythrocytes which are seen as increased 

hemolysis. Erythrocyte osmotic fragility therefore can be 

used as an indirect method of evaluating lipid peroxidation in 

animals since the structural integrity of the erythrocyte 

membrane is an important feature for its resistance to 

peroxidative attack [34]. The increased hemolysis observed 

in the cement kiln dust treated animals in this study may 

suggest that cement kiln dust exposure brought about the 

production of ROS which led to lipid peroxidation, hence 

making the erythrocytes more prone to phagocytosis and 

lysis. 

Although it is evident that organisms have unique systems 

for protecting themselves against the damaging effects of 

activated reactive oxygen species (ROS), the need to 

determine if a boost in the antioxidant status of the rats may 

reduce oxidative stress became a necessity. This preempted 

the involvement of antioxidants; vitamin C and Hibiscus 

sabdariffa. Treatment with vitamin C and Hibiscus 

sabdariffa prior to cement kiln dust produced a decrease in 

MDA concentrations when compared to the rats administered 

cement kiln dust alone. This may indicate that vitamin C and 

Hibiscus sabdariffa could have the ability to decrease the 

toxic effect of cement kiln dust by decreasing the level of 

lipid peroxidation. Ascorbic acid (vitamin C) is a strong 

antioxidant which activates the functions of all cells; protects 

and removes toxic substances from the body and intervenes 

in the regeneration of damaged tissues[35]. It may have 

produced the reduction of MDA via these abilities. Hibiscus 
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sabdariffa also has been reported to possess cell regeneration 

ability [36]. This is in agreement with study carried out by 

[37] who observed that both Hibiscus sabdariffa and ascorbic 

acid reduced the Ferrous Sulphate-induced oxidative stress. 

The observed hemolysis on the other hand decreased on co-

administration of cement kiln dust with vitamin C or 

Hibiscus sabdariffa. This appears to agree with observations 

by [38] who noticed that the administration of vitamins C, E 

or β-carotene decreased the osmotic fragility of zinc deficient 

rats. [39] in their study also reported that vitamin C 

supplementation decreased oxidative damage to erythrocytes. 

The protection of the integrity of the erythrocyte and the 

reduction in MDA concentration by vitamin C and Hibiscus 

sabdariffa observed in the groups where they were co-

administered with cement kiln dust further confirms the role 

of oxidative stress in the toxic mechanism of erythrocyte 

damage. 

4. Conclusion 

The present study demonstrated the ability of prolonged 

exposure to cement kiln dust in rats to increase MDA 

concentration as well as erythrocyte fragility due to elevated 

lipid peroxidative changes in the erythrocyte membrane which 

may increase its vulnerability to lysis. In addition, co-

administration of cement kiln dust with ascorbic acid (vitamin 

C) or Hibiscus sabdariffa ameliorated the cement kiln dust-

induced lipid peroxidative changes and subsequently reduced 

the fragility of the erythrocyte. Although the level of toxicity 

found in short term exposure may be remedied, long term 

toxicity which is associated with undesirable health 

consequences is of concern, hence the need for precautionary 

measures amongst cement factory workers. The result obtained 

in the study emphasizes the need for relevant care and protection 

of the health of people who are directly or indirectly exposed to 

cement and cement kiln dust. 
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