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Abstract: Heavy metals and antiretroviral drugs are both types of xenobiotics that induce disturbances in the body.
This study aims to assess the hematological and body weight changes connected to simultaneous exposure to lead
and Efavirenz. Twenty-eight rats equally divided into four groups were force-fed once daily with distilled water
(Gcu), lead acetate at 10 mg/kg (Gpy), Efavirenz at 20 mg/kg (Ggg,) and lead acetate + Efavirenz (Gpyigg,). On Day 0,
Day 14 and Day 28, the rats were weighted and retro-orbital blood collection was carried out for haemogram
analysis. Results showed a significant decrease in hemoglobin level, haematocrit, erythrocytes and thrombocytes in
Gpp and Gppigy. This anaemia has tended to be normocytic hypochromic. There was no significant difference in the
rates of decrease between Gp, and Gpy.gp. No significant change was observed in the erythrocyte parameters in Ggg,
and G¢y The mean body weight of rats was significantly increased in G¢y already from Day 7 while in Ggg, it is at
from 21 day that, the weighty growth reached a significant level. There was no significant increase in body weight
growth in Gpy, and Gpysgsy. In conclusion, contrary to lead, Efavirenz has not induced anaemia but it has slowed the
body growth with a less intensity than lead. The co-administration of lead and Efavirenz did not induced significant
additive effects comparatively to lead administration alone. Further studies are necessary for verifying whether co-
exposure to these two xénobiotics for a longer period would not be likely to induce a significantly higher toxicity.
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INTRODUCTION

Several recent studies worldwide evoke an
outbreak of the environmental factors having negative
impacts on the human health. Among the latters, heavy
metals including lead appears top on the list (Chinwe
et al., 2010; Elégbédé et al., 2012; Guédénon et al.,
2012).

Lead is object of big concerns because of its high
potential of bioaccumulation and bioamplification in
the trophic chain (Vighi, 1981; Dallinger et al., 1987).
It was found at higher levels than maximum allowable
limits in foodstuffs such as cereals (Fangnon et al.,
2012), vegetables (Koumolou ef al., 2013), halieutic
products (Guédénon et al., 2012) as well as in drinking
water (Elégbédé er al., 2012) and herbal preparations
(Arpadjan et al., 2008; Annan et al., 2010).

Besides, lead exposure is associated with several
organic disturbances including at neurological

(Larroque and Marret, 2000), haematological (Schwartz
et al., 1990), reproductive (Sokol et al., 2002) and
growth levels (Ronis et al., 1998; Schwartz, 1992). Its
toxicity is more pronounced among people vulnerable
to deficiencies in antioxidant (Saka et al., 2011), thus
probably in  People Living with  Human
Immunodeficiency Virus who are endlessly exposed to
antiretroviral drugs (ARVs) with their toxic effects
(Adikwu et al., 2013; World Health Organization,
2010).

That is why, the present study was led to assess
specifically the haematological and body weight
disturbances induced by the lead acetate and an
antiretroviral drug (Efavirenz), taken alone or
simultaneously in Wistar rat. Efavirenz is chosen
because of its strong recommendation for HIV
treatment in low income countries such as those of sub-
Saharan  Africa (World Health  Organization,
2013).
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MATERIALS AND METHODS

Experimental design: Twenty-eight Wistar rats aged 2
to 4 weeks were acclimated for 8 weeks in a well
aerated room at Research Laboratory of Applied
Biology, located to the University of Abomey-Calavi.
After this period, they were weighed then distributed in
a random way in 4 groups consisted of 7 animals each.

They were given free access to standard rat’s diet
and water. The light and darkness was alternated by 12-
h cycle. Cages were identified according to the
following different exposure regimes:

e Group Ggyy = Control group where rats received
0.5 mL of distilled water
e Group Gp, = Rats treated with 10 mg/kg body

weight (bw) of lead acetate

e Group Gg, = Rats treated with 20 mg/kg bw of
Efavirenz

e Group Gppgp = Rats treated with 10 mg/kg bw of
lead acetate and 20 mg/kg bw of Efv.

Forced-feeding and observation of animals: A lead
acetate solution at 10 mg/mL and Efavirenz (Aviranz
200 mg) diluted daily in distilled water so as to obtain a
5 mg/mL solution were used. Exposure of rats to these
xenobiotics was carried out by force-feeding every
morning between 7:00 am and 8:30 am for 28 days.
Animals were every day observed at the time of the
force-feedings but at the end of each week, a more
thorough clinical examination preceded by a
measurement of weight was conducted in order to
detect possible signs of physical or behavioural
disorders.

Blood collection and haematological analyses: on
Day 0, Day 14 and Day 28, all the rats were
anesthetized and weighted then blood samples were
collected from  retro-orbital plexus of each.

Hematological analyzes were performed on non-
coagulated blood (containing EDTA)  using
haematology auto analyzer Horiba ABX micros ES 60.

Statistical analyses: haematological and ponderal
values were expressed as mean + SD after an initial
checking of normality and homogeneity of variance
thanks to the Levene's test performing with SPSS 16.0
software. Differences between treated rats and control
rats at different periods were evaluated using a One-
Way Analysis of Variance (ANOVA) followed by the
Bonferroni multiple comparisons test. The rate of
change (decrease or increase) for each parameter was
calculated in percentage (%). All the differences or
changes were considered as significant when the p
value is lower than 0.05.

RESULTS

Haemoglobin level: 28 days after exposure, the mean
of haemoglobin decreased significantly by 23.1 % in
Gp, (p = 0.00087) and by 22.5 % in Gpper (p =
0.00028). This decrease was perceptible on Day 14
when it reached respectively 11.5 % (p = 0.04868) and
9.6 % (p = 0.03877) in these two groups (Table 1). The
difference between the rate of decrease in Gy,
compared to GpyigrWas not significant.

Haematocrit: The mean of haematocrit was
significantly decreased by 12.8% in Gp, (p = 0.00204)
and by 13.0% in Gppigry (p = 0.00246). There was no
significant difference in the rate of decrease between
Gpyp and Gpy:gp- No significant change was observed in
Gggy and Geyg (Table 1).

Erythrocytes number: The mean of Erythrocytes
number decreased significantly by 24.5% in Gp, (p =
0.00288) and by 26.9% in Gppgp (p = 0.00499). The

Table 1: Changes in haemoglobin level, haematocrit and erythrocytes number in control rats and in rats exposed to xenobiotics

Parameters Period Gt Gpy Gegy Gpb+Efy
Haemoglobin (g/dL) m+SD DO 13.94£0.8° 13.74£0.9° 13.1£0.8° 14.10.8°
D14 13.6+1.0° 12.240.9"" 12.241.3° 12.7+0.6"
D28 13.3+0.9° 10.6+1.0°" 12.2+1.0° 10.940.9%"
% de A D0-D14 2.5% -11.5% -6.5% -9.6%
D14-D28 -1.8% -13.1% -0.7% -14.3%
D0-D28 -4.3% 23.1% -7.1% -22.5%
Haematocrit (%) m+SD DO 39.241.9° 38.742.8" 37.042.6" 37.842.6"
D14 39.643.0° 36.143.3% 36.3+4.1° 35.844.9°
D28 39.3+2.5° 33.742.0%" 35.843.2° 32.9+3.7%
% de A D0-D14 1.0% -6.6% -1.8% -5.1%
D14-D28 -0.7% -6.6% -1.5% -8.3%
D0-D28 0.3% -12.8% -3.3% -13.0%
Erythrocyte (T/L) m+SD DO 7.52+0.73% 7.23+1.25° 6.98+0.85° 7.01£0.51°
D14 6.94+0.96° 6.72+1.10° 7.02+£1.30° 6.24+0.46""
D28 7.05+0.48° 5.45+0.95"" 6.15+0.92° 5.1240.70 "
% de A D0-D14 -7.7% -6.9% 0.6% -11.0%
D14-D28 1.5% -18.9% -12.5% -17.9%
D0-D28 6.2 % 24.5% -11.9% -26.9 %

FHE

"p<0.05; "p<0.001;

p <0.001; Values of Day 0 with the same letter (*) are not significantly different. Values of Day 14 and Day 28 with letter (°)

are statistically different from those of Day 0 in the same column; D = Day; % of A = rate of change; m+SD = mean+standard deviation
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Table 2: Changes in red blood cell indices in control rats and in rats exposed to xenobiotics

Parameters Period Geut Gpyp Gegy GpbEfy
MCV (fl) m=SD DO 52.3+2.9% 53.9£3.2° 53.3+£3.7° 54.1£5.1°
D14 57.4+4.7° 54.3+5.4° 524463 57.749.8%
D28 56.0+5.7 63.2+10.3 ° 58.7+4.7° 65.8+16.6°
% de A DO0-D14 9.9% -0.8% -1.7% 6.7%
D14-D28 2.8% 16.3% 11.9% 14.0%
D0-D28 7.1% 17.2% 102 % 21.7%
MCH (pg) m=SD DO 18.742.4* 19.3+2.4% 18.942.1% 20.1£1.5%
D14 19.842.7% 18.543.7% 17.943.4° 20.5+£2.3%
D28 19.0£2.3* 19.944.1° 20.042.0° 21.4+1.7%
% de A DO-D14 6.1% -4.3% -5.3% 1.9%
D14-D28 -4.0 % 7.7% 11.5% 4.5%
D0-D28 1.7% 3.1% 5.6% 6.4%
MCHC (g/dL) m+SD DO 35.6+2.7° 35.6+1.7° 35.542.8" 37.443.0°
D14 344+3.1° 33.9+4.2° 34.044.2° 36.0+4.7%
D28 34.0+1.5% 31.442.4"" 34.0+1.5° 33.6+4.8°
% de A DO0-D14 -3.4% -4.7% -4.2% -3.8%
D14-D28 -1.3% -1.2% 0.1% -6.4%
D0-D28 -4.7% -11.9% 4.1% -10.2%

"p<0.01; Values of Day 0 with the same letter (*) are not significantly different. Values of Day 14 and Day 28 with letter (°) are statistically
different from those of Day 0 in the same column; D = Day; % of A = rate of change; m+SD = mean+standard deviation

Table 3: Changes in thrombocytes number and leukocytes number in control rats and in rats exposed to xenobiotics

Parameters Period Geul Gpp, Gegy GrpiEfy
Thrombocytes (G/L) m+SD DO 659+143° 638+82° 611+£79° 621+138"
D14 716+110° 533+111% 603+49° 518+99*
D28 692+85° 413166 ™ 578+100 444484
% de A D0-D14 8.6% -16.3% -1.2% -16.7%
D14-D28 -3.6% -22.6% 4.3% -142%
D0-D28 5.0% 353 % -55% 28.5%
Leukocytes (G/L) m+SD DO 8.4+2.2° 8.33.0° 10.2+1.9° 9.842.2°
D14 10.7+1.6° 14.6+3.5™" 8.0+£3.7* 6.7+1.5"
D28 11.1+1.4° 5.4+2.2° 10.3+1.4° 13.8+5.0°
% de A DO0-D14 27.7% 76.4% -21.4% -31.9%
D14-D28 4.3% -62.9% 28.6% 105.5%
DO0-D28 33.1% -34.5% 1.0% 40.0%

"p<0.05; "p<0.01; "p<0.001; Values of Day 0 with the same letter (*) are not significantly different. Values of Day 14 and Day 28 with letter (°)
are statistically different from those of Day 0 in the same column; D = Day; % of A = rate of variation; m+SD = mean-+standard deviation

Table 4: Changes in body weight in control rats and in rats exposed to xenobiotics

BOdy weight (g) Period Geui Gpy Gy GpbiEfe

m+SD DO 149+16° 145+15° 152+13° 145+13°
D7 159+18"°%" 152+16* 154+10° 146+13*
D14 171£15%" 151+15* 164+10° 147+13°
D21 180+10 > 155413 168+11° 149+15*°
D28 19014 > 159+13° 174+10°" 151£14°

% de A DO0-D7 6.4% 4.8% 1.7% 0.9%
D0-D14 14.5% 4.2% 8.2% 1.5%
D0-D21 20.7% 6.4% 10.6% 3.1%
DO0-D28 27.1% 9.5% 14.8% 4.0%

T

"p<0.05; "p<0.01;

p<0.001; Values of Day 0 with the same letter (*) are not significantly different. Values of Day 14 and Day 28 with letter (°)

are statistically different from those of Day 0 in the same column; D = Day; % of A = rate of variation; m+SD = mean+Standard Deviation

difference between the rate of decrease in Gy,
compared to Gpy g, Was not significant. No significant
change was noted in G¢y and Ggg, (Table 1).

Red blood cell indices: a significant decrease in the
Mean Corpuscular Heamoglobin  Concentration
(MCHC) was observed in Gp, (p = 0.00141). All others
changes especially in the Mean Corpuscular Volume
(MCV) and in the Mean Corpuscular Hemoglobin
(MCH) were not significant (Table 2).
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Thrombocytes number: the mean of thrombocytes
number decreased significantly by 35.3 % in Gp, (p =
0.00101) and by 28.5 % in Gppsgy (p = 0.00328). The
difference between the rate of decrease in Gy,
compared to Gpy:ppr,was not significant. In Gey and
Gggy, no significant change was observed (Table 3).

Leukocytes number: Significant changes in the mean
leukocytes number were recorded on Day 14 in Gy, (p =
0.00014) and Gppipsy (p = 0.00126). But on Day 28, a
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tendency of recovery followed (Table 3). No significant
change was observed in Gy and Ggg,.

Body weight: From Day 0 to Day 28, the mean body
weight of rats Day 0 to Day 28, the mean body weight
of rats was significantly increased by 27.1 % in Gy
(p<0.0001). This increase was already significant on
Day 7 (p = 0.00166). In Ggg, it is from day 21 that the
weighty growth reached a significant level with a final
gain of 14.8 % at Day 28 (p = 0.00846). The total
increase of weight in Gp, and Gpypg, Was not significant
(Table 4).

DISCUSSION

In this study, the daily administration of 10
mg/kg bw of lead acetate for 28 days caused a
significant decrease in haemoglobin level, haematocrit
and erythrocyte number. This indicates an anemia in
accordance to many previous studies focusing on
sanitary impacts of lead (Owolabi et al., 2012; Ashour
et al., 2006; Garnier, 2005; Giirer et al., 1998; Schwartz
et al., 1990).

This saturnine anaemia may be explained by the
lead ability to decrease heme biosynthesis by inhibiting
enzymatic activity of aminolevulinic acid dehydratase,
ferrochelatase (Saka et al., 2011; Ashour et al., 2006;
Giirer et al., 1998) and aminolevulinic acid synthetase
(Saxena and Flora, 2004; White and Harvey, 1972).
Furthermore, the anaemia could be due to an inhibition
of the synthesis of globin (Piddington and White, 1974)
and an inappropriate renal erythropoietin production
(Osterode et al., 1999). Besides, lead exposure causes
oxidative stress (Ercal et al., 2001) which leads to
chronic haemolysis (Ashour et al., 2006; Osterode
et al., 1999; Valentine ef al., 1976) and decreasing of
life span of circulating erythrocytes (Kempe et al.,
2005) as well as a decrease in the ability of blood
formation (Kaminsky et al., 1993; Grandjean et al.,
1989).

The anemia induced by lead exposure is usually
normocytic normochromic or microcytic hypochromic
(Ahmad et al., 2014) but there are sometimes cases of
macrocytosis (Waldron, 1966). In this study, the trend
of anemia found in rats exposed to lead is normocytic
hypochromic.

Regarding Efavirenz exposure, the dose of 20
mg/kg bw which corresponds to a child dose reported to
the weight of rat, did not cause anaemia at the end of 28
days. This is in accordance with data from World
Health Organization (2010) who reported no erythrocyte
disorders linked with the intake of this antiretroviral
drug. Moreover, under the conditions of our experience,
administration of Efavirenz simultaneously with lead
did not induce a significant additive effect on the
anemia generated by this metal taken alone.
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As reported by Descat (2002), apart from
dyserythropoiesis, the repeated ingestion of lead induce
a dysthrombocytopoiesis and a dysmyelopoiesis. In our
experiences, the thrombocytopenia observed in the
presence of lead alone or in combination with Efavirenz
is a proof of these disorders. But concerning the
leukocytes number, our finding were not able to prove
the real direction of its change contrary to Kayode et al.
(2011) who found that Efavirenz increases the
leukocytes number in rats.

According to this study, lead induced a significant
decrease in the weight. This result is in concordance
with observations of body weight loss and growth delay
reported among laboratory animals (Ronis ef al., 1998)
or in children exposed to lead (Shen et al., 1996). Some
authors (Motao et al., 2010; Andrews et al., 1994)
reported a positive correlation between lead exposure in
pregnant women and the delay of foetal growth as well
as the low body weight of newborns. Indeed, the lead
may induce anorexia in rats (Sundstrom et al., 1984)
and thus their enthusiasm to eat. According to Ronis
et al. (1998), mechanisms by which lead induces deficit
in ponderal growth are complex and would be linked to
endocrine disturbances on the hypothalamic-pituitary-
gonadal axis.

Efavirenz has also slowed the normal growth of
rats but with less intensity than lead. Nevertheless,
during our experience, its administration in presence of
lead acetate has not significantly intensified the
ponderal growth failure generated by this latter, taken
alone.

CONCLUSION

This study aimed to evaluate some haematological
and body weight disturbances associated with lead and
Efavirenz exposure. According to the results, lead
acetate induced anaemia but not Efavirenz. The two
xenobiotics induced a weight loss but the impact of lead
was more severe. The administration of Efavirenz did
not induced significant additive effects in the rats
exposed to lead. However, further studies are necessary
for verifying whether co-exposure for a longer period
would not be likely to induce a significantly higher
toxicity. With these results, the fight against human
exposure to heavy metals should be part of challenges
to improve the safety of patients receiving antiretroviral
therapy. Also, it is important to find and test natural
solutions that can prevent the toxic effects of
xenobiotics.

REFERENCES
Adikwu, E., N. Brambaifa, O. Deo and P.G. Oru-Bo,

2013. Antiretroviral toxicity and oxidative stress.
Am. J. Pharmacol. Toxicol., 8(4): 187-196.



Br. J. Pharmacol. Toxicol., 6(3): 50-55, 2015

Ahmad, S.A., M.H. Khan, S. Khandker, A.F.M. Sarwar,
N. Yasmin, M.H. Faruquee and R. Yasmin, 2014.
Blood lead levels and health problems of lead acid
battery workers in Bangladesh. Scientific World J.,
Article ID 974104, pp: 7.

Andrews, K.W., D.A. Savitz and I. Hertz-Picciotto,
1994. Prenatal lead exposure in relation to
gestational age and birth weight: A review of
epidemiologic  studies. Am. J. Ind. Med.,
26(1):13-32.

Annan, K., A.l. Kojo, A. Cindy, A.N. Samuel and B.M.
Tunkumgnen, 2010. Profile of heavy metals in
some medicinal plants from Ghana commonly used
as components of herbal formulations.
Pharmacognosy Res., 2(1): 41-44.

Arpadjan, S., G. Celik, S. Taskesen and S. Gtiger, 2008.
Arsenic, cadmium and lead in medicinal herbs and
their fractionation. Food Chem. Toxicol., 46(8):
2871-2875.

Ashour, A.R.A., M.M. Yassin, N.M. Abu Aasi and
R.M. Ali, 2007. Blood, serum glucose and renal
parameters in lead-loaded albino rats and treatment
with some chelating agents and natural oils. Turk J.
Biol., 31: 25-34.

Chinwe, O.U., C.N. Obinna, A. Akeem and B.I. Alo,
2010. Assessment of heavy metals in urban highway
runoff from Ikorodu expressway Lagos, Nigeria. J.
Environ. Chem. Ecotoxicol., 2(3): 34-37.

Dallinger, R., F. Prosi, H. Segner and H. Back, 1987.
Contaminated food and uptake of heavy metals by
fish: A review and a proposal for further research.
Oecologia, 73(1): 91-98.

Descat, F., 2002. Hématologie du rat : Hémogramme et
myélogramme. Ph. D. Thesis, Ecole Nationale
Vétérinaire de Toulouse, p: 109.

Elégbédé, B., A.P. Edorh, K.A. Aissi, L. Koumolou, C.
Kaki, P. Guédenon, S. Montcho and M. Boko,
2012. Blood lead levels and bio-markers of lead
toxicity via the consumption of drinking water in
Kérou (Benin) in watershed of the Niger. Int. J.
Environ. Protect., 2(6): 10-15.

Ercal, N., H. Gurer-Orhan and N. Aykin-Burns, 2001.
Toxic metals and oxidative stress part I:
Mechanisms involved in metal-induced oxidative
damage. Current Topics Med. Chem., 1(6):
529-539.

Fangnon, B., AY. Tohozin, P. Guedenon and A.P.
Edorh, 2012. Conservation des produits agricoles
et accumulation des métaux lourds dans les
produits vivriers dans le département du Couffo
(Benin). J. Appli. Biosci., 57: 4168-4176.

Garnier, R., 2005. Toxicité du plomb et de ses dérivés.
EMC- Toxicol. Pathol., 2(2): 67-88.

Grandjean, P., B.M. Jensen, S.H. Sando, P.J.
Jogensenans and S. Antonsen, 1989. Delayed blood
regeneration in lead exposure: An effect on reserve
capacity. Am. J. Pub. Health, 79(10): 1385-1388.

54

Guédénon, P., A.P. Edorh, C. Kaki, A.P.E. Yehouenou,
K. Gnandi, S. Montcho, A. Hounkpatin, L.
Koumolou and M. Boko, 2012. Arsenic, cadmium,
copper and lead accumulation in water, sediments
and fish species of Oueme River in Bonou. British
J. Pharmacol. Toxicol., 4(1): 13-20.

Giirer, H., H., Ozgiines, R., Neal, D.R., Spitz and N. Ercal,
1998. Antioxidant effects of N-acetylcysteine and
succimer in red blood cells from lead-exposed rats.
Toxicology, 128(3): 181-189.

Kaminsky, P., M. Klein and M. Duc, 1993.
Physiopathologie de l'intoxication par le plomb
inorganique. Rev. Med. Interne., 14: 163-170.

Kayode, A.A., O.T. Kayode, A.O. Aroyeun and M.C.
Stephen, 2011. Haematologic and hepatic enzyme
alterations associated with acute administration of
antiretroviral drug. J. Pharmacol. Toxicol., 6(3):
293-302.

Kempe, D.S., P.A. Lang, K. Eisele, B.A. Klarl, T.
Wieder, S.M. Huber, C. Duranton and F. Lang,
2005. Stimulation of erythrocyte phosphatidylserine
exposure by lead ions. Am. J. Physiol. Cell Physiol.,
288(2): 396-402.

Koumolou, L., P. Edorh, S. Montcho, K. Aklikokou, F.
Loko, M. Boko and E.E. Creppy, 2013. Health-Risk
market garden production linked to heavy metals in
irrigation water in Benin. Comptes. Rendus de
Biologie, 336(5): 278-283.

Larroque, B. and S. Marret, 2000. Effets neurotoxiques
du plomb chez l'enfant: Aspects biologiques et
épidémiologiques. Méd. thérapeutique/Pédiatrie,
3(6): 474-481.

Motao, Z., E.F. Fitzgerald, K.H. Gelberg, S. Lin and
C.M. Druschel, 2010. Maternal low-level lead
exposure and fetal growth. Environ. Health
Perspect., 118(10): 1471-1475.

Osterode, W., U. Barnas and K. Geissler, 1999. Dose
dependent reduction of erythroid progenitor cells
and inappropriate erythropoietin response in
exposure to lead: New aspects of anaemia induced
by lead. Occup. Environ. Med., 56: 106-109.

Owolabi J.O., E. Opoola and C. Martins, 2012. Healing
and prophylactic effects of Moringa oleifera leaf
extract on lead induced damage to haematological
and bone marrow elements in adult Wistar rat
models. Open Access Scientific Reports, 1(8): 386.

Piddington, S.K. and J.M. White, 1974. The effect of
lead on total globin and a- and p-chain synthesis; in
Vitroand in vivo. British J. Haematol., 27(3):
415-427.

Ronis, M.J.J., T.M. Badger, S.J. Shema, P.K. Roberson,
L. Templer, D. Ringer and P.K. Thomas, 1998.
Endocrine mechanisms underlying the growth
effects of developmental lead exposure in the rat. J.
Toxicol. Environ. Health, Part A, 54(2): 101-120.



Br. J. Pharmacol. Toxicol., 6(3): 50-55, 2015

Saka, S., A. Bahi and W. Aouacheri, 2011. L’effet du
stress oxydant induit par I’acétate de plomb sur le
systéme enzymatique du glutathion chez les rats.
The effect of oxidative stress induced by lead
acetate on the glutathione enzymatic system in rats.
Annales de Toxicologie Analytique, 23(3): 1-7.

Saxena, G. and S.J.S. Flora, 2004. Lead-induced
oxidative stress and haematological alterations and
their response to combined administration of
calcium disodium EDTA with a thiol chelator in
rats. J. Biochem. Mol. Toxicol., 18(4): 221-233.

Schwartz, J., 1992. Low level health effects of lead:
Growth, development and neurological
disturbances. In: Needleman, H.L., (Ed.), Human
Lead Exposure. CRC Press, Boca Raton, FL, pp:
233-242.

Schwartz, J., P.J. Landrigan, E.L. Baker, W.A.
Orenstein and IL.H. von Lindern, 1990. Lead-
induced anemia: Dose-response relationships and
evidence for a threshold. Am. J. Pub. Health,
80(2):165-168.

Shen, X., J.F. Rosen, D. Guo and S. Wua, 1996.
Childhood lead poisoning in China. Sci. Total
Environ., 181(2): 101-109.

Sokol, R.Z., S. Wang, Y.Y. Wan, F.Z. Stanczyk, E.
Gentzschein and R.E. Chapin, 2002. Long-term,
low-dose lead exposure alters the gonadotropin-
releasing hormone system in the male rat. Environ.
Health Perspectives, 110(9): 871-874.

55

Sundstrom, R., N.G. Conradi and P. Sourander, 1984.
Vulnerability to lead in protein deprived suckling
rats. Acta Neuropathol., 62(4): 276-283.

Valentine, W.N., D.E. Paglia, K. Fink and G.
Madokoro, 1976. Lead poisoning: Association with
hemolytic anemia, basophilic stippling, erythrocyte
pyrimidine  5'-nucleotidase ~ deficiency  and
intraerythrocytic accumulation of pyrimidines. J.
Clin. Invest., 58(4): 926-932.

Vighi, M., 1981. Lead uptake and release in an
experimental trophic chain. Ecotoxicol. Environ.
Safety, 5(2): 177-193.

Waldron, H.A, 1966. The anaemia of lead poisoning: A
review. British J. Ind. Med., 23(2): 83-100.

White, J.M. and D.R. Harvey, 1972. Biological science:
Defective synthesis of o and § Globin Chains in lead
poisoning. Nature, 236: 71-73.

World Health Organization (WHO), 2010. Antiretroviral
therapy for HIV infection in infants and children:
Towards universal access. Recommendations for a
public health approach, Geneva, pp: 167.

World Health Organization (WHO), 2013. Consolidated
guidelines on the use of antiretroviral drugs for
treating and  preventing  HIV  infection.
Recommendations for a public health approach,
Geneva, pp: 272.



