IJPPR

ISSN 2349-7203

INTERNATIONAL JOURNAL OF PHARMACY & PHARMACEUTICAL RESEARCH

Human Journals
Research Article
February 2016 Vol.:5, Issue:3

© All rights are reserved by Msc. Shatha Hussein kadhim et al.

An official Publication of Human Journals

The Effect of Penicillamine in Reducing the Toxic Effects of Lead Acetate on

Some Blood Parameters, Liver Functions and Testicular Tissue in Male Rats

@ INTERNATIONAL JOURNAL OF PHARMACY &

Msc. Shatha Hussein kadhim?, Dr.nazarmuteb? Msc.

Zahraa abed al- kreem®, Msc. Moayad M. ubaid*

1&3 Karbala University/College of Pharmacy, 2 Al-
Hussein Teaching Hospital, 4 Sumer University/College

of Basic Education, Irag.

Submission: 21 January 2016
Accepted: 29 January 2016
Published: 25 February 2016

www.ijppr.humanjournals.com

HUMAN JOURNALS

Keywords: Lead acetate toxicity, D-penicillamine, male rats,

blood parameters, liver function, testicular tissue

ABSTRACT

Lead is one of the most important environmental pollutants
which is toxic to many organ systems. D-pencillamine (D-P) is
a chelator drug which is used for treatment of lead toxicity for
several years. This study was conducted in order to evaluate the
efficacy of D-P in reducing the effects of lead on hematological
indices, liver functions and testicular tissue. This study was
done on 25 adult male wistar albino rats (14-16 weeks of age)
in animal house of Karbala university / pharmacy college. The
rats were divided into 5 groups, the first group represented the
health control animals, the second and third groups were
drenched orally with doses of lead acetate (1/10 and 1/20) of
oral LDs, respectively, the fourth and fifth groups were
drenched orally with doses of lead acetate (1/10 and 1/20) of
oral LDs, respectively plus 250 mg/kg penicillamine. The
experiment lasted for 3 weeks. The blood was collected for
analysis and the testes were excised for histological
examination. The results showed that lead induced significant
elevation in SAT, ALT activity and plasma bilirubin. Also, total
soluble proteins were significantly decreased in case of blood
picture, lead ingestion reduced the concentration of
hemoglobin, RBC; and PCV while WBC, count were increased.
In case of histological examination of testes, lead ingestion
caused vascular congestion and degenerative changes in
seminiferous tubules. In our study, d-pencillamine reduced the
effects of lead acetate on some blood parameters, liver function
and testicular tissue by reducing its concentration.




www.ijppr.humanjournals.com

1. INTRODUCTION

Lead is a ubiquitous environmental and industrial pollutant that has been detected in every facet
of environmental and industrial pollutant that has biological systems. Lead is a heavy metal,
occurs in nature as an oxide or salts. Lead can be found in water pipes, insecticides, lining of
equipment where corrosion resistance and pliability are required, in petroleum refining . There
are evidences, which show that lead is a toxic agent with multiple target organs such as
hematopoietic system, immune system, kidneys, and nervous system @. The toxicity of lead is
closely related to age, sex, route of exposure level intake, solubility, metal oxidation state,
retention percentage, duration of exposure, frequency of intake, absorption rate, mechanisms and
efficiency of excretion ®. Lead is absorbed through digestive and respiratory tracts, and skin.
After absorption into the blood, 99% of lead is bound to erythrocytes and the remaining 1
percentage stay in plasma to be carried to other tissues. Serum lead half-life is around 25 days .
Lead does not remain in tissues for long periods, except in bones where it is deposited in an inert
form, but from which it can be liberated at a later date in sufficient quantity to cause chronic lead

poisoning ©.

D-Penicillamine (D-P) is a chelator drug which is used for treatment of lead toxicity for several
years ©. The efficacy of D-P in reducing blood lead level (BLL) has made it a good choice for
treatment of chronic lead poisoning in adults. D-P administration can increase the urinary
excretion of lead because of complexes which it forms with this heavy metal ). In many cases,
BLL fell down to acceptable range after D-P treatment ®. However, long period of

administration and side effects of D-P are complicated its use in the treatment of lead poisoning
9)

1.1. Lead acetate

Lead acetate is a chemical compound. It is a white crystalline substance with a sweetish taste.
Like other lead compounds, it is very poisonous. Lead acetate is used as a mordant in textile
printing and dyeing, as a drier in paints and varnishes, and in preparing other lead compounds. It
is an environmental and occupational toxicant which has been known to damage vital organs and
suppress cellular processes. It is hazardous when swallowed, inhaled or absorbed through the

skin 9. There is a risk of cancer depending on the level and duration of exposure. It causes
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irritation to skin, eyes and the respiratory tract. It also has effects on the gum tissue, central

nervous system, kidneys, blood and reproductive system @Y.
1.2. Mechanisms of lead toxicity:

Lead damages cellular material and alters cellular genetics and produces oxidative damage. It
causes increased production of free radicals and decreased availability of anti-oxidant reserves to
respond to the resultant damage. It also interrupts enzyme activation and competitively inhibits
trace mineral absorption. Lead binds to sulfhydryl proteins (interrupting structural protein
synthesis), alters calcium homeostasis and lowers the levels of available sulfhydryl antioxidant
reserves in the body. Lead is known to induce overproduction reactive oxygen species (ROS)
and consequently enhances lipid peroxidation, decreases the saturated fatty acid, and increase the
unsaturated fatty acid contents of membrane ®?. Also, it has been shown to enhance the
production of ROS in a variety of cells resulting in oxidative stress™®. ROS are the by-products
of many degenerative reactions in many tissues, which will affect the regular metabolism by
damaging the cellular components ). Extensive study on oxidative stress has demonstrated that
exposure of cells to adverse environmental conditions induces the overproduction of ROS, such
as superoxide radical, H,O., and hydroxyl radical in plant cells ™. In addition, ROS are highly
reactive to membrane lipids, proteins and DNA. They are believed to be the major contributing

factors to stress injuries and to cause rapid cellular damage 9.
1.3. Clinical features and symptoms:

Acute lead poisoning symptoms are metallic taste, dry throat, abdominal pain, nausea, vomiting,
peripheral circulatory collapse, paresthesias, depression, coma and death. In children, there may
be cerebellar ataxia. Exposure to highly concentrated lead fumes can produce metal fume fever,
an influenza-like reaction characterized by an acute self-limited neutrophilic alveolitis”.
Chronic lead poisoning symptoms are facial pallor especially circumoral which occur due to
local vasospasm. A stippled blue line over the gums, known as Burtonian line, is seen due to
deposition of lead sulphide granules. Lead sulphide is formed by the action of hydrogen sulphide

formed by decomposed food in the mouth. Colic of intestine, ureters and uterus also occur 89,
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1.4. Effects on the blood:

The toxic effects of lead on blood indices are well known. Significant decrease in RBC count,
hematocrit (Hct) and hemoglobin (Hb) were seen in rats and human with high blood lead levels
@) | ead directly affects the hematopoietic system through restraining the synthesis of
hemoglobin by inhibiting various key enzymes involved in the heme synthesis pathway. It also
reduces the life span of circulating erythrocytes by increasing the fragility of cell membranes.
The combined aftermath of these two processes leads to anemia Y. Anemia caused on account
of lead poisoning can be of two types: hemolytic anemia, which is associated with acute high
level lead exposure, and frank anemia, which is caused only when the blood lead level is
significantly elevated for prolonged periods ??. Lead significantly affects the heme synthesis
pathway in a dose-dependent manner by downregulating three key enzymes involved in the

synt hes i saminofevullmie atie dehydiiatase (ALAD), a cytosolic enzyme that catalyzes

[l

the formation of froimolpvaliaid acid i(AbLA)gaenimolevulinio acid
synthetase (ALAS), a mitochondrial enzyme that catalyzes the formation of aminolevulinic acid
(ALA),and finally, the mitochondrial enzyme ferrochelatase that catalyzes the insertion of iron
into protoporphyrin to form heme®). The initial and final steps of heme synthesis take place in
the mitochondria. Whereas the intermediate steps take place in the cytoplasm. Lead inhibits the
three aforementioned vital enzymes of this pathway but its effect on ALAD is more profound
and its inhibition has been used clinically to gauge the degree of lead poisoning. Inhibition of
ALAD results in the accumulation of aminolevulinic acid, detectable in the plasma and urine
even at blood | ead | evels of | ess than 10 eg/
lead levels of 1012 0 e g/ d I , h edwoes notbdécrease ymiltthe ectivitysof ALAD is
inhibited by 8019 0 %, whi ch occurs at a much higher bl o
@4 Inhibition of ferrochelatase results in increased excretion of coproporphyrin in urine and
accumulation of protoporphyrin in erythrocytes (EP). Moreover, inhibition of this enzyme results
in the substitution of iron by zinc in the porphyrin ring forming zinc protoporphyrin (ZPP). The
concentration of ZPP thus gets increased, which can also be used as an indicator to monitor the
level of lead exposure . Thus, the collective inhibition of these three key enzymes blocks the
heme production via the heme synthesis pathway. The mechanism responsible for shortening the
life cycle of erythrocytes is not well understood. One of the earliest observed hematological

effects of lead revealed basophilic stipplings of red blood cells (presence of dense material in red
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blood cells), which is also a potential biomarker for the detection of lead poisoning. These

aggregates are degradation products of ribonucleic acid ©°.
1.5. Effects on the liver:

Continuous environmental and occupational lead exposure can cause several changes in the liver
structure. Lead is conjugated in the liver with glutathione were part of it and its conjugate is
accumulated in the hepatic tissues, leading to impaired liver functions. Biochemical studies
showed that lead induces reduction in lipids, cholesterol and glycogen levels in the liver, but
produces an increase in hepatic lipid peroxidation, in addition to alterations in the activity of

some hepatic enzymes @7,
1.6. Effects on the calcium function:

Lead interferes with calcium functions. These changes may be mediated through leads effects on
intracellular calcium homeostasis, or in the brain, for example, by activation of protein Kinase.
Lead may interfere with calcium-dependent signal transduction processes, especially those
associated with neurotransmitter function. The latter may be reversible if cellular change has not
occurred prior to effective intervention. Lead interferes with the formation of active vitamin D,
which has an important role in its influence on calcium metabolism. Calcium is under tight
homeostatic control in all cells. The active form of Vitamin D is produced, primarily, from
activation of Vitamin D by sunlight on the skin. The circulating hormone binds to Vitamin D
Receptors (VDRS) in the nucleus of cells in the gastrointestinal tract, kidney and bone. This
binding activates a cascade of events to increase calcium absorption. Because of their similar
biochemical nature, lead can be absorbed by this mechanism especially in children who have
decreased calcium intake. In addition, calbindin-D, the binding protein that aids in calcium
transport, binds to lead with high affinity and may increase transport of lead in low calcium

states ?829),

1.7. Diagnosis of lead toxicity:

Diagnosis includes determining clinical signs and medical history with an inquiry into possible
routes of exposure. It has been suggested that all children should be screened for blood lead
levels on their 1 birthday and if possible at yearly intervals thereafter until they are 6 years old.

Citation: Msc. Shatha Hussein kadhim et al. Ijppr.Human, 2016; Vol. 5 (3): 22-40.



www.ijppr.humanjournals.com

If at any time the lead level is more than 20ug/dL, therapeutic intervention is indicated and if it
exceeds 70pg/dL, it should be treated as a medical emergency ©%. To investigate the sources of
lead in the environment of children with elevated blood lead, a field portable X-Ray fluorescence
analyzer can be very helpful. The current pediatric practice in the West is first, measure the free
erythrocyte protoporphyrin before carrying out a blood lead quantification. Urine levels of
aminolaevulinic acid (ALA) can also serve as a sensitive indicator of lead poisoning. ALA

excretion rises only when blood lead concentrations exceed 40 pg/dL 2,
1.8. Treatment:

Treatment depends on how much lead is in the blood. In cases of mild lead poisoning, the source
is identified, then removed or minimized. Appropriate nutrition is advised. In cases of severe
lead poisoning, with blood lead levels equal to or above 45 micrograms per deciliter, children are
admitted for chelation therapy, which are medications that bind to and remove lead from the
body ©V.

1.9. Penicillamine

HO SH

NH->

Fig.( 1) penicillamine®?

D-Peni ci | | a nbrdimethyl¢ydedefor 3-miercapto-D-valine) is a sulfhydryl containing
amino acid and a degradation product of penicillin. Only the D-isomer is used because the L-
isomer causes optic neuritis. DPA is used mainly as a chelating agent in heavy metal toxicity viz.
lead, mer cury and c op mieease). gseulflsydryh gronpgombinas withsleadn 6 s

to form ring compounds increasing elimination®®.
1.10. Pharmacokinetics:

Penicillamine is absorbed rapidly, but has an oral bioavailability of 40 to70%. It is not dose

dependent®. Food, antacids, and iron decrease absorption. The peak occurs within 1 to 3 hours
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regardless of the dose. Penicillamine forms disulphide bonds with many proteins in the blood
and tissues, creating potential slow release reservoirs of the drug®. Only a small portion of the
parent compound is metabolized in the liver to S-methylpenicillamine. Fecal elimination does
occur but accounts for a small portion of the total. The primary route of elimination is through
the kidneys. The elimination half-life of unchanged penicillamine after single dosing ranges from
1.6 to 3.2 hours®®. After a steady state concentration is obtained, the elimination is prolonged (4

to 6 days) suggesting a slow release from deep tissues and skin®?.
2. MATERIALS AND METHODS
2.1. Chemicals:

Penicillamine 250 mg tablet was obtained from the IBN Hayyan Pharmaceuticals, R. Faysal &
Co. Homs- Syria, and given orally at a dose of 250 mg/kg body weight, we used two doses of
powdered lead acetate. The first dose is 1/10 of LDso (LDso of lead acetate = 600 mg/kg) which
is 60 mg/kg of body weight and the second dose is 1/20 of LDsy which is equal to 30 mg/kg of
body weight 8, these doses dissolved in 0.5 ml of water. Each dose gave orally daily for three

weeks.
2.2. Animals:

In this study, we used 25 adult male Wister albino (230-250 g) rats obtained from animal house
of Karbala university/pharmacy college which were housed in groups in plastic cages, standard
diet, tap water and placed on a 12-hour light/dark cycle for 21days (the experimental period).

2.3. The experimental design:

The animals were randomly divided into five groups, each experimental group consisted of 5

animals:

Control group, they were fed with only standard diet, glucose water and tap water for 21 days.

Lead acetate group 1, rats were treated with lead acetate with a dose of 1/10 of lethal dose

mg/kg daily orally via needle gavage started from the first day to last day of the experiment.
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Lead acetate group 2, rats were treated with lead acetate with a dose of1/20 of lethal does

mg/kg daily orally started from the first day to last day of the experiment.

Lead acetate (1/10) + penicillamine group, rats were treated with lead acetate (1/10) and
penicillamine 250 mg/kg were given orally via gavage daily started from the first day to last day

of the experiment.

Lead acetate (1/20) + penicillamine group, rats were treated with lead acetate (1/20) and
penicillamine 250 mg/kg were given orally via gavage daily started from the first day to last day
of the experiment, then 5 ml of blood samples were collected from each rat in centrifuge tubes.
Serum was separated from coagulant blood by centrifugation and then frozen for biochemical

analysis.

2.4. Biochemical assay methods: (AST, ALT, Bilirubin, total protein )
2.5. Blood parameter assay methods: (RBC, WBC, PCV, Hb)

2.6. Tissue preparation:

The organs were carefully made free from surrounding fat and connective tissue, washed briefly
with tap water and immediately placed in 10% normal saline. The organs from one side of each

animal were tested for histopathological changes.
2.7. Statistical analysis:-

Results were expressed as mean + SE. Statistical significance was calculated by using one way
analysis of variance (ANOVA) by Graph pad prism software (p° 0.05) was considered as
significant. Values bearing different letters as superscripts showed significant differences (p’
0.05).
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Table (3.1.1) show the effect of lead acetate and penicillamine on blood parameters of male

rats
arameter FBC count
(108cells/microlit | “VDC count PCV % Hb(meg/dl)
(cells/mm-~) e
er)
Control 73742 £ (028492 | 6.182 025884 | 38.06£0.76681 | 12.012£0.35777
Lead1/10 5.7342£0.14926 | 6.8° £ 0.18708 | 30.48°+0.92032 | 10.58 0 40865
Lead1/20 6185+ 033466 |644°=0.15165 |33.72¢ 11.02°+0.19235
+1.06864

Leadl/10+pen250

6.3% 031622

6.02¢ +0.19235

3424 20.39370

10.544 +0.29495

Leadl/20+pen250

7.028 £0.13038

6.02% £0.10954

34.82¢
=0.31144

11.32£0.25495

- a,b: mean there are significant differences between the control group and lead 1/10 group.

- ¢: mean there are significant differences between lead 1/20 with control group and lead

group.

1/10

- d: mean there are significant differences between (lead 1/10 + penicillamine), control, lead 1/10

and lead 1/20 groups.

- e: mean there are significant differences between (lead 1/20 +penicillamine), control, lead 1/10,

lead 1/20 and (lead 1/10 +penicillamine) groups.

- Significant differences (p<0.05).
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Table (3.1.2) show the effect of lead acetate and penicillamine on liver function of male rats

Parameters
AST ALT Total protein Bi].i.mbin.l
Control 59582091214 | 3182059581 7.006%+0.04827 0.4245+0.02966
Leadl/10 1182524 76445 | 68.12°20 68702 | 4.854° 2022700 3.948° 4 04969
Leadl/20 109.6° 4 97995 | 3955054313 | 6.008°x0.28577 3.002¢ £0.03492
Lead1/10+pen250 | 7249 23 64691 5818420 50695 | 6.199 20 25853 2 66°4+() 32093
Leadl/20+pen250 | 67.6% £2.07364 56.042 =0.69137 | 5.9983%P +0 07791 | 1.2989 0 42663

-a,b: mean there are significant differences between the control group and lead 1/10 group.
- ¢: mean there are significant differences between lead 1/20 with control and lead 1/10 groups.

- d: mean there are significant differences between (lead 1/10 + penicillamine), control, lead
1/10 and lead 1/20 groups.

- e: mean there are significant differences between (lead 1/20 + penicillamine), control, lead
1/10, lead 1/20 and (lead 1/10 + penicillamine) groups.

- Significant differences (p<0.05)
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Figure (3.1.3). Effect of lead acetate and penicillamine on ALT conc. in male rats
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Figure (3.1.4). Effect of lead acetate and penicillamine on AST conc. in male rats
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Figure (3.1.5). The effect of lead acetate and penicillamine on bilirubin concentration in

male rats
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Figure (3.1.6). The effect of lead acetate and penicillamine on total proteins conc. in male

rats
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3.2. Histological results:

s G A T AT 0 %
-'.‘{‘. J_’:!-“ s T N T

s

normal cellularity

active spermatogenesis

Image (3.2.1): Transverse section of control group seminiferous tubules show normal
cellularity and normal spermatogenic action of the seminiferous tubules (X20, H & E stain)

high space

Vv

degeneration

Image (3.2.2): Transverse section in lead acetate 1/10 of LDs treated group seminiferous

tubules show degenerative changes and high space in some tubules.(X200, H & E stain).
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Image (3.2.3): transverse section in lead acetate 1/20 of LDsy treated group testis show

vascular congestion and slightly degeneration. (X20, H & E stain)

reduction in space

Image (3.2.4): Transverse section of (lead acetate 1/10 of LDsy + penicillamine 250 mg/Kg)

treated group testis show significant reduction in space (X20, H & E stain).
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Image (3.2.5): transverse section of (lead acetate 1/20 of LDsp+penicillamine 250 mg/Kg)
treated group testis show significant reduction in space and low congestion. (X200, H & E

stain)
4. DISCUSSION

In our study, there are reduction in RBCs, PCV and Hb was observed in table (3.1.1) which

mi ght be due t o ef f-enunolevdidic adidelenydiratadenkeyamnzymeof i t y

heme synthesis. Moreover, lead also inhibit the conversion of coproporphyrinogen Il to
protoporphyrin IX leading to reduction in haemoglobin production and shortened life span of
erythrocytes 9. Progressive destruction of RBCs due to binding of lead with RBCs, leading to
increasing fragility and destruction; could be another reason for decrease in haematological
values “%. Similarly, significant decrease in Hb and PCV were observed following exposure of
rats to lead acetate “?. Total leukocyte count had increased due to lead Tinduced inflammation
“2) While In the case of liver function, the parameters including plasma AST and ALT activities
and plasma bilirubin levels are used to check liver function in the intoxicated animals relative to
the healthy rats. These results in table (3.1.2) showed that Pb2+ ingestion highly stimulated the
activity of AST and ALT. The stimulation was gradually paralleled with the increasing of Pb2+
ingested doses until it reached the highest value at 1/10 LD50 of lead acetate treatment. That

means that the stimulations were found to be dose dependent. The effect of Pb2+ on AST
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activity was significantly similar to that of ALT. Data of plasma bilirubin showed highly
significant elevation of bilirubin value in Pb2+-intoxicated rats relative to the control after the
experimental period. The present results of the liver function parameter (ALT, AST, and
bilirubin) resulted in damaging in the liver cell of Pb2+-intoxicated animals. In addition, it was
reported that lead has a hepatotoxic effect. The high plasma ALT and AST activity was
accompanied with high liver microsomal membrane fluidity, free radical generation, and
alteration in the liver tissue histogram. The evaluation of plasma bilirubin value under the
ingestion of lead acetate may be due to the induction of hemeoxygenase, the catabolism of heme
from all heme proteins appears to be carried out in the microsomal fraction of cells by a complex
enzyme system, hemeoxygenase, which converted heme to bilirubin “**9. Also, bilirubin formed
in the different tissues is transported to the liver as a complex with serum bilirubin, that bilirubin
is conjugated with glucouronoid in the smooth endoplasmic reticulum of the liver, but under the
effects of lead toxicity, the conjugation of bilirubin with glucouronoid was not active; this may
be due the peroxidation of membrane lipids of smooth endoplasmic reticulum. Bilirubin has a

protective role against oxidative damage of cell membrane induced by metals “°.

Protein profile of plasma was changed under ingestion of lead acetate. The results reported
significant reduction in total soluble protein. The reduction in plasma total soluble protein levels
may be due to inhibition of protein biosynthesis through the specific enzymes in cell processes
and low significant excretion of hormones (such as triiodothyronine (T3) and T4) in the present

study which regulated protein biosynthesis “°.

While the histological results were compatible with Al-Omar, et al. who reported that the lead
causes decrease in seminiferous tubules diameter in adult rats“”. And also with Corpas, et
al.who showed that the lead acetate causes decrease in the diameter and epithelial thickness of rat
seminiferous tubules®). Lead exposure produced pronounced testicular damages evidenced by
histological alternations in testis include degeneration of seminiferous tubules, germ cell necrosis
and vacuolar degeneration especially in secondary spermatocytes. These findings correspond
with the observations that showed lead acts as a spermicidal agent in the case of high exposure

49 Jeading to a dose-related suppression of spermatogenesis ©°.

In our study, in case of (lead acetate + d-penicillamine) treated groups, the results of RBCs

count, WBCs count, Hb, PCV%, GOT, GPT, serum bilirubin, total protein were not significantly
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changed from the control group. Al so, the histological examinat i
there is significant reduction in space of the seminiferous tubules and low congestion. These
results were because that penicillamine reduced the effects of lead acetate on the blood
parameters, liver function and the testicular tissue by increasing the elimination of lead (acted as

chelator).

6. REFERENCES

1.RaginiShamra and UmeshGaru (2011).Effects of Lead on Developing Testes in Swiss Mices . Universal Journal of
Invironmental Research and Toxicology ,1(4).

2.Mohammad HoseinNooriMugahi , Zahra Heidari ,Hamid Reza Mahmoud , ZadehSagheh and Mohammad
Barbarestani (2003).Effect of Chronic lead acetate Intoxication on Blood Indices of Male Adult Rat,11(4).

3. Pitot CH and Dragan PY (1996).Chemical carcinogenesis. In: Casarett and Doull'stoxicology, 5th edn.McGraw
Hill, New York, pp 2017 260.

4. Howard, D., Stowe, D.V.M., Goyer, R.A, Krigman, M.(1973) Experimental oral lead toxicity in young dogs.
Arch. Pathol. 95: 106-116.

5. Radostitis OM, Blood DC, Gay CC (1994). Veterinary medicine.A text book of the diseases of cattle, sheep, pigs,
goat and horses. Ed 8th, 31: 1469-1471.

6.Lyle, W.H(1981).Penicillamine in metal poisoning. J.Rheumatol.Suppl, 7:96-9.
7.Gonzlez-Ramdrez,D;Zuiga-Charles,M.&Narro-Jugrez, A(1990).  Mobilization oflead in  patients  with
chronicpoisoning by that metal.Oralpenicillamine.Arch.Invest. Med. (Mex),21(3):279-83.

8.Shannon, M.; Graef, J. & Lovejoy, F. H Jr(1988). Efficacy andtoxicity of D-penicillamine in low-level lead
poisoning.J.Pediatr.,112(5):799-804.

9.Shannon, M.W. & Townsend, M.K (2000).Adverse effects ofreduced-dose D-Penicillamine in children with mild-
tomoderatelead poisoning. Ann. Pharmacothe., 34(1):15-8.

10. Fu H and Boffetta P.(1995). Cancer and occupational exposure to inorganic lead compounds: a meta-analysis of
published data. Occup Environ Med 52: 73-81 .

11.Damstra T.( 1977). Toxicological properties of lead. Environ Health Perspect 19: 297-307.

12.Malecka A, Jarmuszkiewicz W, Tomaszewska B (2001) Antioxidant defense to lead stress in sub
cellularcompartments of pea root cells. ActaBiochim Pol 48:6871 698.

13.Xienia U, Foote GC, Van S, Devreotes PN, Alexander S, Alexander H (2000) Differential
developmentalexpression and cell type specificityofDictyostelium catalases and their response to oxidative stress
andUV light. BiochemBiophysActa 149:295i 310

14. Foyer CH, Noctor G (2002) Oxygen processing in photosynthesis: regulation and signaling. New
Phytol146:359i 388

15. Wise RR, Naylor AW (1987) Chilling-enhanced peroxidation: the peroxidative destruction of lipidsduring
chilling injury to photosynthesis and ultrastucture. Plant Physiol 83:227i 272

16. El-Beltagi HES, Salama ZA, El-Hariri DM (2008) Some biochemical markers for evaluation of flaxcultivars
under salt stress conditions. J Nat Fiber 5(4):3167 330

17. Subash VK, Sasikala M, Ramesh R.( 2012). Lead poisoning i an overveiw. International Journal of
Pharmacology &Toxicology.2(2): 70-82.

18. Reddy KSN.( 2010 ). The Essentials of Forensic Medicine and Toxicology. 29th ed. Hyderabad: K Saguna
Devi,: 487-90.

19. Navas-Acien A, Guallar E, Silbergeld EK, Rothenberg SJ. (2007).Lead exposure and cardiovascular diseased a
systematic review.Environmental Health Perspectives. 115 (3): 4721 82.

Citation: Msc. Shatha Hussein kadhim et al. Ijppr.Human, 2016; Vol. 5 (3): 22-40.



www.ijppr.humanjournals.com

20.Mohammad JafarGolalipour ,DanialRoshandel,GholamrezaRoshandel ,SorayaGhafari ,Mergenkalavi and
KhodaberdiKalavi (2007):Effects of Lead Intoxication and D-Penicillamine Treatment on Hematological Indices
inRats ,Int.J.Morphol.,25(4).

21.Guidotti TL, McNamara J, Moses MS. (2008). The interpretation of trace elementanalysis in body fluids. Indian J
Med Res128: 52471 532.

22.Vij AG. (2009). Hemopoietic, hemostatic and mutagenic effects of lead and possible prevention by zinc and
vitamin C. Al Ameen J Med Sci2: 271 36.

23.Piomelli S. (2002). Childhood lead poisoning.PediatrClin North Am49: 12857 1304.

24.Ahamed M, Verma S, Kumar A, Siddiqui MK. (2005). Environmental exposure to lead and its correlation with
biochemical indices in children.Sci Total Environ346: 48i 55.

25.Jangid AP, John PJ, Yadav D, Mishra S, Sharma P. (2012). Impact of chronic lead exposure on selected
biological markers. Indian J ClinBiochem27: 83i 89.

26.Patrick L. (2006). Lead toxicity, a review of the literature. Part 1: Exposure,evaluation, and treatment. Altern
Med Rev11l: 21 22.

27.Bashir M. Jarrar and NooryT.Taib .(2012).Histological and histochemical alteration in the liver induced by lead
chronic toxicity .Saudi Journal of Biological Sciences .19.203-210.

28. National Research Council.(1993).Measuring Lead Exposure in Infants, Children, and Other Sensitive
Populations. Washington, DC: National Academy Press:31-98.

29.0nalaja AO, Claudio L.(2000). Genetic Susceptibility to Lead Poisoning. Environmental Health
Perspectives;108. 23-28ns. Washington, DC: National Academy Press. 1993:31-98.

30. Rajesh Kumar ,Asit Kumar Sikary , A. K. Jaiswal, T. Millo4 , N.Singh and Kamna Sharma .(2014). Lead
poisoning, analytical Aspects and its management .International Journal of Biological & Pharmaceutical
Research.5 (12) : 893-903.

31.Makrowitz M. (2000). Lead Poisoning.Pediatrics in Review. 21: 327-335.

32M.Sharifian , F.Sari-Aslani , B.Hemmatinejad , M.K. Fallahzadeh ,B.Kasraee , M.J. Khoshandish , R. Miri ,
S.Mohammadi-Samani , F.Jowkar and M.R.Namazi .(2011).D-penicillamine, a potent melanogenesis inhibitor, lacks
any depigmenting effect on black guinea pig skin:The first randomized, evaluator-blinded, vehicle-controlled, in
vivo study.ActaDermatovenAPA, 20( 2).

33. Beattie AD. The use of D-penicillamine for lead poisoning.Proc Roy Soc Med 1977; 70: 43-45 .

34.Netter P, Bannwarth, B, Pere P, et al. (1990). Clinical pharmacokietics of D-penicillamine.ClinPharmacokinet
1987; 13:317-33370 Joyce DA, Day RO. D-penicillamine and D-penicillamine-protiendisulphide in plasma and
synovialfluid of patients with rheumatoid arthritis. Br J ClinPharmacol.; 30: 511-7.

35. Lanphear BP, Hornung R, Khoury J, Yolton K, Baghurst P, et al. (2005). Low-level Environmental Lead
Exposure and Childre n 6 s I ntell ectual Function: An I nternati oneée
Perspectives; 113: 894-8909.

36.Bergstrom RF, Kay DR, Harkcom TM, Wagner JG. 1981. Penicillamine kinetics in normal subjects.
ClinPharmacolTher.; 30: 404-13.

37.Greer KE, Askew FC, 1976.Richardson DR. Skin lesions induced by penicillamine. Arch Dermatol;112:1267-9.
38.Nabil M Ibrahim ,Esam A Eweis ,Hossam S El-Beltagi and Yasmin E Abdel-Mobdy.(2012):Effect of acetate
toxicity on experimental male albino rat. Asian Pacific Journal of Tropical Biomedicine ,144.

39.S.G.Suradkar , D.J.Ghodasara ,Pritivihol, Jatinpatel , VikasJaiswal and K.S.Prajapati (2009) .Haemato-
Biochemical Alterations induced t Lead acetate toxicity in Wistar rats .Veternary word , 2 (11).

40.Rous, P. (2000). The effect of heavy metals boundary contaminated soil on haematological and selected
biochemical parameters in blood plasma of rabbits. Acta-Universitatis-Agriculturae-et-SilviculturaeMendelianae-
Brunensis. 48 (3): 93-99.

41.Helmy, M.A., Elnaga, N.l. and Hela, S.M. (2000): Effect of administration of milk and kareish cheese on
hematological values and histopathological changes in liver and brains of rat treated with lead. Alexandria J. Agril.
Res. 45(2): 103-115 .

Citation: Msc. Shatha Hussein kadhim et al. Ijppr.Human, 2016; Vol. 5 (3): 22-40.



www.ijppr.humanjournals.com

58.Yagminas, A.P., Franklin, C.A., Villeneuve, D.C., Gilman, A.P. Little, P.B., Valli, V.E. (1990) Subchronic oral
toxicity of triethyl lead in the male weanling rat. Clinical, biochemical, hematological, and histopathological
effects.Fundam. Appl. Toxicol. 15: 580-596.

59. Seddik L, Bah TM, Aoues A, Brnderdour M, Silmani M (2010) Dried leaf extract protects against leadinduced
neurotoxicity in Wistar rats. Eur J Sci Res 42(1):1391 15

60. Abdou ZA, Attia MH, Raafat MA (2007) Protective effect of citric acid and thiol compounds against cadmium
and lead toxicity in experimental animals. J BiolChem Environ Sci 2(2):481i 497

61. Murrey RK, Granner DK, Rodwel | VW (200 6)ednHVcGranve Hild, s

Boston.

62. Noriega GO, Tomaro ML, del Battle AM (2003) Bilirubin is highly effective in preventing in vivo delta-
aminolevulinic acid-induced oxidative cell damage. BiochimBiophyActa 1683(2):1731 178

63.Al-Omar, M. A., Abbas, A. K. and Al-Obaidy, S.A. (2000): Combined Effect of Exposure to Lead and Chlordane
on The Testicular Tissues of Swiss Mice. Toxicol.let., 10: 1-8.

64.Corpas, I., Castillo, M., Marquina, D. and Benito, M. J. (2002): Lead Intoxication in Gestational and Lactation
Periods Alters The Development of Male Reproductive Organs. Ecotoxicol. Environ. Saf., 53: 259-266.

65. Thomas J.A., Brogan W.C. (1983): Some actions of lead on the male reproductive system. Am. J. Indus. 4, 127-
134

66.Hamadouche A.N., Slimani M.,Meradboudia B., Zaoui C. .Reproductive toxicity of lead acetate in adult male
rats. Am. J. S Al-Omar, M. A., Abbas, A. K. and Al-Obaidy, S.A. (2000): Combined Effect of Exposure to Lead and
Chlordane on The Testicular Tissues of Swiss Mice. Toxicol.let., 10: 1-8.

67.Clinical Chemistry(1976). Acta70 ,19-42.

68.Rand R.N.,diPasqua A.(1962). A new diazo method for the determination of bilirubin.Clinical Chemistry.8, 570.
69. Bunn HF. Approach to the anemias. 2011. In: Goldman L, Schafer Al, eds. Goldman's Cecil Medicine. 24th ed.
Philadelphia.chap 161.)

70.(Bain, B. 2011. The peripheral blood smear.Cecil Medicine. 24th ed. Philadelphia,:chap 160.)

71.( Purves, W. ; David, S. ; Gordon, H. and Craig, H. (2004). Life: TheScience of Biology (7th ed.). Sunderland,
Mass: Sinauer Associates. p. 954.)

72. Maton, A. ; Jean H. ; Charles William, M.; Susan , J.; Marianna , Q. ; David L. and Jill, D. (1993). Human

Biology and Health. Englewood Cliffs, New Jersey, USA: Prentice Hall.

Citation: Msc. Shatha Hussein kadhim et al. Ijppr.Human, 2016; Vol. 5 (3): 22-40.

us



