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ABSTRACT

Cadmium, chromium and lead are known environmental pollutants that induce toxicity in living
organisms when exposed to them. The risk assessment of Cd, Cr and Pb is done individually while in
reality living organisre are exposed to them jointly as theyoozur in the environment, food or water.

This study was aimed at investigating their possiblemoadbidity through biochemical and
histopathological evaluations of albino rats exposed to them simultaneously. Senaatalbino rats

were used in the study. Specified doses of 5, 10, and 20mg/kg body weight respectively, of these
pollutants/metals were administered by gavage thrice weekly to 60 albino rats and 10 albino rats were
used as control. There were four treaningroups Cd, Cr, Pb and Cd+Cr+Pb (i.e. Cd alone, Cr alone, Pb
alone and Cd, Cr, Pb combined) per dose with five animals per treatment group. The treatments were for
90 days, and salt solutions of the metals (i.e. GA8eL 07, and Pb(NG)2) were used Wile the control
received only distilled water. Body weights (BW) of the rats were measured and percentage BW gains of
the rats were calculated. The animals were sacrificed after 90 days and blood samples were analyzed for
alanine aminotransferase (ALT)smartate aminotransferase (AST), alkaline phosphatase (ALP), lactate
dehydrogenase (LDH), total bilirubin, urea, creatinine, potassium (K), chloridg, (@brganic
phosphorus, malondialdehyde (MDA), reduced glutathione (GSH), ascorbic acid, superswideasi

(SOD), catalase (CAT), haemoglobin (Hb), packed cell volume (PCV), white blood cell (total)
(WBCIT]), and red blood cell (RBC). Organ (liver, kidney, & heart) to BW ratio were measured.
Histopathological evaluations of liver, kidney, and heartewdone. Results of combined treatment
showed hormetic response with regard to ALT, AST, total bilirubin, and urea as they were elevated in the
low dose but decreased with high dose. This phenomenon was also observed in Cr individual treatment
except in tadl bilirubin. The results showed that ALP, LDH, K, and inorganic phosphorus levels in the
combined treatment group increased with increasing dose but was not significantly different (p>0.05)
from that of the most hazardous metal in the individual treasn@xidative stress was observed in both

the combined and individual treatments as MDA increased while GSH and ascorbic acid were reduced
with increasing dose. SOD and CAT increased with increasing dose hence reducing the impact of the
oxidative stress agbserved. Lesthanadditive interaction was observed in the 5mg/kg treatment group
among the mixture components with regard to Hb and WBC. Combined treatment with the metals caused
significant decrease in percentage BW gain but was not significanfdyedit (p>0.05) from that of the

most hazardous metal in the individual treatments. Histopathological evaluation showed tissue injury in
liver and kidney in the 20mg/kg combined and individual treatment groups only probably due to high
dose. Mortality wasobserved in the course of the study as two animals died due to the combined
treatment (i.e. one at 10mg/kg group and one at 20mg/kg group) while three animals died due to the
individual treatments (i.e. one at 10mg/kg Cd group, one at 20mg/kg Cr grodumarat 20mg/kg Pb

group). Conclusively, the results suggested that there was no significant health risk posed by
simultaneous exposure to the metals beyond the risk already posed by the most hazardous individual
metal for the endpoint of interest. Intetians where they occurred were predominantly -teas

additive. Hormesis should be considered in their risk assessment. The concept of effect addition
(independent action) ovestimated the risk due to the combined treatments.

Keywords: Treatment, hormtic, combined, histopathological, hazardous, individual, interaction
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CHAPTER ONE

INTRODUCTION
1.1  Background Information
Humans are exposed severalenvironmental pollutants dailyChemicals legislation in most
parts of the world is based mainly on assesnts carried out on individual substances but in
reality humans and other living organisms (animals and plants) are exposed to a wide range of
chemicals throughout their liveg/hile current assessment methods incorporate safety factors to
take accountfoa range of uncertainties, thiropearCommissioand other developed countries
are concerned with ensuring tlilagirchemicalslegislation takes proper account of the latest
scientific information on mixture toxicity (EopeanUnion [EU], 2012 Hayeset d., 2019
Socianet al, 2022. While all populations may be exposed to chemicals, workers tend to face
exposure to higher doses and over longer time periods, increasing their risk of significant health

effects (International Labour Organization [ILO], 202

Although some potential environmental hazards involve significant exposure to only a single
compound, most instances of environmental pollution involve concurrent or sequential exposures
to a mixture of compounds that may induce similar or dissimifacts over exposure periods
ranging from shorterm to lifetime Hernandez, Buha, Constar&iTsatsakis,2019. This may

occur in the form of simultaneous exposure to mixtures of chemicals, where multiple chemicals
occur in a given environmental mediumxpbsures may also be cumulative, where multiple
chemicals are encountered from multiple environmental media via multiple routes. These
chemicals could be in air, food, water, soil, or consumer products. Exposures to mixtures of

chemicals results from wateair and soil pollution from municipal incinerators, leakage from



hazardous waste facilities and uncontrolled waste sites, drinking water containing chemical
substances formed during disinfection, and ground water around waste disposal sites. Exposure
to residues of ox@roducts of halogens, resulting from drinking water disinfection, could be
carcinogenic. Recent national report on human exposure to environmental chemical, through the
analyses of blood and urine samples, indicates that oGecHdimicad wee found in the United

States human population

Two major sources of cadmium pollution are the production and consumption of cadmium and
other nonferrous materials, and the disposal of wastes containing cadmium. Increase in soll
cadmium content lead® increase in plant uptake and consequently increase in cadmium
concentration in foodstuffs. Edible fréiging food organisms such as shellfish, crustaceans, and
mushrooms are natural accumulators of cadmiGadmium present in some sea foodsass

much as 10mg/kg wet weight anduman consumption of these marine organisms has been
linked to signs of kidney damage as food is the major route of exposure to cadmium-for non
smoking general populatiorGérchi, Sinicropi, Lauria, Carocck& Catalano,2020; Sateug,

2018. Long term exposure to cadmium causes renal tubular dysfunction with proteinuria,
glycosuria, and aminoaciduria as well as histopathological changes in both experimental animals
and humangGenchet al, 2020; Satarug, 20).80ral exposure to danium can cause anaemia in
humans and animals (ATSDRQ12a Fujiwaraet al, 202Q. Also, hepatic effects occur for

higher oral doses of cadmium, usually for acute and intermediate duration.

Hexavalent chromium compounds such as potassium dichromge %) are oxidizing agents
capable of directly inducing tissue damage. They are found in the environment as a result of
human activities resulting from industrial oxidation of mined chromium ores as well as

manufacture and disposal of chromium containingemas. Examples of chromium containing
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materials are chromium ore, baths, colours, lubricating oils;cantosives (paints), wood
preservation salts, cement, cleaning materials, textiles, and leather tanned with chromium. Most
surface waters contain twesen 1 and 10pg of chromium per litre, and in general, the chromium
content of surface waters reflects the extent of industrial actiViipdthi & Chaurasia, 2020

The average concentration of chromium in rainwater is in the rangggfite. Hexavatnt
chromium is metabolized through reactions involving intracellular species such as ascorbate, and
glutathione leading to generation of reactive oxygen species which may be responsible for

deleterious effects of chromium on celhong, Zeng, Bian, Zh@& Xiao, 2017).

Lead containing paint is a primary source of lead exposure in children while the major route of
exposure for the general population is from food and water as well as inhalation of lead oxide
from exhaust fumes. Also, herbal medicines ddu¢ potential sources of lead exposure. Lead
has been shown to affect virtually every organ and system in the body in both humans and
animals. The effects of lead are similar across inhalation and oral routes of exposure and include
neurological (particarly in children), hematological, cardiovascular and renal. Lead interferes
with the synthesis of heme leading to reductions in blood hemoglobin and anaemia. Also, lead
has been associated with chronic nephropathy in hunmfamhigov, Garipova, Strizhacov,
Bobkova& Tairova, 2022. Exposure to leadontaminated soil and dust resulting from battery
recycling and mining has caused mass lead poisoning and multiple deaths in young children in
Nigeria, Senegal and other countri¥#gofld Health OrganizatiofpWHQO], 2021). World Health
Organization is currently developing guidelines on the prevention and management of lead
poisoning, which will provide policynakers, public health authorities and health professionals
with evidencebased guidance on the measuresttiet can take to protect the health of children

and aduis from lead exposure (WHO, 202Zadmium, chromium, and lead mixture have been



chosen as the subject for this interaction study because it is a very frequently occurring ternary
mixture at hazardouwaste sites. This mixture was found in soil at 219 sites out of the 1,608

sites for which Agency for Toxic Substances and Disease Registry (ATSDR) has produced a
Public Health Assessment (Agency for Toxic Substances and Disease Registry [ATSDR], 2004;

Balali-Mood, Naseri, Tahergorabi, Khazd&rSadeghi, 2021).

1.2  Problem Statement

An individual simultaneously exposed to cadmium, chromium, and lead through food, water or
from occupational exposure is at risk of combined health effects of these chemluals.
presence of multiple chemicals within a biological system increases the potential for interactions
that could enhance or diminish the toxicity of other chemical(s). These interactions could be
additive, synergistic, or antagonistic. Although regulatagencies and consensus standard
setting bodies have recognized the existence of combined effects from mixed chemical
exposures, in practice most exposures are regulated or controlled as if they occurred independent
of any other substance exposurésnitednformation is available to government agencies
responsible for setting standards on waste disposal and management on the effect of mixed
chemical exposured.hus,sometime in 2012, at Brussels Belgium, there was an international
workshop tagged Metal Miure Modelling Evaluation project,where scientists from Japan,
USAand UK proposed various models for evaluation of metal mixtures toxicity in aquatic
organisméFarley et al., 2015)essthanadditive toxicity was more difficult to describe with the
available models because of limitations in the available datasets.Over the last several years,
researchers have been developing promising new methods to solve this problem but there is still
no clear consensus.As a result, conducting of targeted exposure dimdast/ance the

understanding of metal mixture toxicity has beemoadted by previous researché&aley &



Meyer, 2015)Research is, therefore, needed to provide sound scientific basis to describe
interactions, and assist practitioners in applying apmtgalgorithms for controlling exposures

where antagonistic, additive, or synergistic effects may be predicted and expected.

1.3  Justification for the Study

The assessment of chemical mixtures is a complex topic for toxicologists, regulators, and the
pulic, and the linkage between the science of toxicology and the needs of governmental
regulatory agencies in the United Stasesl other countries continually explored. This is so
because chemical mixtures have been, and continue to be, evaluatedréousaraste sites
around theworld and for this reason the current U.S. Environmental Protection Agency
(USEPA) guidelines for chemical mixtures assessment are also reviewed periodically
(Monosson, 2005).In Nigeria, improper waste disposal and managemena common
occurrencgOluwafemi, Olukanni, & Justin, 2021and regulatory framework for occupational
exposure to hazardous substas is poorlt has been observed that farming of food crops and
vegetables in contaminated environments is common in XAfast as small scale farmers do it

to maximize yields due to the seemingly high organic contentsoits of waste dumpsite

(Anyanwu, Ezejiofor, Igweze & Orisakwe, 2018).

Regulatory agencyuch asNational Environmental Staadds and Regulations Enforcent
Agency(NESREAhave limited information on health risks associated with exposure to multiple
chemicals whether simultaneously or seautivdy to formulate adequate poiles on
environmental manageméencecombined effect of Section(®)(p) of its EstablishmentAct

2007 (Laws of the Fedetmn of Nigeria)empowers it tacollectthrough publications and other
appropriate means basscientific dataon chemical, physical and biological effects of various

activities on the environmeand other informatio pertaining to environmental standards
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This study is necessary as it shall provide information usefuhtésestedrelevant agencies
(local or foreignfor formulation and management of policies for assessment of health risks,
associated with exposure themical mixtures of hazardous substances, such as cadmium,
chromium, and leadiven hat the temary mixture of these metalsvas found in soil at 219 sites

out of the 1,608 sites for which Agency for Toxic Substances and Disease Registry (ATSDR) has
produced a Public Health Assessment (ATSDR, 2004¢y were established in wastewater and
soil samples obtained from some sites at Nairobi industrial area, Kenya (Kieu#ghj&020).In

Kano, Nigeria, Abdullahet al. (ascited in Anyanwtet al, 2018) reported 13.19mg/kg of Pb,
0.735mg/kg of Cd, and 12.89mg/kg of Cr in vegetabMso, in Niger Delta, Nigeria, Ideriaét

al. (ascited inAnyanwet al, 2018)reportedthat concentrations ofheseheavy metal¢Cd, Cr,

Pb) in Abonnema shore line exceededmessible limits set by the World Health Organization

and hence posed a serious health concern.

Also, the current method of prediction of health risk from exposure to multiple chemicals based
on mathematical models of deaddition and response/effemtidtion applies primarily to
binary mixture. This study shall be used to test the suitability of these models for prediction of
health risk of chemical mixtures of more than two components especially Cd, Cr and Pb. The
study shall help to provide researchéasa and fill the knowledge gap on whole mixture toxicity

testing(EU, 2015)which is currently limited.

1.4.1 Aim of the Study
The aim of this study wsato determine the possible-owrbidity of cadmium chromiumand

leadin dbino (Wistar) rats througbiochamical andhistopathologicaévaluations.



1.5 Objectives of theStudy

The objective of thisstudy wee to:

(1) Investigatef simultaneous exposure tadmium, chromium,rad leadproduced a more
adverse health effeonliver, kidney and bloothan exposur& the individual metals.

(i) Ascertainthe nature of interaction (if any) among the mixture components (i.e. whether
additive, less than addre/antagonistic, or greater than additive/synergistic interaction).

(i)  Comparehe mode of action of the mixture to #®oof the individual metals.

(iv)  Determinetheorgan(s) most affected (i.diver, kidney, @ hearj.

(v) Evaluatethe doseeffect relationship of such interaction.

(vi)  Enrich available library oifmetal mixture risk assessment beyond what is currently
published by gosrnment and regulatory agencies.

1.6  Hypotheses

The first step in understanding the joint action of two or more chemicals (i.e., how they behave

when they cepccur in an organism) is to formulate a testable null hypothesis based on what is

known about the indidual chemicals and to evaluate it empiricalRider, Dinse, Umbach,

Simmons& Hertzberg2018). The hypotheses for this study are:

Null hypothesis (H)
Exposure of albino rats toadmium, chromiumrad leadsimultaneously would produce same

health/biol@ic effects as exposure of the rats to the metals singly.

Alternate hypothesis (H)
Exposure of albino rats wadmium, chromiumrad lead snultaneously would not produce same

health/biologic effects as exposure of the rats to the metals singly.



CHAPTER TWO

LITERATURE REVIEW
2.1 Toxicology of Chemical Mixture
2.1.1 Background
Long-term toxicity evaluations for chemicals used to set appropriate reference doses and
presumed safe limits have been performed until now onlgifigle chemicals (Docea, Calida
Tsatsakis, 2021)In this era of chemical advances, single chemical exposure is a myth. The
entire living world is always being exposed to environmental chemical mixtures but the scarcity
of toxicity data is a serious concern (Chatterjee & Roy, 20P2)s the assessment of toxicity
of chemical mixture is one of the major challengesthia field of toxicology (Bart et al,
2022)Various regulatory authorities and the scientific world have come up with a handful of
methodologies and guidelines for evalugtithe harmful effects of the multomponent
mixtures, though there is no such significant, standard and reliable approach for the toxicity
evaluation of chemical mixtures and their management across diversg @bkiterjee & Roy,

2022)

2.1.2 Principles of toxicology of chemical mixture

In practice, humans and animals are exposed to complex and variable combinations of chemical
compounds. In a situation of multiple chemical exposures, the single chemicals may act
independently as in a single exposwurea number of the chemicals may interact to modulate the
effects of the total multiple exposur8ignificant questions exist when comparing sirigle
mixture-chemical toxicity concerning additivity, synergism, potentiation, or antagonism

(Hernandezt al, 2019).



In order to predict the toxicological properties of chemical mixtures, detailed information on the
composition of the mixture, the mechanism of action and potency of each compound, as well as
proper exposure data is required. Mostly, such detaifedmation is not availabldn vivo data

are often scarce since animal experiments are demanding. There is also a general policy to
reduce the number of such studies due to animal welfare considerdtamé& (eszczynski,

2019.

The main objective inhie risk assessment of chemicals in mixtures is to establish or predict how
the toxicological effects of the mixture might turn out, often in comparison with exposure to
individual compounds. One of the main points to consider is whether chemicals inuaemixt
interact and produce an increased or decreased overall response compared to the expected sum of
the effects if each chemical acts independently of each othecefnti & Filippini, 202J).
Interactions may remain constant over the total dps&, or tere may be dosdependent
variations. Critical, limiting steps in toxicokinetic and/or toxicodynamic pathways may become
saturated or overwhelmed, and responses may be altered irliagaymmanner with increasing

dose. This may affect metabolic processgslocrine regakion as well as cellular defensnd

repair mechanisms. An increase in the exposure dose may for example, shift additivity to
synergism, toxic effects not seen without saturation of receptor or enzyme systems may appear
or the metabolisnof various chemical compounds may be modulated. For risk assessment of
combined toxic effects of multiple chemical exposures, it is therefore of importance to know if
dosedependent variations in toxic effects occur, and if the variations take placeatrdlzvant

to human exposure.



2.1.3 Mechanisms and cause of interaction
Interactions may take place in the chemical/chemical, toxicokinetic phase and/or in the

toxicodynamic phase.

External exposure = ———=>  internal exposure — effect

Toxicokinetic Toxicodynamic
phase phase

Alteration in the absorption, distribution, metabolism or excretion of a toxic compound related to
exposure to another toxic compound is called toxicokinetic interactieraction with
absorption can occur when an active transport process is involved ssalbkagiption of iron and
cadmium (ATSDR, 2012a Upsonet al, 2019. For instance, in ircaepleted subjects, an
increased uptake of cadmium is seen because the expression of the transport protein is
upregulated. However, most toxic compounds are absovieedpassive diffusion. After
absorption, chemicals are distributed throughout the body via the blood circulation or the
lymphatic system. For example, lipophilic compounds are prteiumd, and a more lipophilic

compound can displace a less lipophilic tnoen the binding proteins in plasma.

The free concentration of the less lipophilic compound is then increased, and there is a
possibility for a more severe toxic effect. This type of interaction is often seen with
pharmaceuticals. For compounds, which active as the parent compound, enzyme inhibition
may reduce detoxication and thus enhance toxicity, whereas enzyme induction could enhance
detoxication and thereby reduce toxicity. However, a majority of the chemicals which enter the
body are metabolizef(biotransformed). Metabolism can either increase or decrease the toxicity

of a compound, and there are a number of possible interactions that can influence the outcomes.
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Recalcitrant chemicals may compete for a given enzyme-taator and thus result imhibition

(Saito et al, 2022. Another scenario is interactions with the drug metabolizing enzymes,
resulting in induction of the enzymes (increased amounts and activities). Inducers of the
microsomal cytochromesk) enzymes are well known to resulteither increased production of

active metabolites or reduced toxicity caused by increased detoxication, depending on which
enzymesand pathways are affected atie biological activity of the parent compound and its
metabolites. Interference (inhibition)itlv excretion of toxic compounds are mostly seen when
active transport processes are involved and can enhance toxicity. Simultaneous exposure to a
compound that either alters the pH of the urine, or act as an osmotic diuretic, can affect the

excretion of biemicals and their metabolites.

Toxicodynamic interactions occur at cellular receptor/functional target level. Generally, the
effect of combined action of two components at the same target is unlikely to result in
synergism/potentiation. Competition forreceptor will usually result in addition of effects or
antagonism (effect inhibition). An antagonist regulates negatively the activity of an agonist.
Partial agonists, on the other hand, will act as agonist in the absence or at low concentrations of
otherligands.Weak agonists may, however, function as antagonists by occupying the receptor
preventing the binding of a more potent ligaiichardson, 2020 Dynamic interactions may

also occur when two or more components act at different receptors/taggebisiinduce an

increased or reduced antioxidant capadiiy,(2020.

2.1.4 Methods to assess combined actions and interactions of chemical mixtures
A number of different test strategies have been presented to obtain toxicological information on

mixtureswith a limited number of test groupBY, 2015. They include:
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) Testing of whole mixtures

Testing of the whole mixture as such may seem to be the proper way to evaluate the hazard of a
mixture. A simple method of carrying out such a study is to evaluateftacts of mixture and

of all individual constituents at one dose level. However, testing of whole mixtures will not
provide data on combined actions and/or interactions between the individual components. This
can only be achieved when information onelssponse for each single component is available.
Therefore, this approach might be applied for assessing the combined toxicity of simple, defined
chemical mixtures where the toxicological properties of each component are known or will be
investigated. Itmay also be used for primary screening for potential adverse health effects

(hazards) of mixtures that are not well characteriBedguningt al, 2022).

(i) Independent action and dose addition (quantifiable responses)

More than 50 years ago, threesizatypes of action for combination of chemicals were defined
(Ridert al., 2018) namely, similar action (dose @oncentration addition), dissimilar action
(independent action), and interactions. For mixtures of similarly acting chemicals the effects can
be estimated directly from the sum of the dosesoncentrations, sted for relative toxicity

(dose orconcentration addition). For mixtures of independently acting chemicals the effects can
be estimated directly from the probability of responses tantligidual components (response
addition) or the sum of biological responses (effect addition). Both concepts are based on the
assumption that <chemicals in a mixture do not
interact with each other at theolmgical target site. Such chemicals can either elicit similar
responses by a common or similar mode of action, or they act independently and may have
different endpoints and/or different target organs. Both concepts have been suggested as default

approabes in regulatory risk assessment of chemical mixtures. In reality, however, chemical
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mixtures are rarely composed of either only similarly or of only dissimilarly acting substances

(Escher, Brau& Zafi, 2020;EU, 2012).

Independent action (response didoh, effects addition) occur$ chemicals act independently

from each other, usually through different modes of action that do not influence each other. This
type of action is also referred to as simple dissimilar action. Response addition refers o the su

of probabilistic risks. Effects addition means the sum of biological responses. The toxicity of a

mixture in terms of the probability of an individual being affected can be expressed as;

Pm=1- (1-p1) (1-p2) (1-ps) € -l (2.1)
With pm being theresponse to the mixture ang p2,  énbeing the responses due to exposure

to the individual componentsi3C,;,  én,whe@ present in a specified concentration.

This equation as stated by Backhatial (2000) and Eschet al.(2020)can also be wrién as;

n
E(Cnix) = B (-B(C)) (2.2)

i=1
E(G) is effect expressed as fraction = (effect of substance i at dose C/maximum possible effect).
00 E(O1L or) 0HDOEWC
Where E=effect, C=dose, i=individual substance, mix=mixture of indiVidsubstances,
n=number of substances in the mixture

The above equation means

E(Cnix)=1- (1-E(Cop)) (1-E(Cea))(1-E(Cer)) (2.3)
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E(Cmix) obtained by this calculation is termed R(predicted and is the expected effect of the
mixture if no interactior(i.e. addition), while E(&ix)experimented is the effect of the mixture
resulting from the experiment.

If E(Cmix)experimented= E(&ix)predided, additive effect

IfE(Cmix) € X p er i menp)preglidted] thei® {s dteraction

If E(Cmix)experimented < E(&x)predicted, the interaction is less than additive or antagonistic

If E(Cmix)experimented > E(&x)predicted, the interaction is more than additive or synergistic
According to the above equation, any substance for which) E§Cequal to zero does not
contribute to the joint effect of the mixture. Consequently, mixtures of independently acting
chemicals pose no health concern, as long as the doses/concentrations ofdeaédialin

component remain below their individual zefbect levels (concentrations) (EU, 2012).

Dosetoncentratioraddition (similar action, similar joint action) occurs if chemicals in a mixture
act by the same mechanism/mode of action, and differ orthyeir potencies. Different methods
exist for the dose/concentration approach, which mainly differ in the required knowledge about
mode of actions and toxicological similarities of the mixture components. In principle, doses or
concentrations of the sirgcomponents are added after being multiplied by a scaling factor that
accounts for differences in the potency of the individual substances. The mixture
dose/concentration ) is the sum of the adjusted doses/concentrations (aD) of the individual

comporents D;

i abD (2-4)

The effect of a mixture of similarly acting compounds is equivalent to the effects of the sum of

the potencycorrected (adjusted) doses/concentrations of each compound. Dose additivity is
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assumed over the erdi dose range, including doses/concentrations below the individual no
observed adverse effect levels/concentrations (NOAEL/Cs) of the mixture components. It is
noted that the doseddi ti vity approach relies on a curr
Although guidance on grouping of chemicals has been issued, there is currently no general
agreement on the scientifically best approach and grouping of chemicatstoften done by

expert judgnent on a casby-case basis (EU, 2012).

Another concept/formuléor dose addition is

ICED = di + (RPRxdb) (2.5)
Where d = dose of chemical 1 present in a mixturgs dose of chemical 2 present in a mixture
(units must be consistent with dosg, dCED = index bemical equivalent dose basedrefative
potercy estimates (units consistent withy cand d), RPF (relative potency factor)

=(ED10)/(ED10),

(ED10) = dose of chemical 1 that results in a 10% response, either as a fraction of exposed test
animals that respond, or as a fractional change in a megswsiological value. (ED18¥ dose

of chemical 2 that also results in the same 10% response

f1(ICED) = h(d,d2) = mixture risk from chemicals 1 and 2 evaluated at the ICED of chemical 1
Where {(ICED)= doseresponse function of the index chemical for tesponse(s) common to
chemical 1 and chemical 2 (units consistent witamt @), h(ci,d2) = mixture risk from doseid

of chemical 1 and dose df chemical 2.

ICED=d,+ (RPRxd:) + €é wd) ( RPF (2.6)
where RPk= ED/EDn, dy = dose of chemical,iED» = dose of chemical n that also results in the

same 10% response/effect as chemicall (i.e. the index chemical)
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It should be noted that any of the chemical component of the mixture could be used as the index
chemical provided there is sufficient toalogic information on the chemicgUnited States

Environmental Protection AgencyYSEPA, 2003)

2.1.5 Hormesis in mixture toxicologyand risk assessment

Hormesiss a biphasic dose response relationship characterized bygdsev stimulation and
high-doe inhibition (Calabreset al, 2020).Biphasic hormetic dose responses classically start

at a zero exposure level (i.e. control), with increasing exposure level and depending on the
endpoint measured, the dessponse curve either switches from a dedlnie endpoint to an
increase (Uor Jshaped curve) or vice versa from stimulation at low doses to inhibition at high
doses (inverted W J-shaped curve(Belz & Duke, 2022)Hormesis refers to adaptive responses

of biological systems to moderate envinoental or seimposed challenges through which the
system improves its functionality and/or tolerance to more severe challenges (Calabrese &
Mattson, 2017)Hormesisthereforeis more than simply a dosesponse relationship or a dese
time-response reteonship but, rather, a quantitative manifestation of a reparative process that is
adaptive in nature(Chattopadhyay, 2022Hormesis challenges the way the toxicology
community thinks about risk assessment. It indicates that the traditional NOAEL (nweabse
adverse effect level) is truly a misnomer and that biological activity occurg lblei® apparent
threshold hence various models are been proposed to quantitatively predibiGABL effects
(Agathokleous, 2022Belz & Duke, 2022 Scientists are cllanged by the question of what will
happen in the low concentration range when all or some of the chemicals in a mixture induce
hormesis? Can the mixture effects still be predicted and can the size and concentration range of

hormesis be predictedBelz, Cedergree& Sorensen, 2008).
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Hormesis is now generally accepted as a real and reproducible biological phenomenon, being
highly generalized and independent of biological model, endpoint measured and chemical
class/physical stressarhe hormetic doseespnse model has been demonstrated to make far
more accurate predictions of responses in low dose zones than either the threshold or linear at
low dose modeldt is expected that as low dose responses come to dominate toxicological
research that risk assessnt practices will incorporate hormetic concepts in the standard setting
procesqCalabrese, 20)0The current risk assessment approach for noncarcinogens is blind to
the possibility that hormesis exists. Such a lack of consideration denies the rssoatke
opportunty to become informed on whether the hormetic response offers the affected population
a response that enhances health, is harmful, or is uncertain. Such knowledge provides the risk
assessor with a set of more flexible, diagsed optionshat could be usetb target uncertainty

factor size (le. interindividual variation) for the optimal population response, an option that is
currently ignored by regulatory agenci@eck, Calabrese, Slayt@& Ruddel, 2008. It is opined

that hormesis shdédi be considered when evaluating the effects and risks of some chemical

mixtures Agathokleus,Barcelo, lavicoli, Tsatsaki& Calabrese2022).

Over the past several years, a general pattern has emerged suggesting a common mechanistic
framework that may aount for the generality of hormetic responses. It is opined that hormetic
dose responses that are cytoprotective for chemicals and radiation are largely mediated following
the redox activation of the transcription factor (TF) Nrf2. Nrf2 mediates a netfarktioxidant

defenses and initiates productive crosstalk with other TFs that not only act together with Nrf2 via
dosedependent hierarchal processes to enhance biological resilience but also conform to the
guantitative features of the hormetic dose oesg. Stressors shift the redox homeostasis of cells

toward the oxidative state and, in the process, activat&Ntf2ZF and redox sensbito mediate
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a host of integrated and cytoprotective responses, including antioxidation, detoxification, anti
inflammatian, autophagy, and the facilitation of mitochondrial biogenesis. It is proposed that
activation of Nrf2 is the general and dominate underlying mechanistic basis of hormetic dose
responses. I't accounts for the stthatikthaygre igene
independent of biological models, levels of biological organization (cell to whole organism),
endpoints measured, and inducing agents as well as the occurrence-iotlimidual variations

in susceptibility to toxic substances, phaweuticals, and aging processeSalabrese &

Kozumbo, 2021).

An example of hormesis is that plant height, dry weight, leaf area, and chlorophyll content
increased when honeysuckle was exposed todk g 10130mgk g 1Ctl (low concentration),

while in response to 15@Gigk g ol 200mgk g iCdl (high concentration)hese growth
parameters and chlorophyll content significantly decreased relativatteated control plant
groups (Li et al, 2022). Also, single and combined Cd and Pb induced hormesis in soll
microbial populations. The mixture hormetic effects weretedl#o the effect of single Cd or Pb.
Thus, hormesis should be considered in Cd anddidbmicrobiota risk assessmefftanet al,
2021).0One of the benefits of hormesis is that administering a high toxic dose of a stressor to
cells after (in preconditiang protocols) inducing hormesis with a low subtoxic dose of the
stressor results in the protection of cells from damage induced by the high tox{€dtzdwese

& Kozumbo, 2021).
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2.2 Background information on cadmium, lead, and chromium

2.2.1 Cadmium

Cadmium is a soft, silvawhite transition metal often found in association with zinc ores and
obtained primarily as a byroduct of zinc preparatioBérnhoft, 2013 About 75% of cadmium
produced is used in batteries, especially nideglmium batteri® Because of its necorrosive
properties, cadmium has been used in electroplating or galvanizing alloys for corrosion
resistance. It is also used as a color pigment for paints and plastics, in solders, as a barrier to
control nuclear fission, as plasstabilizer and in some special application allflyis, Goyer&

Waalkes2008) Cadmium is a top toxic substance.

(1 Sources of cadmium exposure to the environment

soil. The cadmium content of phosphatdilieers varieswidely and dependn the origin of the

rock phosphateSuciu, Vivo, Rizzati& Capri, 2022).It has been estimated that fertilizers of
West African origin contain 16255 g cadmium/tonne of phdsprus pentoxide, while those
derived from the Southeastern USA contain only 35g cadmium/tdRobe(ts, 201¢% The
application of municipal sewage sludge to agricultural soil as a fertilizer can also be a significant
source of cadmiuml@grzebska, Saeik ostrzewska& Basladynska, 2018

Municipal refuse is a waste related source, the cadmium being derived from discarelealsna
containing cadmium andolid wastes. Sources of cadmium release to the environment also
include atmospheric emission and rekead waste water from neierrous metal processing

industries.
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(i) Route of exposure to cadmium

Food is the major source of cadmium for the general population. Many plants readily accumulate
cadmium from soil. Shellfish accumulates relatively high levelgaafmium (320g/kg) and

animal liver and kidney can have levels higher than 50ug Cd /kg. Cereal grains such as rice and
wheat, and tobacco concentrate cadmium to levels €f500ug/kg Cd/kg(Liu et al, 2008)
Globally, cadmium in white rice varied from%4to 3712ug/kg (Shi, Carey Andrew& Meharg,

2020). Occupations potentially at risk from cadmium exposure include those involved with
refining zinc and lead ores, iron production, cement manufacture and fossil fuel combustion.
Others include manufacturef paint pigments, cadmiumickel batteries, and electroplating

(ATSDR, 20123 Zhang& Reynolds, 2019.

(i)  Toxicokinetics of cadmium

Gastrointestinal absorption of cadmium is limited td6 of a given dose. Cadmium
absorption can be increased by dietaryaileficies of calcium or iron and by diets low in protein
(Upsonet al, 2019. Once absorbed, cadmium is very poorly excreted and only about 0.001% of

the body burden is excreted per day via urinary or faecal (butet al, 2008)

Cadmium does not undg metabolic conversion, but the cadmium ion can readily bind to
anionic groups, especially sulfhydryl groups, in protein and other moleddésegnbelt,2016)
Cadmium is transported in blood by binding to albumin and other large molecular weight
proteirs. It is rapidly taken ujpy tissues and is primarily deposited in the liver and to a lesser
extent in the kidneyGerchi, Sinicropi, Lauria, Carocd Catalano, 202D In the liver, kidney

and other tissues, cadmium induces the synthesis of metallothigvid), a low molecular
weight, high affinity metabinding protein Nordberg & Nordberg, 2032 Cadmium is stored

primarily in the liver as cadmiwiT. CadmiumMT may be released from the liver and
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transported via blood to the kidney, where it is realebdnd degraded in the lysosomes of the
renal tubules. This releases cadmium to induce more cadMilinmomplex or cause renal
toxicity. Cadmium transport into cells is mediated through calcium cha(vahg & Shu, 201p

and through molecular mimicryfevenod& Wolff, 2016).

(iv)  Toxicity of cadmium

The toxicity of cadmium has been widely investigated, and cadmium has been shown to nearly
affect every organ system if the dose is high eno&ssgia, Amine, Nadia, Hadda Smail,

2021). Cadmium is considered a cuiative toxicant(Tai et al, 2022) The human exposure
scenarios of greatest concern are lemgn oral exposuresAcute cadmium toxicity from
ingestion of high concentration of cadmium in the form of heavily polluted beverages or food
causes severe irtion to the gastrointestinal epithelium andgngptoms include nausea,
vomiting, and abdominal pairG(llois, Leveque, Theodorou, Rob&tMercier-Bonin, 2018.
Inhalation of cadmium fumes or other heated cadrmtomtaining materials may produce acute
pneunonitis with pulmonary oedemaR&hmzadeh, Rahimzadeh, Kaze®&i Moghadamnia,

2017. The major long term toxic effects of leMvel cadmium exposure are renal injury,
obstructive pulmonary disease, osteoporosis, and cardiovascular diSea®sa,(Raza, Hadi
Nigam& Mahdi, 2019. Cadmium is toxic to tubular cells and glomerulli, markedly impairing
renal function. Pathologically, these lesions consist of initial tubular cell necrosis and
degeneration, progressing to an interstitial inflammation and fibrobiste appears to be a
critical concentration of cadmium in the renal cortex that, once exceeded, is associated with
tubular dysfunctionRrozialeck& Edwards, 2012. Renal effects have been seen in humans and
animals by both inhalation and oral exposurel are the most sensitive effects of chronic oral

exposure, occurring at intakes as low as 0.0078mg/kg (ATSDR,.2004)
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Some effects that are seen at moderately low levels of oral exposure are cardiovascular,
haematological, neurological, and testicular @¢fedOral exposure to cadmium can cause
anaemia in humans and animals. Hepatic effects occur with higher oral doses of cadmium,

usually for acute or intermediate duratio@e(chiet al, 2020,

(V) Mechanism of action of cadmium

Cadmium accumulates in the kelnover the lifetime. Toxicity is thought to result when critical
concentration of cadmium is reached in the kidney. Much of the cadmium in the kidney and in
other tissues is bound to metallothionein, which is thought to sequester cadmium, preventing
damag@ to cellular constituents, but which also retains cadmium in the cell. Metallothionein is
thought to function in the storage of the essential metals zinc and copper, and to serve as an
antioxidant. Details regarding the mechanism of cadmium renal toxaogyuncertain, renal
damage is hypothesized to occur when an excessive concentration of free cadmium occurs
intracellularly in the kidney, perhaps due to an insufficient rate of metallothionein synthesis to
bind the intra renal cadmium. The free cadmiumaynbind to other intracellular ligands,
including metalloenzymes, and may destabilize proximialilei cell membranesZbanget al,

2021).

(vi)  Treatment for cadmium poisoning

Chelationtherapy for cadmium generally results in significant adverse eftects & depletion

of essential metal§¢Gerhardsson, 2022 Cadmium intoxications need decontamination via
gastrointestinal tract irrigation, supportive care, and chemical decontamination, the use of
nanoparticles, traditional and new chelating agents and cotidnirtberapy (Rahimzadedt al,

2017). Recently, palm oil has been shown to be useful in mitigating the effect of cadmium
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poisoning in rats by reducing oxidative strekhipi-lfukor, Asagba, Nwose, Mordi. Oyem,.

2022)

2.2.2 Lead

Lead is a heavy, bluisgray metal and, although it serves no biological purpose, is the most
widely used no#ferrous metal (ATSDR2020. Lead and lead compounds have been used in
many industrial applications, including batteries, ammunition, paints and varnishes, gasoline,
pigments, radiation shields, medical equipment, solder, glass, and ceramic (Jla3SBR,

2020. Lead in lead compounds primarily exists in the divalent form except organolead

compounds which are dominated by the tetravalent (et al, 2008)

(1 Sourcesof lead to the environment

Lead can enter the environment through releases from mining lead and other metals, and from
factories that make or use lead, lead alloys, or lead compounds. Lead is released into the air
during burningcoal, oil or waste (ATSDR202Q WHO, 202). Landfills may contain waste

from lead ore mining, ammunition manufacturing or battery production. Disposal of lead
containing products contribute to leadnmunicipal landfills (ATSDR, 2020WHO, 202). Most

of the lead in inner city salcomes from old houses with paint containing lead and previous
automotive exhaust emitted when dasocontained lead (ATSDR, 2029/HO, 202).

The levels of lead may build up in plants and animals from areas where air, water, or soil are
polluted with kad. It is important to note that lead released to air and water ultimately is
deposited in soil or sedimemlthough aquatic releases of lead from industrial facilities are
expected to be small with respect to emissions to land and air, lead may I ipreggificant

levels in drinking water (ATSDR, 2030Lead has been identified in groundwater samples and in
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surface water samples collected from several hazardous wastéPsitesd, Khosravi, Ghaderi

& Rezvanianzadeh, 2018

(i) Route of exposure to led

A major route of exposure to lead for the general population is from food and water. Lead may
be introduced into food through uptake from soil into plants or atmospheric deposition onto plant
surfaces, during transport to market, processing, and kifotegraration. Other factors such as
absorption of lead from cooking water and cookware can influence the amount iof ¢eated
vegetable (ATSDR, 2020Consumption of canned foodsalso source of lead exposure. Herbal
medicines could be potential soescof lead exposure. Certain Ayurvedic herbal products were
found to be polluted with lead ranging up to 37mg/g and over 55 cases of lead poisoning have

been related to the ingestion of herbal mediciSekigartar, 201)7

(i)  Toxicokinetics of lead

Adults absob 515% of ingested lead and usually retain less than 5% what is absorbed. Children
absorb 42% of ingested lead with 32% retentfbiu et al, 2008) Lead absorption can be
enhanced by low dietary iron and calcium, especially in childHais{ege, 2020Stotaet al,

2021). Lead absorption by the lungs depends on the form, particle size, and concentration.
Absorption of retained lead through alveoli is relatively effici&ni et al, 2008)

Lead in blood is primarily (99%) in erythrocytes bound to hagoton, only 1% of circulating

lead in serum is available fassue distribution (ATSDR, 2020Lead is initially distributed to

soft tissues such as kidney and liver, and then redistributed to skeleton afhuhetiral, 2008)

Lead accumulates in benInorganic lead is not known to be metabolized, but lead ions are
complexed by macromolecules (ATSDR, 2004). Unabsorbed lead is excreted in the faeces,

absorbed lead that is not retained is excreted through the urine and bile (AACEDR,
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(iv)  Toxicity or health effects of lead

The effects of lead are similar across inhalation and oral exposure. Lead has been shown to affect
virtually every organ and system in both humans and aniffilaésmost sensitive effects of lead
appear to be neurological (particulaily children), hematologicaltenal and cardiovascular

(Flora, Gupt& Tiwari, 2012. The toxic effects of lead range from inhibition of enzymes to the

production of severe pathology or dediihg@rkiewicz& Backstrand, 2020

Lead interferes with the synthe s of he me, r es ul tamimolgvulinioacid c ¢ u mu
(ALA) in tissues and elevated excretion of ALA in urine, elevation of-pratoporphyrin in
erythrocyte, reduction in blood hemoglobin, and in a hypochromic, normocytic anaemia at

higher levels of exposuredanziger, Dodge, H& Mukamal, 2022.

Acute lead nephrotoxicity consists of proximal tubular dysfunction and can be reversed by
treatment with chelating agents. Chronic lead nephrotoxicity consists of interstitial fibrosis and
progressivenephron loss, azotaemia and renal failuTSDR, 202(. A characteristic
microscopic change is the presence of intranuclear inclusion bodies. By light microscopy the
inclusions are dense, homogeneous, and are eosinophilic with hematoxylin and eadsig stain
(Liu et al, 2008).Lead colic is a major gastrointestinal symptom of severe lead poisoning, and is

characterized by abdominal pain, nausea, vomiting, gaigin, and cramps (ATSDR, 2020

(v) Mechanism of action of lead

Lead can affect virtually everyrgan or system in the body through mechanisms that involve
fundamental biochemical processes. These mechanisms include the ability of lead to inhibit or
mimic the action of calcium and to iméet with proteins (ATSDR, 2020In the interaction with

protens, lead binds with virtually every available functional group, including sulfhydryl, amine,
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phosphate, and carboxyl groups, with sulthydryl having the highest affinity. In binding with
sulfhydryl groups, lead may interfere with the activity of zinc me&kzymes, as zinc binds to a
sulfhydryl group at the active site (ATSDR, 2004). Lead also binds to metallothionein, a
sulfhydrylrich protein, but does not appear to displace cadmium or zinc. Metallothionein is
induced by cadmium, zinc and arsenic, butaapptly not by lead, although metallothionein
sequesters lead in the cell. Another Ksgabling protein is an acidic, carboxyth protein found

in the kidney and brain (ATSDR020.

(vi)  Treatment of lead poisoning

Lead poisoning could be treated by chelatidherapy. The oral chelating agent
dimercaptosuccinic acid (DMSA, also called Succimer) has advantages over EDTA in that it can
be given orally and is effective in temporarily reducing blood lead |&ebige & Brady, 2022;

Saed, AlKubaisi, Suleima& Hassan, 2020

2.2.3 Chromium

Chromium is a naturallpccurring element found in rocks, animals, plants, and soil, where it
exists in combination with other elements to form various compo{8tdama, Singh, Parakh

Tong, 2022) The name chromium isdeexd fr om t he Greek word for
chromium compounds are brightly coloure@régersen, 2032 The three main forms of
chromium are chromium (0), chromium (lll), and chromium (VI). Small amounts of chromium

(1) are needed for human health T8BDR, 2012b). Hexavalent chromium is aprpductof

various industrial processes aisda human carcinogen and produces a »aoé toxic effects
(Sharmaet al, 2023. Chromium is widely used in manufacturing processes to make various

metal alloys suclas stainless steeK¢rla & Mitra 2020. Chromium compounds are used for
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plating, leather tanning, and the manufacture of dyes and pigments, cooking utensils and as wood

preservatives.

) Sources of chromium in the environment

Hexavalent chromium is derivdtbm the industrial oxidation of mined chromium deposits and
possibly from the combustion of fossil fuels, wood, paper, etc. Chromium fallouts from
industrial activities are deposited in land and water, and eventually in sedi{@batshat al,

2022. TheUnited States Environmental Protection Agency has found chromium in 1,127 out of
1699 hazardous waste sites evaluated. The hexavalent chromium compounds are also toxic to the
ecosystem, and microbial and plant variants occur that adapt to high chromésninethe eco

environment $harmaet al 2020.

(i) Route of exposure to chromium

Exposure to hexavalent chromium could be by inhalation of polluted air from industries
manufacturing or utilizing chromium compounds, or cigarette smoke. Exposure could bigso be
drinking water as chromium is occasionally detected in groundwater. The general population is

most likely to be exposed to trace levels of chromium in the food that is ¥ateaig, 202

(i)  Toxicokinetics of Chromium

The absorption of hexavalent chromithrough the gastrointestinal tract after oral exposures of
humans is about-20% for potassium chromate. The chromate anion can enter cells by
facilitated diffusion through nonspecific anion channels, similar to phosphate and sulphate
anions. Absorptiorefficiency appears to increase with increasing dose. Once in the blood,
chromium is distributed to all organs of the body, preferential distribution to any particular organ

does not appear to occiBUn, Brocota & Costa, 201L.3Hexavalent chromium does raghpear to
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accumulate in the body. It is unstable in body fluids and tissues, including the gastric juice, and
is reduced to chromium (V), chromium (IV), and ultimately to chromium (lll) by many
substances, including ascorbate and glutathioh€SDR, 2004. Absorbed chromium is
excreted primarily in the urine. Minor pathways of excretion are through the hair and nails.
Much of ingested hexavalent chromium passes through the body without being absorbed and is

excreted in the faeces (ATSDR, 20).2

(iv)  Toxicity or health effects of chromium

Hexavalent chromium is acutely toxic, with most reports of human toxicity occurring as a result
of accidental or intentional ingestion. The lethal oral dose of soluble chromates in humans is
estimated to be in the range of 0740 mg/kg. Symptoms of acute toxicity include vomiting and
generalized gastrointestinal tract damage with gastrointestinal bleeding leading to cardiovascular
shock Merill, Morton, & Soileau, 2008)Hematological effects have been seen in rats and mice
fed chromium (V1) in the diet for intermediate durations. Renal effects included accumulation of
lipids and inhibition of membrane enzymes in rats given chromium (VI) at 13.5 mg/kg/day by
gavage, and proteinuria in rats given chromium (VI) at 98 mg/kg/day frinking water

(Sharmeet al, 2023.

(V) Mechanism of action of chromium

Chromium (VI) enters the cells through membrane channels that also admit sulphate and
phosphate. Once in the cahromium (V1) is reduced to chromium (l11) with chromium (V) and

(IV) as intermediates. These intermediates have been shown to be involved in oxidative cycling,
generating oxygen radical species. The formation of these radicals may be responsible for many
of the deleterious effects of chromium on cells, which can be kddokeadical scavengergvu

et al, 2020Q.
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(vi)  Treatment of chromium poisoning
Generally, treatments for reducing body burden of chromium are chelation therapies similar to
those used to reduce body burdens of other metals, although the use of ascorbispacidics

for chromium Monga, Fulke& Dasgupta, 2022).

2.3 Clinical significance of biochemical parameters tested

Routinely performed clinical chemistry tests provide information concerning hepatocellular and
biliary integrity and function, renal functip carbohydrate, lipid and protein metabolism, and
mineral and electrolyte balance. Most of the common clinical chemistry assays developed for
human testings applicable, without modification, to animal clinical chemistry testiHgl( &

Everds, 2008)

2.31 Alanine aminotransferase (ALT)

Serum activities of liver enzymes are used primarily to identify hepatocellular injury and
cholestasis, with or without hepatobiliary injury. Serum activities of many enzymes normally
present within hepatocytes are in@ea following hepatocellular injury (i.e. degeneration or
necrosis)Serum ALT activityis the most frequently relied upon indicator of hepatoxic effects of
substances, although it does not always correlate well with histopathologyAdgibach &
Amuzie, 2017) Histopathologic evidence of hepatocellular injury usually accompany very high
testarticle related increase in serum ALT activity while moderate increase in ALT activity may
or may not have correlative findings (Hall & Everds, 20@gvation in ALT and AST in
disproportion to elevations in alkaline phosphatase and bilirubin denotes a hepatocellular disease
whereas an, elevation in alkaline phosphatase and bilirubin in disproportion to ALT and AST

would denote a cholestatic pattétala, Zubail& Minter, 2022).
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In general, ALT is the most useful enzyme for detection of hepatocellular injury in the majority
of laboratory animal species. Although the enzyme is present in many tissues, its greatest
concentration in most species is within hepatocytad, & general, significant elevation of
serum ALT activity indicate release of ALT by hepatocyte$he magnitude oserum ALT

activity elevation is proportional to the number of hepatocytes affected, and marked increases
will reflect irreversible cell damage and necrosis, while mild increase may indicate mostly
membrane blebbing and reversible cell damaggdary disease or toxicity and bile duct
obstruction may cause increased serum ALT activity at least in part due to the effect of retained
bile saltson the cell membranes of neighbouring hepatocftesk, 2017) ALT increases in a
dosedependent manner with the body load of blood cadmium, lead and mercury within and

above the normal rangBlowicki & Pizzorno, 2020).

2.3.2Aspartate aminotransferase (AT) and Lactate dehydrogenase (LDH)

Serum ASTactivity tend to parallel serum ALT activity with spect to liver damage, but this
enzyme ismuch less liver specific because of high conceminatin muscle and other tissues
Elevations in serum AST acttyi caused by hepatotoxicity are usually less pronounced than
concurrent elevations in serum ALT activity. Because a portion of intracellular AST is located in
mitochondria, a more severe injury may be necessary for the reledagg®fjuantities of
AST.Marked increases in AST activity in the presence of minimal to mild change in ALT
activity is indicative of increased release from nonhepatic sources such as skeletalviaukcle
2017) Decreased serum activities of ALT and AST are occasionally observexkigology
studies. Among the potential causes for these findingseameased hepatocellular syntrese
release of the enzymes, inhibition or reduction of enzyme activity, and assay interference.

Regardless of the mechanism involved, decreased settinviii@s of the aminotransferases are
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generally not associated with toxicologically significant effects on the Iidafl (& Everds,

2008)

The enzyme lactate dehydrogenase (LDH) is distributed in tissues particularly heart, liver,
muscle, and kidney. Thenzyme found in circulation is a mixture of five isoenzymes based on
their mobility. Elevated serum levels of LDH are found in serum in myocardial infarction, liver
disease, renal disease, certain forms of anaemia, malignant diseases, and progressve muscl
dystrophy(Klein, Nagy, Tothova & Chovanova, 20RElevated LDH is indicative of tissue
damage but is not specific except arelmyme test is donfFarhana& Lappin, 2022 hence its

result has to be correlated with other enzyme maikegs ALT)to daermine liver injury.

2.3.3 Alkaline phosphatase (ALP)

Checking ALP levels in the blood is a routine part of liver function and gallbladder tests.
Abnormal levels of ALP in the blood most often indicate a health concern with the liver,
gallbladder, or boes Loewe, Sanvictores, Zubair, & John, 2028umerous things may cause
increments of serum ALP activity but the most common being obstructive liver diBeaseise

of swelling and pressure obstruction of small bile ductules, primary hepatocellulatigexic
often cause enough intrahepatic cholestasis to elevate serum ALP gétivipaa, Hariharan,

Babu & Masthan, 2020)

2.3.4 Bilirubin

Bilirubin results from the breakdown of heme by cells of the mononuclear phagocyte system.
Serum bilirubin concerdtion reflects the ability of hepatocytes to take up, conjugate, and
secrete bilirubin, so it is functional marker rather than a marker of cellular integrity as reflected

in serum liver enzymes. In the absence of biliary obstruction, total bilirubin issansitive
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measure of liver function; due to the large reserve capacity of the liver for bilirubin progessing
considerable hepatic injury must occur before alterations in total bilirubin are detectable. This
means that by the time total bilirubin is wéed, substantial hepatic injury has occurred
(GwaltneyBrant, 2021) If normal levels of liver enzymes am@bserved alongside elevated

bilirubin levels,it is called isolated hyperbilirubinem{aalaet al, 2022).

2.3.5 Urea

Serum urea and creatinir@®ncentration, are common tests used to evaluate renal function.
Serum urea concentration is affected by rate of urea production, glomerular filtration rate, and
flow rate of urine through the renal tubule. Mechanisms for increased serum urea are eategoriz
as prerenal, renal or postrenal. Increased serum urea due tdaikmal causes results from
disease or toxicity of the renal parenchyma. Like the liver, kidneys have a large functional
reserve capacity. In clinical practice, it is commonly said $katm urea concentration does not
increase notably wuntil approxi mately 75% of
urea concentration due renal failure causes is generally accompanied by histopathologic
evidence of renal damage, and therais may exhibit signs of poor health such as inappetence,
weight loss, or inactivityHall & Everds, 2008)Serum creatinine is a more accurate assessment
of renal function than urea; however, urea is increased in renal d{§&&aseckn, Bhatt& Jialal,

2022.

2.3.6 Creatinine

Creatinine is a nonprotein nitrogenous waste product formed at a relatively constant rate by the
nonenzymatic breakdown of creatine. Creatine is a breakdown product of phosphocreatine, a
molecule that stores energy in muscle. Gnéa is freely filtered by the glomerulus, but unlike

urea it is not reabsorbed by the tubules. Serum creatinine is usually a better reflection of
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glomerular filtration than serum urea because it is influenced by fewer secondary (ldetb&
Everds, 208). High serum creatinine levels may indicate kidney damage poor kidney
function(Goundeeet al, 2023. If serum creatinine concentrations are increased in the absence of
correlative effects on serum urea or renal histopathology, other analyticaldsdthn creatinine

(e.g. enzymatic) can be used to investigate the possibility of analytical interfe(etates
Everds, 2008)About 50% of kidney function must be lost before a rise in serum creatinine can

be detected. Thus, serum creatinine is arfeieker of acute kidney injurfGoundeset al, 2022.

2.3.7 Inorganic phosphorus, chloride, and potassium

Other clinical chemistry findings sometimes observed when renal function is significantly
impaired include increased serum inorganic phosphorus cwaten and decreased serum
sodium and chloride concentrations. Whereas increased inorganic phosphorus is primarily due to
reduced filtration, decreased sodium and chloride result from loss of tubular function and normal
reabsorption. Decreased serum irmg phosphorus concentration observed in toxicology
studies is most commonly associated with significantly reduced food consunfigiadin&

Everds, 2008)

Chloride, the major extracellular anion in plasma, supports fluid homeostasis and balances cation
secretion. Serum chloride concentrations are disproportionately affected in disorders affecting
acidbase balance. Increases in serum chloride are occasionally observed secondarily to

metabolic acidosis resulting from diarrhigtall & Everds, 2008)

Potassim is the major intracellular cation and has a critical role in neuromuscular and cardiac
excitation. Increased serum potassium concentration may be observed with a variety of

conditions causing acidosis because extracellular hydrogen ions are excharigaddelular
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potassium ions. Severe tissue necrosis and anuric or oligouric renal failure are infrequent causes
of increased serum potassium. Serum potassium is very sensitive to potassium intake, and
decreased concentrations are often associated wittexaa (Hall & Everds, 2008) Elevated
potassium level are often associated with renal failure, dehydration, shock or adrenal
insufficiency while decreased potassium levels are associated with malnutrition, negative
nitrogen balance, gastrointestinal fllakses and hyperactivity of the renal cor(®hondup&

Qian, 2017).

2.3.8 Haemoglobin (Hb), packed cell volume (PCV), red blood cell (RBC), and white

blood cell (WBC)

Red cell mass is evaluated by RBC count, haemoglobin concentration, and hematdgyit (PC
These parameters may or may not change proportionally, depending on the cause of the
decreased red cell mass and whether or not cell size and haemoglobin content are affected. Red
cell mass may be increased or decreased as a result of experimetnedriteBecreases in red

cell mass must be differentiated from anaerA@aemia is the condition of having a lowban

normal number of red blood cells or quantity of hemoglobin. Anaemia diminishes the capacity of

the blood to carry oxygermRpodes, Denaust Varacallo, 2022

In many toxicology studies, animals in a treated group have lower RBC counts, Hb
concentrations, or hematocrits (PCV) than those of the control animals, but the differences are
less than those necessary to cause clinical signs or af®et oxygenation and are, therefore,

not indicative of anaemidor example, reductions from control values for these parameters up
to approximately 10% are relatively mild and probably do not have an adverse effect on the
health of the animafHall & Everds, 2008) Reductions from approximately 13D% may be

considered a moderate effect and may or may not be clinically adverse. Reductions of more than
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30% are generally marked and clearly represent a clinically adverse anemic condition. It is
important ® understand that, although a 5% reduction in Hb concentration may be insufficient to
adversely affect health, the cause of the reduction (e.g. liver toxicity, gastric ulceration, or
immunemediated red cell destruction) may be very adverse. Unless fieeeddes for RBC

count, Hb concentration, and hematocrit (PCV) are quite large, it is preferable to simply discuss
the magnitude of the differences between the control and treated groups and avoid using the term

anaemigHall & Everds, 2008)

White blood ells are useful in the defense of the body against invading harmful substances.
There are five types of WBC namely neutrophils, lymphocytes, monocytes, eosinophils, and
basophils. Theesponsibility of these WBC types variesthe body defense system. ab¥WBC

count measures the total number of these cells without differentiating the respective cells.
Increased total WBC count above normal upper limit is termed leukocytosis while decreased
total WBC count below normal lower limit is termed leukopenia. mamber of WBC in the

blood is an indicator of disease as decreased WBC indicates the susceptibility of the animal to
diseaselncrease in WBC could be psychological hence caution in result interprefidadng

Everds, 2008)

2.3.9 Malondialdehyde (MDA), glutathione (GSH), and ascorbic acid

Normal cellular metabolism can result in production of reactive oxygen species (superoxide,
hydrogen peroxide, singlet oxygen, and hydroxyl radical) and all cells contain defense systems to
prevent or limit damage. Glathione is a major component of this defense system, but ascorbic
acid alsoplays important role Boubakri, 20¥). Substances responsible for forming reactive
oxygen species are termed prooxidants while those responsible for mopping up reactive oxygen

species are termed antioxidants. The imbalance between prooxidants and antioxidants is known
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as oxidative stressGhazizadehet al, 202Q. Mitochondria are the main source of reactive
oxygen species, which in turn, can lead to oxidative damage to mitocloD$A and cell
death.Several studies about hepatic diseases indicate that overproduction of reactive oxygen

species is common profile in these diseases (Andrbdke 2015).

Reactive oxygen species degrade polyunsaturated lipids, forming malondiedélmgn, Lastra,

Plou& PerezLabena, 2021 Malondialdehyde (MDA) is a stable end product of lipid
peroxidation and therefore can be used as an indirect measure of the cumulative lipid
peroxidation (Macet al, 2019). Malondialdehyde is used as biomarkermeasure the level of
oxidative stress in an organisiidurya et al, 2021). An increase in MDA is indicative of
increase in lipid peroxidation and oxidative stress. MDA can be measured by thiobarbituric acid
reactive substance (TBARS) meth&Ven thoud there remains a controversy cited in literature
regarding the specificity of TBARS towards compounds other than MDA, it still remains the
most widely employeéssay used to determine ligeroxidation $enthilkumar, Amaresa&

Sankaranarayanan, 2021).

Glutathione is an endogenous antioxidant. It is a tripeptide that is biosynthesized from the amino
acids L-cysteine, Lglutamic acid, and glycine. The thiol group of cysteine in reduced
glutathione is able to donate a reducing equivalent {Heainstablenolecules such as reactive
oxygen species. In donating an electron, glutathione itself becomes reactive, and reacts with
another reactive glutathione to form oxidized glutathione (GSSG). It participates directly in
neutralization of free radicals and réae oxygen species as well as maintaining ascorbic acid in

its reduced form. A decrease in reduced glutathione is indicative of oxidative $tdss, (

Gordon, Sturmey, Seymo8&rBhandari, 2020)
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Ascorbic acid (vitamin C) is a six carbon lactone that rglsgsized from glucose in the liver of

most mammalian species but not by humans. Therefore, humans must obtain ascorbate in their
diet in order to survive. Ascorbate ion is the predominant species at typical biological pH values.
It is a mild reducing agerand an antioxidant. It is oxidized with loss of one electron to form a
radical cation and then with loss of a second electron to form dehydroascorbic acid. It typically
reacts with oxidants of the reactive oxygen species, such as the hydroxyl ractbatadioals

are damaging to animals and plants at the molecular level due to their possible interaction with
nucleic acids, proteins, and lipids. Sometimes these radicals initiate chain reactions. Ascorbate
can terminate these chain radical reactions bgteln transferlts reducing power makes it a
powerful antioxidant, rapidly scavengingany reactive oxygen speci¢slacan, Kraljevic&
RaicMalic, 2019).The oxidized forms of ascorbate are relatively unreactive and do not cause
cellular damage. Ascorbigcid is critical for a variety of functions related to tissue growth and
wound healing, neurotransmitter formation, blood cholesterol levels, as well as free radical
neutralization. Decreased ascorbic acid level is indicative of oxidative stress anklepossi

damage to cells. Dietary deficiency of ascorbic acid in humans leads to scurvy.

2.3.10 Catalase

Catalase is an ubiquitous antioxidant enzyme that is present in most aerobiCagllase is
involved in the detoxification of hydrogen peroxide, a twacoxygen species, which is a toxic
product of both normal aerobic metabolism and pathogenic reactive oxygen species production
(Karakus, 2020T.his enzyme catalyzes the conversion of two molecules>0b kb molecular
oxygen and two molecules of wateatalytic activity). Catalase also demonstrates peroxidatic
activity, in which low molecular weight alcohols can serve as electron donors. In humans, the

highest levels of catalase are found in liver, kidney, and erythrocytes, where it is believed to
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account for the majority of HO> decomposition(Boriskin, Deviatkin, Nikitin, Pavlova &
Toporovskiy, 2019 Decreased serum level of catalase is indicative of oxidatresssand

possible cells damag®landi, Yan, Jan& Das, 2019).

2.3.11 Superoxide dismutag (SOD)

Superoxide dismutase is a metalloenzyme that catalyzes the dismutation of the superoxide anion
to molecular oxygen and hydrogen peroxide and thus form a crucial part of the cellular
antioxidant defense mechanis®atka,Bhowmik, Sarkar, Sirca& Bhattacharya, 2022SOD is

widely distributed in both plants and animals. It occurs in high concentrations in brain, liver,
heart, erythrocytes, and kidney. The amount of SOD present in cellular and extracellular
environments is crucial for the preventioh diseases linked to oxidative stress. SOD also
appears to be important in the prevention of other neurodegenerative disorders such as
Al zhei mer 6s, Par ki nson Glang &€Lhed, 2RAslameat al,2029.n 6 s d i
The reaction catalyzed byOB is extremely fast, having a turnover of 2X1M'sec! and the
presence of sufficient amounts of the enzyme in cells and tissues typically keeps the
concentration of superoxide {p very low (Marin-Garcia, 2011 Decreased SOD activity is

associated vith oxidative stress and could lead to diseases.
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CHAPTER THREE
MATERIALS AND METHODS
3.1 Materials
The materials used include cadmium sulph&edel De Heangy lead nitrate M1 & B),
potassium dichromateHppkin & William) and others listed in Appéix 1. The equipments
used includeSpectrophotometer (Spectrum lab. 7525 B. Bseaientific) Microscope (Leica

Dm750) Centrifuge 80 2 (made in UK)and others listed in Appendix 2

3.2  Methods

3.21 Collection and preservation of animals

Seventy(70) malealbino (Wistar) rats were used for the study. The animals were young males
aged between 1012 weeks. They wengrocured fronthe Veterinary Departmenitiniversity of
Nigeria, Nsukka (UNN). All the animals were kept in the animal house of the Bidstingm
Department, Abia State University Uturu. They were subsequently allowed to acclimatize for
fourteen (14)ays.The animals were fed with animal feed (commercial rat chow) and had free

access to watexd libitum

Fourteen cages made from wood andewinesh were used for the study. The animals were
randomly selected into 14 groups and placed in the various cages. Each animal in each cage was
weighed and the weight recorded. Each group/cage had 5 animals. Each animal in each cage was
distinguished fronthe other using coloured permanent markers which were marked at their
backs, tails or both. The cages were labelled 1 to 14. Animals in each cage rdvesate

dose of the test substance except the control. The cages were cleaned dalily.
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3.22 Procedure for preparation of treatment solutions

Stock solution of 1% lead was prepared by weighing 1.60g PH){NGIing G & G electroic

scale and dissolving the 03), salt in 100ml distilled water. The salt was weighed using a
beaker on the weighing balancehe beaker was removed from the balance and 20ml distilled
water was added to the beaker and the solution was stirred until the salt was dissolved. The salt
solution in the beaker was transferred into a 100ml measuring cylinder. The beaker was rinsed
twice with distilled water and added to the measuring cylinder. The solution was made up to
100ml in the measuring cylinder with distilled watafso, 3% leadstock solution was prepared

by weighing 4.80g Pb(N§» using the G & G electronic scale and dissujvthe Pb(NG)2 in

100ml distilled watelas aboveA solutionof 0.5% lead was prepared by dilutitige 1% lead

stock solution with distilled water at a ratio of While 0.25% lead solution was prepared by
diluting the 1% stocksolution with distilled vater at a ratio of 1:3imilarly,1.5% lead solution

was prepared by dilutinthe 3% stock solution withdistilled water at ratio of 1:1whil®.75%

lead solution was prepared by dilutitinge 3% stocksolution with distilled water at a ratio of 1:3.

Stock slution of 1% cadmium was prepared by weighing 1.85g Gd&ing G & G electronic
scale and dissolving the Cds@alt in 100ml distilled waterAlso, stock solution of 3%
cadmium was prepared by weighing 5.55g CgdS@lt using G & G electronic scale and
dissolving the CdS@in 100ml distilled wateA solution of 0.5% cadmium was prepared by
diluting the 1% cadmium stock solution with distilled water at a ratio of While 0.25%
cadmiumsolution was prepared by dilutinbe 1% stock solution with distilledwater at a ratio

of 1:3. Similarly, 1.5% cadmiumsolution was prepared by dilutirtlbe 3% stock solution with
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distilled water at ratio of 1:1 whil®.75% cadmiumsolution was prepared by dilutirthe 3%

stocksolution with distilled water at a ratio of3l:

Stocksolution of 1%hexavalent chromiunwas prepared by weighing 2.83g@>0O; using the

G & G electronic scale and dissolving thedf.O7 in 100ml distilled waterAlso, stock solution

of 3% hexavalent chromiumvas prepared by weighing 8.49g®&>0O; salt using the G & G
electronic scale and dissolving the@%0O; in 100ml distilled water.A solution of 0.5%
hexavalent chromium was prepared by dilutthg 1% stock solution with distilled water at a
ratio of 1:1 while 0.25% hexavalent chromiwsolutionwas prepared by diluting the 1% stock
solution with distilled water at a ratio of 1:Similarly, 1.5% hexavalent chromium was prepared
by diluting the 3% stock solution with distilled water at a ratio of 1:1 while 0.75% hexavalent
chromium solution was ppared by diluting the 3% stock solution with distilled water at a ratio

of 1:3.

All solutions prepared above were stored at room temperature for two weeks. Fresh solutions

were prepared every two weeks.

3.2.3 Treatment

The animals were weighed weekly bef commencement of treatment. Toentrol groupdid
not receive any test substance but received only distilled wHbter animals were dosed by
gavage using a combination of syringe and feedifget(size 5). Treatmemnwas done thrice
weeklyandfor a perod of 90 days.

The test substances for treatment were lead nitrate (RN@r lead, cadmium sulphate
(CdsQ) for cadmium, and potassium dichromate@kO;) for hexavalent chromium. There

were three treatment doses of each test substance as folipvssng/kg body weight, (ii)
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10mg/kg body weight, and (iii) 20mg/kg body weight. There were four treatment groups per
dose level as follows; (i) lead singly, (ii) cadmium singly, (iii) chromium singly and (iv)ilead

cadmiumi chromium combined.

Various cacentrations of test substances wesedto ensure that animals of equivalent body
weight received the same total volume of treatment solution irrespective of differences in
treatment dose® volume, 0.25% metal solution was used for dosing 5mg/kg sieglestance
treatment group while 0.75% metal solution was used for dosing 5mg/kg combined substance
treatment groupAlso, 0.5% metal solution was used for dosing 10mg/kg single substance
treatment group while 1.5% metal solution was used for dosing 1@negtkbine substance
treatment group. Similarlyl% metal solution was used for dosing 20mg/kg single substance
treatment group while 3% metal solution was used for dosing 20mg/kg combined substance

treatment group.

3.24 Sample ollection

In the 5mg/kgtreatment group, no animal died before the end of the period of study. In the
10mg/kg treatment group, two animals died before the end of the study with one from the
combined substances group (33 days from the commencement of treatntktiig other from

the cadmium group (52 days from the commencement of treatmantfle 20mg/kg treatment
group, three animals also died before the end of the study with one from the lea@@drdays

from the commencement of treatmentje other from the chromium gnoy34 days from the
commencement of treatmerghd another from the combined substances g(d@mlays from

the commencement of treatment)
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The remaining 64 animals that survived till the end of the study were weighed using the Triple
Beam balance and tindinal body weights recordedCotton wool was dipped ihalothaneand

put in a dessicator and each animal was anaesthesized by placing it in the dessicator for a few
seconds. Each animal was removed from the dessicator, sacrificed and blood samples were

collected from the heart using syring#ne syringe was used for each animal.

One test tube was labelled for each animal indicating the cage and the code number of the
animal. Two sample bottles were labelled as above for each animal. Part of the blpdsl sam
collected for each animal wasllected in an EDTAottle for hematological analysis while the
other part was put in the designated test tube for centrifuging for obtainieguiof.sThe blood

in the test tubes was allowed to stand for 30minutes amwal tentrifuged at 3000rpm for
10minutes. Serum was collected using a syringe and put in the second sample bottle. Also, liver,
kidney and heart were excised from each sacrificed animal for histopathological evaluation. Each

excised organ was weighed usthg G and G electronic scale.

The three organs of each animal were put in a labelled sample bottle confdi#ingprmal
saline The organ samples were subsequently transferred to the Federal Medical Centre (FMC),

Owerri, for histopatholigical evaluatioritar three days.

3.2.5 Biochemical Analysis
3.2.5.1 Assay ofserum Alanine Aminotransferase(ALT) activity
This test was done usirthe methoddescribed byReitmanand Frankel(1957) as reported by

Offor, MbagwuandOrisakwe (2017).
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Test Principle:

a - oxoglutarate + i alanine GP_T> L 7 glutamate + pyruvate

Alanine aminotransferase is measured by monitoring the concentration of pyruvate hydrazone

formed with 2, 4 dinitrophemyl hydrazine.

Reagents:

- Reagent 1 (R1): ALT Buffer composed of phosphatéen (100mmol/l), [Lalanine
(200mmol/l), andh - oxoglutarate (2.0mmol/l)

- Reagent 2 (R2): 2, &dinitrophenylhydrazine (2.4mmol/l)

- Sodium hydroxide solution (0.4mol/l)

- Distilled water.

Test Sample:

Serum obtained from blood of albino ratasusedin the study.

Test Procedure:

One test tube was labelled blank. Other test tubes were labelled according to the code number of
the animal from which the serum to be analyzed was obtafegdlume,0.5ml of ALT Buffer

was pipetted into each test tudemother volume.1ml of distilled water was pipettento the

test tube labé&d blank while 0.1ml of thalifferent serum samplesvas pipetted into the
designated test tubeBhe contents of each test tube warxed and incubated in water bath at

37°C for 30minutes. Afterthat, the test tubes were brought out and 0.5ml of 2] 4
dinitrophenylhydrazine was pipetted into each test tube. The contents of each test tube was
mixed and allowed to stand for 20minutes A volume 5ml of sodium hydroxide solign

was pipetted into each test tubkhe test tubes were mixed thoroughly and absorbance read
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against the reagent blank at 546nm wavelength after 5 minlbes.activity of ALT was

obtained by calculating using the table and guidelines provided by thepkikier.

3.2.5.2Assay ofserum Aspartate Aminotransferase(AST) activity

This test was done usirthe methoddescribé by Reitman and Frankel (1Bpas reported by
Offor, MbagwuandOrisakwe (2017).

Test Principle:

a - oxoglutarate + li aspartate GOT, Li glutamate+ oxaloacetate

AST is measured by monitoring the concentration of oxloacetate hydrazone formed with 2, 4

dinitrophenyl hydrazine.

Reagents:

Reagent 1 (R1): AST Buffer composed of phosphate buffer (100mmal)adpartate
(100mmol/l)anda - oxoglutarate (2mmol/l)

- Reagent ZR2): 2, 4i dinitrophenylhydraine (2mmol/l)

- Sodium hydroxide solution (0.4mol/l)

- Distilled water

Test Sample:

Serum obtained from blood of albino ratasused in the study.

Test Procedure:

One test tube wdabelled blank. Other test tubes were labelled according to the code number of
the animal from which the serum to be analyzed was obtafedlume 0.5ml of AST Buffer

was pipetted into each test tuderother volume0.1ml of distilled water was pipettento the

test tube lab&kd blank while 0.1ml of thalifferent serum samples was pipetted into the
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designated test tubeBhe contents of each test tube warxed and incubated in water bath at

37°C for 30minutes. Afterthat, the test tubes were brouglout and 0.5ml of 2, 4
dinitrophenylhydrazine was pipetted into each test tube. The contents of each test tube was
mixed and allowed to stand for 20minutes A volume 5ml of sodium hydroxide solution

was pipetted into each test tubiéhe test tube were mixed thoroughly and absorbance read
against the reagent blank at 546nm wavelength after 5 mintbes.activity of AS was

obtained by calculating using the table and guidelines provided by the kit supplier.

3.2.5.3Assay ofseum Alkaline Phosphatase(ALP) activity

This test was donesingthe methodlescribed by Roy (1970) as reported by Gatrgl (2005)

Test Principle:

Alkaline phosphatase acts upon ANdBffered sodium thymolphthalein monophosphate. The
addition of an alkaline reagent stopszyme activity and simultaneously develops a blue

chromogen, which is measured photometrically.

Reagents:

- Reagent 1 (R1): Alkaline phosphatase substrate composed of 3.6mM sodium
Thymolphthalein in 0.2M 2 Amino T 271 methyli 171 propanol (AMP) bufferMgCl>
(2.0mM).

- Reagent 2 (R2): Alkaline phospatase color developer composed of 0.1M sodium
hydroxide and 0.1M sodium carbonate.

- Standard Alkaline phosphatase standard composed of thymolphthaleirpiopanol
(0.5mM/l).

- Distilled water
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Test Sample:

Sewum obtained from blood of albino ratssused in the study.

Test Procedure:

One test tube was labelled blank and another labelled standard. Other test tubes were labelled
according to the code number of the animal from which the serum to be analyzebtamsd.

A volume, 0.5ml of Alkaline Phosphatase substrate was dispensed into eatihdabkst tube

and was allowed to equilibrate to °87for 3 minutesAnother volume).05ml (50ul) of ALP
standard was added to the test tube labelled standard wtbslalq®0ul) of distilled water was

added to the test tube labelled blakk.volume, 0.05ml (50ul) of serum was added to the
differentdesignated test tubes. The content of each test tube was mixed gently and incubated for
exactly 10minutes at 8C. Anothervolume,2.5ml of Alkaline Phosphatate Color Developer was
added to each test tubEhe contents of each test tube were mixed Wéle wavelength of the
spectrophotometer was set at 590nm. The spectrophotometer was set to zero using the blank.
The absorbace of the standard and samples were read and recdktidine phosphatase
activity in the samples was calculated using the formula provided by the kit manufacturer.

ALP = absorbance of sampkevalue of ALP standard (U/L) (3.1)
absorbance of ALP ahdard

3.2.5.4Determination of serumTotal Bilirubin concentration
This test was done usirtge colorimetric methodlescribed by Jendrassik and Grof (19a8)

reported by Brrahal, Nehdi, Hajjaji, Gharlaind E}Fazaa (2007).

47



Test Principle:
Direct (canjugated) bilirubin reacts with diazotized sulphanilic acid in alkaline medium to form a
blue coloured complex. Tot&8llirubin is determined in the presence of caffeine, which releases

albumin bound bilirubin, by the reaction with diazotized sulphandid.a

Reagents:

- R1 composed of sulphanilic acid (29 mmol/l) and hydrochloric acid (0.17N).
- R2 composed of sodium nitrite (38.5mmol/l)

- R3 composed of caffeine (0.2mol/l) and sodium benzoate (0.52mol/l).

- R4 composed of tartrate (0.92mol/l) and sodium byiie (1.9N).

Test Sample:

Serum obtained from blood of albino ratasused in the study.

Test Procedure

One test tube was labelled blank. Other test tubes were labelled according to the code number of
the animal from which the serum to be analyzed wasined.A volume, 200ul of R1 was
pipetted into each test tub&nother volumep0ul of R2 was pipetted into each test tube except

the test tube labelled blank volume, 1000ul of R3 was pipetted into each test tAbether

volume, 200ul of thedifferent serum samples were pipeted into the designated test #Wbes.
volume, 200ul of distilled water was pipetted into the test tube labelled blEmk.contents of
thedifferenttest tubes were mixed and allowed to stand for 10minuteS@tA2golume,1000ul

of R4 was pipetted into each test tube. The containtise test tubewere mixed and allowed to

stand for 10minutes at 25.The absorbance of the sample was read against the sample blank
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(ATe) at 578nm. Serum total bilirubin concentration was calculatedyube formula provided
by the kit manufacturer:
Total bilirubin (umol/l) = 185 x As (578nm)

Total bilirubin (mg/dl) = 10.8 x As (578nm)

3.2.5.5Assay of serumLactate Dehydrogenas€LDH) activity
This assay was dorapplying the method described blenry, Chiamori, Golub an®erkman

(1960) as reprted by Agrawal, Gandhe, Gu@ad Reddy2016).

Test Principle:
Lactate dehydrogenase (LDH) catalyzes the reduction of pyruvate to lactate with simultaneous
oxidation of reduced NADHo NAD". The rate of decrease in absorbance due to formation of
NAD™" is measured at 340nm and is proportional to the LDH activity in the sample.
Pyruvate + NADH + Hi _LE-L lactate + NAD
(NAD = nicotinamide adenine dinucleotide)

Reagents
- R1: buffer reagnt compoed of pyruvate (0.6mmol/l) anttis buffer (50mmol/l).
- R2: Substrate/starter reagent (NADH 0.18mmol/l)
Preparation of working reagent

Four parts of R1 (buffer reagent) was added to one part of R2 (substrate) to constitute the

working reagent.

Ted Sample

Serum obtained from blood of albino ratasused in the study.
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tel:2016

Test Procedure:
Test tubes were labelled according to the code number of the animal from which the serum to be
analyzed was obtained. volume 1000ul of the working reagent was pijget into each test tube
and ncubated at 37°C for 1 minother volume,10ul of thedifferent serum samples was
pipetted to the designated test tubes.The contents of each test tube were mixeue well.
spectrophotometer was set at 340nm and the readingdz&vith distilled water as blarike
absorbance of the samples was read after 60 seconds and repeated four times at 30 seconds
interval at 340nm.
Mean change in absorbance per minuB®/finute) was calculated. LDH activity was
calculated as provided byt knanufacturer.

LDH activity (IU/L) = DA/minute x kinetic factor (3.2)

where kinetic factor (k) = 16030

3.2.56 Determination of serumUrea concentration

This test was done usinige methodlescribed by Faeett and Scotf1960 as reported by Offor,
MbagwuandOrisakwe (2017).

Test Principle:

Urea in serum is hydrolysed to ammonia in the presence of urease. The ammonia is then

measured photometrically by Berthelotds react
Urea + HO urease 2NHz + COp
NH3s + Hypochlorite + phenol — indophenols

(blue compound)
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Reagent:
- R1 composed of EDTA (116mmol/l), sodium nitroprusside (6mmol/l), and urease (1g/l)
- R2 composed of phenol (120mmol/l)
- R3 composed of sodium hypochlorite 27(mmol/l) and sodium hydroxide (0.14N)
- Urea standard (727mg/dl)
Preparation of reagents:

- R1 was supplied in a vial R1la and a bottle R1b. The content of the vial Rla was

transferred into the bottle R1b and mixed gently.

- R2 was diluted with 660ml of distilled water.

- R3 was diluted with 750ml of distilled water.
Test Sample:
Serum obtained from blood of albino ratasused in the study.
Test Procedure:
One test tube was labelled blank and another labelled standard. Other test tubes were labelled
according to the code number of the animal from which the seyuma inalyzed was obtained.
A volume, 10ul of distilled water was pipetted into the test tube labelled blank while 10ul of
Urea standard was pipetted into the test tube labelled standard 10ul diffélhent scrum
samples were pipetted into the designaést tubes.Another volume 100ul of R1 was pipetted
into each test tube. The contewf the eache test tuberere mixed and incubated at°87for
10minutes A volume, 2.5ml of R2 was pipetted into each test tubeother volume2.5ml of
R3 was also p#gited into each test tub&he contents oéach of theest tubes were mixed and
incubated at 3 for 15minuteS'he absorbance of the samplesdAld and standard (fundarg

was read against the blank at 546nm.
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Serum urea concentration was obtained algudation using the formula provided by the kit
manufacturer.
Urea concentration :;Asamplex standard concentration (mg/dl) (3.3)
Astandard
3.2.5.7 Determination of serumCreatinine concentration
This test was donapplyingthe method describedybBartels, Bohmer and Heierlil972 as
reported by Osukoya, Oyinfe, Ajiboye, Olokode and Adeo(2021).
Test Principle:
Creatinine in alkaline solution reacts with picric acid to form a coloured complex. The amount of
the complex formed is directly progional to the creatinine concentration.
Reagent:
- R1 is composed of picric acid (35mmol/l)
- R2 is composed of sodium hydroxide (0.32mol/l)

- Creatinine standard (2.06mg/dl)

Preparation of working reagent
- 50ml of R1 was mixed with 50ml of R2 to constitute thorking reagent.
Test Sample:

Serum obtained from blood of albino ratasused in the study.

Test Procedure:

One test tube was labelled standard while other test tubes were labelled according to the code
number of the animal from which the serum toabalyzed was obtained volume, 1.0ml| of

working reagent was pipetted into each test téomther volume0.1ml of creatinine standard

was pipetted into the test tube labelled standairdilarly, 0.1ml of serum samples was pipetted
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into the designatetést tubesThe contents of each test tube was mixed and the absorbante A
standard and samples was read at 492nm after 30seconds.

After 2 minutes, absorbance Af standard and samples was read at 492nm.

A2T A1 = DAsampleOr DAstandard

Serum creatime concentration was calculated using the formula provided by the Kkit

manufacturer.

Creatinine concentration——g wi 0OE QDI Qwé éd(ﬂ?%f‘db 1 0o Q¢ B.4)

3.2.5.8 Determinaton of serumPotassiumconcentration

This test was done usirtige method describdaly Engelbrecht and McCoy (1956) as reported by
Furukawa, Watanabe, Kimura and Kaneko (2012).

Test Principle:

The amount of potassium is determined by using sodium tetraphenylboron in a specifically
prepared mixture to produce a colloidal suspension. The turbidity of which is proportional to
potassium concentration in the range déf ZmEq/I.

Reagents:

- Potassium reagent: sodium tetraphenylboron 2.1mM

- Potassium standard: equivalent to 4mEq/I.

Test Sanple:

Serum obtained from blood of albino ratasused in the study.

Test Procedure:

One test tube was labelled blank and another labelled standard. Other test tubes were labelled
according to the code number of the animal from which the serum to lygexhavas obtained.

A volume, 1.0ml of potassium reagent was pipetted into each testAmother volume,10ul of
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distilled water was pipetted into the test tube labelled bl&iilarly, 10ul of potassium
standard was pipetted into the test tube labedtandardA volume, 10ul of thedifferentserum
samples was pipetted into the designated test tubegdifitents of each test tube wemneed

and allowed to stand at room temperature for 3 minutes.

The sepectrophometer was set at 500nm and its readivegdasith the blank.

The absorbance of the standard and sample was read at 500nm and recorded.

Potassium concentration in the samples was calculated using the formula provided by the kit

manufacturer.

Absorbance of sampbeconcentration of standard = pssa&um concentration (mEqg/l) (3.5)
Absorbance of standard

3.2.5.9Determination of serumChloride concentration

This test was donapplying the method described byasaki, Utsumi, and Ozawél1952) as

reported by Drienovska, Chovancova, Koudelak@®amnborsky and Chaloupkova (2012).

Test Principle:

Chloride ions form a soluble, naanized compound with mercuric ions and will displace
thiocyanate ion from noeinized mercuric thiocyanate. The released thiocyanate ions react with
ferric ions to forma color complex that absorbs light at 480mm. The intensity of the colour
produced is directly proportional to the chloride concentration.

Hg (SCN»+2Ct —  HgClL + 2SCN

2SCN + Fe'* —  4Fe (SCN)red complex

Reagents:
- Chloride reagent composed of mamc nitrate (0.038mM), mercuric thiocyante

(1.75mM), mercuric chloride (0.74mM) and ferric nitrate (22.3mM).
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- Chloride calibrator: sodium chloride (100Eq/I).

Test Sample:

Serum obtained from blood of albino ratasused in the study.

Test Procedure

One test tube was labelled blank and another labelled calibrator. Other test tubes were labelled
according to the code number of the animal from which the serum to be analyzed was obtained.
A volume, 1.5ml of chloride reagent was pipetted into each teat #dbether volume 10ul of
distilled water was pipetted into the test tube labelled bl&mkilarly, 10ul of chloride calibrator

was pipetted into # test tube labelled calibrator a@ful of thedifferent serum samples was
pipetted into the designated tésibes.The content of each test tube was mixed and incubated at
room temperature for 5minutes.The spectrophotometer was set at 480nm and its reading zeroed
with blank. The absorbance of the calibrator and samples was read at 480nm and recorded.
Chloride camcentration in the samples was calculated using the formula provided by the kit
manufacturer.

Absorbance of sampbeconcentration of calibrator = chloride (mEg/l) (3.6)
Absorbance of calibrator

3.2.5.10Determination of serumPhosphorus (Inorganictoncentration

This test was donapplying the method desibed by Amador and Urban (19733 reported by
Pralleet al (2022).

Test Principle

Inorganic phosphorus reacts with ammonium molybdate in the presence of sulphuric acid to

form a phosphomolybdat@mplex which is measured at 340nm.
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Reagents

- Blank reagent composed of sulphuric acid (0.36mmol/l), NaCl (0.154mol/l), and
detergent (0.7%w/Vv).

- Molybdate composed of ammonium molybdate (3.9mmol/l), sulphuric acid (0.36mol/l)
and NacCl (0.154moll/l).

- Phospmate standard (1.41mmol or 5mg/dl.

Preparation of working reagent
The content of 1 bottle of molybdate was added to 1 bottle of blank reagent and mixed to

obtain a working reagent.

Test Sample

Serum obtained from blood of albino ratasused in the study

Test Procedure:

One test of tube was labelled blank and another labelled standard. Other test tubes were labelled
according to the code number of the animal from which the scrum to be analyzed was obtained.

A volume, 10ul of distilled watemwas pipettednto the test tube labelled blank and 10ul of
standardwas also pipettethto the test tube labelled standa&imilarly, 10ul of thedifferent

serum samples was pipetted into the designated test #besdume, 1000ul of the working

reagent was pipettadto each test tub&.he content of each test tube was mixed thoroughly and
incubated for 10minutes at 25°C. The absorbance of standard and samples was read against the

blank at 340nm.

The concentration ofPhosphoruswas calculated using the formula pred by the kit

manufacturer.
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Phosphorus concentrationAbsorbance of sampl& concentration of standard(3.7)
Absorbance of standard

3.25.11 Determination of serumMalondialdehyde (MDA) concentration
This test was donapplying the methd described byVallin, RosengrenShetzerand Camejo

(1993)as reported by Kumar, Chaitangad Preedy (2017).

Test Principle:

Thiobarbituric acid (TBA) reacts witMalondialdehydg MDA) to form a pink colour product
(TBA i MDA adduct). The colour intengitat 532nm is directly proportional to the MDA
concentration in the sample:

Reagents

- 17% Thiobarbituric acid (TBA)

- 25% Trichloroacetic (TCA)

- ni butanol

Test Sample:

Serum obtained from blood of albino ratasused in the study.

Test Procedure:

Test ubes were labelled according to the code of the animal from which the serum to be
analyzed was obtained volume, 0.5ml of thedifferent serum samples was pipetted into the
designated test tubesnother volume.5ml of TCA was pipetted into each tedveuSimilarly,
0.5ml of TBA was pipetted into each test tubbbe test tubes were incubated in water bath at
10C°C for 15minutesThereafter2ml of nbutanol was pipetted into each test tube and mixed
well. The tubes were centrifuged at 3000rpm for 10mesiihe supernatant butanol layer was

collected and the absorbance of the samples read at 532nm.
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The concentration of MDA was calculated using A = Ecl.
Where E = extinction coeffient = 1.5 ‘cm?

1 = path length = 1cm, ¢ = concentration of MDA in sanpl = absorbance of sample

3.2.5.12 Determination of serum reducedslutathione (GSH) concentration
This test was done using method previously described by E(b®&m®)with slight modifiation

asreported by Alisik, Neseliogland Erel (2019).

Test Principle:
1
The general thiol reage®- 5- dithiobis2Ni t r obenzoi c acid (DTNB,

with glutathione (GSH) to form the chromophorej 3hionitrobenzoic acid (TNB) and GiS
TNB. The absorbance at 420nm is directly prtipoal to the concentration of GSH.
Reagents

- Trichloroacetic acid, TCA, (25%)

- DTNB (10mM).

- Phosphate buffer (0.1M)

Test Sample:

Serum obtained from blood of albino ratasused in the study.

Test Procedure:

Test tubes were labelled according to theecad the animal from which the serum to be
analyzed was obtained volume, 0.2ml of thedifferent serum samples was pipetted into the
designated test tubeAnother volume1.0ml TCA was pippetted into each test tuBach test

tube was centrifuged at 30Gm for 10minutesA volume,0.2ml of the supernatant was reacted
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with 1.0ml of DTNB in the presence of phosphate bu#drsorbance of the samples was read at
420nm.

The concentration of reduced glutathione was calculated as follows:
Concentration (uUMpf GSH =——

Where Aix0= absorbance of samples at 420nm
b =0.02058 m =0.002045
b and m are intercept and slope obtained from a previous calibration graph by Boxy Tech

T GSH 420.

3.2.5.13 Determination of serumAscorbic Acid (Vitamin C) concentration

This test was donepplying the method described Agscciation of Official Analytical
Chemist§AOAC) (2005.

Test Principle:

The indicator, 2, 6 dichloroindophenol (DCIP) is quite specific in its ability to oxidize only
Vitamin C. Redox titration o¥itamin C with DCIP provides a quantitative measure of Vitamin
C content in a sample. The solution stays colourless until all the ascorbic acid has been oxidized.
After this point, further addition of DCIP will turn the solution pink. The amount of Vitatnis
found using its quantitative relationship to the standardized DCIP.

Reagents

- 2, 61 dichloroindophenol (DCIP)

- Oxalic acid (0.5%)

- Ascorbic acid standard (5mg/100ml)

Test Sample:

Serum obtained from blood of albino ratasused in the study.
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Test Procedure:

(1)
(2)
®3)

(4)
(5)

(6)
(7)

A volume, 10ml of oxalic acid was pipetted into a 50ml conical flask labelled standard.
Another volume, 0.1ml of ascorbic acid standard was pipetted into the conical flask.
DCIP was added through a burette to the conical flask containing asaoidb&nd oxalic
acid, drop wise and vortexed until the colour of the solution turned pink.

The volume of DCIP used to titrate the ascorbic acid standard was recorded.

A volume, 0.1ml of serum sample was pipetted into conical flask containing 10ml oxalic
acid as above and titrated with DCIP and the titre recorded.

This was repeated for each serum sample.

The concentration of ascorbic acid in each sample was calculated as follows:

Conc. of ascorbic acid in samplevelume of DCIP used to titrate sampleonc. of ascorbic acid standard used (3.8)
volume of DCIP used to titrate standard

3.2.5.14 Assay of serunsuperoxide Dismutag (SOD) activity

The method of Sun and Zigm#&h978)was adopted with modifications as reported by Kateriji,

Filippova and DuksenHughes (2019).

Test Principle:

Superoxide dismutase activity was assayed in terms of its ability to inhibit the radical mediated

chain propagating autoxidation of epinephrine of pH 10.2. The enzyme assay is based on

adenochrome absorption at 480nm.

Reagents

Sodium carbonate buffer (0.05M, pH10.2)

Epinephrine in 0.005N HCI.
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Test sample:

Serum obtained from blood of albino ratasused in the study.

Test Procedure:

(1)
(2)
3)
(4)
()
(6)
(7)
(8)
(9)
(10)
(11)

(12)

(13)

A volume, 2.95ml of sodium carbonate buffer was pipetted in a cuvette.
Another volune, 0.02ml of distilled water was pipetted into the curette.
Similarly, 0.03ml of epinephrine in 0.005N HCI was pipetted into the cuvette.
The absorbance of blank was read at 480nm and recorded.

The cuvette was washed and cleaned.

A volume, 2.95ml sodiursarbonate buffer was pipetted into the cuvette.
Another volume, 0.02ml of serum sample was pipetted into the cuvette.
Similarly, 0.03ml of epinephrine in 0.005N HCI was pipetted into the cuvette.
The absorbance of sample was read at 480nm and recorded.

This was done for each serum sample.

An extinction coefficient of 4020Ncm? for epinephrine at 480nm was used.
One unit of SOD activity was defined as the amount ofprotein causing 50% inhibition of

the autoxidation of epinephrine at’@5

% inhibition =

(3.9)

3.25.15 Assay of serunCatalase(CAT) activity

Serum catalase activity was determined according to the method of Beers and¥&2gwith

modification as reported by Katerji, Filippova and Duerkbserghes (2019).

Test Principle:

Catalase catalyzes the decomposition of hydrogen peroxide)(ito water and oxygen.

61



The rate of disintegration of hydrogen peroxide into water @ngyen is proportional to the
concentration of catalase.

2H20» catalase| 2H0 + Op.

One unit of catalase will decompose 1.0micromole of hydrogen peroxide to oxygen and water
per minute at pH 7.0 at Z5 at a substrate concentration of 50mM hydrogeroxide. The
absorbance of hydrogen peroxide is measured at 240nm.

Reagent
- Phosphate buffer (50mM, pH 7.0)

- Hydrogen peroxide in phosphate buffer (pH 7.0)

Test Sample:
Serum obtained from blood of albino ratasused in the study.

Test Procedure:
(1) A volume, 0.1ml of serum sample was pipetted into a cuvette.

(2)  Another volume, 2.9ml of D, in phosphate buffer was pipetted into the cuvette and
mixed thoroughly.

(3) Initial absorbance of sample was read at 240nm and subsequently at 30 seconds interval
for 120 secods (2minutes).

(4) Each sample was run at a time.

(5) Catalase activity was calculated as follows:

8

Volume activity of catalase (U/ml) L 5 3

WhereDAsample = change in absorbance per minute of sample.
0.0436 = extinctiorroefficient of HO, in mM1cm?.
3.0ml = volume of reaction mixture

0.1ml = volume of sample.
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3.2.5.16 Determination ofHaemoglobin(Hb) concentration

The cyanmethaemoglobin method was uaeddescribed by Drabkin and Austin (1935) with

some modificatiosas reported by Karakochwt al (2019) This is a colorimetric method and is

a more accurate method than other methods. A commercial cyanmethaemoglobin is used as

standard.

Principle:

Haemoglobin is treated with a reagent containing potassium ferri®,gomotassium cyanide and

potassium dihydrogen phosphate. The ferricyanide forms methaemgolobin which is converted to

cyanmethaemeglobin by the cyanide. All forms of haemogblibin except sulfhaemoglobin are

converted to cyanmethaemoglobin.

Reagents

- Dr a bsksolutidn

- Cyanmethaemoglobin standard

Sample:

Whole blood obtained from albino rat&sused in the study.

Procedure:

(1) One test tube was labelled blank and another labelled standard. Other test tubes were
labelled according to the code number of the ahiimom which the blood to be analyzed
was obtained.

(2) A volume, 5ml of Drabkin solution was pipetted into the test tube labelled blank. The
blank was used to zero the spectrophotometer at 540nm.

B3 Another vol ume, 5 ml of Dr a b test fulse labetleld ut i o n

standard and the respective blood samples.
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(4)  Then, a volume, 20ul of cyanmethaemmoglobin standard was pipetted into the test tube
laballed standard. A fresh volume, 20ul of the respective blood samples was pipetted into
the designatedset t ubes containing Drabkinds sol uti

(5) The contents of each test tube were mixed thoroughly and allowed to stand for
10minutes.

(6) There absorbance was read at 540nm.

(7) Haemoglobin was calculated as follows:

Hb (g/dl) =absorbance of sampkeconcentration o$tandard (3.10)
absorbane of standard 4

3.2.5.17 Determination ofPacked Cell Volume(PCV)
Packed cell volume (PCV) was determined using the method described by WHO (2000).
The PCV or haematocrit is a percentage of the total volume of whole bloodied by packed
red blood cells, when a known volume of whole blood is centrifuged at a constant speed for a
constant period of time.
Procedure:
Special heparinized negraduated glass capillary tubes of length 7cm and 1mm internal
diameter were used.
(1) Ead capillary tube was labelled according to the code number of the animal from which
the blood to be analyzed was obtained.
(2) Each capillary tube was filled to twiothird of its length with the specific thoroughly
mixed blood samples.

(3) One end of each caplly tube was sealed with plasticine.
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(4) The filled tubes were then placed in the microhaematocrit centrifuge and spun at 12000g
for 5 minutes.
(5) The spun tubes were placed into a well designed scale (PCV reader) and the PCV was

read as a percentage.

3.2.5.18Determination of Red Blood Cells(RBC Manual)

Red blood cells countas determinedhanuallyusing the method described by Kakel (2D13
Principle:

Whole blood isdiluted appropriately using dsotonic diluent(Formol citrate) to avoid lyses of

red cells.The number of red cells in a known volume and of known dilution is counted using a
counting chamber.

Reagent:

- Formol citrate (diluent)
Sample:
Whole blood obtained from albino ratasused in the study.

Procedure:
(1) A volume, 0.02ml of EDTA anticoagukd blood was added to 3.98ml of the diluent.

(2)  The Neubauer counting chamber was charged with the well mixed diluted blood.

(3)  The cells were allowed to settle in a moist chamber for 3 to 5 minutes.

(4) The ruled area of the counting chamber under 10x objectibeoimicroscope was
located.

(5) The 16 square in the central ruled area of the chamber was counted.

(6) RBCs were obtained as follows:
Total number of cells counted x 10,000 = cellsAnm

(7) Each blood sample was analyzed separately.
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3.2.5.19Determination of White Blood Cells(WBC Total)
Total white blood cells countas determinedsing the method described by Kakel (2p13

Principle:

Whol e blood is diluted appropriately using a
leaving all the nucleated cellstact. The number of white cells in a known volume and known
dilution are counted using a counting chamber.

Reagent:

- Turkds solution (diluent)

Sample:
Whole blood obtained from albino rat@sused in the study.
Procedure:
(1)  Avolume, 0.02ml of blood sampleas added to 0.38ml of diluent.
(2)  The Neubauer counting chamber was charged with the thoroughly mixed diluted blood.
(3)  The cells were allowed to settle in a moist chamber for 3 to 5 minutes.
(4)  The four large corner squares were located using 10x objectikie aficroscope.
(5)  The total number of white cells in the four large corner squares was counted.
(6) WBC was obtained as follows:
Total number of cells counted x 50 = cells/fam

(7 Each blood sample was analyzed separately.

3.2.6 Histopathological evaluation of teart, kidney and liver
Histological evaluation of liver, kidney and heart was done using the method described by Okoro
(2002) with minor modifications

(1)  Organ collection and preservation:
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(2)

(3)

(4)

()

(6)

(7)

The organs evaluated histologically were excised from the sacrdiuethls used in the
study. To preserve the tissues from degradation and maintain the structure of the cell and
subcellular components, the organs were preserved in 10% buffered formalin in
respective labelled sample bottles.

Cutup:

The organs were exaned grossly and pieces of tissue cut out with surgical blade
selected and placed in tissue cassette for histological processing.

Dehydration:

The aim of this was to remove water from the tissues. Tissues were placed in four (4)
increasing grades/concentaats of isopropyl alcohol (IPA) i.e. 70%, 80%, 90%, 100%

for one (1) hour each.

Clearing/Dealcoholization:

The tissues were placed in two (2) changes of xylene for one (1) hour each. This is to
remove isppropyl alcohol.

Impregnation/Infiltration:

The tissies were transferred into two (2) changes of wax bath containing molten paraffin
wax, so that the xylene could diffuse out into the surrounding melted wax and the wax in
turn replacing it.

Embedding:

The tissues were embedded in molten paraffin wax gaigless embedding mould and
then placed on ice block to solidify.

Sectioning:
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(8)

9)

(10)

(11)

(12)

The tissue blocks were cut into thin sections of 5 micrometer using Leica RM 212 Rt
Rotary microtome.

Floatation:

Cut sections were floated on a thermostatically regulattdr bath of 4% to spread out

and then picked with a clean grease free slide.

Flattening:

The tissue sections on slides were placed on a thermostatically regulated hot plate of 65
to allow the sections stick firmly on the slide

Staining (HPE

The tissue sections were stained using Haematoxilanris alum Haematoxylin) and
Eosin to demonstrate general tissue structure.

Mounting:

Stained sections on slides were covered with cover slip (cover glass) using DPX
mountant.

Microscopy:

The sections were viewed and interpreted using Leica DM 750 Binocular microscope

with photomicrographic facilities and then photomicrographed.

3.2.7. Statistical Analysis

Results of the study were presented as mean + standard deviation and were analy&idtas

Testersoftware and on&ay analysis of variance (ANOVAMultiple t-test (with Bonferroni

correction) was used to compare means at p<0.05.
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CHAPTER FOUR
RESULTS AND DISCUSSION
4.1.1 Body weight gain and organs ratio
4.1.1.1 Percentagebody weight gainof albino rats treated with cadmium (Cd), chromium
(Cr) and lead (Pb) individually and as a mixture
Figures 4.1- 4.4 showthe result of percentage body weight (BW) gain of albino rats treated with

cadmium (@), chromium (Cr) and lead (Pldividualy and as a mixture
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Figure 4.1: Doseeffect relationship for percentage body weight gaiin albino rats treated
with Pb. b = significantly different from mixture (p<0.05)
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Figure 4.2 Doseeffect relationship for percentage body weight gain imlbino rats treated
with Cd. a = significantly different from control (p<0.05), b = significantly different from
mixture (p<0.05)
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Figure 4.3 Doseeffect relationship for percentage body weight gain in albino rats treated
with Cr. a = signficantly different from control (p<0.05), b = significantly different from
mixture (p<0.05)
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Figure 4.4: Doseeffect relationship for percentage body weight gain in albino rats treated
with Pb, Cd and Cr as a mixture. a = significantly different from control (p<0.05).
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Figures 4.1-44 showedthat in the 5mg/kg treatment dose, there was significant decrease
(p<0.09 in percentage body weight (BW) gain @d, Crindividual and combined treatment
groups compared with control but there was significant differencgp>0.05 in percentage

body weight (BW) gain irPbindividual treatment group compared with control. Also, there was
significant difference(p<0.05) in percentage body weight (BW) gain @r, Pb individual
treatment groups compad with the combined treatment group but there was no significant
difference (p>0.05) in percentage body weight (BW) gairCdhindividual treatment group
compared with the combined treatment group. Percentage body weight (BW) gain in the
combined treatmdngroup was lower than that dfr, Pb treatment group but was not
significantly different (p>0.05) from that of Cd that produced the highest effect in the individual

treatment group.

Figures 4.1-4.4 also showedthat in the 10mg/kg treatment dose, there wignificant decrease
(p<0.09 in percentage body weight (BW) gain@ individual and combined treatment groups
compared with control but there was no significant differefpeed.09 in percentage body
weight (BW) gain in CdPbindividual treatment gngps compared with controAlso, there was
no significant difference (@:05) in percentage body weight (BW) gain in Cr individual

treatment group comparedtivithe combined treatment group

Figures 4.1-4.4 showedthat in the 20mg/kg treatment dose, theras significant decrease
(p<0.09 in percentage body weight (BW) gain @d, Crindividual and combined treatment
groups compared with control but there was no significant differgoe@.09 in percentage
body weight (BW) gain irPbindividual treatment gpup compared with control. Also, there was
significant difference(p<0.05) in percentage body weight (BW) gain @r, Pb individual

treatment groups compared with the combined treatment group but there was no significant
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difference (p>0.05) in percentagmdy weight (BW) gain inCd individual treatment group
compared with the combined treatment group. Percentage body weight (BW) gain in the
combined treatment group was lower than thatGof Pb treatment group but was not
significantly different (p>0.05)rbm that of Cd that produced the highest effe¢haindividual

treatment group.

Treatment with Pb produced no significant difference (p>0.05) in percentage body weight gain

compared with control in the three treatment d¢Begure 4.1)
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4.1.1.2Mean liver weight to body weight (BW) ratioof albino rats treated with cadmium
(Cd), chromium (Cr) and lead (Pb) individually and as a mixture
Figures 4.54.8 showthe result of liver to body weight (BW) ratio of albino rats treated with

cadmium (@), chromium (Cr) and lead (Plodividually and as a mixture
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Figure 4.5 Doseeffect relationship for liver to body weight ratio in albino rats treated with
Pb.

Liver to body weight ratio (x10'3)
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Figure 4.6. Doseeffect relationship for liver to body weight ratio in albino rats treated with
Cd.
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Figure 4.7: Doseeffect relationship for liver to body weight ratio in albino rats treated with
Cr. a = significantly different from control (p<0.05).
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Figure 4.8 Doseeffect relationship for liver to body weight ratio in albino rats treated with
Pb, Cd andCr as a mixture. a = significantly different from control (p<0.05).
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Figures 4.%4.8 showedthat in the 5mg/kg treatment dose, there was no significant difference
(p>0.05 in liver to body weight BW) ratio in Cd, Cr, Pbindividual and combined treatment
groups compared with control. Also, there was no significant differgre05)in liver to body
weight (BW) ratio inCd, Cr, Pbindividual treatment groups compared with the combined

treatment grop.

Figures 4.54-8 alsoshowedthat in the 10mg/kg treatment dosleere was significant increase
(p<0.09 in liver to body weight (BW) ration Cd, Cr, Pbcombined treatment group compared
with control but there was no significant differer{(pe0.09 in liver to body weight (BW) ratio

in Cd, Cr, Plindividual treatment grolgcompared with control.

Figures 4.54.8 showedthat in the 20mg/kg treatment dose, there was significant increase
(p<0.09 in liver to body weight (BW) ratio irCr individual and canbined treatment groups
compared with control but there was no significant differgpe®.09 in liver to body weight
(BW) ratio in Cd,Pb individual treatment groups compared with control. Also, there was no
significant difference (p8.05) in liver to baly weight (BW) ratio in Cr individual treatment

group compared witthe combined treatment group.
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4.1.1.3Mean kidney weight to body weight (BW) ratioof albino rats treated with cadmium
(Cd), chromium (Cr) and lead (Pb) individually and as a mixture
Figures 4.94.12showthe result of kidney to body weight (BW) ratio of albino rats treated with

cadmium (@), chromium (Cr) and lead (Pindividually and as a mixture
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Figure 4.9 Doseeffect relationship for kidney to body weight ratio in albinorats treated
with Pb.
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Figure 4.10 Doseeffect relationship for kidney to body weight ratio in albino rats treated
with Cd.
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Figure 4.11 Doseeffect relationship for kidney to body weight ratio in albino rats treated
with Cr.
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Figure 4.12 Doseeffect relationship for kidney to body weight ratio in albino rats treated
with Pb, Cd and Cr and as a mixture a = significantly different from control (p<0.05).
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Figures 4.94.12 showedthat in the 5mg/kg treatment doseerh was no significant difference
(p>0.05 in kidneyto body weight (BW) ratio irCd, Cr, Phindividual and combined treatment
groups compared with control. Also, there was no significant differgoe@05) in kidney to
body weight (BW) ratio irCd, Cr, B individual treatment groups compared with the combined

treatment group.

Figures 4.94.12 alsoshowedthat in the 10mg/kg treatment dose, there was significant increase
(p<0.09 in kidneyto body weight (BW) ratio ircd, Cr, Pbcombined treatment groupmpared
with control but there was no significant differen@e0.09 in kidney to body weight (BW)

ratio inCd, Cr, Phndividual treatment groups compared with control.

Figure 4.94.12 showedthat in the 20mg/kg treatment dose, there was no signifeiiatence
(p>0.05 in kidneyto body weight (BW) ratio irCd, Cr, Phindividual and combined treatment
groups compared with control. Also, there was no significant differgoe@05) in kidney to
body weight (BW) ratio irCd, Cr, Phindividual treatmengroups compared witthe combined

treatment group.
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4.1.1.4Mean heart to body weight (BW) ratioof albino rats treated with cadmium (Cd),
chromium (Cr) and lead (Pb) individually and as a mixture
Figures 4.134.16 showthe result of heart to body wght (BW) ratio of albino rats treated with

cadmium (Cd), chromium (Cr) and lead (Rd)vidually and as a mixture
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Figure 4.13 Doseeffect relationship for heart to body weight ratio in albino rats treated
with Pb.
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Figure 4.14: Doseeffectrelationship for heart to body weight ratio in albino rats treated
with Cd.
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Figure 4.15 Doseeffect relationship for heart to body weight ratio in albino rats treated
with Cr.
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Figure 4.16 Doseeffect relationship for heart to body weight ratio in albino rats treated
with Pb, Cd and Cr as a mixture. a = significantly different from control (p<0.05).
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Figures 4.131.16 showedthat in the 5mg/kg treatment dose, there was no significant difference
(p>0.05 in heartto body weight(BW) ratio in Cd, Cr, Pbindividual and combined treatment
groups compared with control. Also, there was no significant differéore@.05) in heartto

body weight (BW) ratio irCd, Cr, Phindividual treatment groups compared lwihe combined

treatment goup.

Figures 4.134.16alsoshowedthat in the 10mg/kg treatment dose, there was significant increase
(p<0.09 in heartto body weight (BW) ratio irCd, Cr, Pbcombined treatment group compared
with control but there was no significant differer{pe0.09 in heartto body weight (BW) ratio

in Cd, Cr, Plindividual treatment groups compared with control.

Figures 4.134.16showedthat in the 20mg/kg treatment dose, there was no significant difference
(p>0.05 in heartto body weight (BW) ratio irCd, Cr, Pbindividual and combined treatment
groups compared with control. Also, there was no significant differéore@.05) in heartto

body weight (BW) ratio irCd, Cr, Phindividual treatment groups comparediwihe combined

treatment group
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4.1.2 Liver function tests

4.1.2.1 Serum alanine aminotransferase (ALT)activities in albino rats treated with Pb, Cd
and Cr individually and as a mixture

Figures 4.174.20 show doseeffect relationship forserum alanine aminotransferase (ALT)

activity in abino ratstreated with Pb, CdndCr individually and as a mixture
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Figure 4.17. Doseeffect relationship for serum alanine aminotransferase (ALTactivity in
albino rats treated with Pb. a = significantly different from control (p<0.05),
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Figure 4.18: Doseeffect relationship for serum alanine aminotransferase (ALT)activity in
albino rats treated with Cd. a = significantly different from control (p<0.05), b =
significantly different from mixture (p<0.05).
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Figure 4.19 Doseeffect relationship for serum alanine aminotransferase (ALT)activity in
albino rats treated with Cr. a = significantly different from control (p<0.05), b =
significantly different from mixture (p<0.05).
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Figure 4.20 Doseeffect relationship for serumalanine aminotransferase (ALT)activity in
albino rats treated with Pb, Cd and Cr as a mixture. a = significantly different from
control (p<0.05).
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Figuress 4.174.20 showedthat in the 5mg/kg treatment dose, there was significant increase
(p<0.09 in mean serum ALT activity ir©d, Cr, Phindividual and combined treatment groups
compared with controlAlso, there was significant differend@<0.05)in mean serum ALT
activity in Crindividual treatment groupompared with the combined treatment grouptbare

was no significant difference (p>0.05) in mean serum ALT activityCoh Pb individual
treatment grups compared with the combinéeatment group. Serum ALT activity in the

combined treatment group was lower than thafeatment group.

Figures 4.174.20alsoshowedthat in the 1fhg/kg treatment dose, there was significant increase
(p<0.09 in mean serum ALT activity il€d, Cr, Pbindividual and combined treatment gpsu
compared with control. Also, there was significant differe(ue0.05)in mean serum ALT
activity in Cd individual treatment group compared with the combined treatment group but there
was no significant difference (p>0.05) in mean serum ALT activityCm Pb individual
treatment groups compared with the combined treatment g®emqum ALT activity in the

combined treatment group was lower than thadifeatment group.

Figures 4.17-4.20 showedthat in the20mg/kg treatment dose¢here was significant increase
(p<0.09 in mean serum ALT activity i€d, Cr, Phindividual and comimed treatment groups
compared with control. Also, there was significant differe(we0.05) in mean serum ALT
activity in Cdindividual treatment group compared with the combined treatment group but there
was no significant difference (p>0.05) in meanuserALT activity in Cr, Pb individual
treatment groups compared with the combined treatment group. Serum ALT activity in the

combined treatment group was lower than that of Cdtreatment group.
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In the Cr and combined treatment groups, an invertegthdped honetic effect was observed

with regard to serum ALT activity as treatment with the low dose (5mg/kg) produced a
stimulating effect which was reduced at the high dose (20mdrkgatment with Cd caused a
dose dependent increase in mean serum ALT actigtyha dose increaseé&ffect due Pb
treatment was fairly constant as there was no significant difference (p>0.05) in mean serum ALT

activity in the three treatment doses.

Table 4.1Use of effectaddition in assessmerprediction of ALT activity in albino rats

treated with Pb, Cd andCr individually and as a mixture

Dose EC. EGQG, EG, EG EC(pred) = Natur e
(C)  (ex| [ 4 (_E%g)_E@cz(_interacti
EG) ]
5mg/ 0.0{0.0¢(0.0¢0.1:0.2767 Less thar
10mg.0. ®{0. 0¢0. 1(0.0¢0. 2667 Less thar
20mg. 0. 0¢t0. 0{0.1:0.0°0.2621 Less thar

E(G) is effect expressed as fraction = (effect of substance i at dose C/maximum possible effect).

E(C) obtained with maximum peible ALT activity at 94U/L.

From Table 4.1the use of effeeaddition in assessméptedictionof ALT activity showed that

the effect obtained from the experimented mixture was lower than the effect obtained by
prediction using the addition of effectom the individual treatments, suggesting less than
additive interaction of the mixture components in the three treatment doses with respect to ALT

activity.
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4.1.2.2 Serum aspartate aminotransfera® (AST) activity
Figures 4.214.24showdoseeffect relatimship forserumaspartate aminotransferase TABvel

in dbino rats treated with Pb, Cd af individually and as a mixture
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Figure 4.21 Doseeffect relationship for aspartate aminotransferase (AST) activity in
albino rats treated with Pb. a = sgnificantly different from control (p<0.05).
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Figure 4.22 Doseeffect relationship for aspartate aminotransferase (AST) activity in
albino rats treated with Cd. a = significantly different from control (p<0.05), b =
significantly different from mixture (p<0.05).

97



80

=

=

> 60 |

>

5

©

g 40 |

= ab

2 |

c

o 20 | a

E B . S
£

©

% O ! ! T T T T
5 0O 5 10 15 20 25
g

Cr (mg/kg body weight)

Figure 4.23 Doseeffect relationship for aspartate aminotransferase (AST) activity in
albino rats treated with Cr. a = significantly different from control (p<0.05), b =
significantly different from mixture (p<0.05).
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Figure 4.24 Doseeffect relationship for aspartate aminotransferase (AST) activity in
albino rats treated with Pb, Cd and Cr as a mixture. a = significantly different from
control (p<0.05).
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Figures 4.214.24 showedthat in the 5mg/kg treatmemose,there was significant increase
(p<0.09 in mean serum AST activity in Cd, Pb individual andcombined treatment groups
compared with controAlso, there was significant differeng@<0.05) in mean serum AST
activity in Cr, Cd individual treatmat groups compared with the combined treatment group but
there was no significant difference (p>0.05) in mean serum AST activigbimdividual
treatment groupcompared with the combined treatment group. Serum AST activity in the

combined treatment growpas lower than that a@r, Cdreatment groups.

Figures 4.214.24alsoshowedthat in the 10mg/kg treatment dodesre was significant increase
(p<0.09 in mean serum AST activity in Cd, Cr, Pb individual and combined treatment groups
compared with conttdAlso, there was significant differeng@<0.05) in mean serum AST
activity in Cdindividual treatment group compared with the combined treatment group but there
was no significant difference (p>0.05) in mean serum AST activity iP@individual treatnent
groups compared with the combined treatment gr@gum AST activity in the combined

treatment group was lower than that oti@dtment group.

Figures 4.214.24 showedthat in the 20mg/kg treatment dose, there was significant increase
(p<0.09 in meanserum AST activity inCd, Pbindividual treatment groups compared with
control but there was no significant differen@>0.09 in mean serum AST activity iCr
individual and combined treatment groups compared with control. Also, there was significant
difference(p<0.05)in mean serum AST activity i@d individual treatment group compared with

the combined treatment group but there was no significant difference (p>0.05) in mean serum
AST activity in Cr individual treatment groupompared with the combineideatment group.

Serum AST activity in the combined treatment group was lower than tRattofatment group.
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In the Cd, Cr, Pb and combined treatment groups, an inverdsthpked hormetic effect was
observed with regard to serum AST activity as treatmath the low dose (5mg/kg) produced a

stimulating effect which was reduced at the high dose (20mg/kg).

Table 4.2Use of effectaddition in assessmeriprediction of AST activityin albino rats

treated with Pb, Cd andCr individually and as a mixture

Dose ECnix ECpn ECcd ECcr  EGCmix(pred) = Nature of
© (expt) [1- (1-EGo))(1- interaction

ECcd)(l-ECcr)]

5mg/kg 0.2404 0.2506 0.3944 0.5326 0.7879 Less than additive
10mg/kg 0.2000 0.2326 0.3393 0.3034 0.6468 Less than additive
20mg/kg 0.1573 0.1854 0.2584 0.1213 0.4692 Less than additive

E(G) obtained with maximum possible AST activity at 89U/L.

From Table 4.2the use of effeeaddition in assessméptedictionof AST activity showed that

the effect obtained from the experimeahtenixture was lower than the effect obtained by
prediction using the addition of effect from the individual treatments, suggesting less than
additive interaction of the mixture components in the three treatmerg datkerespect to AST

activity.
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4.1.2.3 Serum alkaline phosphatase (ALP)activity in albino rats treated with Pb, Cd and
Cr individually and as a mixture
Figures 4.254.28 showdoseeffect relationship faerum alkaline phosatase (ALP activity in

albino rats treated with Pb, Cd a@ul indvidually and as a mixture
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Figure 4.25 Doseeffect relationship for alkaline phosphatase (ALP) activity in ¢ébino rats
treated with Phb. a = significantly different from control (p<0.05).
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Figure 4.26 Doseeffect relationship for alkaline phosphatase (ALP) activity in ébino rats
treated with Cd. a = significantly different from control (p<0.05).
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Figure 4.27: Doseeffect relationship for alkaline phosphatase (ALP) activity in #ino rats
treated with Cr. a = significantly different from control (p<0.05), b = significantly
different from mixture (p<0.05).
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Figure 4.28 Doseeffect relationship for alkaline phosphatase (ALP) activity in #ino rats
treated with Pb, Cd and Cr as a mixture. a = significantly different from control
(p<0.05).
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Figures 4.254.28 showedthat in the 5mg/kg treatment dose, there was no signifioarease
(p>0.05 in mean serunALP activity inCd, Cr, Pbindividual and combined treatment groups
compared with controllherewas no significant differencg>0.05)in mean serumLP activity

in Cd, Cr, Pbindividual treatment groups compared with the combined treatment group.

Figures 4.254.28 also showedthat in the 10mg/kg treatment dose, there was significant
difference p<0.05 in mean serumALP activity in Cd, Cr, Pbcombined treatment group
compared with control but there was no significant increase/diffef@»€03 in mean serum

ALP activityin Cd, Cr, Pldndividual treatmehgroups compared with control.

Figures 4.254.28 showedthat in the 20mg/kg treatment dogbere was significant increase
(p<0.09 in mean serunALP activity in Cd, Cr, Phindividual and combined treatment groups
compared with controlAlso, there was significant differenq@<0.05)in mean serumALP
activityin Cr individual treatment groups compared with the combined treatment group but there
was no significant difference (p>0.05) in mean serAfP activity in Cd, Pb individual
treatment groups compared with the combined treatment group. S€rRmacivity in the
combined treatment group was higher than thaEraireatment groufut was not significantly

different (p>0.05) from that o€d that produced the highest effecttime individual treatment

group.

In Pb treatment group, ashaped hormetic eftt was observed with regard to serum ALP
activity as treatment with low dose (5mg/kg) produced a beneficial (not adverse) effect which
was lower than control but changed to harmful (adverse) effect as the dose increased (20mg/kg).
Treatment with Cd, Cr ghividually and the combined caused a dose déget increase in mean

serum ALPactivity as the dose increased.
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Table 4.3Use of effectaddition in assessment of ALP activityn albino rats treated with

Pb, Cd andCr individually and as a mixture

Dose EC. EGQG, EG, EG EC (pred) = Natur e
(C)  (ex| [ 41 (_E%g)_EQC)j(_interacti
EG) 1
5mg/ 0.6{(0.5«0.8(0.6(0.9729 Less thar
10mg.0. 8!0. 7'0.8t0. 7:0.9903 Less thar
20mg.09610. 9:0.9:0.9:0. 9995 Less thar

E(G) obtained with maximum possible ALP activity at 100 U/L.

From Table 4.3the use of effeeaddition in assessment of ALP activity showed that the effect
obtained from the experimented mixtwras lower than the effect obtained by prediction using
the addition of effect from the individual treatments, suggesting less than additive interaction of

the mixture components in the three treatment doses with respect to ALP activity.
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4.1.2.4 Serum total bilirubin concentration
Figures 4.294.32 showdoseeffect relationship faerumtotal bilirubin concentratiomn abino

rats treated with Pb, Cd ad@t individually and as a mixture
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Figure 4.29 Doseeffect relationship for total bilirubi n concentration in dbino rats treated
with Pb. a = significantly different from control (p<0.05), b = significantly different from
mixture (p<0.05).
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Figure 4.30 Doseeffect relationship for total bilirubin concentration in albino rats treated
with Cd. a = significantly different from control (p<0.05), b = significantly different from
mixture (p<0.05).
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Figure 4.31 Doseeffect relationship for total bilirubin concentration in albino rats treated
with Cr. a = significanty different from control (p<0.05), b = significantly different from
mixture (p<0.05).
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Figure 4.32 Doseeffect relationship for total bilirubin concentration in albino rats treated
with Pb, Cd and Cr as a mixture. a = significantly different from control (p<0.05).
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Figures 4.294.32 showedthat in the 5mg/kg treatment dose, there was significant increase
(p<0.09 in mean seruntotal bilirubin concentrationn Pb individual and combined treatment
groups compared with control but themas no significant differenc>0.09 in mean serum
total bilirubin concentratiomn Cd, Crindividual treatment group compared with control. Also,
there was significant differenc@<0.05) in mean seruntotal bilirubin concentrationin Pb
individual treatment grougcompared with the combined treatment gra@erumtotal bilirubin

concentrationn the combined treatment group was higher than thBbtfeatment group.

Figures 4.294.32alsoshowedthat in the 10mg/kg treatment dose, there was significarease
(p<0.09 in mean serum total bilirubin concentrationRb individual and combined treatment
groups compared with control but there was no significant differgore@.09 in mean serum

total bilirubin concentration il©d, Crindividual treatmengroup compared with control. Also,
there was significant differencg<0.05)in mean serum total bilirubin concentration b
individual treatment group compared with the combined treatment group. Serum total bilirubin

concentration in the combined tre@mt group was higher than thatRif treatment group.

Figures 4.294.32 showedthat in the 20mg/kg treatment dose, there was significant increase
(p<0.09 in mean seruntotal bilirubin concentrationn Cd, Cr, Pbindividual and combined
treatment groups oapared with controlAlso, there was significant differen¢e<0.05)in mean
serumtotal bilirubin concentratiom Cd, Cr, Phindividual treatment groups compared with the
combined treatment grouferumtotal bilirubin concentratiom the combined treatent group

was lower than that d?bthat produced the highest effect in the individual treatment group.

In Cd and Crtreatment groups, ashaped hormetic effect was observed with regard to serum

total bilirubin concentration as treatment with low doseg@fkg) produced a beneficial (not
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adverse) effect which was lower than control but changed to harmful (adverse) effect as the dose
increased (20mg/kg). In the combined treatment group, an inverdthjped hormetic effect

was observed with regard to sertmtal bilirubin concentration as treatment with the low dose
(5mg/kg) produced a stimulating effect which was reduced at the high dose (20mg/kg).
Treatment with Pb caused a dose dependent increase in mean serum total bilirubin concentration

as the dose imeased.

Table 4.4 Use of effectaddition in assessment of total bilirubin concentratiom albino

rats treated with Pb, Cd andCr individually and as a mixture

Dose (C) ECnix ECeb ECcd ECcr EC. Nature of

(expt) (pred interaction

5mg/kg 0.0163 0.0124 0.0055 0.0050 0.0227 Less than
additive

10mg/kg 0.0154 0.0133 0.0066  0.0073 0.0270 Lessthan
additive
20mg/kg 0.0118 0.0162 0.0100 0.0098 0.0356 Less than

additive

E(G) obtained with maximum possible total bilirubin concatiom at 560umol/l.

From Table 4.4the use of effeeaddition in assessment of total bilirubin concentration showed
that the effect obtained from the experimented mixture was lower than the effect obtained by

prediction using the addition of effect frormet individual treatments, suggesting less than
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additive interaction of the mixture components in the three treatment doses with respect to total
bilirubin concentration.
4.1.2.5Serum lactate dehydrogenase (LDHllevel in dbino rats treated with Pb, Cd andCr

individually and as a mixture
Figures 4.334.36 showdoseeffect relationship for lactate dehydrogenase (LD#dgl in abino

rats treated with Pb, Cd adt individually and as a mixture.
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Figure 4.33 Doseeffect relationship for lactate dehydrog@ase (LDH) activity in albino
rats treated with Pb. a = significantly different from control (p<0.05), b = significantly
different from mixture (p<0.05).
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Figure 4.34 Doseeffect relationship for lactate dehydrogenase (LDH) activity in lino
rats treated with Cd. a = significantly different from control (p<0.05).
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Figure 4.35 Doseeffect relationship for lactate dehydrogenase (LDH) activity in Bino
rats treated with Cr. a = significantly different from control (p<0.05), b = significantly
different from mixture (p<0.05).
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Figure 4.36 Doseeffect relationship for lactate dehydrogenase (LDH) activity in Hino
rats treated with Pb, Cd andCr as a mixture. a = significantly different from control
(p<0.05),
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Figures 4.334.36 showedthat in the 5mg/kg treatment dose, there was significant increase
(p<0.09 in mean serunhDH activity in Cd, Cr, Phindividual and combined treatment groups
compared with controlAlso, there was significant differeng¢@<0.05) in mean seruniDH
activity inCr individual treatment groupompared with the combined treatment group but there
was no significant difference (p>0.05) in mean seruDH activity in Cd, Pbindividual
treatment groups compared with the combined treatrgemip. SerumLDH activity in the
combined treatment group was higher than thaErafreatment groufbut was not significantly

different (p>0.05) from that of Cd that produced the highest effetitanndividual treatment

group.

Figures 4.334.36alsoshowedthat in the 10mg/kg treatment dose, there was significant increase
(p<0.09 in mean serunhDH activity in Cd, Cr, Pbindividual and combined treatment groups
compared with control. Also, there was significant differe(me0.05)in mean seruniDH
activity inCr, Pb individual treatment groups compared with the combined treatment group but
there was no significant difference (p>0.05) in mean seklh activity in Cd individual
treatment group compared with the combined treatment group. SebDknactivity in the
combined treatment group was higher than thatCaof Pb treatment groups but was not
significantly different (p>0.05) from that of Cd that produced the highest effélse imdividual

treatment group.

Figures 4.334.36 showedthat in the 20mg/kgréatment dose, there was significant increase
(p<0.09 in mean serunhDH activity in Cd, Cr, Pbindividual and combined treatment groups
compared with control. Also, there was significant differe(ee0.05)in mean seruniDH
activity inCr, Pb individual teatment groups compared with the combined treatment group but

there was no significant difference (p>0.05) in mean sekh activity in Cd individual
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treatment group compared with the combined treatment group. SebDknactivity in the
combined treatmengroup was higher than that @r, Pb treatment groups but was not
significantly different (p>0.05) from that of Cd that produced the highest effélse imdividual

treatment group.

Treatment with Cd, Cr, Pb individually and combined caused a dose @gpamctease in mean

serum LDH activity as the dose increased.
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4.1.3 Renal function tests
4.1.3.1Serumurea concentration
Figures 4.374.40 showdoseeffect relationship for urea concentration ibiao rats treated with

Pb, Cd ancCr individually and as a mixture.
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Figure 4.37 Doseeffect relationship for serumurea concentration in albino rats treatel
with Pb. a = significantly different from control (p<0.05).
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Figure 4.38 Doseeffect relationship for serumurea concentréion in albino rats treated
with Cd. a = significantly different from control (p<0.05), b = significantly different from
mixture (p<0.05).

121



Figure 4.39 Doseeffect relationship for serumurea concentration in albino rats treated
with Cr. a = significantly different from control (p<0.05), b = significantly different from
mixture (p<0.05).
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