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Abstract

The study examined the kinetics of Copper (Cu), Nickel (Ni) and
Manganese (Mn) in tissues and organs of rabbits treated with edible clay from
Enyigba, Ebonyi state Nigeria. Clay samples were obtained from Enyigba
mine. Fifty four of the sampled rabbits were grouped into 3: group 1 and group
2 were administered with 2000 mg/kg and 4000 mg/kg of edible clay
respectively while group 3 served as control. Concentrations of these metals
were detected in the brain, heart, kidney, liver, lungs, skeletal muscle and
blood of each of the rabbits using atomic absorption spectroscopy (AAS). One
- way ANOVA was used in analyzing the concentrations with significant
results (p < 0.05) recorded. The study results showed that while Cu
concentrations were predominant in the liver (15.33£1.18 pg/g), kidney
(8.25+1.18 ng/g) and heart (9.43£2.36 pg/g) of 2000 mg/kg treated rabbits on
day 1 post-treatment, Ni concentrations were the highest among the three
elements especially in the blood (221.59+17.05 pg/g) and skeletal muscle
(153.41+19.68 ug/g) of 2000 mg/kg treated rabbits on day 1 post-treatment.
Concentrations of Mn were mostly detected in the liver (13.99+4.85 ug/g) of
2000 mg/kg treated rabbits on day 1 post-treatment. Most of the concentration
values increased in 4000 mg/kg treated rabbits on day 1 post-treatment.
Elimination constants as well as half-life eliminations of the metals studied
showed that absorbed elements were still present in most organs and tissues
of treated rabbits. The study recommends research for possible microbial
toxins that may be found in the edible clay studied.
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Introduction

Consumption of edible clay is not new (Robertson, 1986; Wilson,
2003; Abrahams, 2010; Carretero, Gomes, & Tateo, 2013) as demonstrated in
a number of studies in many parts of the world (Grigsby, Thyer, Waller, &
Johnston, 1999; Woywodt & Kiss, 2002; l1zugbara, 2003; Kikouama & Balde”,
2010; Njiru, Elchalal, & Paltiel, 2011; Nyanza, Joseph, Premji, Thomas, &
Mannion, 2014; Lar, Agene, & Umar, 2015). In Nigeria, edible clay is
consumed for therapeutic reasons especially during pregnancy as it is
perceived to control ailments like dizziness and nausea among pregnant
women (Abrahams & Parsons, 1996). In addition, many communities in
Southeastern Nigeria consume edible clay as part of the cultural norms (Kelle,
Otokpa, Oguezi, & Ibekwe, 2014). However, there are issues in terms of the
efficacy of clay materials for human consumption and utilization in Nigeria
given the potential for ingesting soil contaminated with microbial toxins,
parasites, bacteria (Bisi-Johnson, Obi , & Ekosse, 2010) and even pernicious
levels of some trace metals (Abrahams, Follansbee, Hunt, Smith, & Wragg,
2006). These fears are mainly due to the fact that naturally, clay materials
contain trace elements which have pernicious consequences for human health
and wellbeing (Orisakwe, 2018; Ljung, Selinus, Otabbong, & Berglund, 2006;
Al-Rmaldi, Jenkins, Watts, & Haris, 2010). Furthermore, edible and cosmetic
clays found in many parts of Nigeria have bacterial and fungal contaminants
(Bisi-Johnson, Oyelade, Adeniran, & Akinola, 2013) as well as high
concentrations of trace and heavy metals (ljeoma, Onyoche, Uju, &
Chukwuene, 2014; Popoola, Popoola, Igbokwe, & Olatunde-Aremu, 2018). In
addition, the divergent nature of permissible limits for trace elements
worldwide creates inconsistencies in managing these elements (Antoniadis, et
al., 2019). On that note, consumption of edible clay poses health risks due to
metal contamination as shown by studies in parts of Africa (Bonglaisin,
Mbofung, & Lantum, 2011; Fosso-Kankeu, Waanders, Netshitanini, Ubomba-
Jaswa, & Abia, 2015; Nkansah, Korankye, Darko, & Dodd, 2016). Literature
has focused on trace metals in soil materials and the potentiality of their
absorption by plants (Yang, Chen, Wang, Li, & Peng, 2017; Ondrasek,
Rengel, & Romic, 2018; Sharma, Nagpal, & Kaur, 2018; Hattab, Bougattass,
Hassine, & Dridi-Al-Mohandes, 2019; Khawla, Besma, Enrique, & Mohamed,
2019; Mtisi & Gwenzi, 2019; Papaioannou, Koukoulakis, Lambropoulou,
Papageorgiou, & Kalavrouziotis, 2019). In the same vein, physicochemical
analysis of several edible clay samples collected from Ivory Coast, Guinea and
Senegal detected the presence of aluminum, iron, tin and zinc (Kikouama,
Konan, Katty, Bonnet, & Baldé, 2009). Some of these elements have
therapeutic properties (Richardson, 2002; Baqui, Black, El Arifeen, Yunus, &
Zaman, 2004; Tateo, Summa, Giannossi, & Ferraro, 2006). Concentrations of
elements like copper for example may accumulate in the liver with no
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untoward effects (Braide & Anika, 2007; Ochei & Kolhatkar, 2000). Elements
like manganese depend on ingestion procedure and are usually low in
concentration, being slowly absorbed in the gastrointestinal tract (Weigand,
Helbig, & Kirchgessner, 1986). It is pertinent to note that the perseverance of
an element in a tissue or organ suggests that the element may have high half-
life (Duffus, Worth, & Renwick, 1996; Vander Zanden, Clayton, Moody,
Solomon, & Weidel, 2015). In terms of clay decontamination, ethanol and
heat have been determined to be effective in reducing bioburden in clay
samples for cosmetic use (Favero, et al., 2016). Furthermore, clay materials
have been applied in remediating industrial solid waste (Taghipour & Jalali,
2018), metal polluted soil through sorption (Ghorbel-Abid & Trabelsi-Ayadi,
2015), liming, precipitation (Xu, et al., 2017) and even as composites (Yadav,
Gadi, & Kalra, 2019; Ray, Shabtai, Teixido, Mishael, & Sedlak, 2019). Some
studies have also shown that trace metals can be transferred from the soil to
the plant (Gupta, et al., 2019) and even food (Rai, Lee, Zhang, Tsang, & Kim,
2019) when irrigated by wastewater (Tijani, 2009; Nzediegwu, et al., 2019).
Significant levels of trace metals have been found in a number of aquatic
organisms in South Western Senegal’s mangrove swamps (Bodin, et al., 2013)
and along the Thigithe river of Tanzania (Mataba, Verhaert, Blust, &
Bervoets, 2016). However, trace metal contamination of wheat crop by soil
infused brewery spent diatomite sludge (BSDS) in Ethiopia implied
insignificant human health risk (Dessalew, Beyene, Nebiyu, & Astatkie,
2018). Previous studies by the first author have reported concentrations of
various metals in clay from Enyigba in Ebonyi state Nigeria (Ogah & Ikelle,
2015a; Ogah, Akpomie, & Nwite, 2016) as well as concentrations of Ca, Mg
and Fe in brain, kidney, blood and heart tissues of rabbits treated with edible
clay from Enyigba, Ebonyi State, Nigeria (Ogah, Ikelle, Ngele, & Elom, 2015;
Ogah & Ikelle, 2015b). Therefore, this study aimed at investigating: (i). The
kinetics of Copper (Cu), Manganese (Mn), and Nickel (Ni) in tissues and
organs of rabbits given different doses of edible clay obtained from Enyigba
in Ebonyi State, Nigeria, (ii).Whether the Copper (Cu), Manganese (Mn), and
Nickel (Ni) constituent of clay would be absorbed into tissues and organs of
animals following oral therapy, (iii). If Copper (Cu), Manganese (Mn), and
Nickel (Ni) concentrations in the absorbing organs and tissues would depend
on the amount of clay consumed by the animals, (iv). If the absorbed metals
can be cleared from the system over time or permanently bound to tissues and
organs of the experimental animals. This will help in determining the
environmental health implication of consumption of these trace metals in
edible clay found in the study area.
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Experimental:
2.1  Collection of samples

Samples of clay were bought from women hawking the clay for
consumption as they were coming out from Enyigba mining site. This was to
ensure that what is administered is actually what is consumed by the people,
since it would have invariably been sold for human consumption.
Experimental rabbits were New Zealand breeds bought from a farm in Zaria,
Kaduna State, Nigeria. They were handled according to permit from Ethical
committee for Biomedical Research Involving Animals of Federal University
of Agriculture Makurdi Benue State Nigeria. All the animals were females and
between 6 months and 8 months old and therefore considered adult. Fifty nine
of them were used after acclimatization for two weeks in the laboratory. Each
animal was weighed and clearly labeled. The animals were fed with grasses
(Imparata cylindrica) and vegetables (Amaranthu hydradus).

2.2 Acute toxicity study

Dixon (Dixon, 1991) revised method of up and down was used to
determine the safety dose of the clay to be administered to the animals after
fasting them over night and allowing them to drink water before the study.
LD50 was done by giving each animal 1000, 2000, S3000, 4000 and 5000
mg/kg body weight of edible clay (USEPA, 1998).

2.3 Kinetics of the clay constituent in rabbits

Fifty four (54) rabbits were used for this study. They were divided into
three groups. Group 1 was administered 2000 mg/kg body weight of freshly
made paste of clay while Group 2 was administered 4000 mg/kg body weight.
Group 3, was control and was not dosed. All the groups were fasted prior to
the dosing but water was provided ad-libitum in plastic bowels. The fine
weighed powder was made into paste by adding 10 mL of distilled water just
enough to allow easy administration with cannula tube. After dosing all the
animals were continuously fed with grass and vegetables and water ad libitum,
but in different containers in different cages. Group 3 was administered with
distilled water only from the source used for constitution of the paste of the
clay sample. The animals were observed for any clinical behavior.

2.4  Collection of tissue and blood samples

Three animals from each group were sacrificed each day of sample
collection. Samples of brain, heart, liver, kidney, lungs, skeletal muscle and
blood were collected from the sacrificed animals. Samples were collected on
the following days post-treatment with clay: 1st day, 2nd day, 4th day, 6th
day, 8th day and 10th day (Ogah et al., 2016). The work area and instruments
were thoroughly cleaned with distilled water between sacrifice to avoid
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contamination from the previous collection. The tissue samples were put in
plastic bags and stored in refrigerator below -10°C until analyzed. Heparin
was used as anticoagulant for blood samples.

2.5  Digestion of tissue samples

The tissues were dried to a constant weight in an oven at a temperature
of 60°C. One gramme of the dried tissue was weighed into a conical flask.
Fifteen (15) cm® of freshly prepared aqua-regia was added followed by gradual
addition of 20 cm® of 20% H,0.. The aqua-regia was employed to solubilize
the metal while the H,O> was to oxidize the tissue. The mixture was placed on
hot plate at 80°C for 2 hours. The solution was allowed to cool, then filtered
and made up to 100 cm® in a volumetric flask. The filtrate was refrigerated
until further analysis.

2.6 Determination of metals in tissue and blood sample using atomic
absorption spectroscopy (AAS)
The sample solutions were in turn was aspirated for each suspected
element in triplicate at wavelength for each element. The concentration of the
analyte in the sample was recorded from read out device of the bulk AAS.

2.7  Blank preparations
The Blanks were made by taking 15 mL of aqua-regia with 20 mL of
20% H,0> in 100 cm® volumetric flasks and made up to the mark with distilled
water. This solution was aspirated into the flame of AAS and concentrations
recorded at wave length of each suspected analyte. Solutions of control were
in turn run for each suspected element just like the sample. The concentrations
were recorded. The values, where applicable, were subtracted from the value
for the corresponding sample. The Kinetic analysis of experimental data
obtained from tissues and organs was performed using a mean value by
standard procedures (Gibaldi & Perrier, 1982). The elimination rate constants
also were determined. Half- life was obtained using the formula:
t12 = In2 = 0.693 (1)
k k
Where K is the elimination rate constant and ti is the half-life.

2.8  Statistical analysis

The data collected were presented as mean + or - standard error mean.
One way analysis of variance (ANOVA) was used in analyzing the differences
between the means. P values less than 0.05 were considered significant
(Armitage, Berry, & Matthews, 2001). Graphpad Instat (R) version 3.0 and
Microsoft Excel 2013 were used in analyzing and presenting the study results.
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Results and discussion:
3.1  Post-treatment concentrations of Cu, Ni and Mn in tissues and organs
of rabbits treated with edible clay
The experiment was done for 10 straight days but only 6 of those days
are reported here as they showed the most relevance. On day 1 post-treatment,
the Cu levels in the various tissues and organs of rabbits dosed with 2000
mg/kg of edible clay ranged between 8.25 pg/g and 0.00 pg/g; the highest
levels were in the heart, kidney and brain (see table 1). Similarly, results from
day 1 post-treatment for animals treated with 4000 mg/kg dose showed that
highest levels were in the liver (16.31+ 1.09 pg/g), kidney (11.79+ 1.18 pg/g)

and brain (11.79+ 1.18 pg/g).

Table 1. Mean (+ SE) Cu post-treatment Concentration in tissues of rabbits orally treated
with doses of 2000 mg/kg of body weight and 4000 mg/kg of body weight.

Dose Cu concentration in tissues and organs (ug/g)
(mg/k  Brain Heart Kidney Liver Lungs Skeletal Blood
g) Muscle
2000 7.08 + 943 + 825 + 1533 + 6.90 + 354 + 0.00
4000  0.002 2.36° 1.18? 1.182 0.18? 0.00? 0.00
1179 + 959 + 1179 + 1631 + 1016 + 7.08 + 3.54
1.18! 3.24? 1.18? 1.09! 0.00? 0.00? 0.00
2000 3.54 + 472 + 354 + 472 + 0.00 + 118 + 0.00
4000  0.00° 1.18° 0.00? 2.36° 0.00° 1.18° 0.00
7.08 + 7.08 + 828 1061 + 472 + 354 + 0.00
0.00? 0.00? +3.102 2.04 1.18° 2.041 0.00
2000  3.54 + 374 + 354 + 487+133 0.00 £ 0.00 <+ 0.00
4000  0.00° 0.20° 0.00? 9.43+1.18' 0.00 0.00 0.00
7.08 + 7.08 + 825 354 + 354 £+ 0.00
0.00? 0.00? 1.18! 0.00 0.00 0.00
2000  0.00 + 354 + 236 + 0.00£0.00 0.00 £ 0.00 <+ 0.00
4000  0.002 2.04° 1.18° 3.54+0.00 0.00 0.00 0.00
0.54 + 4.72+11 354 354 + 354 £+ 0.00
0.00* gt 2.04 0.00 0.00 0.00
a, b = values for low dose along the same column differently superscript, differ significantly
(p<0.05).

1, 2 = value for high dose along the same column differently superscript, differ significantly
(p<0.05).

On the tenth day post-treatment, there was absence of Cu in the brain,
liver, lung, skeletal muscle and blood of each the rabbits treated with 2000
mg/kg dose. In the case of blood, Cu was only obtained at day 1 post-treatment
of the edible clay at 4000 mg/kg. Post-treatment concentration of Ni in various
tissues and blood of rabbits dosed with edible clay is shown in table 2. The
blood had the highest concentrations of Ni in both the 2000 mg/kg and 4000
mg/kg doses, particularly at day 1 post-treatment (221.59+17.05 pg/g and
231.20+14.10 pg/g for 2000 and 4000 mg/kg doses respectively).

209

I+

I+

I+

I+

I+

I+

I+

I+



P< o Qg

-

Table 2. Mean (+ SE) Ni post-treatment concentration in tissues of rabbits orally treated
with doses of 2000 mg/kg of body weight and 4000mg/kg of body weight.
Dose  Ni concentration in tissues and organs (Lg/g)

(mg/k  Brain Heart Kidney Liver Lungs Skeletal Blood
g) Muscle
2000 11440 + 125.00 + 130.68+1 136.36 + 113.64 + 15341 + 221.59
4000  4.92° 11.36 5.032 0.00° 15.03? 19.68? 17.05%
14770 £ 14770 + 15341 + 15340 + 158.33 + 18249 * 231.20
15.00! 22.70? 9.84! 17.00* 6.10* 6.04! 14.10*
2000 7955 + 8523 + 9091 + 125.00 + 9091 + 11364 + 198.86
4000 5.68° 0.00° 5.68b? 15.03? 15.03? 5.68° 11.36°
142.00 + 136.40 + 142,05 + 136.3 6+ 113.60 * 142.00 = 210.23
22.70 17.00* 5.68! 0.00? 11.40t 20.50! 5.68!
2000 7955 + 8523 + 8523 + 11931 + 7955 + 8523 + 159.85
4000 5.68° 0.00? 0.00° 17.052 5.68? 0.00° 14.472
130.70 + 130.68 + 113.64 + 130.70 + 113.60 + 119.32 + 203.80
31.60* 5.682 5.68! 15.00! 11.40t 0.00? 26.80!
2000 738 + 6818 + 6856 + 6818 + 5114 + 5682 + 125.76
4000  5.68° 0.00? 0.38° 0.00° 9.842 5.68? 14.912
96,60 + 9090 + 9091 + 130.68 * 102.27 +* 8523 + 163.50
11.40t 11.40° 5.68! 5.68! 0.00? 0.00? 12.80*
a, b = values for low dose along the same column differently superscript, differ significantly
(p<0.05).

1, 2 = value for high dose along the same column differently superscript, differ significantly
(p<0.05).

These concentrations were observed to decrease with time and on the 10th
day post-treatment, the concentrations ranging of 50 ug/g to160 pg/g were still
detectable in the various tissues and organs of treated rabbits. The high amount
of Ni present in these tissues and blood may be due to increased uptake of the
element by organs and tissues involved (Fosso-Kankeu et al., 2015).
Moreover, biological systems are known to possess mechanisms for
absorption, transportation, storage and excretion of toxins (Bisi-Johnson,
Oyelade et al., 2013). This study has shown that the liver acted as the main
accumulator of the elements. The observed high concentrations of these
elements in the liver are probably related to their effective absorption from the
gastro-intestinal tract and the ability of the liver to store them may have
potential carcinogenic consequences (Popoola et al., 2018). However, edible
clay is consumed significantly in many parts of southeastern Nigeria with all
alacrity (Kelle et al., 2014) due to perceived therapeutic properties (Abrahams
& Parsons, 1996). Detectable levels of Mn were observed in the various tissues
and blood of treated rabbits except in the blood from day 6 post-treatment for
animals treated with 2000 mg/kg and from day 8 in those treated with 4000
mg/kg (see table 3). The levels of Mn in the various tissues and blood were
not as high as those obtained for Cu and Ni.
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Table 3. Mean (+ SE) Mn Concentration in tissues of rabbits orally treated with doses of
2000 mg/kg body weight and 4000mg/kg body weight.
Dose  Mn concentration in tissues and organs (Lg/g)

(mg/k  Brain Heart Kidney Liver Lungs Skeletal Blood
g) Muscle
2000 7.53 + 7.46 + 7.80+1.14 1399 + 5.60 + 7.46 + 3.73 +
4000 0.87? 4.942 a 4.85% 2.80? 4.07° 0.93°
1213 + 1026 + 1399 + 1959 + 1586 + 9.73 + 7.46 +
3.73 1.87* 1.62 5.83 0.93 2.07* 0.93?
2000 4.66 + 4.66 + 466 + 1226 + 3.73 + 2.80 + 2.80+1.62%
4000 1.87° 1.872 2.472 0.87° 1.872 0.00° 6.53 ik
9.33 + 8.40 + 746 + 1493 + 1213 + 840 + 0.93
0.93? 1.622 0.93? 0.93! 3.73 1.62*
2000 1.87 + 2.80 + 187 + 6.53 + 1.87 + 0.93 + 0.00+0.00
4000 0.93% 1.622 0.93° 1.872 1.872 0.93° 6.53 +
5.60 + 373 + 560 + 840 + 7.46 + 7.46 + 093
4.27 1.872 3.23 1.622 2.47* 0.932
2000 0.00+0.00 0.00+0.00 0.00 + 1.87 + 0.00+0.00 0.00+0.00 0.00+0.00
4000 2.80+0.00 2.80 + 0.00 1.872 3.73 + 2.80 + 0.00+0.00
1.621 1.87 + 4.66+247> 247 2.80*
0.932
a, b = values for low dose along the same column differently superscript, differ significantly

(p<0.05).
1, 2 = value for high dose along the same column differently superscript, differ significantly
(p<0.05).

The concentrations of Mn in the rabbits treated with 4000 mg/kg were
higher than those treated with 2000 mg/kg body weight at p < 0.05 level of
significance. The low levels of Cu and Mn found in the various tissues
following oral administration may be an indication of their low concentrations
in the clay (Ogabh et al., 2015) which supports the reasons for consumption of
edible clay in many parts of the world (Grigsby et al., 1999; Woywodt & Kiss,
2002; lzugbara, 2003; Kikouama & Balde”, 2010; Njiru, Elchalal, & Paltiel,
2011; Nyanza et al., 2014; Lar et al., 2015). However, the presence of these
elements in the brain, heart, and skeletal muscle of each of the rabbits is
interesting. Extensive amounts of Ni, was obtained in these tissues. The
presence of these elements in the brain and skeletal muscle may be an
indication of the ability of these elements to cross physiological barriers
(Richardson, 2002; Baqui et al., 2004; Tateo et al., 2006; Kikouama et al.,
2009). The organs of the body, which are moderately supplied with blood such
as heart and lungs, also contain high levels of Ni. The higher presence of Cu
in the livers compared to other sampled tissues indicates that some elements
may normally not have untoward effect on animals (Ochei & Kolhatkar, 2000;
Braide & Anika, 2007) and even human health (Dessalew et al., 2018). This
is why many studies have focused on metallic uptake by plants (Yang et al.,
2017; Ondrasek et al., 2018; Sharma et al., 2018; Hattab et al., 2019; Khawla
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et al., 2019; Mtisi & Gwenzi, 2019; Papaioannou et al., 2019) since these
plants may ultimately end in up animal and human systems. The lower
concentration of Cu in the organs and tissues of the treated rabbits compared
to Ni may be as a result of limited absorption of Cu from the gastro-intestinal
tract (Duffus et al., 1996). The sampled organs and tissues in the present study
were observed to contain concentrations of manganese. The presence of this
element in these tissues may be due to increased uptake of the element by
organs and tissues involved. The low level of manganese in the various organs
and tissues of treated rabbits compared to Ni may be due to the level of the
element in the edible clay. Manganese absorption from the gastrointestinal
tract is known to be low and depends on the level of intake (Weigand et al.,
1986).

3.2 Elimination rate constant of Cu, Ni and Mn in tissues and organs of

rabbits treated with edible clay

The highest elimination rate constant for Cu was in the liver of each
animal with the values of 1.52 ug per day in the rabbits given 2000 mg/kg
edible clay, and 1.43 g per day in those treated with 4000 mg/kg edible clay
(see Figure 1). The rate of elimination of Cu from the heart, liver, lungs, and
skeletal muscle of each animal were higher at p<0.05 in the animals treated
with 2000 mg/kg compared to those treated with 4000 mg/kg dose. Cu was
not detected in the blood of rabbits given 2000 mg/kg of clay, the elimination
rate constant, therefore could not be calculated. As shown in Figure 1, the
highest rate constant of elimination for Ni was in the skeletal muscle which
had values of 9.74 pg/day and 10.10 pg per day in animals given 2000 mg/kg
and 4000 mg/kg edible clay respectively.
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1= pg/day for Cu (2000mg/kg) 3 = pg/day for Ni (2000mg/kg)
2 = pg/day for Cu (4000mg/ke) 4 = pg/day for Ni (4000mg/kg)

5 = ug/day for Mn (2000mg/kg)
6 = png/day for Mn (4000mg/kg)

o

2 4 6 8 10 12

H Blood SKkeletal muscle ®Lungs ¢~ Liver ®Kidney ®Heart ®Brain

Figure 5. Elimination rate constant of Cu, Ni and Mn in tissues and organs of rabbits
treated with 2000 mg/kg body weight and 4000 mg/kg body weight of edible clay.

It is also imperative to note that the values for Ni were higher than the
other elements studied. The elimination rate constants of Mn in the various
tissues of animals treated with the edible clay at 4000 mg/kg were higher at
p<0.05 than in those treated with the clay at 2000 mg/kg except the skeletal
muscle with the rate constants of elimination of 0.893 pg/day and 0.858 g
per day respectively. The slow elimination of Cu from the sampled tissues is
substantiated by the fact that the half-life of elimination of Cu ranged between
0.594 and 1.543 days after 2000 mg/kg clay administration, and 0.485 to 2.864
days in tissues of animals given 4000 mg/kg edible clay. This is in agreement
with literature that points out the dangers of excessive concentrations of
copper in the body, especially the liver (Braide & Anika, 2007) which may
have pernicious consequences (Gupta et al., 2019; rai et al., 2019; Nzediegwu
et al., 2019). The enhanced half-life of elements may be a reflection of
increased tissue sequestration, prolonged absorption and or presence of
complexing compound in the clay (Duffus et al., 1996; Vander Zanden et al.,
2015). It also indicates how widely the elements were distributed or increased
serum protein or tissue binding of the elements which limits their distribution
to excretory organs. This supports the assertions that clay can be utilized for
decontamination (Favero, et al., 2016), and remediation purposes (Ghorbel-
Abid & Trabelsi-Ayadi, 2015; Xu et al., 2017; Taghipour & Jalali, 2018;
Yadav et al., 2019; Ray et al., 2019).
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3.3  Half-lives (t12) of Cu, Ni and Mn in tissues and organs of rabbits
treated with edible clay
Figure 2 shows elimination half-lives of the studied metals in various
organs and tissues of the rabbits studied. Of all the metals analyzed, Copper
(Cu) generally appears to have the highest half lives in the various tissues and
organs especially in the blood, skeletal muscle and kidney. This is in line with
Ochei & Kaolhatkar (2000) on the tendency of copper to remain for a while
after ingestion in a biological system.
Cu (2000m g/kg body weight)
Cu (4000mg/kg body weight)
=N (2000mg/kg body weight)
Ni (4000mg/kg body weight)
e VN (2000mg/kg body weight) 3
o= \n (4000mg/Kg body weight)
Blood 15 Heart

Skeletal Muscle Kidney

Lungs Liver

Figure 6. Half-life (t12) elimination in days of Cu, Ni, and Mn present in the various organs
and tissues of rabbits treated edible clay.

The half-lives of Ni in the heart, liver, lungs and blood of rabbits
treated with the edible clay at 4000 mg/kg were higher than the half lives of
those treated with 2000 mg/kg dose. The highest half-lives of Ni were recorded
in the livers of 4000 mg/kg treated rabbits. The highest half-lives for Mn were
obtained from the blood of rabbits treated with edible clay at 2000 mg/kg. This
was followed by the half-lives in the lungs of rabbits given clay at 2000 mg/kg
body weight. The half-lives of the elements in the sampled tissues were
indications of the lengths of time each of these elements will be retained in a
particular organ or tissue. The high half-life of an element in a tissue or organ
indicates the persistence of that element in that particular tissue (Duffus et al.,
1996; Vander Zanden et al., 2015).

Conclusion
The results of the study showed that:
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Cu, Ni and Mn were well absorbed and distributed in tissues and
organs of rabbits treated with edible clay with some residues detected
ten days after oral administration of the clay, though quite
disproportional (p < 0.05), with low concentrations of Cu found mostly
in the livers, kidneys and brains of treated rabbits.

Ni had the most post-treatment concentration level in tissues and
organs of treated rabbits than Cu and Mn. Post-treatment
concentrations of Mn were lower than those of Cu and Ni with no
concentrations found in the blood from between 6 and 8 post-treatment
days.

The concentrations of Cu, Ni and Mn in the tissues and organs were
found to depend on the amount of clay orally administered to the
animals.

Edible clay from Enyigba in Ebonyi State, Nigeria was observed to
have low acute toxicity when given orally, since the administration of
5000 mg/kg to rabbits orally produced no ill-effect.

The increased half-lives indicate the persistence of these elements.
However, the elimination rate constants implies that a single those
therapy of the metallic constituent of edible clay can be cleared from
tissues and organs with respect to Cu, Ni and Mn.

Further investigations are required in terms of identifying possible
microbial toxins apart from metals that may be found in edible clay
from Enyigba in Ebonyi State Nigeria.
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