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ABSTRACT

This study investigated the ameliorative role of combined Citrus sinensis and Manihot esculenta
leaf extract in Cadmium toxicity in the kidney and liver of Wistar Rats. Extracts of cassava and
orange leaf were obtained using standard protocols. Twelve adult female rats (165+2g)divided
into 3 groups were treated as follows: Group 1(Control group): given only normal rat feed and
drinking water; Group 2(Cd group (received): given a Cd (30mg/kg body weight).orally on first
day and normal rat feed and water for the remaining days; Group 3(Cd + combinedleaf extract
group): given Cd as in Group 2 above and combined extract at a dosage of 200mg/kg body
weight orally everyday forl4 days. They also received normal rat feed and water.A marked
reduction in alanine amino transferases (ALT), aspartate aminotransferase (AST), Lactate
dehydrogenase (LDH) and alkaline phosphatase (ALP) activities in the liver upon exposure to
Cd with a corresponding upsurge in the activities of these enzymes in the serum was observed. In
addition, Cd exposure led to significant rise in the levels of urea, creatinine and electrolytes in
the serum. However there was significant amelioration in these parameters upon treatment of Cd-
ingested rats with the combined leaf extract. This study showed that Cd induces hepato and
nephro-toxicities in experimental animals but Manihot esculenta and Citrus sinensis leaves can
be employed together in the amelioration of hepatic and neprotic injuries occasioned by Cd
exposure.

KEYWORDS:Citrus sinensis, Manihotesculenta; Cadmium-toxcity, Amelioration, Liver,

Kidney

1. INTRODUCTION

The fact that.the environment in which humans live is polluted by chemicals and heavy metals,
due largely to increased anthropogenic activities, has been echoed and reechoed by researchers
[1-3]. One of such heavy metal that is of great concern to the scientific community is Cadmium
(Cd), which has deleterious toxicological effects in plants and animals because it can bio-
accumulate in tissues [4-7]. It blocks the activity of enzymes and biological processes that

require zinc, calcium and magnesium; it instigates oxidative stress, depletes tissue antioxidants



and induces peroxidation of membrane lipids [8-10]. Furthermore, mutations, cancer, and
apoptosis have been attributed to Cd toxicity[11,51,52,53,54].

Humans are usually exposed to Cd via ingestion and inhalation[1, 12]. It has been proven that
the kidney and liver are the twoprincipal organs in which Cd toxic effects are manifested
resulting in disturbance of normal function of hepatic enzymes, damage of tubules, liver
diseases, renal failure and osteoporosis[13-15].

The toxic effects of Cd as well as those of other heavy metals can be ameliorated by plant
extracts and natural substances with adequate antioxidant properties that can subdue reactive
species instigated by Cd[16, 17]. Plants contain abundant bioactive molecules such as
anthocyanins,phenolics,flavonoids,tocopherols,vitamins,minerals, carotenoids,lignins and
tannins which offer protection against damage by reactive species such as hydroxyl radical and
hydrogen peroxide[18, 19]. Over the years, progresses in discovery of novel pharmaceuticals
have relied heavily on phytochemicals in_plants [20, 21]. These bio-molecules are present in
significant quantities in the leaves.of Manihot esculenta (cassava) and Citrus sinensis(sweet
orange) [22-23].

Cassava root is an impertant agro-industrial component derived from cassava. However, cassava
leaves, which are:left over in substantial amounts have limited utility backed by scientific data,
though. they “have been used traditionally in relieving headache, sores, fever, and other
diseases[23, .24]..C. sinensis leaf is an invaluable source of vitamins and other antioxidants, is
eaten worldwide, and is used traditionally for the management of cramps,anxiety,obesity,
cough,constipation, diarrhea and hypertension, but if left over may pollute the environment and

become breeding ground for insects[25].



Therefore, toprovide sound backing to the judicious utilization and optimize the potentials of
cassava and orange leaves, scientific data as regards their bioactivity, antioxidant prowess and
health benefits are needed[26, 27].Also, although polyherbal preparations have been proven to
give better results than single plant extracts [28], studies on their use in ameliorating Cd toxicity
are scarce. To this end, this study evaluated the ameliorative influence of combined Citrus
sinensis and Manihot esculenta leaves extract in Cd-mediated toxicity in-the kidney and liver

ofWistar rats.

2. MATERIALS AND METHODS

2.1 Experimental Area

The experiment was carried out at the Biochemistry Laboratory of Edwin Clark University
located in Kiagbodo town, Delta State, Nigeria

2.2 Chemical and Reagents

The chemicals and regents used were of high standard. Assay kits manufactured by Randox
Laboratories Ltd, U.K. were used for the biochemical assays.

2.3 Collection and Handling of Plant Leaves

Citrus sinensis andManihotesculenta leaves were collected from a local farm in Kiagbodo, Delta
State, .Nigeria and were identified botanically (ECU/04/2023). After sorting the leaves to
eliminate dead matter and debris, they were dipped in clean water for further cleaning.
Thereafter, they were removed from the stalk and dried under shade for 2 weeks. The dried
leaves were thereafter grounded into fine powder using an electric blender. The grounded leaves
were kept in sealed container until further use.

2.4 Extraction Process



Simple maceration technique was utilized in the extraction of bio-molecules from the plant
leaves. Exactly 200g of the grounded plants was immersed in 500ml of ethanol for duration of 2
dayswith temperature maintained at 25°C. The mixture was stirred from time to time. Thereafter,
it was filtered withwhatmann filter paper. Ethanol in the filtrate obtained was removed with the

aid of a rotary evaporator to yield a viscous extract used for the study.

2.5 Experimental Animals

Twelve female Wistar rats with average weight of 165g were used in the study. They were
procured from the animal center of theFaculty of Basic Medical-Sciences in Delta State
University, Abraka, Delta State, Nigeria and transported to the animal research center of Edwin
Clark University, Kiagbodo Delta State, where they were allowed to acclimatize for one week
before the experiment began. The handling of the ratsfollowed acceptable international animal

care procedures and protocols

2.6 Experimental Design

With four rats in a group, the rats were randomized into 3 groups and treated as stated below for
two weeks:

Group.1 (Control group): given only normal rat feed and drinking water

Group 2(Cd. group (received): given aCd(30mg/kg body weight) orallyon the first day of the
experiment.and normal rat feed and water for the remaining days

Group 3(Cd + combined leaf extract group): given Cd as in Group 2 above and combined
extract at a dosage of 200mg/kg body weight orally everyday for 14 days. They were also given

normal rat feed and water.



2.7 Sample Collection
After two weeks of administration the animals in each group were sacrificed with an anesthesia
(di-ethyl). Blood and tissue samples were collected and processed for biochemical assays using

standard laboratory protocols.

2.8 Biochemical Tests

Serum Kidney and liver function indicators such as serum total. protein (TP), aspartate
aminotransferase (AST), alkaline phosphatase (ALP), lactate dehydrogenase (LDH), alanine
aminotransferase (ALT), creatinine, urea, and electrolytes (sodium and potassium) were assayed
using standard methods as shown in Table' 1.

Table 1:Kidney and Liver Function Indicators Assay Methods

Assay Authority Principle/Remark

Total Protein [29] In a medium with high pH, cupric ions, interact
with protein peptide bonds to yielda coloured
complex equivalent to the protein in the sample.

LDH [30] LDH catalyses the formation of lactate from
pyruvate along with the production of NAD from
NADH

ALT [31] ALT is assayed by monitoring the amount of

pyruvate hydrazone formed with 2, 4-dinitrophenyl
hydrazine at a wave length of 546nm (530-550nm).

AST [31] AST is measured by monitoring the concentration
of oxalocetatehydrazone formed with 2, 4-
dinitrophenylydrazine at a wavelength of 546nm.

ALP [32] ALP catalyses the release of P-nitrophenol when
P-nitrophenylphosphates reacts with water.

Urea [33] Ureasecatalyses the breakdown of Urea to ammonia

Creatinine [34] Creatinine in solution with high pH reacts with
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picric acid to form a coloured complex, which is
equivalent to the quantity of creatinine in the
sample
Sodium and
Potassium Randox Assay
Kits

2.9 Statistical Analysis

The results that wererecorded from this study were analyzed by analysis of variance (ANOVA)
and LSD (least significant difference) test to reveal the significant difference between the mean
values of the measured parameters in the respective groups. A significant change was considered
acceptable at p<0.05.Results of the biochemical estimations.are reported as mean + SD of

triplicate readings.

3. RESULTS

3.1 Ameliorative influence-of combined Citrus sinensis and Manihot esculenta leaves extract
in cadmium-mediated toxicity in the liver of Wistar Rats

The ameliorative influence of combined Citrus sinensis and Manihot esculenta leaves extract on
the activities of aminotransferases in the serum and liver of Cd treated rats is presented in Table
2. A marked reduction in the activities of both transaminases (ALT and AST) in the liver upon
exposure to Cd (Group 2) was seen as compared to the un-exposed rats (Group 1). Conversely,
an upsurge in the actions of both transaminases was witnessed in the serum of rats Cd-ingested
rats (Group 2) in relation with the control (Group 1). The result indicates that exposure to Cd
caused a lowering in the actions of the enzymes in the liver, but instigated an enhancement of

their activities in the serum.



The activities of both transaminases measured in the serum of Cd-exposed rats treated with the
combined leaf extract (Group 3) was markedly lower than that of rats given only Cd (Group 2).
Conversely, the activities of the enzymes in the liver of rats given the extract (Group 3) were
strikingly higher than Cd-exposed rats that did not receive the extract (Group 2). The inference
from this result is that the management of rats given Cd with the extract causes a lowering of the

activities of the transaminases in the serum but increased their activities in the liver.

Table 2: Ameliorative influence of combined Citrus sinensis and Manihot esculenta leaves
extract on the activities of aminotransferases in the liver and serum of Cd treated rats

Groups ALT (U/L) AST (U/L)

SERUM LIVER SERUM LIVER
1 (Control) 4515+1.20°  84.23+2.23° 30.66 + 1.82*  92.40 +2.41°
2 (Cd) 81.04 +2.01° 39.54 + 1.76" 62.01 £2.24°  42.20+212°
3 (Cd + Extract) 50.66 +1.11° 51.32 + 1.88° 42.04+1.22°  90.43 +3.02°

Dataisshown as mean + standard deviation (SD). Figures shown in the same column having
different alphabetical superscripts are appreciably different from each other at p<0.05.

The ameliorative role of combined Citrus sinensis and Manihot esculenta leaves extract on the
activities of<alkaline phosphatase (ALP) and Lactate dehydrogenase (LDH) in the serum and
liver of Cd treated rats is presented in Table 3.

The activities of ALP and LDH in the serum and liver of control rats were 242.33, 279.56,
222.56 and 278.67 respectively. These were appreciably elevated to 405.00 and 274 in the serum
respectively while a reduction in their activities to 184.88 and 110.56 was seen in the liver
respectively. When rats Cd-ingested were administered the extract (Group 3), there was a

marked reduction in the actions of both enzymes in the serum, with a corresponding



amplification in the liver, compared to Cd-exposed rats that didn’t take the extract (Group 2).
The result proposes that Cd toxicity brought about a noticeable amplification in the activities of
LDH and ALT in the serum with a significant decline in the liver. However, administration of
the extract to Cd-ingested rats (Group 3) reversed the Cd-induced modulation in the actions of

the enzymes.

Table 3: Ameliorative Influence of Combined Citrus sinensis and Manihot esculenta leaves
extract on the activities of alkaline phosphatase (ALP) and Lactate dehydrogenase (LDH)
in the liver and serum of Cd treated rats

Groups ALP (U/L) LDH (U/L)

SERUM LIVER SERUM LIVER
1 (Control) 24233 £5.89° 279.56 + 4.45% 22256 +5.34* 278.67+4.83°
2 (Cd) 405.00 +5.84"  184.88+4.67°  274.65+545° 110.56 + 3.34°
3 (Cd+Extract) 295.00 +#4.23% 28222 +5.04° 24558 +4.08° 290.54 + 4.86°

Dataisshown as mean + standard deviation. Figures shown in the same column having different
alphabetical superscripts are significantly different from each other at p<0.05.

The ameliorative role of Combined Citrus sinensis and Manihot esculenta leaves extract on the
levels of total proteinin the serum and liver of Cd-treated rats is presented in Table 4.

The highest protein level of 29.00 was recorded in the serum of rats maintained on Cd alone
(Group 2). This value was significantly higher that total protein levels in the serum of rats in the
control'group and Cd-exposed rats that received the extract (Group 3) an indication that Cd
toxicity caused a rise in total protein levels in the serum. A similar trend was seen in the liver

total protein values, but with better amelioration by the extract.



Table 4: Ameliorative influence of Combined Citrus sinensis and Manihot esculenta leaves
extract on the levels of total protein in the serum andliver of Cd treated rats

Groups TP(g/100ml)

SERUM LIVER
1 (Control) 16.33 + 1.12° 5.23 + 0.56°
2 (Cd) 29.00 +2.10° 7.87 +0.68"
3 (Cd+ Extract) 21.01 +1.23° 5.29 + 0.45°

Dataisshown as mean * standard deviation (SD). Figures shown in the same column having
different alphabetical superscripts are significantly different from each ether at p<0.05.

3.2 Ameliorative Influence of Combined Citrus sinensis and Manihot esculenta leaves
extract in Cadmium-mediated toxicity in-the kidney of Wistar Rats

The ameliorative influence of combined Citrus sinensis.and Manihot esculenta leaves extract on
the levels of urea and creatinine in the serum of Cd treated rats is presented in Table 5.

The Serum urea level in the control rats was 85.3+£6.5. This was significantly elevated (p<0.05)
to 125+5.0 in rats exposed to Cd.(Group 2) and thus Cd administration brought about a
noteworthy increase in serum urea. When Cd-exposed rats were treated with the leaf extract
(Group 3), there was a noteworthy reduction (p<0.05) in the level of serum urea (96.67)
compared to rats exposed to Cd alone (Group 2), indicating that the extract considerably lowered
serum urea levels.

Similarly, the serum creatinine level in the control rats was 0.76+0.12. This was significantly
elevated (p<0.05) to 1.91+0.04in rats exposed to Cd (Group 2) an indication that Cd
administration instigated a noteworthyrise in serum creatinine levels. However, upon treatment

of Cd-exposed rats with the combined leaf extract (Group 3), a marked decrease (p<0.05) in the



level of serum creatinine was noticed (1.3+0.10) compared to rats exposed to Cd alone (Group
2). The inference is that feeding of the extract drastically lowered serum creatinine level in Cd-

exposed rats.

Table 5: Ameliorative Influence of combined Citrus sinensis and Manihot esculenta leaves
extract on the levels of urea and creatinine in the serum of Cd treated rats:

GROUPS Urea (mg/dl) Creatinine (mg/dl)
Group 1 (Control) 85.3+6.5° 0.76+0.12°

Group 2 (Cd) 125+5.0° 1:91+0.04"

Group 3 (Cd+ Extract) 96.67+2.1° 1.3+0.10°

Dataisshown as mean + standard deviation. Figures shown in the same column having different
alphabetical superscripts are appreciably different from each other at p<0.05.

The ameliorative influence of combined Citrus sinensis and Manihot esculenta leaves extract on

the activities levels of serum electrolytes (sodium and potassium) of Cd treated rats is presented

in Table 6.The level of the electrolytes (Na and K) in the serum of rats administered Cd alone

(Group 2) was much higher (p<0.05) compared to that recorded for the control pointing to the

fact that exposure to Cd may have triggered increase in the electrolytes levels. When Cd-exposed

rats were managed with the combined leaf extract (Group 3), there was a pronounced decrease

(p<0.05) in electrolytes level in the serum sodium relative to rats which received Cd but were not

given the extract (Group 2). This shows that the extract markedly lowered serum electrolytes

levels.

Table 6: Ameliorative Influence of combined Citrus sinensis and Manihot esculenta leaves
extract on the levels electrolytes (sodium and potassium) in the serum of Cd treated rats.
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GROUPS Na* K

Group 1 (Control) 24.33+3.5°% 1.3+0.10°
Group 2 (Cd) 72.0045.3° 4.1+0.26"
Group 3 (Cd+ Extract) 48.33+3.51° 2.3+0.31°

Dataisshown as mean + standard deviation. Figures shown in the same column having different
alphabetical superscripts are appreciably different from each other at p<0.05.

4. DISCUSSION

In this study Cd toxicity in the liver was witnessed in noteworthy reduction in the activities of
ALT, AST, LDH and ALP in the liver accompanied with an increase in their activities in the
plasma. Cd also caused marked increase in levels of total'protein in the liver. These results agree
with the report of several similar findings on Cd toxicity [4, 10, 35-37]. ALT and AST are key
enzymes needed in the metabolism of amino acids in the liver, whose upsurge in the plasma has
been tied to damage of hepatic membrane — an indication of hepatic injury [4, 39]. According to
Renuka et al. [38], necrosisof liver cells leads to an increase in their membrane permeability and
subsequent leakage of their contents into the plasma. It has been shown previously that because
the liver, as well as, the kidney are rich in metallothionein, they are primes sites of Cd bio-
accumulation and hence its toxic effects[4, 40-42].

The kidney:participates actively in maintaining homeostasis and in the process of detoxifying
and subsequent removal of toxicants and other waste products. This makes it a prime target of
heavy metal poisoning. Cd is international recognized as a nephro-toxicant[43]. Thus it was not

surprising that in this study, animals exposed to Cd had significantly higher levels of serum urea,
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creatinine and electrolytes (Na* and K), which are indices of kidney damage and it is in
agreement with the report of other researchers [44]. Increase in serum levels of creatinine and
urea have been linked to a number of reasons, chief of which is their ineffective removal from
the circulatory system due to impairmentof renal tubular and glomerular functions [41, 45].As
noted by Schnellman and Kelly[46], Cd-induced peroxidation of membrane lipids decreases
membrane fluidity, which can shift Na-K ATPase from their normal positions with electrolyte
imbalance as the resulting consequence.This also confirms the assertion by Patra et al. [47] that
alterations in transport pathways is one way through which Cd toxicity is manifested.

The combined extract employed in this study displayed abundant ameliorative action against
cadmium-induced hepato-nephrotic damage, since it brought the actions of ALT, AST, ALP and
LDH as well as the amounts of total protein, urea, creatinine, sodium and potassium to normal.
This positiveeffect might not be unconnected to the antioxidant activity of the extract as
demonstrated in a previous study [10, 48]. Both plants have been shown to contain significant
quantities of flavonoids,carotenoids.and other-useful phytochemicals that can shield cells from

the harmful effects of free radicals and chelate heavy metals [27, 48-50].

5. CONCLUSION

In conglusion, the result of the study depicted that cadmium exposure causes hepato and nephro-
toxicities in.experimental animals but the combined extract of Manihot esculentaand Citrus
sinensis leaves effectively ameliorated the Cd-induced damage. Thus the leaves of Manihot
esculentaand Citrus sinensiscan be deployed together in the amelioration of hepatic and neprotic
injuries occasioned by Cd exposure. More studies are however required to spotlight the specific

mechanisms of this amelioration as well as the specific biomolecules responsible it.

12



Ethical Approval

Animal Ethic committee approval has been collected and preserved by the author(s)

COMPETING INTERESTS

Authors have declared that no competinginterests exist.

Disclaimer (Artificial intelligence)

Author(s) hereby declare that NO generative Al technologies such as Large Language Models
(ChatGPT, COPILOT, etc) and text-to-image generators have been used during writing or editing
of manuscripts.

REFERENCES

1. Rieuwerts J. The Elements of Environmental® Pollution. Routledge. 2015.
http://doi.org/10.4324/9780203798690

2. Balali-Mood M, Naseri K., Tahergorabi Z, Khazdair MR, Sadeghi M. Toxic Mechanisms
of Five Heavy Metals: Mercury, Lead, Chromium, Cadmium and Arsenic.
FrontPharma.2021; 12: 643972.

3. Orororo OC, Efekemo O, Udi OA. Changes in liver histology, hematological parameters
and lipid profile .ofcadmium-exposed rats treated with combined leaf extract of
Vernoniaamygdalina and Occimumgratissimum. Asian J MedHealth;2022.20(11):195-
203

4. Orororo OC, Asagba SO, Oghri E,Egbune EO. Comparative Effect of Garden Egg,
Carrot And Oat On Biochemical Parameters In Cadmium Exposed Rats. Afr J Biochem
Res.2018;.12(3): 28-34

5. Orororo. OC, Asagba SO, Tonukari NJ, Okandeji OJ, Mbanugo JJ. Cadmium-Induced
Testicular -Damage in Wistar Rats: Protective Effects of Hibiscus sabdariffa L.
Anthocyanins. Int J Biochem Res Rev.2018;21(4): 1-8

6. Dong Q, Fei L, Wang C, Hu S, Wang Z. Cadmium excretion via leaf hydathodes in tall
fescue and its phytoremediation potential. Environmental Pollution,2019; 252:1406—
1411.

7. Massanyi P, Massanyi M, Madeddu R, Stawarz R, Luka¢ N. Effects of Cadmium, Lead
and Mercury on the Structure and Function of Reproductive Organs. Toxics.2020;
8(4):94.

8. Buxbaum G, Pfaff G. Cadmium Pigments. Industrial inorganic pigments. Wiley-
VCH. 2013:121-123.

9. Liu YP, Klaassen CD, Habeebu SS.Metallothionein —null mice are more sensitive than

wild-type mice to liver injury induced by repeated exposure to cadmium.2013; 55(1):
223-232.

13



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

Orororo OC, Efekemo O, Clark PD,Ajiri S, Alao V, Orumo B,Eduvie O. Assessment of
oxidative stress indices in the tissues of cadmium-challenged rats treated with
Manihotesculentaand Citrus sinensiscombined leaf extract. J ApplSci Environ Man;
2022; 26 (9):1515-1522.

Kannan M. Cadmium-induced oxidative stress in Saccharomyces cerevisiae. Indian
JBiochemBiophy. 2019; 47 (6): 383-7.

Julin B, Wolk A, Bergkvist L, Bottal M, Akesson A. Dietary cadmium exposure and risk
of postmenopausal breast cancer: A population-based prospective cohort study. 2012;
72(6): 1459-1466.

Satarug S, Vesey DA, Gobe GC. Kidney Cadmium Toxicity, Diabetes and High Blood
Pressure: The Perfect Storm. Tohoku J ExpMed. 2017;241: 65-87.

Morrow H. Cadmium and Cadmium Alloys. Kirk-Othmer Engcyclopedia of Chemical
Technology. John Wiley & Sons. 2017:1-36.

Oyewole OI, Akinbamijo TO. Antioxidative potential of Ageratum conyzoides and
Zanthoxylumzanthoxyloidesextracts in cadmium-induced oxidative stress in rat tissues.
Am J Biomed Res.2015; 3(4): 71-74.

Orhue NEJ, AdaikpohMA. Scopariadulcis protects against hepato-renal damage in rats.
Nig J Sci Environ. 2009; 8: 26-32.

Gaurav D, Preet S, Dua KK. Chronic cadmium toxicity: Treatment with combined
administration of vitamins, amino acids, antioxidants and essential metals. J Food Drug
Analysis.2010; 8 (6): 464-470.

Liu YP, Klaassen CD, Habeebu SS.Metallothionein —null mice are more sensitive than
wild-type mice to liver injury induced by repeated exposure to cadmium.2013; 55(1):
223-232.

Jensen A, Bro-rasmussen F. Reviews of environmental contamination and toxicology.
2015; 124: 101-181.

Moghadamtousi SZ, Kamarudin MNA; Chan CK, Goh BH, Kadir HA. Phytochemistry
and biology of Loranthusparasiticusmerr, a commonly used herbal medicine. Am J Chin
Med. 2014; 42:23-35.

Oladele JO,Olu 10, OyelekeMO, AdewaleOO,AdelojuOE.Annona muricataAttenuates
Cadmium-Induced Oxidative Stress and Renal Toxicity in Wistar Rats. JBiosciAppl
Res.2019; 5(4):543.-550

Mostafa FAA, Salem AA, Elaby SM, Nail NS. Protective activity of commercial citrus
peel extracts against paracetamol induced hepatonephro toxicity in rats. J Chem Bio
PhySci Sec 2016; 6:70-83.

Mota-Guttierez F, O'Brien G. Cassava consumption and the occurrence of cyanide in
cassava in Vietnam, Indonesia and Philippines.Public Health Nutrition, 2019

Achidi AU, Ajayi OA,Maziya-Dixon B,Bokanga M.The Effect of Processing on the
Nutrient Content of Cassava (ManihotEsculentaCrantz) Leaves. J Food Pro Pres. 2019;
32 (3): 486-502.

Oghenejoboh KM, Orugba HO, Oghenejoboh UM, Agarry SE. Value added cassava
waste management and environmental sustainability in Nigeria: A Review.Environmental
Challenges, 2021;4:100-127.

Zahara M, Agustin W,Suci D, Dinar P. The effect of cassava (Manihotesculenta) leaf
extract on COX-2 expression in the neutrophil cell culture exposed to the

14



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

lipopolysaccharide of Escherichia coli (in-vitro study). Padjadjaran J Dentistry. 2019;
31(1): 60-66.

Ekhator OC, Osarumwense EP, Akowe AB, Egbe UJ, Aghedo NO, Omozuwa OP,
Ekhator CM.Antioxidant and chelating effects of Citrus sinensispeel extract on wistar
rats administered with lead and cadmium. J Bio ResBiotech. 2022;20(3):1638-1648.
Caesar LK, Cech NB. Synergy and antagonism in natural product extracts: when 1 + 1
does not equal 2. Nat Prod Rep. 2019, 36, 869

Tietz NW. Carbohydrates. In: Tietz textbook of Clinical Chemistry (6th ed.). Burtis CA
&Ashwood ER., (eds). London: WB Saunders Company. 2008:Pp. 373-383.

Henry B. Clinical Diagnosis and Management by Laboratory Methods. Philadelphia, PA:
W.B. Saunders and Company.1979

Reitman S, Frankel S. Glutamic — pyruvate transaminase assay by colorimetric. method.
AmJ ClinPath.1957; 28: 56-65

Annino JS,Giese RW. Clinical Chemistry. Principles and<procedure, 4th edn. Boston:
Little Brown.1976.

Weatherbur MW. Urea Concentration Estimation in.samples. Analytic Chem. 1967;39:
971.

Bartel H, Bohmer M. Determination of Creatinine in alkaline solution. Clinical
ChemActa. 1972;37:193-196

Asagba SO, Obi FO. A comparative evaluation of the biological effects of environmental
cadmium contaminated control diet and laboratory cadmium supplemented test diets.
Biometal. 2005; 18:155-161

Adaikpoh MA,Orhue NEJ. Cadmium-induced “hepatorenal-toxicity in rats: Possible
ameliorative effect of Talinumtriangulare; NISEB J. 2012: 12(1): 21-26

Abnosi MH, Golami S. Cadmium chloride treatment of rats significantly impairs
membrane integrity of mesenchymal stem cells via electrolyte imbalance and lipid
peroxidation, a possible explanation of Cd related osteoporosis. Iran J Basic Med Sci
2017; 20:280-287.

Renuka M, Suneetha Y, Srinivasulu Reddy M. Cadmium induced oxidative stress in
wistar rats: Ameliorative effect of quercetin and embilicaofficinalisplant extracts. Toxicol
Forensic Med OpendJ. 2017; 2(1): 26-35.

Kaplan -MM. ,Serum alkaline phosphatase—another piece is added to the puzzle.
Hepatology. 1986; 6:526-528.

Hollis L, HogstrandC, WoodCM. Tissue specific cadmium accumulation, metallothionein
induction, and tissue zinc and copper levels during chronic sublethal in relation to the
season, age, and sex in the West Slovakian Lowland. J EnvironSci Health. 2001; 9:
1299-1309.

Oyewole Ol,Oladele JO. Assessment of cardiac and renal functions in wistar albino rats
administered carmoisine and tartrazine. AdvBiochem. 2016;4(3): 21-25.

Orororo OC,Efekemo O, Osain BP, Dodo OE, Ideah OA, Feku JD. Combined Leaf
Extract of VernoniaAmygdalina and OccimumGratissimumAmeliorates Cadmium-
induced Nephro-toxicity In Wistar Rats. Asia-Pacific JSci Tech;2023;28 (03):1-8.
Iserhienrhien LO, Okolie NP. Protective effect of Geophilaobvallata(Shumach) Didr leaf
extract and its fractions against cadmium-induced nephrotoxicity in male Wistar rats.
Toxi Rep. 2022; 9:87-93

15



44. Nwokocha CR, Nwokocha MI, OwuDU,Obi J, Olatunde B, Ebe C, Nwangwu O,
IwualaMO.Comparative analysis on the effect of palm oil (Elaeisguineensis) in reducing
cadmium and lead accumulation in liver of Wistar rats, Pharmacognosy. 2012; 4(4):214-
218.

45. Akinyemi AJ, Nora O, Opeyemi AF, Onikanni SA, Adewale F, Olayide I. Curcumin
inhibits adenosine deaminase and arginase activities in cadmium-induced renal toxicity in
rat kidney. J Food Drug Analysis.2017; 25: 438-446

46. Schnellmann RG, Kelly KJ. Atlas of Kidney Diseases, Blackwell publishers, Colorado,
2008, pp. 241-251.

47. Patra, RC, Rautray, AK, Swarup, D. Oxidative Stress in Lead and Cadmium Toxicity
and Its Amelioration. Vet Med Int. 2012; Article ID 457327: 1-9.

48. Selmi S, Rtibi K, Grami D, Sebai H,Marzouki L. Protective effects of orange (citrus
sinensis L.) peel aqueous extract and hesperidin on oxidative stress and: peptic ulcer
induced by alcohol in rat. Lipids Health Dis,2017; 16(152):1-15

49. Asmatullah, CA, Shagufta A, Maha T, Beenish Z,Madeeha A. Therapeutic Effect of
Guava Fruit Extract on Cadmium Induced Toxicity in.Developing Mus musculus.
Pakistan J Zool. 2018; 50(3):929-939.

50. Ndubisi A, Ani C, Eze W, Ugwudike P, Anyaeji P, Ude VC, Agu FU, Nworgu C, Ikwuka
D, Ugwuishi E,Nwachukwu D. The effect of agueous extract of zest of citrus sinensis
(AEZCs) on cadmium chloride induced liver toxicity in wistar rats. AfrJBiochem
Res.2020; 14(1):5-17

51 Abali, I. 0., M..U. Nwobodo, C. L. Uche, O. A. |. Otuka, K. Chikezie, O. R. Omole, E. O. Ezirim, and A. I.
Airaodion. 2023. “Protective and Curative Potential of Ethanol Leaf Extract of CorchorusOlitoriusAgainst
Potassium Bromate-Induced Renal Toxicity”. Asian Journal of Biochemistry, Genetics and Molecular
Biology 13 (2):37-46. https://doi.org/10.9734/ajbgmb/2023/v13i2291.

52 Anjos, Marissa Braga dos, ValériaMourdo de Moura, Juliana LuizaVarjdoLameiras, Lucas Castanhola
Dias, Rosa Helena VerasMourao, Maria Cristina Dos- Santos, and Oscar Tadeu Ferreira da Costa. 2024.

“Exploring the Protective Effects of BelluciaDichotoma Cong. Aqueous Extract on Spleens Following

16



BothropsAtrox Envenomation in Mice: A Stereological Investigation”. Journal of Advances in Biology &
Biotechnology 27 (5):233-46. https://doi.org/10.9734/jabb/2024/v27i5783.

53 Prabu SM, Muthumani M, Shagirtha K. Protective effect of Piper betle leaf extract against cadmium-
induced oxidative stress and hepatic dysfunction in rats. Saudi journal of biological sciences. 2012 Apr
1;19(2):229-39.

54El-Boshy, M., Ashshi, A., Gaith, M., Qusty, N., Bokhary, T., AlTaweel, N. and Abdelhady, M., 2017.
Studies on the protective effect of the artichoke (Cynarascolymus) leaf extract against cadmium toxicity-
induced oxidative stress, hepatorenal damage, and immunosuppressive and hematological disorders in

rats. Environmental Science and Pollution Research, 24, pp.12372-12383.

17



