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Calcium carbide-ripened plantain induced alterations in plasma
electrolytes concentration and kidney function in rats

Alteracoes induzidas por platano maturado com carbureto de calcio
na concentracao plasmatica de eletrolitos e na funcao renal em ratos

ABSTRACT

Introduction: Artificial fruit ripening
agents such as ethanol, ethylene,
ethephon, and calcium carbide (CaC,)
is usually employed in stimulating the
fruit ripening process. Currently, there is
a paucity of information regarding the
effects of various artificial fruits ripening
methods on the health status of consumers.
In this study, the physiological effects and
possible health hazards associated with
the consumption of plantain ripened by
CaC, and other non-chemical methods on
the kidneys were investigated. Methods:
Artificially ripened plantain was mixed
with rat feed and fed to Wistar albino rats
for four weeks, and the levels of plasma
electrolytes (Na* HCO3, K*, and Cl),
urea, creatinine, as well as histological
changes in the kidneys were determined.
Results: Results indicated that rats
fed with carbide-ripened plantain had
a significantly high level of plasma
bicarbonate (HCOj3) compared to control
rats., but there was no difference in the
level of plasma sodium (Na*). However,
the levels of plasma potassium (K*) and
chloride (CI-) were significantly low in
rats fed with CaC,-ripened plantain as
compared to the control rats. Furthermore,
the levels of urea and creatinine were
significantly high in rats fed with CaC,-
ripened plantain compared to the control
animals. Histological analyses showed
glomeruli atrophy and tubular necrosis
in kidneys of rats fed with CaC,-ripened
plantain, thereby further indicating
toxicity to the kidneys. Conclusions:
Histological evidence and alterations in
the level of the plasma electrolytes, urea,
and creatinine suggest that consumption
of fruits ripened with calcium carbide may
be harmful to the kidneys.

Keywords: Artificial ripening; Calcium
carbide; Plantain; Ripening; Kidney
function.

Resumo

Introdugao: Agentes de maturacdo
artificial como etanol, etileno, etefon
e carbureto de calcio (CaC,) sdo
comumente empregados para estimular o
amadurecimento de frutas. Atualmente,
hd uma escassez de informacgdes a respeito
dos efeitos de diversos métodos artificiais
de matura¢io de frutas no estado de
saide dos consumidores. Neste estudo,
investigaram-se os efeitos fisiologicos e
possiveis riscos a saude associados ao
consumo de pldtano maturado por CaC2
e outros métodos ndo quimicos nos rins.
Métodos: O platano artificialmente
amadurecido foi misturado com racio de
rato e fornecido a ratos albinos Wistar
por quatro semanas, e determinaram-se
os niveis de eletrélitos plasmaticos (Na*,
HCOs3, K+, e CI7), ureia, creatinina, bem
como alteracbes histologicas nos rins.
Resultados: Ratos alimentados com
plitano amadurecido com carbureto
apresentaram um nivel significativamente
maior de bicarbonato plasmético (HCO3)
em compara¢do com ratos controle, mas
ndo houve diferenca no nivel plasmatico
de sodio (Na*). Entretanto, os niveis
plasmaticos de potdssio (K*) e cloreto (CI-)
foram significativamente baixos em ratos
alimentados com pldtano maturado com
CaC, comparadoscomratoscontrole. Além
disso, os niveis de ureia e creatinina foram
significativamente mais elevados em ratos
alimentados com platano amadurecido
com CaC,, em comparagio com o0s
animais controle. Andlises histoldgicas
mostraram atrofia glomerular e necrose
tubular em rins de ratos alimentados
com platano amadurecido com CaC,,
indicando assim ainda mais toxicidade aos
rins. Conclusoes: Evidéncias histoldgicas
e alteragdes nos eletrélitos plasmadticos,
ureia e creatinina sugerem que O cOnsumo
de frutas amadurecidas com carbureto de
célcio pode ser prejudicial aos rins.

Descritores: Amadurecimento artificial;
Carbureto de célcio; Platano; Maturacao;

Funcio renal.
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INTRODUCTION

The natural process of fruit ripening involves a com-
bination of physiological, biochemical and molecular
processes' ™. Fruit ripening involves coordination of
different metabolism with activation and deactivation
of various genes leading to change in color, increase
in sugar content, decrease in acidity, softening of fruit
and increase in flavor and aroma?=. These processes
make fruits to be colored, soft, edible, nutritious, and
palatable’.

Artificial ripening is done to achieve faster and
uniform ripening. It is the process by which ripening
is controlled and products may be achieved as per
requirement by controlling different parameters®.
Artificially ripened fruits may develop uniform and
attractive surface color but the tissue inside remains
green and the fruit generally have shorter shelf life”.
Various artificial methods of fruit ripening have
been observed mostly to meet consumers’ demand
and other economic factors. Fruit sellers artificially
ripen green fruits even during the due season to meet
the high demand and make high profits of seasonal
fruits®. Transporting and distributing fruits from the
farmers’ orchards to consumers’ baskets can take
several days. During this time the naturally ripened
fruits may become over ripen and inedible. A part of
naturally ripened fruits can also be damaged during
harsh condition of transportation. It indeed increases
great economic loss for the fruit sellers and therefore,
to minimize the loss, fruit sellers sometimes prefer
collecting fruits before full maturity and artificially
ripen fruits before selling to the consumers’. Since
plantain is a climacteric fruit, it is usually harvested
at the pre-climacteric stage and artificially ripened
for commercial purposes. Artificial ripening enables
traders to minimize losses during transportations as
well to timely release the product at desired ripening
stage. Plantains can be artificially ripened by different
ripening agents'?,

With the advancement of science and technology,
various methods have been developed to artificially
stimulate the ripening process, mostly to meet the
high demand by consumers. Artificial ripening agents
such as ethanol, methanol, methyl jasmonate, ethylene
glycol, ethephon, and CaC, are used to ripen fruits
and vegetables'!>12. The plantain plant is an important
tropical and subtropical plant, and it is a climacteric
plant that belongs to the Musaceae family, genus Musa
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and specie paradisiaca'3. Plantain is estimated to
provide about 60 million people in Africa with more
than 200 calories per day'#. The many forms in which
they are consumed also indicate the long association
between man and the crop!’. Being a common stable
food, plantain is subjected to artificial ripening with
different common ripening agents to meet its demand
by the large population of consumers.

Plantain is a commonly consumed food in many
parts of the world. It supplies necessary calories and
essential micronutrients. It is highly perishable, having
short shelf life leading to high post-harvest losses of
about 20-50% due to poor handling and quality
deterioration'®!”, In order to reduce the high post-
harvest losses, plantain is harvested when green but
mature, and artificially ripened when needed with the
use of ripening agents. Ripening agents are substances
that hasten the ripening process, and they come in
different forms. Some examples include ethylene gas,
ethephon, ethylene glycol, and calcium carbide!s.
The use of artificial ripening agents may give more
acceptable color than naturally ripened fruits'®.

In recent years, artificial fruit ripening has been
considered a matter of concern because of various
health-related issues!'>2%. CaC, is commonly used
to ripen fruits especially in developing countries like
Nigeria. The reason for its use is simply because
ethylene is produced when water is added to it.
Ethylene is a phytohormone that stimulates and
regulates the ripening process in plants, and so,
calcium carbide being an ethylene producing agent in
the presence of water, is usually added to fruits and
sprinkled with water to produce ethylene to forcefully
stimulate ripening?!. Several cases of stomach
disorder after eating carbide-ripened mangoes have
also been reported!?. Commercial CaC, is known
to be contaminated with substantial level of toxic
chemicals such as arsenic and phosphorous hydride?2.
Therefore, adding CaC, to fruits in order to stimulate
the ripening process may be a dangerous practice as
it may affect the health of consumers. Thus, humans
are at risk of short term and long-term health effects
simply by eating fruits that are artificially ripened. As
the demand for fruits as dietary source of minerals,
vitamins, and dietary fiber increases, in order to meet
the demand, the use of artificial methods to ripen
fruits has also increased significantly regardless of
the possible health hazards that may result from such
methods.



However, the effects of these artificial ripening
agents on the nutritional values of fruits, possible
toxicity and associated health hazard caused by
consuming artificially ripened fruits are yet to be
fully understood®. This study therefore was aimed at
developing a scientific understanding of the changes
or effects of the consumption of artificially ripened
plantain on kidney functions using animal models.

MEeTHODS

PLanTAIN AND RiPENING METHODS

The plantain used for this study were obtained from the
University of Benin, Nigeria. The plantain was identified
and authenticated by a botanist at the Department of
Plant Biology and Biotechnology, University of Benin,
and its scientific name was given as Musa paradisiaca.
The plantain was divided into four groups; The ones
that ripened on the tree (on-the-tree ripening), those
that ripened on the floor after harvesting (on-the-floor
ripening), those that were induced with CaC, (carbide
ripening), and lastly those that were ripened using
polythene bag (polythene bag ripening). For on-the-
tree ripening, the plantain was left on the tree to ripen
on its own via the normal ripening process for about 2
weeks and afterwards harvested. For carbide ripening,
the plantain was placed inside an empty carton and
218 g of CaC, was sprinkled on them followed by little
sprinkle of water, and the carton was properly covered
and placed in a dark cupboard. For polythene ripening,
the plantain was placed in a polythene bag and placed
in a dark cupboard until it was ripe, while for on-the-
floor ripening, the plantain was placed on the floor and
allowed to ripe on its own without an inducer.

RaT DIET PREPARATION

After three days of storage, the naturally ripened
plantain had all ripened, but it took five days for the
polythene and CaC,-induced plantain ripening to take
place. Before pulverization, all the plantain peels were
removed and discarded, and the weight of the peeled
plantain samples was recorded. The plantain was then
oven-dried and pulverized. The pulverized plantain
was used to formulate diet the animals. The animal
feed was composed of 500 g of powdery plantain and
500 g of normal rat feed, which was made into a paste
with 50 mL of distilled water, and thereafter made into
pellets. The pellets were dried for several days until
they hardened up and then used to fed the animals.

Artificially-ripened plantain induced kidney damage

ANIMALS AND DIETING

Female Wistar albino rats were purchased and
used for this study. The rats were divided into five
groups of three animals each. The animals were
allowed to acclimatize for two weeks with free
access to water and food ad libitum. The animals
were kept in clean cages, and housed in a well-
ventilated room with standard living conditions
with their food and water changed every day. The
experimental design/animal grouping and diets are
shown in Table 1.

The animals were fed on these diets for four (4)
weeks. After four weeks of feeding, the animals were
anaesthetized with chloroform and sacrificed. Blood
samples were collected and tissues were harvested
for downstream processing and analysis. Plasma
electrolytes concentration, (Na*, HCOj3, K*, and CI-),
urea, and creatinine levels were determined using
standard diagnostic kits and following manufacturer’s
protocols. This study was carried out according to the
standard procedure of the University of Benin Animal
Use, Welfare, and Regulation.

HistoLoGicAL ANALYSIS

A section of the rat kidneys measuring about
3-5 mm in thickness was cut out from a kidney tissue
preserved in 10% formalin, and placed in a tissue
cassette. Leica TP2010 automatic tissue processor
was used in processing the tissue section for 18 h,
and afterwards fixed in 10% formalin, dehydrated
with increasing concentration of isopropyl alcohol,
cleared with xylene, and then impregnated with
paraffin wax. The tissues were embedded in paraffin
wax with an automated tissue embedding machine
and cut into ultra-thin sections of five (5) microns.
The sections were placed on pre-labelled slides,
dried over-night, and subjected to hematoxylin and
eosin staining. The stained slides were viewed under
a microscope with x10 and x40 magnification.

TABLE 1 ANIMAL GROUPING AND DIETING

gg?pas‘ Diets

I Normal Rat feed (control)

Il CaC,-ripened Plantain Feed (CPF)

[11 Polythene Bag-ripened Plantain Feed (PBPF)
v On-The-Floorripened Plantain Feed (OFPF)
\Y, On-The-Tree-ripened Plantain Feed (OTPF)
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DATAa ANALYSIS

All data are expressed as mean = SEM (n = 3).
Statistical significance was determined using one-
way ANOVA and GraphPad prism 8 followed by
Tukey Kramer tests. P < 0.05 was taken as statistical
significance.

ResuLts

CACZ-RIPENED PLANTAIN ALTERED PLASMA ELECTROLYTES
CONCENTRATION

Artificially ripened plantains were fed to rats for four
(4) weeks and the effect on plasma electrolytes (Na*,
HCOj3, K*, and CI") concentration was determined.
The results in Figure 1A indicate that the various
methods of ripening plantain did not result in
alteration of sodium ion concentration. However,
plasma bicarbonate concentration was significantly
increased in rats fed with CaC,-ripened plantain
compared to rats in other groups (Figure 1B).
Furthermore, a significant decrease in potassium and
chloride concentrations were recorded in rats fed
with CaC,-ripened plantain when compared to the
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control group and rats that received plantain ripened
by other methods (Figure 1C and D). These data
suggest that calcium CaC,-ripened plantain results
in alterations of plasma electrolytes when consumed.

CAC,-RiPENED PLANTAIN INCREASED PLAsmA UREA
AND CREATININE CONCENTRATIONS IN RATS

The effect of various methods of plantain ripening on
plasma urea and creatinine concentration of rats that
were fed with the plantains for four weeks is presented
in Figure 2. The results indicate that CaC,-ripened
plantain significantly increased plasma urea and
creatinine concentrations when compared to rats in
other groups (Figure 2A and B). These results suggests
that consuming plantain ripened with CaC, results in
the elevation of urea and creatinine concentrations in
the plasma.

CACZ—RIPENED PLaNTAIN INDUCED GLOMERULI ATROPHY
AND TuBULAR NECROSIS

Histological analysis was performed on the kidneys
of rats that received the various diets. Kidneys from
rats that received the other diets except CaC,-ripened
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Figure 1. Alterations in plasma electrolytes concentration induced by CaC,-ripened plantain. (A) Sodium ion concentration in the plasma of rats.
(B) Bicarbonate ion concentration in the plasma of rats that received CaC2-ripened plantain is significantly high. (C) Plasma potassium ion
concentration of rats fed with the various diet formulations. (D) Plasma chloride ion concentration of rats fed with CaC,-ripened plantain is low.
CPF: Carbide-ripened plantain feed, PBPF: Polythene bag ripened plantain feed, OFPF: On-the-floor ripened plantain feed, OTPF: On-the-tree
ripened plantain feed. All data are expressed as mean + SEM (n = 3). *p < 0.05.
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Figure 2. CaC,-ripened plantain increased plasma urea and creatinine concentration in rats. (A) Plasma urea concentration is high in rats fed with
CaC,ripened plantain. (B) Rats fed with carbide-ripened plantain have increased plasma creatinine concentration. CPF: Carbide-ripened plantain
feed, PBPF: Polythene bag ripened plantain feed, OFPF: On-the-floor ripened plantain feed, OTPF: On-the-tree ripened plantain feed. All data are

expressed as mean + SEM (n = 3). *p < 0.05.

plantain, showed visible renal corpuscle with glomeruli
as well as normal interstitial and prominent tubules
(Figure 3A, C-E). However, the kidneys of rats that
were fed with CaC,-ripened plantain showed glomeruli
atrophy and tubular necrosis. These results indicated
that CaC,-ripened plantain was toxic to the kidneys.

Discussion

Fruits play a vital role in human nutrition!2, and in
order to meet the increasing demand for ripe fruits,
they are usually subjected to artificial ripening using
various methods and chemicals such as CaC, and
polythene bags?3. In this study, the physiological
impact of consuming plantain ripened by artificial
means was investigated.

Electrolytes are positively or negatively charged
molecules called ions, which are found within
the body’s cells and extracellular fluids, including

the plasma. The concentration of these ions is
routinely analyzed to ascertain the functional status
of the kidneys. The kidneys function to maintain
electrolytes homeostasis, and alterations in the plasma
concentrations of the electrolytes is a reflection of the
functional status of the kidneys. Abnormally high
concentration of sodium ion in the blood affects the
osmotic pressure of the body fluid which results in an
increase in the blood pressure?*. Sodium ion is a very
important extracellular electrolyte and its depletion
in blood leads to dehydration and hypotension?*. The
results of this study showed that the various diets
formulation did not significantly alter plasma sodium
ion concentration when compared to rats in control
group (Figure 1A). Our result is in agreement with
the report of Igbinaduwa and Aikpitanyi-Iduitua?®,
who showed that artificially ripened plantain did not
produce an alteration in plasma sodium concentration.

Braz. J. Nephrol. (]. Bras. Nefrol.) 2023,45(4):393-400
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Figure 3. Histological analysis of kidneys from rats that received
plantain-formulated diets. (A) Representative kidney from rats fed
with normal animal feed. (B) Representative kidney from rats fed with
CaC,ripened plantain feed (CPF). (C) Representative kidney from rats
fed with on-the-floor ripened plantain feed (OFPF). (D) Representative
kidney from rats fed with polythene bag ripened plantain feed (PBPF).
(E) Representative kidney from rats fed with on-the-tree ripened
plantain feed (OTPF). n = 3.

A significant increase in plasma bicarbonate
concentration was observed in rats fed with CaC,-
ripened plantain when compared to the other groups
(Figure 1B). Bicarbonate ion plays a role in regulating
the acid-base status of the blood?”. The plasma level
of bicarbonate ion is a measure of the metabolic status
of the kidneys and liver?$. Alterations in the plasma
concentration of bicarbonate ion is an indication of
an imbalance in the acid-base regulatory mechanism
of the body?%-39,

CaC,-ripened plantain feed induced a significant
decrease in plasma potassium ion concentration
when compared to the control (Figure 1C). Plasma
concentration of potassium ions in animals fed with
PBPF and OTPF were not different from those that
received CaC,-ripened plantain feed, and the reason
for this is unclear. However, this significant reduction
in potassium ion concentration is an indication that
artificial ripening agents or methods could result
in elevated blood pressure in the consumers, since

Braz. J. Nephrol. (]. Bras. Nefrol.) 2023,45(4):393-400

potassium ion also plays a protective role in regulating
the blood pressure3!.

Plasma concentration of chloride ion of rats fed
with carbide-ripened plantain was significantly low
when compared with the control and other groups
(Figure 1D), and this observation agrees with the report
of Igbinaduwa and Aikpitanyi-Iduitua?®, who also
reported that artificially ripened plantain produced
an imbalance in plasma chloride concentration. Low
plasma chloride concentration is an indication of a
disturbance in acid-base balance??.

The progression of kidney damage is marked by
the plasma level of two important chemical substances;
creatinine and urea. The plasma level of urea and
creatinine is used to assess glomerular filtration rate
followed by renal function33. Creatinine is an organic
base formed during muscle protein metabolism as a
degradation product of creatine phosphate’*, while
urea is the major nitrogenous end product of protein
and amino acid catabolism in the liver. The urea is
caried in the blood to the kidneys where it’s filtered by
the glomerulus and excreted in the urine®’. Therefore,
the kidneys play a role in maintaining and regulating
plasma urea concentration®. The results of this study
indicate that CaC,-ripened plantain feed induced a
significant increase in both plasma urea and creatinine
concentrations when compared to the control group the
other groups (Figure 2A and B). High plasma creatinine
concentration is an indication of an impaired glomerular
filtration which in turn results in a decreased ability of
the kidneys to excrete waste products. Furthermore,
histological assessment of kidneys from rats fed with
carbide-ripened plantain showed glomeruli atrophy
and tubular necrosis, which is an indication of a
kidney damage. Our observations support the report of
Ouma et al.3” who demonstrated a significant decrease
in packed cell volume (PCV), hemoglobin, and red
blood cells, as well as an increase in serum aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), bilirubin, and pro-inflammatory cytokines
such as tumor necrosis factor (TNF)-o. and interferon
(IFN-y) in mice upon oral administration of CaC,,
which indicated that CaC, is toxic to body tissues. Our
data, therefore, indicated a possible kidney damage or
dysfunction induced by calcium carbide.

CONCLUSION

The alterations observed in plasma electrolytes, urea,
and creatinine concentrations may have resulted from



a possible kidney damage induced by CaC, used in

the ripening process. Therefore, the use of chemicals

such as calcium carbide in artificially ripening fruits

should be discouraged because it could result in

kidney damage or dysfunction in the consumers.

AUTHORS' CONTRIBUTIONS

OCU and CAA conceptualized, designed, carried
out the experiments, collected data, and analyzed
the data. OCU and CAA drafted the manuscript,
reviewed it, and approved the final version.

CoONFLICT OF INTEREST

The authors have no conflict of interest to declare.

REFERENCES

1.

10.

11

12.

13.

Brady CJ. Fruit ripening. Annu Rev Plant Physiol Plant Mol
Biol. 1987;38(1):155-78. doi: http://dx.doi.org/10.1146/
annurev.pp.38.060187.001103.

Prasanna V, Prabha TN, Tharanathan RN. Fruit ripening
phenomena: an overview. Crit Rev Food Sci Nutr. 2007;47(1):
1-19. doi: http://dx.doi.org/10.1080/10408390600976841.
PubMed PMID: 17364693.

Kendrick M. The origin of fruit ripening, in scientific American.
New York (NY): Nature America; 2009.

. Bouzayen M, Latche A, Nath P, Pech JC. Mechanism of fruit

ripening. In: Pua EC, Davey MR, editors. Plant developmental
biology — biotechnological perspectives. New York (NY):
Springer; 2010. doi: http://dx.doi.org/10.1007/978-3-642-
02301-9_16.

El Hadi MAM, Zhang FJ, Wu FE, Zhou CH, Tao ]J. Advances in
fruit aroma volatile research. Molecules. 2013;18(7):8200-29.
doi:  http://dx.doi.org/10.3390/molecules18078200. PubMed
PMID: 23852166.

Bhattarai UK, Shrestha K. Use of calcium carbide for artificial
ripening of fruits, its application and hazards. J Food Sci
Technol Nepal. 2005;1(1):3-6.

Hossain MF, Akhtar S, Anwar M. Health hazards posed by
the consumption of artificially ripened fruits in Bangladesh. Int
Food Res J. 2015;22(5):1755-60.

Rahim MA. Indiscriminate use of chemical in fruits and their
health effects. In Proceedings of First AFSSA Conference
on Food Safety and Food Security. Osaka: Osaka Prefecture
University; 2012. p. 17-25.

Mursalat M, Rony AH, Rahman AHS, Islam MN, Khan MS. A
critical analysis of artificial fruit ripening: scientific, legislative
and socio-economic aspects. Chethoughts. 2013;4(1):6-12.
Maduwanthi SDT, Marapana RA. Induced ripening
agents and their effect on fruit quality of banana. Int
J Food Sci. 2019;2019:2520179. doi:  http://dx.doi.
org/10.1155/2019/2520179. PubMed PMID: 31187037.

. Goonatilake R. Effects of diluted ethylene glycol as a fruit-

ripening agent. Glob J Biotechnol Biochem. 2008;3(1):8-13.
Siddiqui MW, Dhua RS. Eating artificial ripened fruits is
harmful. Curr Sci. 2010;99(12):1664-8.

Danlami U, [joh JJ, David BM. Phytochemical screening,
proximate analysis and anti- oxidant activities of ripe and unripe
plantain powder of Musa paradisiaca and Musa accuminata.
American Journal of Bioscience and Bioengineering. 2015;3(5):
87-90. doi: http://dx.doi.org/10.11648/j.bi0.20150305.21.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Artificially-ripened plantain induced kidney damage

Onwuka GI, Onwuka N. Effects of ripening on the functional
properties of plantain and plantain-based cake. Int ] Food
Prop. 2005;8(2):347-53. doi: http://dx.doi.org/10.1081/JFP-
200059489.

Baiyeri K, Aba SC, Otitoju GT, Mbah OB. Effect of ripening
and cooking methods on the mineral and proximate
composition of plantain (Musa sp.) Fruit pulp. Afr ] Biotechnol.
2011;10(36):6979-84.

Ajayi AR, Mbah GO. Identification of indigenous ripening
technologies of banana and plantain fruits among women-
marketers in Southeastern Nigeria. Journal of Agriculture and
Food. 2007;3:23-7.

Zewter A, Woldetsadik K, Workneh TS. Effect of
1-methylcyclopropene, potassium permanganate and packing
on quality of banana. Afr J Agric Res. 2012;7(16):2425-37.
doi: http://dx.doi.org/10.5897/AJAR11.1203.

Singal S, Kumud M, Thakral S. Application of apple
as ripening agent for banana. Ind J of Nat Prod and Res.
2012;3(1):61-4.

Hakim MA, Obidul Huq AK, Alam MA, Khatib A, Saha
BK, Haque KMEF, et al. Role of health hazardous ethephon in
nutritive values of selected pineapple, banana and tomato. J
Food Agric Environ. 2012;10(2):247-51.

Fattah SA, Ali MY. Carbide ripened fruits: a recent health
hazard. Faridpur Medical College Journal. 2010;5(2):37. doi:
http://dx.doi.org/10.3329/fmcj.v5i2.6816.

Igbal N, Khan NA, Ferrante A, Trivellini A, Francini A,
Khan MIR. Ethylene role in plant growth, development and
senescence: interaction with other phytohormones. Front
Plant Sci. 2017;8:475-93. doi: http://dx.doi.org/10.3389/
fpls.2017.00475. PubMed PMID: 28421102.

Per H, Kurtoglu S, Yagmur F, Gumus H, Kumandas S, Poyrazoglu
H. Calcium carbide poisoning via food in childhood. | Emerg
Med. 2007;32(2):179-80. doi: http://dx.doi.org/10.1016/j.
jemermed.2006.05.049. PubMed PMID: 17307629.
Hewajulige IGN, Premaseela HDSR. Fruit ripening: importance
of artificial fruit ripening in commercial agriculture and safe
use of the technology for consumer health. Sri Lanka Journal
of Food and Agriculture. 2020;6(1):57-66. doi: http:/dx.doi.
org/10.4038/sljfa.v6i1.82.

Cheesbrough M. District laboratory practice in tropical
countries: part 1. Cambridge: Cambridge University Press;
2002. p. 229-333.

Terry J. The major electrolytes: sodium, potassium, and
chloride. J Intraven Nurs. 1994;17(5):240-7. PMid:7965369.
Igbinaduwa PO, Aikpitanyi-Iduitua RO. Calcium carbide
induce alterations of some haematological and serum
biochemical paramters of wistar rats. Asian | Pharm Hea Sci.
2016;6(1):1396-400.

Ali FU, Ibiam UA. Phytochemical studies and GC-MS analysis
Ogongronema latifolium and Piper guineense. Int | Innov Res
Dev. 2014;3:108-15.

Tiku SC. Piper guineense leaf extract on reproductive organ of
male rats. ] Nat Prod. 2007;44:78-81.

Ujowundu CO, Kalu FN, Nwaoguikpe RN, Okechukwu RI,
Thejirika CE. The antioxidative potentials of G. latifolium on
diesel petroleum induced hepatotoxicity. J Appl Pharm Sci.
2015;2:90-4.

Ali FU, Ominyi MC, Ogbanshi ME. Comparative evaluation of
effect of Gongronema latifolium and Piper guineense ethanol
extract against scavenging enzymes and marker of oxidative
stress in ethanol induced liver injury in wistar rats. Int J Innov
Res Dev. 2015;4:61-71.

Henry R]. Determination of serum creatinin. In: Henry R]J,
editor. Clinical chemistry: principles and techniques. London:
Harper and Row; 1974. p. 525-30.

Abubakar SM, Sule MS. Effect of oral administration of aqueous
extract of Cassia occidentalis L. seeds on serum electrolytes
concentration in rats. Bayero J Pure Appl Sci. 2010;3(1):183-7.
doi: http://dx.doi.org/10.4314/bajopas.v3i1.58780.

Braz. J. Nephrol. (]. Bras. Nefrol.) 2023,45(4):393-400

399


http://dx.doi.org/10.1146/annurev.pp.38.060187.001103
http://dx.doi.org/10.1146/annurev.pp.38.060187.001103
http://dx.doi.org/10.1080/10408390600976841
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17364693&dopt=Abstract
https://doi.org/10.1007/978-3-642-02301-9_16
https://doi.org/10.1007/978-3-642-02301-9_16
https://doi.org/10.3390/molecules18078200
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23852166&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23852166&dopt=Abstract
https://doi.org/10.1155/2019/2520179
https://doi.org/10.1155/2019/2520179
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31187037&dopt=Abstract
https://doi.org/10.11648/j.bio.20150305.21
http://dx.doi.org/10.1081/JFP-200059489
http://dx.doi.org/10.1081/JFP-200059489
http://dx.doi.org/10.5897/AJAR11.1203
http://dx.doi.org/10.3329/fmcj.v5i2.6816
http://dx.doi.org/10.3389/fpls.2017.00475
http://dx.doi.org/10.3389/fpls.2017.00475
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28421102&dopt=Abstract
https://doi.org/10.1016/j.jemermed.2006.05.049
https://doi.org/10.1016/j.jemermed.2006.05.049
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17307629&dopt=Abstract
http://dx.doi.org/10.4038/sljfa.v6i1.82
http://dx.doi.org/10.4038/sljfa.v6i1.82
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7965369&dopt=Abstract
http://dx.doi.org/10.4314/bajopas.v3i1.58780

Artificially-ripened plantain induced kidney damage

33.Nisha R, Srinivasa KSR, Thanga MK, Jagatha P. Biochemical 36. Wadei HM, Textor SC. The role of the kidney in regulating
evaluation of creatinine and urea in patients with renal failure arterial blood pressure. Nat Rev Nephrol. 2012;8(10):602-9.
undergoing hemodialysis. J Clin Path Lab Med. 2017;1(2):1-5. doi:  http://dx.doi.org/10.1038/nrneph.2012.191.  PubMed

34. Wyss M, Kaddurah-Daouk R. Creatine and creatinine metabolism. PMID: 22926246.
Physiol Rev. 2000;80(3):1107-213. doi: http://dx.doi.org/10.1152/ 37.0uma PA, Mwaeni VK, Amwayi PW, Isaac AO, Nyariki
physrev.2000.80.3.1107. PubMed PMID: 10893433. JN. Calcium carbide-induced derangement of hematopoiesis

35.Poortmans JR, Vanderstraeten J. Kidney function during and organ toxicity ameliorated by cyanocobalamin in a
exercise in healthy and diseased humans. Sports Med. mouse model. Lab Anim Res. 2022;38(1):26. doi: http://
1994;18(6):419-37. doi: http://dx.doi.org/10.2165/00007256- dx.doi.org/10.1186/s42826-022-00136-1. PubMed PMID:
199418060-00006. PubMed PMID: 7886356. 35962424.

400 Braz. J. Nephrol. (]. Bras. Nefrol.) 2023,45(4):393-400


http://dx.doi.org/10.1152/physrev.2000.80.3.1107
http://dx.doi.org/10.1152/physrev.2000.80.3.1107
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10893433&dopt=Abstract
http://dx.doi.org/10.2165/00007256-199418060-00006
http://dx.doi.org/10.2165/00007256-199418060-00006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7886356&dopt=Abstract
http://dx.doi.org/10.1038/nrneph.2012.191
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22926246&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22926246&dopt=Abstract
http://dx.doi.org/10.1186/s42826-022-00136-1
http://dx.doi.org/10.1186/s42826-022-00136-1
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35962424&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35962424&dopt=Abstract

